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THE IMPACT OF TECHNOLOGY INTERMEDIARIES  ON FIRM 

COGNITIVE CAPACITY ADDITIONALITY 

 

 

Abstract 

Whereas the provision of R&D subsidies has been central to public policy for many years, 

governments have recently become increasingly involved in stimulating cooperation for 

innovation and R&D. In many countries, financial support for technology intermediaries has 

become one of the key measures of indirect public support. However, little research has 

assessed the impact of indirect policy measures. In this paper, we shed light on the conditions 

under which technology intermediaries contribute to knowledge and networking outcomes 

generated by the firms that call upon them. We hereby focus on firm network and competence 

additionality as measures for cognitive capacity additionality and study the impact of 

technology intermediaries on firms. In doing so, we distinguish between R&D and R&D 

related activities technology intermediaries engage in. The results indicate that absorptive 

capacity of the technology intermediary does not affect cognitive capacity additionality 

generated by firms in R&D activities, while the results for R&D related activities are mixed 

and depending on the type of cognitive capacity additionality studied. The absorptive capacity 

of firms does not directly affect cognitive capacity additionality, but the results of mediation 

analysis show that firms with higher levels of absorptive capacity use the services of the 

technology intermediary more intensively, and subsequently generate higher levels of 

cognitive capacity additionality.   

 

Keywords: technology intermediary, absorptive capacity, cognitive capacity additionality 
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1. Introduction 

Over the previous decades, governments worldwide have been active in drawing policy 

measures oriented towards the stimulation of R&D. The main rationale for governments to 

intervene in innovation and R&D is the existence of a market failure [1]. According to this 

rationale firms under invest in innovation as they are unable to appropriate all the benefits 

arising from innovative activities [2-4]. In such circumstances, governments may be better 

endowed with abilities to shoulder risks related to R&D activity than individual firms as they 

have the means to enhance the appropriability of R&D investments [5]. Along the same lines, 

Dalziel [6] refers to the existence of an innovation gap in which firms are reluctant to invest 

in R&D due to the ever-increasing pressures to deliver measurable results. By consequence, 

the innovation gap refers to the disparity in goals and performance measures of the business 

and research communities.     

 

There are many ways in which governments can help to mitigate the existence of this 

market failure. Traditionally, governments engage in the provision of direct incentives for 

R&D, such as R&D subsidies, government tax credits and loans. More recently, however, it 

has become clear that market failure increasingly relates to the transfer and flows of 

information between firms or between firms and public research organizations than to the 

production of R&D as such. This is confirmed by the observation made by many authors [7-

9] that success of firms, and especially Small and Medium Enterprises (SMEs), will be 

dependent on their ability to utilize external networks efficiently. According to Mowery [10], 

as a result, public policy will engage in promoting transfer of knowledge through networking 

and collaborative R&D programs, since costs of transferring and exploiting scientific and 

technological knowledge are high. This was confirmed by Autio et al. [1] observing that 

policy initiatives are progressing and moving away from R&D subsidies towards initiatives 

promoting externalities that facilitate firm-level innovation and learning outcomes [11-13]. 

They argue that the rationale of governments to do so is related to the recognition of the 
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importance of knowledge spill-overs as a facilitator for innovation [1]. Furthermore, by 

engaging in indirect policy initiatives, governments try to overcome ‘network failure’ which 

occurs when the activities of different actors are poