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SMEs embedded in collaborative innovation networks: 

How to measure their absorptive capacity ? 

 

Abstract 

SMEs increasingly participate in collaborative innovation networks (CINs), enabling them to access 

valuable external knowledge from other actors while maintaining high levels of internal competencies. 

The SME absorbs this knowledge to achieve reciprocal learning through its contribution to the 

common CIN goals, and one-way learning to improve its own organization’s performance. This 

knowledge absorption varies according to the SME’s context, described with factors such as the 

turbulence of its external environment, the motivations to contribute to the CIN, or the cognitive 

distance separating it from the network actors. To better guide this knowledge absorption, this research 

uses a two-stage mixed method to propose a contextualized operational measure of absorptive capacity 

(ACAP) for an SME embedded in a CIN. A qualitative phase consisting of semi-structured interviews 

was implemented first and enabled characterizing the SME’s ACAP through a set of practices and 

dimensions that it could implement. Then a quantitative phase using the partial least squares (PLS) 

method established a model predicting the absorption dimensions and practices that the SME should 

master primarily according to its context in the CIN. Hence, this study provides SMEs with an 

instrument to assess their strengths and weaknesses with regard to ACAP in CINs. 
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SME, Collaborative network, Open innovation, Absorptive capacity, Inter-organizational learning, 
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1. Introduction 

SMEs possess significant potential for innovation thanks to their organizational agility and their 

proximity to the market (Sáez-Martínez et al., 2014). Nevertheless, innovation also requires the 

combining of diversified and highly specific knowledge that is rarely available within SMEs (Bougrain 

and Haudeville, 2002). In fact, these organizations tend to specialize in order to maintain a competitive 

market position (Narula, 2004). Consequently, they adopt open innovation alternatives to access 

complementary knowledge and improve their innovation capabilities (Spithoven et al., 2013). More 

particularly, SMEs join collaborative innovation networks (CINs) (Van de Vrande et al., 2009) 

involving heterogeneous actors, who work together in a climate of trust and intensive exchange in 
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order to achieve a mutually beneficial innovation goal within a limited period of time (Graça and 

Camarinha-Matos, 2017). Indeed, a recent report by the European commission (European commission, 

2017) shows that 49% of SMEs innovate through collaboration with other partners, which explains 

European policy efforts to propose incentives promoting collaborative innovation by SMEs. These ad-

hoc networks enable SMEs to pool their resources with other actors, share the risks and benefits 

inherent in the innovation development (Lee et al., 2010), and access external complementary 

knowledge for innovation provided by these actors (Van de Vrande et al. 2009). 

To make efficient use of such externally accessible knowledge for innovation purposes, companies 

need to deploy their absorptive capacity (ACAP) (Zahra and George, 2002), which is very sensitive to 

the context of each organization (Lane and Lubatkin, 1998). ACAP is a multidimensional learning 

capability that reflects the organization’s ability to acquire, assimilate and apply new knowledge to 

commercial ends (Cohen and Levinthal, 1990). Firms need to be aware of knowledge absorption modes 

in order to foster the success of their innovation strategies (Saad et al., 2017). Accordingly, several 

authors have proposed operationalizations of this concept to guide knowledge absorption by 

organizations that are engaged in innovation developments in intra-organizational (Flatten et al., 2011; 

Jansen et al., 2005; Ter Wal et al., 2011) but also inter-organizational contexts of innovation (Jimenez-

Barrionuevo et al., 2011; Lane et al., 2001; Thuc Anh et al., 2006).  

However, no prior research provides an ACAP operationalization that is adapted to the context of an 

SME embedded in a CIN. This gap cannot be covered by the transposition of the existing operational 

measures to an SME in a CIN for several reasons. First, intra-organizational operationalizations cannot 

be mobilized because an organization’s ACAP in an alliance context is subject to the characteristics 

of its partners, such as their organizational structures and their commercial orientations (Lane and 

Lubatkin, 1998). Second, most of the existing inter-organizational operationalizations are proposed for 

long-term alliances, making them inadequate for actors embedded in ad-hoc collaboration networks. 

In fact, these actors absorb knowledge primarily to contribute to the achievement of an innovation goal 

within a limited period of time (Najafi Tavani et al., 2018); while in long-term alliances, the partners’ 

ACAPs support the continuous development of capabilities that each of them uses to sustain his 

competitive position (Lubatkin et al., 2001). Therefore, the challenges of firms embedded in CINs 

regarding knowledge absorption and the creation of new capabilities and future business opportunities 

are markedly different from those faced by the actors pursuing operational efficiency in stable longer-

term alliances (Valkokari and Helander, 2007). Finally, the few ACAP operational measures used in 

studies of collaborative inter-organizational contexts focus on large firms (Nieto and Santamaria, 2007; 

Jayaram and Pathak, 2013), and are therefore not suitable to SMEs embedded in CINs. Indeed, due to 

their limited systems and financial resources for gathering vital information on potential collaborators, 

SMEs tend to use professional intelligence processes for scanning and monitoring their technological 
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environments in a less intensive, structured and systematic way than big companies (Lee et al., 2010). 

Also, they usually do not collaborate with other partners under IP and power conditions that are similar 

to large firms (Spithoven et al., 2013). 

Hence, knowing that ACAP depends on the organization’s context and should be operationalized 

accordingly (Lane et al., 2006), this research aims to propose an operationalization of the ACAP 

adapted to the context of an SME embedded in a CIN. Previous studies underlined a variety of factors 

characterizing this context which are likely to induce variance regarding this SME’s ACAP. For 

instance, this capacity is subject to the influence of  “external activators” related to the turbulence of 

the external environment, “internal activators” reflecting the internal conditions that would compel an 

organization to absorb external knowledge (Zahra and George, 2002), “relative prior conditions” that 

describe the firm’s similarities and differences regarding the other network actors in terms of 

organizational structures and commercial orientations (Lubatkin et al., 2001) and finally, “central 

roles” which correspond to the level of the organization’s centrality within the network (Tsai, 2001). 

Therefore, a challenge is to propose an operationalization of the ACAP for an SME embedded in a 

CIN which takes into consideration the different factors describing its context. As such, the following 

question is raised: How can we provide an SME with an operational measure of its ACAP considering 

its context within a CIN? 

To address this question, we adopted a mixed-method approach (Venkatesh et al., 2013), comprising 

a qualitative phase followed by a quantitative phase. The first, consisting of a thorough literature 

review and semi-structured interviews with SMEs and their partners within CINs, provided a better 

understanding of both ACAP practices for such an SME and the factors describing its context. The 

second, quantitative phase, aimed to generalize the qualitative results and formulate prediction 

equations that establish an order of priority for the absorption dimensions and practices according to 

the SME’s context. Hence, the ACAP operationalization resulting from this mixed methodology 

requires the characterization of the SME’s context based on the factors impacting ACAP. Accordingly, 

the prediction equations determine the most critical absorption dimensions and practices for the SME 

to master and in regard to which it would measure its ACAP. This article is organized as follows: first, 

section 2 is devoted to the development of our theoretical framework; then, section 3 explains the 

different steps of our mixed methodological approach; our results are introduced in section 4; finally, 

this article concludes with a discussion of its main contributions, limitations and avenues for future 

work. 

 

 

 

 



Running title: Contextualized ACAP measure for SMEs in CINs 

5 

2. Theoretical background  

2.1. CINs for SMEs’ open innovation 

To keep a stable position in the market, SMEs try to maintain a sufficiently high level of internal 

competencies in only a few or even a single technological area (Narula, 2004). Consequently, to 

improve their innovativeness, SMEs rely on open innovation alternatives (Lee et al., 2010) enabling 

them to reap the benefits of their external environment and update their learning (Saad et al., 2017). 

While SMEs may adopt different open innovation strategies (Van de Vrande et al., 2009), a large 

number of studies indicate that collaborating with other organizations for innovation is a key 

alternative for SMEs (Edwards et al., 2005) even more than for large firms (Leckel et al., 2020; Wright 

and Dana, 2003). In this respect, SMEs join collaborative innovation networks (CINs) made up of “a 

variety of entities (e.g. organizations and people) that are largely autonomous, geographically 

distributed, and heterogeneous in terms of their operating environment, culture, social capital and 

goals, but that collaborate to better achieve common or compatible goals, thus jointly generating 

value” (Camarinha-Matos et al., 2009:49). These networks represent symbiotic collaboration between 

two or more firms to improve the value of the output by reducing cost and time to market and enhancing 

the customer service to the benefit of all involved parties (Etemad et al., 2001). The actors learn 

together through mutual sharing of knowledge, and exploit jointly created innovation that makes them 

interdependent (Etemad et al., 2001; Lubatkin et al., 2001).  

CINs have increasingly attracted both researchers’ and practitioners’ attention as an appropriate 

solution to overcome the difficulty for an individual company of developing innovations with sustained 

benefits (Najafi Tavani et al., 2018). In this regard, several scholars have examined the role of different 

network characteristics (power, size, centrality, structural holes and network density) in the 

development of firms’ learning and innovation through CINs (La Rocca et al., 2016). Other researchers 

have investigated how collaborating with different external actors such as suppliers, customers, 

competitors, and research organizations results in expansion of a firm’s existing knowledge base and 

advances its innovation capability (Clauss and Kesting, 2017; Kafouros et al., 2020). For SMEs, prior 

studies underline that these firms can develop various forms of collaborative innovation arrangements 

(Leckel et al., 2020). Much of the academic literature has investigated innovation networks solely 

involving SMEs (Corso et al., 2003). These collaborative configurations enable the SMEs to pool their 

resources and share the innovation risks and benefits (Lee et al., 2010) while maintaining their 

independence and implementing their own decision‐making processes as part of the network 

(Valkokari and Helander, 2007). SMEs can also collaborate with large firms in dyadic buyer-supplier 

relationships according to a white box configuration where the supplier is responsible for 

manufacturing activities based on buyer specifications (Le Dain and Merminod, 2014). In fact, by 

supplying a portion of the high-volume needs of bigger firms, small firms can specialize more and 
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become more competitive by capturing scale economies not possible without large-firm linkups 

(Etemad et al., 2001). Furthermore, SMEs may develop horizontal collaboration with large firms to 

enhance their competitiveness. This collaboration can support their internationalization activities by 

enabling them to fuse elements of international business with entrepreneurship (Dana et al., 2008). 

Other researchers additionally underline that SMEs can develop university-industry collaboration to 

carry out an innovation process. Collaborating with research institutions enables SMEs to complement 

their often limited internal research resources (Teirlinck and Spithoven, 2008), obtain tangible R&D 

outcomes (Gkypali et al., 2018), and optimize their learning (Bjerregaard, 2009).  

All of these CIN arrangements enable SMEs to access external knowledge provided by the other 

network actors to achieve a mutually beneficial innovation goal (Van de Vrande et al., 2009). To make 

efficient use of new external knowledge accessible through these networks, firms need to deploy their 

absorptive capacity (ACAP) (Kafouros et al., 2020; Najafi Tavani et al., 2018), a multidimensional 

learning capability introduced hereafter. 

 

2.2. Absorptive capacity of SMEs embedded in CINs 

2.2.1. ACAP, a multidimensional learning capability 

ACAP embodies a dynamic learning capability that enables organizations to improve their innovation 

performance (Vlačić et al., 2019) and achieve a potential competitive advantage (Fosfuri and Tribo, 

2008) through consistent knowledge utilization. In this regard, organizations implement a set of 

practices which are structured according to distinct dimensions, each one playing a different yet 

complementary role (Saad et al., 2017; Zahra and George, 2002).  

First, acquisition reflects the organization’s ability to identify and access external knowledge that is 

potentially useful to its operations (Saad et al., 2017). It includes mastering exploration techniques and 

relying on interpersonal skills to source valuable knowledge from external experts (Gkypali et al., 

2018; Jimenez-Barrionuevo et al., 2011). Then, assimilation refers to the analysis of externally 

acquired knowledge to assess its potential (Szulanski, 1996). It involves activities of interpretation and 

confrontation between new knowledge and the organization’s prior knowledge (Zahra and George, 

2002), and communication skills to effectively disseminate new knowledge (Camison and Forès, 2010) 

and extend learning to an organizational level (Saad et al., 2017). Finally, application or exploitation 

represents the mechanisms enabling organizations to leverage existing competencies and create new 

ones by incorporating acquired knowledge into their operations (Cohen and Levinthal, 1990). It 

involves retrieving knowledge that has already been created and internalized for effective use (Lyles 

and Schwenk, 1992). Therefore, application first requires the internalization of new knowledge by 

combining it with the organization’s prior knowledge in order to achieve a new integrative schema 
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(Cohen and Levinthal, 1990). To emphasize the importance of this integration, Zahra and George 

(2002) separate it from the effective application of new knowledge by proposing the dimension of 

transformation. However, although it is an essential prerequisite for exploitation that aims to prepare 

knowledge for its ultimate use, Schmidt (2005:3) states that “the transformation dimension need not 

be made explicit, as it is an integral part of the exploitation component”. Hence, to make efficient use 

of external knowledge throughout its contribution to a CIN, an SME would implement acquisition, 

assimilation and application practices.  

 

2.2.2. Two learning perspectives for an SME embedded in a CIN 

Through its contribution to the CIN, an SME accesses valuable external knowledge which can be 

absorbed to serve two learning perspectives (Inkpen and Tsang, 2008): reciprocal learning 

representing the organization’s ability to combine this external knowledge with its own in order to 

contribute to the network’s common goal (Lubatkin et al., 2001), and one-way learning reflecting the 

organization’s ability to absorb external knowledge accessible through the network to accomplish 

individual goals (Khanna et al., 1998; Lane and Lubatkin, 1998).  

In fact, while the primary purpose of organizations that engage in collaborative relationships is to 

jointly exploit their capabilities so as to develop products or services that none of the actors could 

achieve individually (Camarinha-Matos et al., 2009), Khanna et al. (1998) and Das and Teng (2000) 

point out that one-way learning might also occur. Although this learning is likely to provoke a race 

(Hamel, 1991; Larsson et al., 1998) and induce predatory behaviour in the partners through knowledge 

retention (Arino and de la Torre, 1998), several authors suggest that even in the logic of mutual benefit, 

a balanced cooperation and learning race would be an important source of competitive advantage 

(Argote and Ingram, 2000; Romer, 1990; Zaheer et al., 2010). Also, when a firm intentionally seeks to 

source and internalize knowledge from the other network actors, its benefits in terms of innovation 

come at a higher rate (Srivastava et. al, 2015).  

Therefore, we endorse the propositions of these authors and suggest that an SME embedded in a CIN 

would implement acquisition, assimilation and application practices to serve both reciprocal and one-

way learnings. In addition, the exploration by the SME of the valuable knowledge derived from the 

other partners of the CIN to improve its own performance can be pursued as the latter exploits its 

knowledge to contribute to the network innovation goal (Lee and Huang, 2012). Hence, we advocate 

that both learning perspectives occur simultaneously (see Figure 1). 
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2.2.3. Two distinct phases of knowledge absorption by the SME to contribute to the CIN 

The literature highlights the fact that knowledge absorption differs according to the stages of an 

innovation process (Barbaroux et al., 2016). In the case of collaborative innovation, two main phases 

requiring different knowledge management and decision-making practices (Hacklin et al., 2006) are 

distinguished. The first one, called the setting-up or creation stage, includes aspects of idea 

formalization and network structuring. During this early phase, events such as trade fairs and 

conferences are a crucial knowledge source to gain inspiration for the innovative idea (Van Egeraat et 

al., 2013) and identify potential partners (Maskell et al., 2006).  

The second phase, the operation stage, is focused on the way the partners will jointly mobilize their 

competencies to match the market opportunities (Camarinha-Matos et al., 2009; Graça and Camarinha-

Matos, 2017). It is related to the development and commercialization of the innovation and requires 

for instance an intensive use of boundary objects to facilitate integration of knowledge created by the 

contributing actors (Mäenpää et al., 2016). Hence, to absorb knowledge for reciprocal learning and 

accordingly contribute to a collaborative innovation process, an SME would implement acquisition, 

assimilation and application practices differently within the two CIN phases. 

 

2.3. Characterization of an SME’s context within a CIN 

Following an in-depth literature review, we hereby introduce the different factors describing the 

context of an organization embedded in a CIN, which are likely to impact its ACAP. 

• External activators 

They reflect uncertain environmental conditions that drive an organization to intensively activate its 

ACAP (Zahra and George, 2002). Some of these external activators come from a technological 

evolution or a high frequency of innovation that can influence the future of the industry in which the 

organization operates (Bower and Christensen, 1995). In addition, Lane et al. (2006) highlight other 

external activators that may lead to a more intensive ACAP, including frequent changes in market 

trends, as well as high levels of competitiveness and regulation (Glazer and Weiss, 1993). Therefore, 

the more the SME is subject to such external activators, the more it needs to develop its ACAP in order 

to adjust to turbulence in its environment (Liao et al., 2003). 

• Internal activators 

Several internal conditions can also make an organization more motivated to acquire and integrate new 

external knowledge (Gluch et al., 2009). Indeed, the organization deploys an intensive ACAP in order 

to achieve specific performance objectives (Fosfuri and Tribo, 2008), enabling it to recover for 

example from an organizational crisis (Cooper and Molla, 2012) or from successive performance 

failures (Matthyssens et al., 2005). Accordingly, the organization is motivated to absorb knowledge in 
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order to initiate deep changes that redefine its strategy (Zahra and George, 2002). It is also willing to 

absorb knowledge through an alliance in order to strengthen its financial, social and technological 

capitals (Ahuja, 2000). Additionally, ACAP evolution and development is dependent on the 

organization’s human capital (Zahra and George, 2002). This suggests that a lack of employees’ 

technological and other skills motivates the organization to deploy its ACAP in order to complement 

its knowledge base (Cohen and Levinthal, 1990). Thus, the more an SME participates in the partnership 

to address these specific challenges, the more it needs to develop its ACAP (McAdam et al., 2010). 

• Relative prior conditions 

In the case of an organization embedded in a partnership context, the literature suggests that several 

characteristics of its relationships with the other actors represent prior conditions impacting its 

reciprocal and one-way learnings, and consequently its ACAP in such context. Previous studies 

showed that these relational characteristics could be defined as a function of similarities or of 

differences. First, the similarity of the actors’ knowledge bases fosters their reciprocal (Lubatkin et al., 

2001) and one-way learnings (Lane and Lubatkin, 1998), as this knowledge proximity allows a mutual 

appreciation of their specific know-how. Also, ACAPs for both types of learning are better served by 

the similarity of the actors’ institutional values and routines, as this organizational fit enables learning 

and reduces the possible cultural clashes or other interfirm conflicts (Arino and de la Torre, 1998; 

Lubatkin et al., 2001). Third, the expertise of each actor must be rooted in a different informational 

domain (i.e. area of expertise or know-about), since redundancy would limit the benefits of the 

partnership for both types of learning and increase the risk of opportunism (Lubatkin et al., 2001; 

Mendi et al., 2020). Finally, reciprocal learning is fostered when the actors have distinct commercial 

objectives, as they need to collaborate in order to discover how each of them can meet their own 

business goals without invading the other actors’ markets (Lubatkin et al., 2001). On the contrary, one-

way learning is encouraged by the similarity of the actors’ commercial objectives, which allows a 

‘learning’ organization to easily find commercial applications of newly acquired knowledge from its 

‘teacher’ partner (Lane and Lubatkin, 1998). However, the facilitating effect of this factor mainly 

exists when the inter-organizational relationship is intentionally established to support one-way 

learning, such as franchises and joint ventures (Lane and Lubatkin, 1998). In alliances that primarily 

serve cooperative objectives, the similarity between the commercial orientations of the actors would 

rather inhibit the one-way learning of the organization, since the latter would direct its efforts towards 

managing and anticipating the risks of this coopetition situation (Fernandez et al., 2014). Hence, the 

less these related prior conditions are available, the more the SME has to develop its ACAP.  

• Central roles 

Tsai (2001) argues that units with central roles in innovation networks can use new knowledge 

efficiently only if they deploy relevant ACAP. Indeed, powerful actors are generally efficient 
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exploiters of new knowledge (Hill and Rothaermel, 2003; Lawrence et al., 2005), mainly since they 

intensively deploy their ACAPs to make good use of knowledge available through their privileged 

positions (Todorova and Durisin, 2007). In a collaborative network, an actor’s level of centrality is 

described according to different factors (Goduscheit, 2014). It depends on the organization's 

implication in the innovation intellectual property (IP) which grants it with a champion role, and on its 

strong involvement in project management, technical coordination, and interfacing with the market. 

Consequently, the more fundamental is an SME’s role in a CIN, the more it needs to develop its ACAP. 

In sum, the contextual factors resulting from our literature review represent determinants of ACAP 

that are not controlled by an organization embedded in a CIN. Previous studies suggest that each of 

these determinant factors leads to a more intensive ACAP but provide little knowledge of how they 

impact the ACAP dimensions. Thus, this research aims first to explore the effects of these factors on 

each of the ACAP dimensions of an SME embedded in a CIN to explain how they are related. 

Moreover, a determinant represents a causal factor, whose variations are followed systematically by 

variations in an outcome of interest (Bauman et al., 2002). Hence, in addition to inducing a globally 

more intensive ACAP, the presence of these determinants would differentiate the way an SME absorbs 

knowledge within a CIN. Consequently, we propose to identify the variations of an SME’s ACAP 

according to the factors describing its context. This would enable us to generate an ACAP 

operationalization which emphasizes the absorption dimensions and practices that the SME should 

master in priority according to its context. The implications of this state-of-the art are summarized in 

Figure 1, which constitutes our conceptual model. In our model, we have not considered the effect of 

central roles on one-way learning as this contextual factor only acts at the CIN level. 

 

Figure 1 – Conceptual model 

 

3. Research methodology 

To achieve the objectives of this study, we followed a mixed-method approach, summarized in Table 1 

and explained hereafter. Accordingly, this study adheres to comprehensive research capable of 

handling the qualitative-quantitative dilemma to analyze the actors and their actions in managerial 

situations (Dana and Dumez, 2015). More particularly, the present comprehensive research aims to 

highlight the mechanisms underlying observed phenomena (ibid.). In our case, these mechanisms 

relate to the absorption dynamisms of an SME to enhance its innovativeness according to its 

involvement context in a CIN. Our unit of analysis is thus an SME embedded in a CIN. 

Table 1 – Research design 
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3.1. A qualitative phase to develop measurement scales for the model’s constructs 

Although there is no existing measure for ACAP in a CIN context, we decided to perform an in-depth 

review of the existing ACAP multidimensional scales (Appendix A) to reap the benefits of this 

literature corpus for our research. From the practices proposed in previous studies, we selected an 

initial pool of 54 items that could be adapted to reciprocal or one-way learnings by an SME embedded 

in a CIN. Then, for each learning, we classified these practices according to the building blocks of our 

conceptual model presented in Figure 1. Since these items were transposed to the context of an SME 

embedded in a CIN and not specifically proposed for the latter, we combined the results of this 

deductive literature analysis with those of an inductive approach. This method is convenient when the 

conceptual basis for a construct may not result in accurate items (Hinkin, 2005). The use of inductive 

approaches is even more appropriate for research in small businesses as it enables analysis of the 

important aspects of the SME environment and leads to gaining a holistic understanding of its inherent 

processes (Dana and Dana, 2005). 

In this respect, we used the outcomes of our literature analysis to devise an interview guide. Then, we 

performed 20 semi-structured interviews with 12 SMEs and their partners within three CINs 

(mechanical, software, medical) in France and the UK. The interviewees were mainly the SMEs’ 

managers and other individuals (engineers, researchers, etc.) who were closely involved in the 

networks. To cover a wide range of absorption practices, we selected SMEs from different sectors, 

which collaborated with a variety of actors (SMEs, research labs, etc.) possessing diverse expertise 

(Appendix B). The interviews were then transcribed and qualitatively analyzed using N’Vivo, 

therefore enriching the literature outcomes with 28 new practices. With regard to the variables 

describing the SME’s context within the CIN, scales were developed for their related items based on 

the constructs’ definitions in the extant literature. The constructs in this study are summarized in Table 

2. Their associated items and their sources are provided in Appendix C. 

Table 2 – Summary of the constructs used in this study 

 

3.2. A quantitative phase to propose an ACAP operational measure for the SME according to its 

context within the CIN  

Since ACAP is context-dependent (Lane et al., 2006), the purpose of this quantitative study is to 

develop a measure of this capacity for an SME embedded in a CIN, considering the peculiarities of 

this organization’s context. For this reason, we employed the PLS-SEM (partial least squares structural 

equation modeling) approach in a novel way as explained hereafter.  
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3.2.1. Data collection 

The items resulting from the qualitative phase were implemented in a survey questionnaire designed 

in collaboration with three other researchers. Participants were asked to respond by referring to a CIN 

experience and rating the items on a 1-6 likert scale ranging from strongly disagree to strongly agree. 

The questionnaire was then pre-tested with two new academic experts and two SME managers with 

prior experience in CINs. This approach enables upstream management of survey biases (Forza, 2002) 

and helps ensuring its face validity (Holden, 2010). 

To determine the most appropriate way to conduct the questionnaire, we consulted several experts in 

innovation management in France, namely two consulting companies and four clusters in the textile, 

mechanical and digital sectors. These experts pointed out that the questionnaire was not suitable to 

feed large-scale surveys conducted by regional and national agencies. Indeed, they underlined that its 

purpose and format were not in line with those of such agencies. Therefore, they advised us to carry 

out our empirical study separately, using their contact databases. To form our sample, we employed a 

judgmental sampling method (Deming, 1990) instead of probability sampling, since we did not have 

access to the database of SMEs embedded in CINs, nor to statistics about their involvement in such 

networks by sector, size, etc. A pre-questionnaire was thus addressed to the SMEs’ managers listed in 

the experts’ contact databases in order to identify SMEs with previous CIN experience. From this 

preliminary questionnaire, we obtained 50 responses from SMEs’ managers who stated that their firms 

were involved in collaborative innovation projects. The full questionnaire was then sent out to the 

constituted sample and was also distributed by the experts to their contact databases in order to obtain 

more responses. The SMEs’ managers were asked to complete the questionnaire themselves if they 

were heavily involved in the CIN or else to forward it to the member of their organization who had a 

key role in the CIN. From December 2016 to May 2017, we collected 88 responses. However, for the 

variables used in this study, 14 of the received questionnaires were omitted as they represented a high 

rate of nonresponse. Table 3 presents the characteristics of the respondents from the 74 remaining 

observations, their respective SMEs and the CINs in which they were operating. These properties 

convey a high diversity of respondents. 

Table 3 – Sample characteristics 

 

3.2.2. Data analysis 

This research aims to propose a contextualized operationalization of the ACAP for an SME embedded 

in a CIN. This operational measure guides the SME towards the most relevant ACAP dimensions and 

practices for its context, by establishing a priority order among them. To this end, we analyzed the 
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model in Figure 1 using the PLS-SEM approach, which was appropriate to the nature and purposes of 

this study as explained below: 

PLS-SEM works efficiently to estimate complex models such as the one in Figure 1, comprising many 

constructs, several structural path relationships and many indicators per construct (Ringle et al., 2015). 

This characteristic is especially relevant when small sample sizes are used (Chin, 2010), as is the case 

in this research (74 responses). In addition, PLS-SEM can be particularly useful for SME research 

where there may be restrictions on sample sizes (Sarstedt et al., 2014). This approach meets further 

challenges faced by small business researchers who are confronted with an increasing complexity of 

theories and cause–effect models, over-surveyed respondents and decreasing response rates 

(Benavides-Velasco et al., 2013). 

Additionally, PLS was used to analyze our structural model as it is appropriate for the purposes of this 

study. In fact, our research aims to elaborate a predictive process prioritizing the SME’s ACAP 

dimensions and practices according to its context in a CIN. Therefore, it encompasses two objectives: 

it is necessary to first understand how the factors describing the SME’s context impact its ACAP, to 

then be able to establish the predictive process. Regarding the first purpose, we used the PLS approach 

to build the first theoretical propositions on how the context of an SME embedded in a CIN impacts 

its ACAP. This purpose is consistent with the exploratory objectives of PLS-SEM, which does not 

intend to confirm a theory and test already established hypotheses as is the case for Covariance Based 

SEM (Peng and Lai, 2012). The PLS approach is also suited to other exploratory features of this study. 

For instance, the variables used are described according to theoretical definitions and empirical scales 

supplemented by exploratory interviews. In addition, there is little theoretical support to explain the 

links between the blocks of variables (Rigdon, 2012). PLS-SEM is even more relevant for such early 

stages of theory development in small business research (Thong et al., 1996).  

Regarding the second purpose, the forecasting virtues of PLS (Tenenhaus et al., 2005) made it 

appropriate for establishing the predictive process, prioritizing the SME’s ACAP dimensions and 

practices according to its context in the CIN. In preference to alternative forecasting approaches, such 

as logistic regression (Walker and Duncan, 1967) and neural networks (Bishop, 1995), we chose the 

PLS approach as it is suitable for prediction with latent variables such as the constructs in our model. 

This method provides the opportunity to predict explained variables by performing regressions from 

the scores obtained through a succession of factorial analyses (Tenenhaus et al., 2005). This property 

of PLS enables us to predict the scores of the nine dimensions composing the SME’s ACAP according 

to the independent contextual variables impacting them. Therefore, it is possible to rank the ACAP 

dimensions and practices based on the predicted scores which would guide the SME towards the most 

critical absorption aspects for its context.  
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Hence, we used the PLS approach to analyze the structural model in Figure 1 whose constructs are 

modelled reflectively. Indeed, these latent variables are described by several items that were 

formulated using literature outcomes which were completed by our field study. Therefore, these items 

are non-exclusive manifestations of their associated latent variables (Petter et al., 2007) that might be 

enriched by future studies. When analyzing such a fully reflective structural model, Chin (2010) points 

out that the number of responses must be more than 10 times the greatest number of links between a 

dependent latent variable and independent ones. Since this number is four in our model, our sample 

size meets this constraint and enables the use of the PLS approach. However, because of the large 

number of structural links to be simultaneously estimated and the small size of our sample, we chose 

to analyze each ACAP dimension in an independent structural model to enhance the robustness of our 

results. Each of these nine models includes one ACAP dimension and the constructs characterizing the 

SME’s context that impact this dimension. To analyze each model, we used the software SmartPLS 

3.0 (Ringle et al., 2015). The analysis is done in two steps: validation of the measurement model and 

evaluation of the structural model (Hair et al., 2013). Table 4 summarises the procedures that were 

undertaken to evaluate our models. 

Table 4 – Analysis approach adopted 

 

4. Results 

4.1 Proposition of a measurement scale from the qualitative study 

Based on the insights of the qualitative study, we developed a measurement scale of ACAP for an 

SME embedded in a CIN (Appendix C). Accordingly, we confirmed the possible application to our 

unit of analysis of several practices proposed in the extant literature. We also enriched these outcomes 

with 28 new practices derived from the interviews, which have never been identified in prior research 

that developed ACAP measurement scales. These practices were reported either directly by the SMEs 

that performed them, or indirectly by their partners. Some interviewees cited practices that they did 

not in fact put into place but believed would have been useful. Of these new practices, 26 are related 

to reciprocal learning by the SME, while only two support its one-way learning. Most of the 26 

practices identified for reciprocal learning refer to the issue of risk resulting from joint development 

of an innovation in a partnership setting. For instance, during the development stage, each SME needed 

to be aware of the risks and benefits related to collaborating with unusual partners such as competitors, 

researchers or large groups (Ass-Set4): “For the laboratories, it is mainly an academic interest, while 

for the SMEs it’s more about having something profitable at the end. It can create lags. As a result, 

some editors were not really open to the idea of working with a research lab” (SME manager in the 

software CIN). During the operational stage, each SME had to deploy practices to prevent risks and 
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promote achievement of the network’s goal. For example, some SMEs needed to rapidly raise any 

doubts in order to avoid misunderstanding that would inhibit the accomplishment of the common 

project objectives (App-Dev7): “We had a lot of disagreements and that’s fine. It is generally all too 

easy to muddle along with a product that nobody believes in simply because everybody respects one 

another, and they are afraid to express what they actually think. The more disagreements we had, the 

happier I was. At least we did not reach a point where something was not working and someone said 

well, I knew that would not work” (SME manager in the medical CIN). 

The interviews also stressed the importance of differentiating between the two CIN stages to 

operationalize ACAP for reciprocal learning. Our results suggest that while some ACAP practices may 

appear similar across these phases, they target different goals. The organization of exchanges with 

other project actors to support the SME’s assimilation within each stage could illustrate this point. In 

the setting-up phase, these face-to-face interactions aim to converge towards a common vision of the 

innovation (Ass-Set2): “We organized common review sessions to settle on the machine requirements 

which we compiled in preliminary drafts and descriptive documents. Once we had discussed these 

issues, we started working on our contributions” (SME manager in the mechanical CIN). In the 

operational stage, these exchanges are more thematically oriented and involve only the organizations 

that are jointly working on specific innovation development and commercialization issues (Ass-Dev2): 

“There were different types of meetings: R&D meetings bringing together some of the editors, project 

steering meetings, and finally commercially oriented and marketing meetings” (SME manager in the 

software CIN). 

Finally, the interviews corroborated that an SME deploys ACAP for one-way learning simultaneously 

as it pursues a reciprocal learning to contribute to the common innovation goal (Acq-One6): “So in the 

objectives that were a bit secondary and directly relevant to us, we made sure that our technical team 

would become more competent regarding the technologies that are used in the project in order to take 

advantage of them for our own products” (SME manager in the software CIN). 

 

4.2. Preliminary quantitative analysis of the dataset  

Before evaluating the validity and reliability of our models we performed, using XLSTAT (Addinsoft, 

2016), several initial data processing operations in order to refine the underlying factor structure. First, 

we managed the missing values within the 74 observations by applying the NIPALS algorithm 

(nonlinear estimation by iterative partial least squares) which is particularly suitable for the PLS 

approach (Tenenhaus, 1999). The algorithm relies on imputing the observation containing the missing 

value with the most probable values of the other observations. Then, we carried out Harman’s single 

factor test to check for possible method bias resulting from the data collection approach (Podsakoff et 
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al., 2003). This test resulted in a 37.065% variance explained by the single factor therefore suggesting 

the absence of method bias. 

Finally, before assessing the measurement and structural models, it is necessary to examine the 

constructs’ unidimensionality (Urbach and Ahlemann, 2010). Unidimensionality is defined as the 

existence of one latent trait underlying the data (Hattie, 1985). In this respect, we assessed 

unidimensionality of the constructs included in our nine models by applying the tests described in 

Table 4. As shown in the results (Appendix D), the indicator Cent-Role4 reflecting involvement in 

intellectual property (IP) loaded more on the construct Int-Act (representing the SME’s motivations to 

absorb knowledge within the network) than on Cent-Role and was therefore attached to the former. 

Also, the construct Rel-Prior was separated into two latent variables, Cog-Dist and Coopetition, whose 

items respectively express the cognitive distance between the SME and the other actors (Nooteboom 

et al., 2007) and the presence of coopetition between them (Fernandez et al., 2014). Indeed, the less 

companies share similar organizational cultures and knowledge interpretation bases, the more 

important is the cognitive distance between them (Nooteboom et al., 2007). Also, the more similar 

companies are in terms of expertise, activities and commercial orientations, the higher the risks of 

moving from a collaborative to a competitive relationship (Lubatkin et al., 2001). Although this 

separation of Rel-Prior into two new constructs increased to five the greatest number of links between 

a dependent latent variable and independent latent variables, the size of our sample still allowed us to 

implement the PLS method. After these preliminary analyses, we performed the remaining steps of 

PLS-SEM to assess each of our nine models independently. 

 

4.3. Assessment of the measurement models 

Within each model, we assessed the reliability of the items associated with the constructs according to 

the tests described in Table 4. The retained items’ loadings are introduced in the diagonal values of the 

matrices in Appendix E. Then the results of construct reliability and convergent validity are displayed 

in Table 5. Finally, discriminant validity was assessed through examination of cross-loadings 

(Appendix E), and by verifying the Fornell–Larcker and the HTMT criteria (Table 6). 

Table 5 – Constructs’ reliability and convergent validity 

 

Table 6 – Fornell-Larcker and HTMT criteria 
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4.4. Assessment of the structural models 

Table 7 gathers the results of the structural models’ assessment. We first evaluated the models’ 

predictive accuracy, which displayed R² values between 0.477 and 0.714. These results exceeded the 

threshold of substantial R² (0.26), suggesting good predictive accuracy. Also, all the models were 

statistically significant, with F ranging from 12.410 to 37.114 and p<0.001. Then the quality of each 

model was assessed using relative GoF (goodness of fit) indices which ranged between 0.734 and 

0.863, sufficiently close to 1 to suggest good model fit. Finally, the Q² values of the models varied 

from 0.219 to 0.369 and were all above zero, confirming that the models exhibit predictive relevance.  

With regard to assessment of the structural paths, results show that the construct Cent-Role has a 

positive and significant impact on the three ACAP dimensions of the SME’s contribution to the setting-

up phase, as does the construct Ext-Act. This latter variable also positively impacts the application 

dimension of the SME’s one-way learning. As for the Int-Act construct reflecting its motivations to 

take part to the CIN, it positively influences the SME’s application dimension for its contribution to 

the development phase and for its one-way learning, as well as the acquisition dimension for this 

learning. Results also show that the construct Cog-Dist has a positive and significant impact on 

assimilation dimensions for the SMEs’ one-way learning and for its contribution to the development 

phase, but also on the acquisition dimension within this phase. Finally, the construct Coopetition has 

a significant effect on the nine ACAP dimensions, which are all positive except for the acquisition 

dimension within the SME’s one-way learning. We further interpret these results in the discussion part. 

Table 7 – Structural model results 

 

4.5. Predicting the relevant ACAP dimensions and practices according to the SME’s context 

within the CIN  

Analysis of the measurement models (4.3) enabled us to propose a refined measure for the ACAP of 

an SME embedded in a CIN. Nevertheless, since the context of such an SME induces variance in its 

ACAP, it is more relevant to propose an operationalization of the ACAP that is adjustable according 

to the SME’s context within the CIN. To take this context into consideration, we first needed to 

understand how it impacts the SME’s ACAP. In this regard, analysis of the structural models (4.4) 

enabled us to identify the factors describing this context, which have a significant impact regarding 

each dimension of the SME’s ACAP. Based on these results, we tapped into the prediction virtues of 

the PLS approach to propose a contextualized measure of the ACAP for an SME embedded in a CIN. 

In this regard, after eliminating the non-significant paths depicted in Table 7, we ran the PLS algorithm 

again on each of our nine models to calculate the normalized weights of the remaining contextual 

constructs’ items (Table 8) and the coefficients of the kept paths (Table 9).  
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Table 8 – Items’ weights resulting from PLS algorithm 

 

Table 9 – Coefficients used in the prediction equations 

 

Based on these elements, we formulated the equations predicting each ACAP dimension’s score 

according to the SME’s context. These scores are predicted following several steps that we explain 

below by applying them to predict the score of the dimension Acq-Set as an example (Figure 2): 

• The SME first informs its context by rating each of the items describing the contextual factors 

(Cog-Dist, Coopetition, Cent-Role, Ext-Act, Int-Act) on a scale of 1 (strongly disagree) to 6 

(strongly agree). In our example, the SME would rate the items associated with the contextual 

factors impacting the dimension Acq-Set which are depicted in Figure 2. 

• The contextual factors’ scores are then calculated as an aggregation of their items (informed by the 

SME in the previous step) pondered by their normalized weights which resulted from the PLS 

algorithm (Table 8). In our example, the contextual factors’ scores are calculated as follows:  

��� − ��� =  	0.107 0.891 0.001� ���� − ���1��� − ���2��� − ���3� 

���� − ���� =  	0.282 0.423 0.295� ����� − ����1���� − ����2���� − ����3� 

����������� =  	0.276 0.724�  ��� − !"��"3��� − !"��"4# 

• The score of each ACAP dimension is calculated as the sum of a residual constant and the 

aggregation of the contextual latent variables’ scores resulting from the previous step, weighted 

with their associated path coefficients. The constant and the path coefficients result from the PLS 

algorithm and are provided in Table 9. These predicted dimensions’ scores naturally range between 

1 and 6 (as do the items associated with the contextual factors which were informed by the SME 

in the first step). In our example, the score of Acq-Set is predicted according to the equation:  

��$ − %�� = 0.457 + 0.164 × ��� − ��� + 0.406 × ���� − ���� + 0.304 × ����������� 

 

Figure 2: Illustration of the calculation model to predict the score of the dimension Acq-Set 

 

Hence, the formulated equations predict the scores of the nine ACAP dimensions according to the 

SME’s context, which can be ranked to identify the most critical ones for the SME. Based on the 
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dimensions’ predicted scores, the initial weights of their associated items (Table 8) resulting from the 

PLS algorithm are revised by applying the following equation for each item i associated with an ACAP 

dimension j:  

(�) )��*ℎ�,-./ , =  0����1� )��*ℎ�,-./ , 6 × !"�2����2 3��"�4546 7,/.89,:8 ;    
The comparison of these new weights across the items (i.e., ACAP practices) associated with the nine 

ACAP dimensions allows for ranking the practices and hence identifying the most critical ones for an 

SME to implement primarily according to its context within a CIN. Let us take the example of an 

SME’s context for which the calculation of the predicted scores of the three ACAP dimensions within 

the setting-up stage results in 3 for Acq-Set, 2 for Ass-Set and 6 for App-Set. The weights of these 

dimensions’ practices before and after the prediction of the dimensions’ scores are introduced in Figure 

3. The priority order of the practices associated with these three dimensions changed after the 

introduction of their scores, predicted according to the SME’s context. Indeed, before the 

contextualization, the three most critical practices were (Acq-Set11, Ass-Set3, Acq-Set7), while they 

became (App-Set2, Acq-Set11, App-Set8) after considering the SME’s context within the CIN.  

 

Figure 3 – Example of changes within the practices’ ranking for the ACAP dimensions of the CIN 

setting-up stage due to the introduction of the SME’s context 

 

In sum, this approach makes it possible to propose a contextualized operational measure of the ACAP 

for an SME embedded in a CIN. On the one hand, the prediction of the dimensions’ scores identifies 

the most critical ones for the SME and raises its awareness regarding those it should master as a 

priority. On the other hand, the introduction of the dimensions’ scores makes it possible to revise the 

weights of their associated practices which are compared across the nine dimensions to identify the 

most important ones for the SME’s context. Thus, an order of priority is established both at the levels 

of the ACAP dimensions and the practices making the ACAP operational measure adjustable to the 

SME’s context within the CIN.  

 

5. Discussion 

This study enabled understanding of the impact of an SME’s context within a CIN on its absorptive 

capacity (ACAP). This context is described according to five factors, namely external activators, 

internal activators, relative prior conditions that are split into coopetition and cognitive distance, and 

finally central roles. These factors were found to have distinctive effects on the SME’s learning 
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perspectives. On the one hand, for reciprocal learning, the factors’ influence mainly differs according 

to the two stages of the CIN. On the other hand, for one-way learning, the differentiated effects of 

these factors are perceived at the level of the three ACAP dimensions. Furthermore, this research 

showed that the absorption manner of an SME embedded in a CIN necessarily changes depending on 

the variance induced by its context. These changes are modelled according to a predictive process 

which guides the SME toward the most critical absorption dimensions and practices for its context. 

We discuss these findings below.  

 

5.1. The influence of the factors describing the SME’s context differs according to the two stages 

of its reciprocal learning  

Our results underline that external activators, reflecting highly dynamic and competitive 

environments (Zahra and George, 2002), induce a high knowledge acquisition, assimilation and 

application during the first phase of the SME’s reciprocal learning. Indeed, to better exploit its 

capabilities for its contribution to the network innovation objective, the SME needs to be aware of the 

current technological and market trends in its dynamic environment (Nadkarni and Chen, 2014). Also, 

an assimilation of the risks and benefits of joining a CIN is needed to assess the collaboration relevance 

for responding to the SME’s environmental dynamism (Osland and Yaprak, 1995). The presence of 

external activators would even compel the SME to make substantial efforts in organizing its 

contribution to the network to ensure that the defined performance objectives and business model are 

aligned with the level of its environment dynamism (Heij et al., 2014). As for the SME’s ACAP during 

the second phase of its reciprocal learning, none of the dimensions is significantly impacted by external 

activators. While the setting-up phase defines the SME’s collaboration strategy to participate in the 

CIN, the development phase represents the way it operates to accomplish its defined objectives. The 

strategic nature of the first phase and the operational nature of the second one (Camarinha-Matos et 

al., 2009) could explain why external activators only impact the SME’s ACAP during the network 

setting up, since environment turbulence primarily induces changes at the strategic level (Johnson et 

al., 2003). 

Concerning the central roles factor, we found that the more the SME has a central position within a 

CIN, the more it will deploy an intensive ACAP during the network setting-up phase. During this stage, 

boundary actors play a critical role in investigating the innovation environment in order to identify 

inspirational ideas (Jeppesen and Laursen, 2009) and actors possessing critical competencies for the 

project (Goduscheit, 2014). They are also heavily involved in organizing regular exchanges with all 

the actors in the CIN (Hauschildt and Schewe, 2000) to set it up and formalize the innovative idea. In 

addition, they have to define the project planning and set up the collaborative techniques (Gemünden 
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et al., 2007) to manage the interfaces between the network actors. As for the SME’s contribution to 

the innovation development phase, our results suggest that its centrality has no significant effect on its 

ACAP. An explanation of this result could be that, during the operational stage, each actor acquires 

knowledge for its own responsibilities and interacts mainly with the partners at the interface of its 

contribution. Exchanges gathering the whole network which would require high coordination are rarely 

needed, as was underlined by an SME manager in the qualitative phase of this study: “We have regular 

partner meetings and also mandatory meetings with the organization that funds us. Everyone gives 

presentations on how we are progressing. We do not drag people into big meetings where everyone is 

present just for the sake of it” (SME manager in the medical CIN).  

We found that there is no significant effect of the SME’s internal activators on its ACAP for both 

stages of its reciprocal learning except for the application dimension in the CIN operational phase. The 

non-significance result for the three ACAP dimensions within the setting-up phase could be explained 

by the fact that, at the early stages of the project, the SME’s own objectives are still not clearly 

formalized, as they can be redefined to meet the common network goals or to reap potential benefits 

of which the SME was not aware before its interactions with the identified partners. As for the SME’s 

acquisition and assimilation for its contribution to the CIN operational stage, the non-significance 

result of internal activators regarding these dimensions can be accounted for by the fact that they do 

not directly induce benefits, but rather represent intermediate stages to meet the SME’s objectives. 

This is not the case for the application dimension in the CIN operational phase, which requires from 

the SME substantial efforts to react on its internal activators by finalizing its contribution to the project, 

efficiently exploiting knowledge to meet its IP objectives or, more generally, achieving highly 

demanding financial and strategic goals (Ahuja, 2000).  

Cognitive distance was found not to have a significant effect on the SME’s ACAP during the setting-

up phase. This could be explained by the fact that, at this stage, the SME does not need to understand 

and integrate advanced technical knowledge from the other network actors. Their interactions focus 

on organizing the CIN, with knowledge related to project management, which may need less cognitive 

alignment. Another explanation may be related to a bias resulting from the respondents’ representation 

of the knowledge type that they considered when they replied. This suggestion is supported by the 

results of our qualitative phase. Indeed, most of the practices resulting from the interviews 

(Appendix C) show that respondents naturally think primarily about technological knowledge, 

probably because most participants in CINs have a technical background. During the operational stage, 

we found that the cognitive distance has a positive and significant impact on acquisition and 

assimilation dimensions while this factor does not influence knowledge application. The more the 

knowledge bases and fundamental values (Nooteboom et al., 2007) are different between the SME and 

its partners, the more it needs to be informed about and to assimilate their constraints and requirements 
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in order to foster its contribution to the common innovation goal. Then the SME and its partners apply 

the knowledge according to what they have commonly defined in the previous dimensions. Most of 

the time, the innovation in the CIN is split into several sub-products. Each of them can be finalized by 

one partner in the CIN corresponding to an efficient division of tasks (Islam et al., 2018). Therefore, 

this autonomous application of knowledge does not require a cognitive proximity between the partners. 

Concerning the coopetition factor, this study’s findings provide evidence that collaborating with 

potential competitors who possess similar competencies and commercial orientations is the major 

factor that influences all the ACAP dimensions of an SME embedded in a CIN, both for the setting-up 

and development phases. As innovation requires combining different types of knowledge (Taylor and 

Greve, 2006), firms operating in an environment with poor knowledge diversity are compelled to 

strengthen the width and breadth of knowledge acquisition to accomplish innovating outcomes 

(Laursen and Salter, 2006). Coopetition was also found to have a positive significant effect on the 

SME’s assimilation dimensions for both stages of its reciprocal learning. In fact, the SME needs to 

assess the risks and benefits of coopetition (Galkina and Lundgren-Henriksson, 2017; Ritala, 2012), 

before deciding to join a network with potential competitors. During its contribution to the innovation 

development, the SME intensifies its assimilation efforts to appreciate the propositions of its 

competitors which may be better than its own ways of using knowledge, and therefore overcome the 

narrow-mindedness that can occur in a coopetitive situation (Le Roy and Fernandez, 2015). Besides, 

coopetition would encourage the SME to provide more efforts in knowledge application during the 

upstream phases of the project, by contracting its risky relationships with other actors (Bouncken et 

al., 2015) and by establishing a business model that respects everybody’s interests. These efforts are 

also needed for efficient knowledge application during the CIN operational stage to prevent the SME 

from having its market invaded by competitors (Lubatkin et al., 2001). 

 

5.2. The influence of the factors describing the SME’s context differs according to the three 

dimensions of its one-way learning 

External activators were found to have a determinant effect only on the SME’s application dimension 

while they had no impact regarding the SME’s acquisition and assimilation for its one-way learning. 

Indeed, firms operating in highly dynamic environments are required to explore all the possibilities of 

applying learnt knowledge likely to improve their performance (Jantunen, 2005), by initiating 

innovation projects (Christensen et al., 1998) and restructuring their organizational capabilities to 

favour strategies enabling them to sustain a long-term performance (Zahra and George, 2002). 

Therefore, they won’t focus on initiatives mostly intending to increase their stock of knowledge, as 

these strategies are only beneficial in the short term (Denicolai et al., 2016). 
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Our results suggest that high levels of internal activators mostly compel an SME to deploy its ACAP 

in order to acquire and apply external knowledge for its one-way learning. In fact, the SME’s 

willingness to strengthen its technical capital and address strategic challenges incites it to be 

particularly attentive to acquiring potentially valuable knowledge for its organization (Ahuja, 2000). 

Such efforts are also needed to quickly apply the acquired learnings and capitalize on its contribution 

to the project. In fact, the more the SME’s long-term performance objectives are challenging, the more 

it will implement systematic transformation routines and change conduct practices (Zahra and George, 

2002) to foster the application of newly acquired knowledge.  

As for cognitive distance, our findings show that this factor only induces high levels of assimilation. 

Indeed, new knowledge acquired by the SME through the CIN can embody heuristics that differ 

considerably from those used by the organization (Leonard-Barton, 1995). Thus, intensive 

interpretation and exchanges within the SME are needed in order to understand the potential of this 

new knowledge for its own organization and align it with its frame of reference (Mendi et al., 2020; 

Zahra and George, 2002). 

Finally, coopetition has a negative significant effect on the SME’s acquisition dimension and 

positively impacts the two other dimensions for its one-way learning. In fact, the more similar the 

SME’s expertise with regard to the other network actors, the less this organization is motivated to 

struggle for knowledge acquisition, as this situation does not bring new complex or attractive 

knowledge requiring special effort. The absence of such valuable knowledge is also due to the fact that 

companies that are in a coopetition situation are not enticed to share their knowledge and may deploy 

strategies of asymmetric or hidden information when they consider the knowledge they possess to be 

highly valuable (Lubatkin et al., 2001). The positive effect of coopetition on the SME’s assimilation 

and application stems from its need to quickly find and pursue valuable usages of learnings acquired 

through the project, in order to anticipate or react to competition (Powell, 1998), especially when the 

partners have a substantial capacity to appropriate new knowledge and access to markets. 

 

5.3. The primary absorption dimensions and practices change according to the context of an 

SME embedded in a CIN  

This study established a model that predicts a priority order of the ACAP dimensions and of the 

practices across these dimensions, considering the peculiarities of the SME’s context within the CIN. 

The SME should be aware of this ranking in order to properly absorb knowledge within the CIN and 

achieve successful reciprocal and one-way learnings (Das and Teng, 2000; Lubatkin et al., 2001). This 

research thereby converges towards the studies that emphasize the dynamic nature of ACAP (Zahra 
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and George, 2002) and learning (Eisenhardt and Martin, 2000; Zollo and Winter, 2002), which must 

be properly managed according to organizational environments in order to achieve sustained benefits.  

In the same vein, this study provides elements of response to the gap identified by Flatten et al. (2011), 

who emphasized the need to explore how the relative importance of each ACAP dimension would 

differ according to an organization’s contextual setting. In this respect, to efficiently achieve reciprocal 

and one-way learnings, the SME will absorb knowledge differently depending on the characteristics 

of its partners, its role within the network as well as its internal and external environments.  

 

6. Conclusion  

6.1. Theoretical implications 

Although CINs constitute a key organisational mode for SMEs’ innovation and competitiveness (Lee 

et al., 2010; Tsai, 2009), no research had explored how these organizations can implement ACAP in 

such a setting. Thus, this study covers this gap by proposing an operationalization of the ACAP adapted 

to the context of an SME embedded in a CIN. As such, it presents several theoretical contributions. 

First, this research contributes to the field of work developing operational measures of ACAP. This 

study follows a mixed method to propose a contextualized operationalization of the ACAP for an SME 

embedded in a CIN. Existing research hardly used such a method to investigate ACAP (Bröring and 

Leker, 2007; Flatten et al., 2011; Murovec and Prodan, 2009; Saad et al., 2017; Sedoglavich et al., 

2014). In addition, among these studies, only that of Flatten et al. (2011) proposed a multidimensional 

operationalization of this construct. Our research stands out by the development of an operational 

assessment of this capacity in a CIN context which, additionally, is contextualized according to the 

factors impacting the ACAP. 

Second, this research underlines that SMEs pursuing an open innovation strategy develop ACAP to 

fulfil reciprocal and one-way learnings. Thus, it provides some insights to complete the lack of 

knowledge about ACAP in the context of SMEs as highlighted by Hossain et al. (2016). Through their 

participation in a CIN, SMEs develop their capacity to absorb external knowledge in order to co-

develop and commercialize an innovation with the other CIN actors (Ferreras-Méndez et al., 2016). 

This open innovation strategy also helps them to develop their own ACAP by transforming external 

knowledge into internal innovation development and commercialization so as to improve their 

technological and financial performances (Rothaermel and Hess, 2007). For both reciprocal and one-

way learnings, our study shows that a coopetitive environment will increase the companies’ efforts to 

deploy their ACAP, regardless of their level and type of expertise. 
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The last contribution is of a methodological nature. We used the PLS method by drawing upon its 

forecasting features (Joreskog and Wold, 1982) to establish a predictive process that explains the 

activation of ACAP dimensions and practices for an SME embedded in a CIN according to the 

contextual determinants of ACAP. While researchers often emphasize that predictive capabilities are 

a strength of the PLS approach, methodological advances and applications in this direction are rare 

(Carrion et al, 2016). To our knowledge, none of the studies in the management field focusing on 

forecasting used this approach. Accordingly, this research provides a methodological example for 

establishing a forecasting model based on PLS.  

 

6.2. Managerial implications 

Several managerial implications can be derived for this research. Firstly, by proposing an ACAP 

measure adapted to the context of their participation in CINs, SMEs can be guided towards the most 

critical absorption dimensions and practices they need to master. Accordingly, these practitioners 

would be able to determine where additional investments should be made to upgrade and improve the 

use of ACAP. In this regard, this contextualized ACAP measure can be used upstream of an SME’s 

contribution to a CIN, to anticipate its capability gap and implement the necessary improvement 

actions that would foster its reciprocal and one-way learnings. The SME can also mobilize this 

instrument to evaluate its ACAP during its participation in a CIN in order to take a step back from its 

current practices and set up the relevant corrective actions.   

Secondly, this contextualized ACAP measure could be useful to manage an SMEs’ network efficiently. 

Indeed, carrying out an ACAP evaluation by each participating SME would allow the network to better 

configure itself in order to accomplish the common innovation goal. In this regard, the tasks and 

responsibilities are distributed according to the capabilities of each actor, e.g., SMEs that are best 

suited to boundary-spanning roles. This early assessment by the initial network also allows the 

identification of new actors to fill the CIN’s deficit regarding certain practices. For example, if none 

of the present actors has expertise in CIN coordination, they can call on an open innovation 

intermediary (Kokshagina et al., 2017) able to stimulate the collaboration and solve technical issues in 

a networked configuration. Furthermore, such assessment can be performed during the development 

phase to identify the risks of the current network structure and review it if necessary. This network-

level evaluation is of particular interest for SMEs that are used to innovating together, as it would 

generate learnings to better prepare and carry out their future common projects. 

Thirdly, our results provide important insights into channels whereby government policies might foster 

innovation. Indeed, we showed that SMEs can benefit from their CIN experience to overcome the 

difficulties they usually face in investing and developing ACAP alone (Rojas et al., 2018; Saad et al., 
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2017; Tojeiro-Rivero and Moreno, 2019). This suggests that policy makers should propose instruments 

stimulating the participation of SMEs in CINs, which would enhance their ACAP and enable them to 

develop future innovations either on their own or in an open innovation setting (Leckel et al., 2020; 

West et al., 2014). These investments in policy instruments would even bring further benefits for the 

innovation landscape. In fact, the innovation outcome from a CIN may be naturally superior due to the 

multidisciplinary knowledge of the CIN actors (Lee et al., 2010). Therefore, policy makers should 

establish regimes supporting the quality of this collaborative innovation but also of the processes it 

involves (Veak, 2006). In addition, innovation relies on technologies acting in relation with a host of 

social and cultural factors (Smith and Stirling, 2017). Indeed, the use of technologies by given groups 

and for particular purposes is assumed by those involved in their development (Akrich, 1992). This 

suggests that the established regimes should leverage this socio-technical property of innovation to 

foster its diffusion (Berkhout et al., 2004). Accordingly, policy makers might propose a framework 

that supports innovation democracy by connecting and involving actors who are capable of challenging 

the direction of innovation (Smith and Stirling, 2017). These actors include organizations with diverse 

technological, social and cultural backgrounds, but also socially embedded end users likely to adopt 

the developed innovation, as they would stimulate market readiness (Berkhout et al., 2004). 

 

7. Limitations and future research avenues 

This empirical study is not without limitations. First, the sample only gathers industrial SMEs. 

Supplementary research would be required to assess the degree to which the proposed operational 

ACAP measure holds in large groups. Indeed, compared to SMEs, bigger companies focus mainly on 

R&D in open innovation efforts (Lee et al., 2010), possess more technological assets and a greater 

ability to access external resources (Narula, 2004).  

Secondly, it would be relevant to extend the ACAP measure developed in this study by performing 

further analyses in order to conceive a measurement scale for this construct that is validated according 

to Churchill’s paradigm (Churchill, 1979). Indeed, the nonexistence of such an ACAP measurement 

scale for an SME embedded in a CIN compelled us to proceed to a qualitative phase in order to propose 

items describing this construct, and then to a quantitative approach in order to refine them. Although 

the measure developed enabled the fulfilment of the prediction purposes of this study, further research 

might complement the two steps we achieved by conducting a confirmatory analysis using data 

collected from a new sample of respondents in order to generate a measurement scale following the 

recommendation of Churchill (1979). This last step would provide the means to firmly decide on the 

significance of some items and structural paths that were eliminated in this study.  
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Third, further quantitative studies could help overcome some of the limitations of our judgemental 

sample. Due to the impossibility of relying on a probabilistic sample, we used a judgemental approach 

to identify respondents and were careful to manage its biases throughout data collection and analyses. 

Although the final sample contains a high diversity of respondents, it is not guaranteed to be 

representative of the population studied. Therefore, caution should be exercised when generalizing 

from our findings to specific SME contexts. Future research might explore the significance of our 

model under various SME characteristics. 

Fourth, since our unit of analysis was an SME embedded in a CIN, the respondents were asked to 

complete the survey by assessing their ties with regard to the network as a whole. Hence, we did not 

manage to appreciate the differentiated effects of dyadic relationships within the same CIN. We 

therefore encourage future research on this topic to explore how an SME can develop different relative 

ACAPs (Land and Lubatkin, 1998) depending on the nature of each of its bilateral relationships. This 

would also complete the work of Mei et al. (2019) who investigated SMEs’ ACAP in business 

ecosystems and showed that an SME develops different ACAPs with two types of partners, namely 

prominent organizations and service intermediaries. 

Finally, to facilitate the appropriation of this study’s results by practitioners, a maturity tool integrating 

the identified practices and the developed prediction process could be designed. Maturity tools are 

assessment supports which raise an organization’s awareness regarding its strengths and weaknesses 

in order to initiate the necessary improvement actions (Maier et al., 2012). Such a tool would therefore 

be adequate to guide the SME towards the critical absorption aspects for its context. Future research 

would define the structure of this tool and the maturity criteria against which the SME should be 

judged. In addition, an action research process could be adopted to align the tool with the SMEs’ 

reference frame, assess its usefulness and demonstrate the transferability of the inferences resulting 

from the mixed method used in this study (Venkatesh et al., 2013). 
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Figure 1 – Conceptual model 
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Figure 2 – Illustration of the calculation model to predict the score of the dimension Acq-Set 
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Tables 
 

Table 1 – Research design 

1) Qualitative phase � 2) Quantitative phase 

Literature analysis Exploratory study   Data collection Data analysis 

ACAP contextual factors 
Selection of SMEs 

within CINs 
  

Sampling via a pre-

questionnaire 

EFA to ensure 

unidimensionality 

ACAP multidimensional 

measurement scales 

Semi structured 

interviews 
  Survey over 4 months 

PLS to identify significant 

paths 

Qualitative analysis 

with N’Vivo 
    

PLS to predict the relevant 

ACAP dimensions and 

practices for the SME’s 

context 

 

Table 2 – Summary of the constructs used in this study 

Type of construct Construct Construct definition 

Contextual factors 

Ext-Act External environmental conditions pushing the SME to absorb external knowledge 

Cent-Role The degree to which the SME’s role is central in the CIN 

Int-Act Internal motivations of the SME to absorb knowledge 

Rel-Prior 
Characteristics of the SME’s relationships with the other actors (Later divided into the 

latent variables Cog-Dist and Coopetition) 

ACAP dimensions to 

contribute to CIN 

setting-up phase 

Acq-Set 
Acquisition by the SME of external knowledge from the other network actors or outside 

the network to contribute to the network setting-up 

Ass-Set 
Assimilation by the SME of external knowledge from the other network actors or outside 

the network to contribute to the network setting-up 

App-Set 
Application by the SME of external knowledge from the other network actors or outside 

the network to contribute to the network setting-up 

ACAP dimensions to 

contribute to CIN 

development stage 

Acq-Dev 
Acquisition by the SME of external knowledge from the other network actors or outside 

the network to contribute to the innovation development and commercialization 

Ass-Dev 
Assimilation by the SME of external knowledge from the other network actors or outside 

the network to contribute to the innovation development and commercialization 

App-Dev 
Application by the SME of external knowledge from the other network actors or outside 

the network to contribute to the innovation development and commercialization 

ACAP dimensions to 

fulfill one-way 

learning 

Acq-One 
Acquisition by the SME of useful learnings stemming from its participation in the network 

to achieve individual benefits for its organization 

Ass-One 
Assimilation by the SME of useful learnings stemming from its participation in the 

network to achieve individual benefits for its organization 

App-One 
Application by the SME of useful learnings stemming from its participation in the network 

to achieve individual benefits for its organization 

 

Table 3 – Sample characteristics 

Project   Firm   Respondent 

Duration   Size   Seniority 

Less than 1 year 23%   Less than 50 52%   Less than 10 years 47% 

Between 1 and 3 years 59%   From 50 to 100 27%   From 10 to 14 years 27% 

More than 3 years 18%   From 100 to 250 21%   From 15 to 20 years 25% 

Number of actors   Sector   Function 

Fewer than 5 19%   Electronics/Electricity 33%   General Management 59% 

From 5 to 7 53%   Mechanical 32%   Production 17% 

From 7 to 10 27%   IT/Telecommunications 19%   Logistics 16% 

Nature of innovation   Studies and consulting 11%   Marketing 3% 

Product 90%   Textile 3%   Purchasing 3% 

Service 10%   Other 2%   Other 2% 



Table 4 – Analysis approach adopted 

Steps Test description References 

Preliminary 

analysis of 

the dataset 

Common method 

bias 

Fulfill the Harman single factor test:  

• Perform a factorial analysis based on all variables. 

• Check if the resulting component brings together most variables. 

Podsakoff et al. (2003) 

Nonresponse bias 
Replace the missing values by applying NIPALS (Nonlinear 

estimation by Iterative Partial Least Squares) algorithm.  
Tenenhaus (1999) 

Unidimensionality 

For each construct used in this study:  

• Check the suitability of its items for factor analysis through Bartlett’s 

Test of Sphericity and the Kaiser–Meyer–Olkin (KMO>0.5) statistic.  
Vogt (2005) 

• Perform an exploratory factor analysis (EFA) using a principal 

component extraction with varimax rotation. Then check that the 

resulting first eigenvalue is greater than 1 and the second less than 1, 

or much lower than the first. Otherwise, 

Urbach and Ahlemann 

(2010) 

• Isolate the factor(s) with eigenvalue(s) greater than 1, Cronbach’s 

alphas above the threshold of 0.6 and which together retain, if possible, 

more than 60% total variance of the initial construct. 

 

 

Hair et al. (2006) 

• After the factorial analysis, retain the indicators whose loadings are 

considerably above 0.4 and significantly contribute to their associated 

factors. 

Gefen and Straub 

(2005) 

Measurement 

models’ 

assessment 

Item reliability 

For each construct included in the nine models, perform a confirmatory 

factor analysis (CFA): 
Straub (1989) 

• Eliminate one at a time items whose loadings are below 0.5 Hair et al. (2006) 

• And/or that are not significantly associated with their constructs. To 

verify significance, perform a bootstrapping procedure using 500 sub-

samples and check if Student t-test is greater than 1.96 with p<0.05 

for a bilateral test. 

Marcoulides and 

Saunders (2006) 

Construct internal 

consistency 

Check if Dillon-Goldstein’s Rho is greater than 0.7, which is more 

appropriate than Cronbach’s alpha for PLS models. 

Henseler et al. (2009), 

Tenenhaus et al. 

(2005), Esposito Vinzi 

et al. (2010) 

Accessorily check if Cronbach’s alpha is higher than 0.6, a threshold 

accepted for new developed measures. 
Nunnally and 

Bernstein (1994) 

Construct 

convergent 

validity 

Check if Average Variance Extracted (AVE) is greater than the 

minimum value of 0.5. 
Fornell and Larcker 

(1981) 

Discriminant 

validity 

Examine cross loadings to verify that the items load higher on their 

intended construct than on the other ones. 
Fornell and Larcker 

(1981) 

For each construct, verify that the squares of its correlation coefficients 

with the other ones are lower than its AVE. 
Fornell and Larcker 

(1981) 

For each construct, verify that HTMT ratios are below 0.9. Gold et al. (2001) 

Structural 

models’ 

assessment 

Predictive 

accuracy of each 

model 

Calculate the coefficient of determination R² for the endogenous 

variables and compare it to the thresholds: weak (0.02), moderate 

(0.13) and substantial (0.26). 

Cohen (1988) 

Perform a bootstrapping procedure using 500 sub-samples to verify 

model’s significance. Significance is confirmed with a Fisher F-test 

that must be greater than 1.96 with p<0.05 for a bilateral test. 

Fornell and Larcker 

(1981) 

Quality of each 

model 

Calculate relative Goodness-of Fit-index (GoF), which is particularly 

appropriate for reflective PLS-SEM models. 

Henseler and Sarstedt 

(2013), Esposito Vinzi 

et al. (2010) 

Predictive 

relevance of each 

model 

Calculate Q² using the blindfolding procedure in PLS and check if it is 

above zero. 
Geisser (1975) 

Structural paths’ 

significance 

Perform a bootstrapping procedure using 500 sub-samples and check 

if Student t-test is greater than 1.96 with p<0.05 for a bilateral test. 
Marcoulides and 

Saunders (2006) 

Extend the 

interpretation of 

the significance 

results 

To identify which contextual latent variable has a substantial impact 

on each ACAP dimension, calculate effect size f² and compare it to the 

thresholds of small (0.02), medium (0.15) and large (0.35) effect sizes. 

Cohen (1988) 

 



Table 5 – Constructs’ reliability and convergent validity 

Criteria Construct 
Models 

Acq-Set  Ass-Set  App-Set  Acq-Dev  Ass-Dev  App-Dev  Acq-One  Ass-One  App-One  

AVE 

Ext-Act 0.619 1.000 0.757 0.774 0.773 0.765 0.729 0.776 0.775 

Int-Act 0.636 0.573 0.747 0.641 0.765 0.802 0.645 0.648 0.654 

Cent-Role 0.697 0.684 0.689 0.675 0.687 0.666 Not included in these models 

Cog-Dist 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Coopetition 0.727 1.000 0.744 0.748 0.744 0.745 0.676 0.747 0.713 

ACAP dimension 0.605 0.568 0.608 0.565 0.590 0.715 0.718 0.766 0.651 

Rho 

Ext-Act 0.825 1.000 0.902 0.910 0.909 0.906 0.889 0.911 0.910 

Int-Act 0.873 0.839 0.897 0.876 0.907 0.890 0.876 0.879 0.880 

Cent-Role 0.872 0.864 0.868 0.862 0.867 0.856 Not included in these models 

Cog-Dist 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Coopetition 0.840 1.000 0.853 0.856 0.853 0.854 0.798 0.855 0.830 

ACAP dimension 0.925 0.866 0.932 0.866 0.876 0.952 0.946 0.942 0.937 

Alpha 

Ext-Act 0.836 1.000 0.832 0.847 0.847 0.841 0.829 0.852 0.851 

Int-Act 0.808 0.805 0.823 0.808 0.842 0.757 0.810 0.811 0.813 

Cent-Role 0.779 0.780 0.781 0.778 0.778 0.781 Not included in these models 

Cog-Dist 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Coopetition 0.659 1.000 0.658 0.664 0.662 0.665 0.656 0.666 0.641 

ACAP dimension 0.907 0.808 0.919 0.867 0.843 0.943 0.935 0.924 0.925 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 6 – Fornell-Larcker and HTMT criteria 

  

Ext-

Act 

Cent-

Role 

Int-

Act Cog-Dist Coopetition 

Acq -

Set     

Ext-

Act 

Cent-

Role 

Int-

Act Cog-Dist Coopetition 

Ass -

Set     

Ext-

Act 

Cent-

Role 

Int-

Act Cog-Dist Coopetition 

App 

-Set 

Ext-Act 0.619 0.093 0.223 0.275 0.000 0.133   Ext-Act 1.000 0.092 0.073 0.241 0.013 0.048   Ext-Act 0.757 0.110 0.524 0.228 0.076 0.298 

Cent-Role 0.396 0.697 0.214 0.039 0.003 0.399   Cent-Role 0.285 0.684 0.169 0.027 0.007 0.172   Cent-Role 0.396 0.689 0.282 0.053 0.000 0.215 

Int-Act 0.755 0.624 0.636 0.063 0.453 0.404   Int-Act 0.384 0.624 0.573 0.039 0.394 0.352   Int-Act 0.838 0.598 0.747 0.094 0.420 0.593 

Cog-Dist 0.519 0.241 0.302 1.000 0.009 0.005   Cog-Dist 0.48 0.241 0.302 1.000 0.031 0.006   Cog-Dist 0.519 0.241 0.362 1.000 0.001 0.032 

Coopetition 0.383 0.251 0.884 0.177 0.727 0.157   Coopetition 0.161 0.106 0.535 0.214 1.000 0.272   Coopetition 0.383 0.251 0.848 0.177 0.744 0.455 

Acq –Set 0.411 0.769 0.645 0.091 0.517 0.675   Ass -Set 0.229 0.529 0.6 0.074 0.532 0.632   App -Set 0.569 0.479 0.843 0.169 0.826 0.608 

                                              

  
Ext-

Act 

Cent-

Role 

Int-

Act Cog-Dist Coopetition 

Acq -

Dev     
Ext-

Act 

Cent-

Role 

Int-

Act Cog-Dist Coopetition 

Ass -

Dev     
Ext-

Act 

Cent-

Role 

Int-

Act Cog-Dist Coopetition 

App 

-Dev 

Ext-Act 0.774 0.128 0.394 0.246 0.034 0.130   Ext-Act 0.773 0.124 0.368 0.235 0.060 0.192   Ext-Act 0.765 0.175 0.202 0.251 0.027 0.104 

Cent-Role 0.396 0.675 0.312 0.064 0.003 0.072   Cent-Role 0.396 0.687 0.265 0.057 0.004 0.136   Cent-Role 0.396 0.666 0.235 0.068 0.002 0.013 

Int-Act 0.755 0.624 0.641 0.086 0.494 0.467   Int-Act 0.681 0.579 0.765 0.019 0.505 0.563   Int-Act 0.569 0.6 0.802 0.006 0.486 0.371 

Cog-Dist 0.519 0.241 0.302 1.000 0.006 0.066   Cog-Dist 0.519 0.241 0.129 1.000 0.003 0.047   Cog-Dist 0.519 0.241 0.071 1.000 0.008 0.005 

Coopetition 0.383 0.251 0.884 0.177 0.748 0.478   Coopetition 0.383 0.251 0.858 0.177 0.744 0.529   Coopetition 0.383 0.251 0.896 0.177 0.745 0.390 

Acq -Dev 0.299 0.28 0.566 0.215 0.784 0.565   Ass -Dev 0.423 0.389 0.762 0.172 0.821 0.622   App -Dev 0.319 0.182 0.66 0.074 0.714 0.715 

                                              

  
Ext-

Act Int-Act 

Cog-

Dist Coopetition Acq -One       
Ext-

Act 

Int-

Act 

Cog-

Dist Coopetition Ass -One       
Ext-

Act 

Int-

Act 

Cog-

Dist Coopetition App -One   

Ext-Act 0.729 0.440 0.272 0.115 0.427     Ext-Act 0.776 0.416 0.234 0.071 0.273     Ext-Act 0.775 0.448 0.225 0.104 0.435   

Int-Act 0.755 0.645 0.110 0.536 0.491     Int-Act 0.755 0.648 0.081 0.527 0.390     Int-Act 0.755 0.654 0.066 0.524 0.619   

Cog-Dist 0.519 0.302 1.000 0.006 0.195     Cog-Dist 0.519 0.302 1.000 0.001 0.127     Cog-Dist 0.519 0.302 1.000 0.000 0.046   

Coopetition 0.383 0.884 0.177 0.676 0.124     Coopetition 0.383 0.884 0.177 0.747 0.288     Coopetition 0.383 0.884 0.177 0.713 0.415   

Acq -One 0.601 0.762 0.396 0.325 0.718     Ass -One 0.569 0.668 0.346 0.605 0.766     App -One 0.653 0.84 0.212 0.679 0.651   

Fornell & Larcker criterion                                         

HTMT criterion                                           

 

 

 

 

 

 

 

 



Table 7 – Structural models’ results 

Acq-Set Model   Ass-Set Model   App-Set Model 

Structural path Coefficient t f²   Structural path Coefficient t f²   Structural path Coefficient t f² 

Ext-Act -> Acq-Set 0.197 ** 2.58 0.091   Ext-Act -> Ass-Set 0.167 * 2.15 0.068   Ext-Act -> App-Set 0.194 ** 2.64 0.080 

Cent-Role -> Acq-Set 0.408 *** 5.95 0.520   Cent-Role -> Ass-Set 0.245 *** 3.44 0.174   Cent-Role -> App-Set 0.25 *** 3.85 0.218 

Int-Act -> Acq-Set -0.013   0.09 0.000   Int-Act -> Ass-Set 0.118   0.92 0.012   Int-Act -> App-Set 0.006   0.05 0.000 

Cog-Dist -> Acq-Set -0.114   1.64 0.039   Cog-Dist -> Ass-Set -0.156   1.87 0.051   Cog-Dist -> App-Set -0.011   0.17 0.000 

Coopetition -> Acq-Set 0.305 *** 3.00 0.132   Coopetition -> Ass-Set 0.317 *** 3.41 0.171   Coopetition -> App-Set 0.443 *** 5.15 0.391 

R² 0.627   R² 0.531   R² 0.714 

F 22.833   F 15.416   F 33.952 

Relative GoF 0.785   Relative GoF 0.734   Relative GoF 0.863 

Q² 0.350   Q² 0.234   Q² 0.369 

                                  

Acq-Dev Model   Ass-Dev Model   App-Dev Model 

Structural path Coefficient t f²   Structural path Coefficient t f²   Structural path Coefficient t f² 

Ext-Act -> Acq-Dev 0.024   0.34 0.002   Ext-Act -> Ass-Dev 0.014   0.20 0.001   Ext-Act -> App-Dev 0.086   1.19 0.021 

Cent-Role -> Acq-Dev 0.069   1.03 0.016   Cent-Role -> Ass-Dev 0.108   1.74 0.045   Cent-Role -> App-Dev -0.083   1.28 0.024 

Int-Act -> Acq-Dev 0.039   0.26 0.001   Int-Act -> Ass-Dev 0.162   1.48 0.032   Int-Act -> App-Dev 0.22 * 2.20 0.071 

Cog-Dist -> Acq-Dev 0.152 ** 2.57 0.097   Cog-Dist -> Ass-Dev 0.131 * 2.03 0.061   Cog-Dist -> App-Dev 0.029   0.40 0.002 

Coopetition -> Acq-Dev 0.386 *** 3.99 0.234   Coopetition -> Ass-Dev 0.396 *** 4.64 0.317   Coopetition -> App-Dev 0.224 ** 2.76 0.096 

R² 0.601   R² 0.686   R² 0.477 

F 20.494   F 29.648   F 12.410 

Relative GoF 0.838   Relative GoF 0.847   Relative GoF 0.793 

Q² 0.219   Q² 0.299   Q² 0.241 

                                  

Acq-One Model    Ass-One Model   App-One Model 

Structural path Coefficient t f²   Structural path Coefficient t f²   Structural path Coefficient t f² 

Ext-Act -> Acq-One 0.165   1.82 0.048   Ext-Act -> Ass-One 0.167   1.74 0.044   Ext-Act -> App-One 0.285 *** 3.30 0.156 

Int-Act -> Acq-One 0.551 *** 4.66 0.315   Int-Act -> Ass-One 0.119   0.79 0.009   Int-Act -> App-One 0.368 ** 2.93 0.124 

Cog-Dist -> Acq-One 0.099   1.32 0.025   Cog-Dist -> Ass-One 0.197 * 2.20 0.070   Cog-Dist -> App-One -0.041   0.52 0.004 

Coopetition -> Acq-One -0.160 * 1.98 0.057   Coopetition -> Ass-One 0.310 *** 2.77 0.111   Coopetition -> App-One 0.227 ** 2.60 0.083 

R² 0.594   R² 0.489   R² 0.683 

F 25.207   F 16.525   F 37.114 

Relative GoF 0.782   Relative GoF 0.803   Relative GoF 0.845 

Q² 0.349   Q² 0.285   Q² 0.348 

*p<0.05, **p<0,01, ***p<0,001                               

 

 



Table 8 – Items’ weights resulting from PLS algorithm 

Construct 

  Acq-Set Model   Ass-Set Model   App-Set Model   Acq-Dev Model   Ass-Dev Model 

  Item 
Normalized 

weight 
  Item 

Normalized 

weight 
  Item 

Normalized 

weight 
  Item 

Normalized 

weight 
  Item 

Normalized 

weight 

Ext-Act 

  Ext-Act1 0.107         Ext-Act1 0.314             

  Ext-Act3 0.891   Ext-Act3 1.000   Ext-Act3 0.348             

  Ext-Act4 0.001         Ext-Act4 0.338             

Int-Act 

                              

                              

                              

                              

Cent-Role 

  Cent-Role1 0.282   Cent-Role1 0.248   Cent-Role1 0.435             

  Cent-Role2 0.423   Cent-Role2 0.564   Cent-Role2 0.238             

  Cent-Role3 0.295   Cent-Role3 0.188   Cent-Role3 0.326             

Cog-Dist                     Rel-Prior1 1.000   Rel-Prior1 1.000 

Coopetition 
  Rel-Prior3 0.276         Rel-Prior3 0.505   Rel-Prior3 0.419   Rel-Prior3 0.529 

  Rel-Prior4 0.724   Rel-Prior4 1.000   Rel-Prior4 0.495   Rel-Prior4 0.581   Rel-Prior4 0.471 

ACAP 

dimension 

  Acq-Set2 0.163   Ass-Set1 0.107   App-Set1 0.121   Acq-Dev1 0.131   Ass-Dev2 0.100 

  Acq-Set4 0.101   Ass-Set2 0.218   App-Set2 0.141   Acq-Dev2 0.100   Ass-Dev4 0.173 

  Acq-Set5 0.105   Ass-Set3 0.244   App-Set4 0.122   Acq-Dev3 0.209   Ass-Dev5 0.199 

  Acq-Set7 0.226   Ass-Set4 0.208   App-Set6 0.085   Acq-Dev6 0.310   Ass-Dev7 0.210 

  Acq-Set8 0.153   Ass-Set5 0.223   App-Set8 0.122   Acq-Dev8 0.249   Ass-Dev8 0.318 

  Acq-Set11 0.251         App-Set9 0.102             

              App-Set11 0.108             

              App-Set12 0.097             

              App-Set14 0.102             

                                

Construct 

 App-Dev Model   Acq-One Model   Ass-One Model   App-One Model       

 
Item 

Normalized 

weight 
  Item 

Normalized 

weight 
  Item 

Normalized 

weight 
  Item 

Normalized 

weight       

Ext-Act 

                   Ext-Act1 0.353       

                   Ext-Act3 0.268       

                   Ext-Act4 0.378       

Int-Act 

 Cent-Role4 0.326   Cent-Role4 0.242         Cent-Role4 0.254       

 Int-Act1 0.674   Int-Act1 0.180         Int-Act1 0.241       

       Int-Act3 0.327         Int-Act3 0.246       

       Int-Act4 0.251         Int-Act4 0.259       

Cent-Role 

                             

                             

                             

Cog-Dist              Rel-Prior1 1.000             

Coopetition 
 Rel-Prior3 0.365   Rel-Prior3 0.807   Rel-Prior3 0.541   Rel-Prior3 0.663       

 Rel-Prior4 0.635   Rel-Prior4 0.193   Rel-Prior4 0.459   Rel-Prior4 0.337       

ACAP 

dimension 

 App-Dev1 0.126   Acq-One2 0.137   Ass-One1 0.177   App-One1 0.104       

 App-Dev2 0.093   Acq-One4 0.078   Ass-One2 0.202   App-One2 0.084       

 App-Dev4 0.114   Acq-One5 0.102   Ass-One3 0.228   App-One3 0.151       

 App-Dev5 0.134   Acq-One7 0.162   Ass-One4 0.180   App-One5 0.092       

 App-Dev6 0.127   Acq-One8 0.138   Ass-One5 0.213   App-One6 0.144       

 App-Dev7 0.126   Acq-One10 0.105         App-One8 0.144       

 App-Dev9 0.148   Acq-One11 0.278         App-One9 0.147       

 App-Dev10 0.132               App-One10 0.133       

                             

 

 

 

 

 

 



 

Table 9 – Coefficients used in the prediction equations 

Acq-Set Model   Ass-Set Model   App-Set Model 

Structural path Coefficient   Structural path Coefficient   Structural path Coefficient 

Constant 0.457     Constant 1.11     Constant 1.159   

Ext-Act -> Acq-Set 0.164 ***   Ext-Act -> Ass-Set 0.100 *   Ext-Act -> App-Set 0.184 *** 

Cent-Role -> Acq-Set 0.406 ***   Cent-Role -> Ass-Set 0.339 ***   Cent-Role -> App-Set 0.248 *** 

Coopetition -> Acq-Set 0.304 ***   Coopetition -> Ass-Set 0.379 ***   Coopetition -> App-Set 0.453 *** 

                      

Acq-Dev Model   Ass-Dev Model   App-Dev Model 

Structural path Coefficient   Structural path Coefficient   Structural path Coefficient 

Constant 2.848     Constant 2.135     Constant 3.693   

Cog-Dist -> Acq-Dev 0.141 **   Cog-Dist -> Ass-Dev 0.189 ***   Int-Act -> App-Dev 0.182 ** 

Coopetition -> Acq-Dev 0.422 ***   Coopetition -> Ass-Dev 0.561 ***   Coopetition -> App-Dev 0.239 *** 

                      

Acq-One Model   Ass-One Model   App-One Model 

Structural path Coefficient   Structural path Coefficient   Structural path Coefficient 

Constant 2.448     Constant 2.006     Constant 0.770   

Int-Act -> Acq-One 0.806 ***   Cog-Dist -> Ass-One 0.369 ***   Ext-Act -> App-One 0.259 ** 

Coopetition -> Acq-One -0.271 **   Coopetition -> Ass-One 0.455 ***   Int-Act -> App-One 0.378 ** 

                Coopetition -> App-One 0.230 * 

*p<0.05, **p<0,01, ***p<0,001                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Appendices 

 

Appendix A – Description of existing ACAP multidimensional measures 

Number of 

measured 

dimensions 

Intra-organizational studies Inter-organizational studies 

Total 

number of 

practices 

Organizations 

studied 

Number of 

existing 

measures 

Number of 

proposed 

practices 

Organizations 

studied 

Inter-

organiza-

tional contexts 

studied 

Inter-organiza-

tional learning 

studied 

Number of 

existing 

measures 

Number of 

proposed 

practices 

 

1 

No specific 

industrial 

firms 

2 36           36 

2 SMEs 1 19 

No specific 

industrial 

firms 

Dyadic 

alliance 
One-way 1 9 28 

3 

No specific 

industrial 

firms 

7 105 Large firms 
Dyadic 

alliance 
One-way 2 24 132 

4 

SMEs 1 31 
No specific 

industrial 

firms 

Dyadic 

alliance 
One-way 2 51 224 

No specific 

industrial 

firms 

6 145 

Total   17 336       5 84 420 

 

 

 

Appendix B – Characteristics of the interviewees in the qualitative phase 

CIN Actor types Actors’ expertise Interviewees 

Mechanical 

CIN 

SME Manufacturing of mechanical components SME manager – Engineer 

SME Mechanical engineering SME manager 

SME Special machinery SME manager 

SME Automatism SME manager 

SME Precision engineering SME manager 

Software 

CIN 

SME Business software editor SME manager 

SME Industrial software editor SME manager 

SME Industrial software editor SME manager 

Association Innovation project assistance Project manager – Technical coordinator 

Research lab Research on interoperability and norms issues Researcher 

Medical CIN 

SME Computer development SME manager 

SME Development of software with social impact SME manager – Engineer 

SME Development of swab machines Project manager 

SME Compliance and regulation issues SME manager 

Research lab Research on sensors Researcher 

Hospital Children’s hospital Surgeon 

Cluster Medical cluster Cluster manager 

 

 

 



Appendix C – Items used in the survey 

Construct 
Associated 

items 
Item’s scale measurement Item source 

Associated 

construct after 

EFA 

Ext-Act 

Ext-Act1 The technological environment in your industry evolves rapidly 
Lichtenthaler (2009), Zahra and 

George (2002) 

Ext-Act 
Ext-Act2* The political environment in your industry is highly regulated Glazer and Weiss (1993) 

Ext-Act3 The innovation in your industry is highly frequent Bower and Christensen (1995) 

Ext-Act4 The market in your industry is highly competitive 
Cohen and Levinthal (1990), 

Eisenhardt and Martin (2000) 

Cent-Role 

Cent-Role1 You were heavily involved in the interactions with the targeted market Inspired by the innovation 

promoting roles proposed by 

Goduscheit (2014) for a 

collaborative context 

Cent-Role Cent-Role2 You were heavily involved in the project management aspects 

Cent-Role3 You were heavily involved in the project technical coordination aspects 

Cent-Role4 You were heavily involved in the intellectual property of the generated innovation 

Int-Act 
Int-Act 

Int-Act1 You joined the network to generate substantial financial benefits Performance objectives 

motivating a firm to intergrate an 

alliance proposed by Ahuja 

(2000) 

Int-Act2* You joined the network to acquire new learning 

Int-Act3 You joined the network to reinforce your social network 

Int-Act4 You joined the network to initiate a change in your strategic orientation Zahra and George (2002) 

Rel-Prior 

Rel-Prior1 The other organizations in the network had disciplines that are distinct from yours 

Relative prior conditions for 

reciprocal (Lubatkin et al., 2001) 

and one-way (Lane and 

Lubatkin, 1998) learning 

Cog-Dist 
Rel-Prior2* 

The other organizations in the network had organizational structures and/or industrial 

cultures that are different from yours 

Rel-Prior3 
The other organizations in the network had activities and/or expertise that are similar to 

yours 
Coopetition 

Rel-Prior4 
The other organizations in the network had commercial orientations that are similar to 

yours 

    For this CIN experience, it would have been useful to …     

Acq-Set 

Acq-Set1* …explore technical and/or technological knowledge related to the targeted innovation 
Lichtenthaler (2009), Gold et al. 

(2001) 

Acq-Set 

Acq-Set2 …explore supply chain knowledge related to the targeted innovation Chauvet (2014) 

Acq-Set3 …explore market knowledge related to the targeted innovation Camison and Forès (2010) 

Acq-Set4 …explore knowledge related to the management of an innovation project 
Thuc Anh et al. (2006), Chauvet 

(2014) 

Acq-Set5 …explore knowledge related to inter-organizational collaboration Interviews 

Acq-Set6 …use data sources (scientific databases, press, internet, monitoring tools ...) 
Ter Wal et al. (2011), Wang et 

al. (2010) 

Acq-Set7 
…get informed through the other actors of the network that are likely to provide you with 

useful elements 
Szulanski (1996), Chauvet 

(2014) 

Acq-Set8 
…get informed through experts (associations, clusters, consultants …) external to the 

network 
Tu et al. (2006), Flatten et al. 

(2011) 

Acq-Set9* …get informed through the client if applicable Jansen et al. (2005) 

Acq-Set10 …attend scientific or industrial events (fairs, conferences ...) Camison and Forès (2010) 

Acq-Set11 
…be open to exploring any knowledge domain that might be useful to the targeted 

innovation 
Flatten et al. (2011), Camison 

and Forès (2010) 



Ass-Set 

Ass-Set1 …actively involve the client if applicable or an end user 
Jansen et al. (2005), Wang et al. 

(2010) 

Ass-Set 

Ass-Set2 
…organize exchanges with the other project actors to ensure the coherence of the overall 

vision 

Jimenez-Barrionuevo et al. 

(2011), Ter Wal et al. (2011) 

Ass-Set3 
…use boundary objects (presentations, supporting documents, simulation ...) to better 

exchange with the other actors and/or the client 
Delmas et al. (2011), Flatten et 

al. (2011) 

Ass-Set4 

…assess the risks and benefits of joining a project that includes unusual actors for 

your organization (large groups, researchers, competitors, entities you didn’t know 

previously) 

Interviews 

Ass-Set5 
…be open to joining a project that includes unusual actors for your organization 

(large groups, researchers, competitors, entities you didn’t know previously) 
Interviews 

App-Set 

App-Set1 …define and communicate to the other actors your contribution to the budget Interviews 

App-Set 

App-Set2 
…define and communicate to the other actors your proposed contribution to the 

development phase 
Interviews 

App-Set3 …appoint within your organization the human resources to be involved in the project Jansen et al. (2005) 

App-Set4 
…identify the actors that are at the interface of your contribution (who impact your 

contribution and whose contributions you impact) 

Szulanski (1996), Garcia 

Morales et al. (2008) 

App-Set5* …define the project management modalities (planning, deliverables …) Interviews 

App-Set6 
…define the modalities for managing the performance of the targeted innovation 

(expected objectives, evaluation criteria, steering mode) 
Interviews 

App-Set7* 
…set up the collaborative tools that are necessary for steering the interfaces between 

the different actors (collaborative platforms, shared databases …) 
Interviews 

App-Set8 
…communicate your own collaboration terms (own objectives, cultural peculiarities 

…) to be taken into consideration by the other actors 
Interviews 

App-Set9 
…define a business model for the targeted innovation that is jointly approved by the 

actors concerned 
Interviews 

App-Set10 
…appoint the necessary boundary actors of the network (project manager, technical 

coordinator, commercial interface) 
Jimenez-Barrionuevo et al. 

(2011), Delmas et al. (2011) 

App-Set11 
…make sure to appoint boundary actors that are approved (legitimate and non-

conflicting) by all the network actors 
Interviews 

App-Set12 …contractualize the relationships with the other actors that might be risky Interviews 

App-Set13 
…assess the coherence between the project objectives and the strategic orientation of 

your organization (risks and possible impact on your own business) 
Interviews 

App-Set14 
…be open to the possibility of adjusting your own objectives according to the common 

orientation of the project 
Interviews 

Acq-Dev 

 

Acq-Dev1 
…get informed regarding the constraints and requirements of the other project actors 

(and the client if applicable) who impact your contribution 
Interviews 

Acq-Dev 

Acq-Dev2 
…get informed regarding the constraints and requirements of the other project actors 

(and the client if applicable) whose contributions you impact 
Interviews 

Acq-Dev3 
…get informed through the other actors within the network that are likely to provide you 

with useful elements 
Szulanski (1996), Chauvet 

(2014) 

Acq-Dev4* 
…get informed through experts (associations, clusters, consultants …) external to the 

network 

Tu et al. (2006), Flatten et al. 

(2011) 

Acq-Dev5* …get informed through the client if applicable Jansen et al. (2005) 



Acq-Dev6 …use data sources (scientific databases, press, internet, monitoring tools ...) 
Ter Wal et al. (2011), Wang et 

al. (2010) 

Acq-Dev7 …attend scientific or industrial events (fairs, conferences ...) Camison and Forès (2010) 

Acq-Dev8 
…be open to exploring any knowledge domain that might be useful to the targeted 

innovation 
Flatten et al. (2011), Camison 

and Forès (2010) 

Ass-Dev 

Ass-Dev1* …actively involve the client if applicable or an end user 
Jansen et al. (2005), Wang et al. 

(2010) 

Ass-Dev 

Ass-Dev2 …organize exchanges with the project actors at the interface of your contribution Interviews 

Ass-Dev3* 
…organize exchanges with all the actors to ensure the coherence of the overall project 

vision 
Jimenez-Barrionuevo et al. 

(2011), Ter Wal et al. (2011) 

Ass-Dev4 
…use boundary objects (presentations, supporting documents, simulation, prototypes ...) to 

better exchange with the other actors and/or the client/end user 
Delmas et al. (2011), Flatten et 

al. (2011) 

Ass-Dev5 
…use IT means (shared databases, SharePoint ...) to share knowledge with the other actors 

and/or the client 
Flatten et al. (2011), Camison 

and Forès (2010) 

Ass-Dev6 
…question the interventions of the other actors and/or the client that are likely to 

alter the quality of your own contribution 
Interviews 

Ass-Dev7 
…be careful when exchanging with other actors about knowledge that is key for your 

organization 
Interviews 

Ass-Dev8 
…be open to the possibility of integrating knowledge and uses other than your own 

knowledge or ways of operating 
Tu et al. (2006), Kotabe et al. 

(2011) 

App-Dev 

App-Dev1 …jointly work with the actors that are at the interface of your contribution Valentim et al. (2015) 

App-Dev 

App-Dev2 
…test the generated innovation with the client or a potential user prior to its 

commercialization 
Interviews 

App-Dev3* …promote the generated innovation at events (trade fairs, conferences ...) Interviews 

App-Dev4 
…use appropriate means (technological platform to create, website to communicate, 

demonstrators ...) to accomplish your contributions to the project 
Interviews 

App-Dev5 …provide a description documenting your accomplished contributions 
Jimenez-Barrionuevo et al. 

(2011), Wang et al. (2010) 

App-Dev6 …question your contributions to reach the highest possible performance levels Nieto and Quevedo (2005) 

App-Dev7 

…rapidly raise any doubts within the network in order to avoid any 

misunderstanding that would inhibit the accomplishment of the common project 

objectives 

Interviews 

App-Dev8* 
…be open to the possibility of allocating additional resources (human and financial) to 

the project 
Interviews 

App-Dev9 …be open to providing help to any actor within the network 
Jimenez-Barrionuevo et al. 

(2011), Tu et al. (2006) 

App-Dev10 …be open to possible modifications of your contributions based on the project needs Interviews 

Acq-One 

Acq-One1 

…collect, during your participation in external events related to the project (fairs, 

conferences, panels …), knowledge that is potentially useful to your organization aside 

from the project 

Camison and Forès (2010) 

Acq-One 
Acq-One2 

…organize a review meeting at the end of the project to collect feedback that is 

potentially useful to your own organization 
Interviews 

Acq-One3 
…organize intermediate review meetings to collect feedback that is potentially useful 

to your own organization 
Interviews 

Acq-One4 
…get informed informally through the project actors who could provide potentially useful 

knowledge to your own organization 
Tu et al. (2006), Wang et al. 

(2010) 



Acq-One5 
…set up continuous learning supports during your participation in the project (notebooks, 

databases ...) in order to retain knowledge potentially useful to your own organization 
Chauvet (2014), Jansen et al. 

(2005) 

Acq-One6 …collect technical and/or technological knowledge 
Lichtenthaler (2009), Gold et al. 

(2001) 

Acq-One7 …collect market related knowledge Camison and Forès (2010) 

Acq-One8 …collect supply chain knowledge 
Thuc Anh et al. (2006), Chauvet 

(2014) 

Acq-One9 …collect knowledge regarding the management of an innovation project 
Thuc Anh et al. (2006), Chauvet 

(2014) 

Acq-One10 …collect knowledge regarding inter-organizational collaboration Interviews 

Acq-One11 
…be open to collecting potentially useful knowledge even in domains beyond your 

discipline 
Flatten et al. (2011), Camison 

and Forès (2010) 

Ass-One 

Ass-One1 
…organize exchanges with your internal collaborators regarding the knowledge acquired 

from the project 
Jimenez-Barrionuevo et al. 

(2011), Ter Wal et al. (2011) 

Ass-One 

Ass-One2 
…use boundary objects (plans, representations, simulation ...) to facilitate the exchanges 

with your internal collaborators about knowledge acquired from the project 
Delmas et al. (2011), Flatten et 

al. (2011) 

Ass-One3 
…use IT means (shared databases, SharePoint ...) to store and share knowledge acquired 

from the project, that is useful to your organization or to some of your internal collaborators 
Flatten et al. (2011), Camison 

and Forès (2010) 

Ass-One4 
…communicate to your organization or to some of your internal collaborators knowledge 

acquired from the project that is potentially useful to them 
Jimenez-Barrionuevo et al. 

(2011), Jansen et al. (2005) 

Ass-One5 
…be open to exchanging with any individual within your organization to identify relevant 

uses of knowledge acquired from the project 
Tu et al. (2006), Flatten et al. 

(2011), Chauvet (2014) 

App-One 

App-One1 …use your experience in this project to improve the competitiveness of your organization 
Camison and Forès (2010), Nieto 

and Quevedo (2005) 

App-One 

App-One2 …use your experience in this project to improve the efficiency of your other projects 
Cadiz et al. (2009), Gold et al. 

(2001) 

App-One3 …use your experience in this project to create new uses 
Camison and Forès (2010), Nieto 

and Quevedo (2005) 

App-One4 
…use your experience in this project to improve the collective practices in your 

organization 
Cadiz et al. (2009), Flatten et al. 

(2011) 

App-One5 
…use your experience in this project to improve the practices of some functions in your 

organization 
Cadiz et al. (2009), Kotabe et al. 

(2011) 

App-One6 …use your experience in this project to renew your work tools Valentim et al. (2015) 

App-One7* …use your experience in this project to strengthen your professional network Nieto and Quevedo (2005) 

App-One8 
…be open to putting in place all the necessary means to promote the application of the 

acquired learning (training, change management, investments ...) 
Thuc Anh et al. (2006), Flatten et 

al. (2011) 

App-One9 
…encourage the creativity of your internal collaborators to reap greater benefits from the 

project learnings 
Flatten et al. (2011), Chauvet 

(2014) 

App-One10 
…anticipate the possible use of the knowledge acquired from the project by adapting it to 

the context of your organization (codification, translation ...) 
Camison and Forès (2010), Ter 

Wal et al. (2011) 

        

   

 

 



 

Appendix D – Unidimensionality results 

Initial construct   Ext-Act   Cent-Role   Int-Act   Rel-Prior   Ass-Set   Ass-One 

Factorization criteria 

  KMO 0.575   KMO 0.572   KMO 0.595   KMO 0.509   KMO 0.656   KMO 0.818 

  Eigenvalue 2.36   Eigenvalue 2.011   Eigenvalue 2.64   Eigenvalue 1.584 Eigenvalue 1.033   Eigenvalue 2.928   Eigenvalue 3.538 

  % variance 61.01%   % variance 67.03%   % variance 52.82%   % variance 39.59% % variance 65.43%   % variance 58.56%   % variance 70.76% 

  Alpha 0.965   Alpha 0.748   Alpha 0.813   Alpha 1 Alpha 0.669   Alpha 0.820   Alpha 0.897 

Extracted 

components 
  Ext-Act   Cent-Role   Int-Act   Cog-Dist   Coopetition   Ass-Set   Ass-One 

Items’ loadings 

  Ext-Act1 0.932   Cent-Role1 0.867   Cent-Role4    0.915     Rel-Prior1 0.975         Ass-Set1 0.623   Ass-One1 0.840 

  Ext-Act2* 0.179   Cent-Role2 0.807   Int-Act1    0.684     Rel-Prior2* 0.205   Rel-Prior2* 0.363   Ass-Set2 0.703   Ass-One2 0.852 

  Ext-Act3 0.753   Cent-Role3 0.731   Int-Act2*    0.108           Rel-Prior3 0.797   Ass-Set3 0.753   Ass-One3 0.861 

  Ext-Act4 0.902   Cent-Role4* 0.663   Int-Act3    0.659           Rel-Prior4 0.890   Ass-Set4 0.801   Ass-One4 0.892 

              Int-Act4    0.885                 Ass-Set5 0.829   Ass-One5 0.871 

                                            

Initial construct   Ass-Dev   Acq-Dev   App-Dev   App-One   Acq-One   Acq-Set   App-Set 

Factorization criteria 

  KMO 0.641   KMO 0.649   KMO 0.812   KMO 0.817   KMO 0.850   KMO 0.798   KMO 0.819 

  Eigenvalue 3.719   Eigenvalue 3.521   Eigenvalue 5.352   Eigenvalue 5.437   Eigenvalue 6.741   Eigenvalue 5.363   Eigenvalue 7.963 

  % variance 54.43%   % variance 53.03%   % variance 67.05%   % variance 54.37%   % variance 61.28%   % variance 52.17%   % variance 56.89% 

  Alpha 0.854   Alpha 0.787   Alpha 0.892   Alpha 0.885   Alpha 0.942   Alpha 0.900   Alpha 0.931 

Extracted 

components 
  Ass-Dev   Acq-Dev   App-Dev   App-One   Acq-One   Acq-Set   App-Set 

Items’ loadings 

  Ass-Dev1* 0.110   Acq-Dev1 0.778   App-Dev1 0.727   App-One1 0.837   Acq-One1 0.812   Acq-Set1* 0.482   App-Set1 0.838 

  Ass-Dev2 0.709   Acq-Dev2 0.776   App-Dev2 0.823   App-One2 0.771   Acq-One2 0.867   Acq-Set2 0.791   App-Set2 0.696 

  Ass-Dev3* 0.203   Acq-Dev3 0.821   App-Dev3* 0.551   App-One3 0.804   Acq-One3 0.756   Acq-Set3 0.616   App-Set3 0.794 

  Ass-Dev4 0.830   Acq-Dev4* 0.142   App-Dev4 0.865   App-One4 0.504   Acq-One4 0.760   Acq-Set4 0.685   App-Set4 0.658 

  Ass-Dev5 0.793   Acq-Dev5* 0.447   App-Dev5 0.878   App-One5 0.759   Acq-One5 0.808   Acq-Set5 0.703   App-Set5* 0.609 

  Ass-Dev6 0.734   Acq-Dev6 0.682   App-Dev6 0.848   App-One6 0.826   Acq-One6 0.733   Acq-Set6 0.713   App-Set6 0.599 

  Ass-Dev7 0.646   Acq-Dev7 0.638   App-Dev7 0.747   App-One7* -0.047   Acq-One7 0.894   Acq-Set7 0.831   App-Set7* 0.536 

  Ass-Dev8 0.838   Acq-Dev8 0.877   App-Dev8* 0.620   App-One8 0.833   Acq-One8 0.871   Acq-Set8 0.792   App-Set8 0.842 

              App-Dev9 0.851   App-One9 0.781   Acq-One9 0.638   Acq-Set9* 0.359   App-Set9 0.853 

              App-Dev10 0.795   App-One10 0.789   Acq-One10 0.795   Acq-Set10 0.669   App-Set10 0.756 

                          Acq-One11 0.603   Acq-Set11 0.869   App-Set11 0.830 

                                      App-Set12 0.769 

                                      App-Set13 0.763 

                                      App-Set14 0.721 

Extraction method: Principal component analysis                                 

Rotation method: Varimax rotation with Kaiser normalization                                 

*Item eliminated since not strongly related to the retained factor                               

 

 

 



Appendix E – Cross loadings 

  

Ext-

Act Cent-Role Int-Act 

Cog-

Dist Acq-Set Coopetition     

Ext-

Act Cent-Role Int-Act 

Cog-

Dist Ass-Set Coopetition     

Ext-

Act Cent-Role Int-Act 

Cog-

Dist App-Set Coopetition 

Ext-Act1 0.697 0.259 0.656 0.428 0.104 0.198   Ext-Act3 1.000 0.304 0.270 0.491 0.220 -0.112   Ext-Act1 0.944 0.360 0.781 0.424 0.523 0.335 

Ext-Act3 0.968 0.294 0.346 0.492 0.412 -0.060   Cent-Role1 0.449 0.840 0.441 0.220 0.261 -0.061   Ext-Act3 0.726 0.348 0.419 0.503 0.424 -0.027 

Ext-Act4 0.658 0.094 0.586 0.353 0.042 0.236   Cent-Role2 0.231 0.960 0.294 0.075 0.483 -0.095   Ext-Act4 0.922 0.156 0.655 0.329 0.471 0.376 

Cent-Role1 0.475 0.828 0.514 0.221 0.490 0.039   Cent-Role3 0.043 0.652 0.437 0.241 0.140 -0.018   Cent-Role1 0.408 0.891 0.570 0.217 0.502 0.096 

Cent-Role2 0.168 0.923 0.240 0.073 0.623 -0.157   Cent-Role4 0.290 0.360 0.821 0.115 0.264 0.377   Cent-Role2 -0.001 0.865 0.158 0.074 0.241 -0.199 

Cent-Role3 0.140 0.743 0.461 0.238 0.449 0.028   Int-Act1 0.096 0.336 0.902 0.028 0.699 0.668   Cent-Role3 0.280 0.723 0.460 0.246 0.315 0.051 

Cent-Role4 0.448 0.411 0.916 0.123 0.495 0.567   Int-Act3 0.390 0.296 0.565 0.558 0.242 0.294   Cent-Role4 0.645 0.500 0.947 0.110 0.798 0.661 

Int-Act1 0.149 0.339 0.784 0.035 0.658 0.649   Int-Act4 0.441 0.319 0.695 0.228 0.110 0.257   Int-Act3 0.512 0.391 0.692 0.563 0.528 0.446 

Int-Act3 0.464 0.356 0.623 0.562 0.370 0.396   Rel-Prior1 0.491 0.164 0.198 1.000 -0.075 -0.177   Int-Act4 0.716 0.478 0.931 0.220 0.635 0.547 

Int-Act4 0.580 0.382 0.840 0.231 0.405 0.449   Ass-Set1 0.174 0.407 0.027 -0.077 0.573 -0.003   Rel-Prior1 0.477 0.231 0.307 1.000 0.178 -0.036 

Rel-Prior1 0.525 0.198 0.250 1.000 0.068 -0.093   Ass-Set2 0.155 0.840 0.371 -0.022 0.896 0.101   App-Set1 0.556 0.494 0.804 -0.028 0.840 0.674 

Acq-Set2 0.202 0.601 0.639 -0.014 0.757 0.363   Ass-Set3 0.063 0.245 0.473 -0.013 0.772 0.507   App-Set2 0.310 0.076 0.483 0.022 0.740 0.738 

Acq-Set4 0.122 0.723 0.183 0.053 0.780 -0.087   Ass-Set4 0.218 0.072 0.610 -0.120 0.844 0.603   App-Set4 0.055 0.269 0.296 0.043 0.686 0.508 

Acq-Set5 0.138 0.644 0.245 -0.046 0.815 0.028   Ass-Set5 0.222 0.094 0.556 -0.057 0.848 0.574   App-Set6 0.376 0.095 0.416 -0.014 0.583 0.529 

Acq-Set7 0.367 0.438 0.639 0.050 0.856 0.468   Rel-Prior4 -0.112 -0.083 0.628 -0.177 0.522 1.000   App-Set8 0.265 0.454 0.513 0.217 0.843 0.438 

Acq-Set8 0.390 0.416 0.488 0.062 0.842 0.372                   App-Set9 0.288 0.483 0.551 0.153 0.834 0.485 

Acq-Set11 0.415 0.467 0.647 0.167 0.872 0.466                   App-Set11 0.615 0.614 0.676 0.388 0.840 0.282 

Rel-Prior3 0.212 0.016 0.687 0.107 0.208 0.750                   App-Set12 0.446 0.290 0.656 0.095 0.819 0.564 

Rel-Prior4 -0.091 -0.075 0.545 -0.175 0.419 0.945                   App-Set14 0.630 0.276 0.759 0.237 0.790 0.613 

                                Rel-Prior3 0.463 0.099 0.740 0.105 0.620 0.883 

                                Rel-Prior4 -0.021 -0.080 0.353 -0.187 0.539 0.842 

  

Ext-

Act Cent-Role Int-Act 

Cog-

Dist 

Acq-

Dev Coopetition     

Ext-

Act Cent-Role Int-Act 

Cog-

Dist 

Ass-

Dev Coopetition     

Ext-

Act Cent-Role Int-Act 

Cog-

Dist 

App-

Dev Coopetition 

Ext-Act1 0.947 0.403 0.675 0.440 0.323 0.262   Ext-Act1 0.961 0.384 0.669 0.437 0.446 0.314   Ext-Act1 0.930 0.456 0.523 0.427 0.246 0.241 

Ext-Act3 0.743 0.265 0.356 0.491 0.286 -0.070   Ext-Act3 0.705 0.309 0.294 0.490 0.284 -0.060   Ext-Act3 0.755 0.355 0.189 0.503 0.274 -0.072 

Ext-Act4 0.934 0.274 0.603 0.388 0.341 0.264   Ext-Act4 0.949 0.241 0.574 0.388 0.406 0.309   Ext-Act4 0.928 0.301 0.468 0.386 0.313 0.254 

Cent-Role1 0.408 0.814 0.523 0.222 0.226 0.104   Cent-Role1 0.406 0.884 0.531 0.219 0.390 0.135   Cent-Role1 0.423 0.903 0.444 0.217 0.120 0.066 

Cent-Role2 0.022 0.823 0.256 0.081 0.087 -0.136   Cent-Role2 0.015 0.860 0.223 0.080 0.172 -0.146   Cent-Role2 0.042 0.802 0.245 0.078 0.016 -0.163 

Cent-Role3 0.286 0.828 0.472 0.239 0.260 0.055   Cent-Role3 0.306 0.734 0.407 0.241 0.271 0.067   Cent-Role3 0.296 0.733 0.375 0.247 0.075 0.036 

Cent-Role4 0.627 0.523 0.915 0.121 0.559 0.645   Cent-Role4 0.645 0.516 0.956 0.116 0.745 0.683   Cent-Role4 0.614 0.579 0.868 0.109 0.470 0.609 

Int-Act1 0.217 0.345 0.736 0.034 0.597 0.622   Int-Act1 0.225 0.334 0.767 0.033 0.626 0.596   Int-Act1 0.243 0.325 0.923 0.035 0.608 0.640 

Int-Act3 0.504 0.424 0.684 0.563 0.548 0.416   Int-Act4 0.717 0.494 0.891 0.225 0.579 0.573   Rel-Prior1 0.501 0.260 0.075 1.000 0.068 -0.091 

Int-Act4 0.707 0.497 0.847 0.231 0.432 0.531   Rel-Prior1 0.485 0.238 0.139 1.000 0.216 -0.057   App-Dev1 0.267 0.213 0.447 0.081 0.747 0.510 

Rel-Prior1 0.496 0.253 0.293 1.000 0.256 -0.076   Ass-Dev2 0.167 0.125 0.345 -0.031 0.633 0.265   App-Dev2 0.314 0.245 0.597 0.036 0.806 0.394 

Acq-Dev1 -0.077 -0.090 0.225 -0.147 0.692 0.488   Ass-Dev4 -0.062 0.251 0.355 -0.044 0.724 0.427   App-Dev4 0.150 0.026 0.465 0.111 0.898 0.590 

Acq-Dev2 -0.168 -0.170 0.142 -0.101 0.650 0.412   Ass-Dev5 0.558 0.490 0.650 0.393 0.876 0.399   App-Dev5 0.100 -0.114 0.488 -0.030 0.908 0.587 

Acq-Dev3 -0.010 0.003 0.332 -0.003 0.754 0.466   Ass-Dev7 0.511 0.207 0.752 0.184 0.860 0.828   App-Dev6 0.423 0.107 0.520 0.127 0.883 0.551 

Acq-Dev6 0.572 0.143 0.672 0.442 0.841 0.617   Ass-Dev8 0.093 0.227 0.526 0.034 0.824 0.708   App-Dev7 0.409 0.197 0.614 0.058 0.770 0.483 

Acq-Dev8 0.150 0.494 0.573 0.075 0.807 0.534   Rel-Prior3 0.432 0.146 0.706 0.054 0.702 0.900   App-Dev9 0.250 0.003 0.441 0.052 0.904 0.586 

Rel-Prior3 0.412 0.155 0.707 0.059 0.569 0.851   Rel-Prior4 -0.073 -0.059 0.498 -0.185 0.538 0.824   App-Dev10 -0.045 -0.156 0.427 -0.094 0.831 0.547 

Rel-Prior4 -0.069 -0.050 0.519 -0.180 0.625 0.879                   Rel-Prior3 0.416 0.191 0.615 0.074 0.453 0.820 

                                Rel-Prior4 -0.061 -0.072 0.598 -0.193 0.609 0.905 



 

  

Ext-

Act Int-Act 

Cog-

Dist Acq-One Coopetition       

Ext-

Act Int-Act 

Cog-

Dist Ass-One Coopetition       

Ext-

Act Int-Act 

Cog-

Dist App-One Coopetition   

Ext-Act1 0.876 0.738 0.427 0.492 0.507     Ext-Act1 0.966 0.690 0.444 0.504 0.328     Ext-Act1 0.969 0.717 0.436 0.688 0.384   

Ext-Act3 0.838 0.409 0.503 0.707 0.037     Ext-Act3 0.694 0.337 0.497 0.299 -0.062     Ext-Act3 0.684 0.358 0.494 0.358 -0.048   

Ext-Act4 0.846 0.641 0.345 0.338 0.497     Ext-Act4 0.956 0.616 0.395 0.536 0.328     Ext-Act4 0.958 0.623 0.385 0.632 0.382   

Cent-Role4 0.599 0.932 0.130 0.622 0.745     Cent-Role4 0.647 0.931 0.132 0.584 0.682     Cent-Role4 0.643 0.948 0.096 0.759 0.710   

Int-Act1 0.216 0.627 0.041 0.339 0.455     Int-Act1 0.232 0.730 0.045 0.514 0.601     Int-Act1 0.230 0.691 0.030 0.515 0.544   

Int-Act3 0.512 0.719 0.565 0.620 0.470     Int-Act3 0.495 0.660 0.563 0.452 0.448     Int-Act3 0.500 0.650 0.547 0.523 0.455   

Int-Act4 0.690 0.894 0.236 0.595 0.650     Int-Act4 0.711 0.870 0.230 0.430 0.572     Int-Act4 0.716 0.904 0.219 0.710 0.608   

Rel-Prior1 0.521 0.331 1.000 0.442 0.074     Rel-Prior1 0.484 0.285 1.000 0.356 -0.037     Rel-Prior1 0.475 0.257 1.000 0.214 -0.022   

Acq-One2 0.722 0.773 0.477 0.865 0.465     Ass-One1 0.568 0.648 0.379 0.882 0.430     App-One1 0.382 0.559 0.210 0.828 0.367   

Acq-One4 0.325 0.468 0.164 0.810 0.078     Ass-One2 0.352 0.593 0.173 0.867 0.677     App-One2 0.287 0.311 0.190 0.715 0.298   

Acq-One5 0.316 0.558 0.114 0.841 0.177     Ass-One3 0.522 0.561 0.459 0.890 0.447     App-One3 0.629 0.801 0.226 0.863 0.806   

Acq-One7 0.611 0.633 0.457 0.944 0.279     Ass-One4 0.438 0.497 0.288 0.881 0.344     App-One5 0.307 0.476 -0.039 0.685 0.280   

Acq-One8 0.494 0.640 0.273 0.903 0.341     Ass-One5 0.368 0.381 0.215 0.856 0.441     App-One6 0.705 0.572 0.265 0.849 0.501   

Acq-One10 0.507 0.454 0.462 0.852 0.187     Rel-Prior3 0.447 0.726 0.079 0.522 0.903     App-One8 0.762 0.780 0.227 0.879 0.509   

Acq-One11 0.642 0.491 0.448 0.694 0.355     Rel-Prior4 -0.053 0.504 -0.179 0.393 0.823     App-One9 0.531 0.806 0.132 0.846 0.662   

Rel-Prior3 0.385 0.727 0.116 0.376 0.989                     App-One10 0.356 0.511 0.048 0.765 0.458   

Rel-Prior4 -0.061 0.432 -0.182 0.070 0.611                     Rel-Prior3 0.455 0.729 0.071 0.683 0.950   

                                Rel-Prior4 -0.095 0.432 -0.217 0.310 0.724   

 

 




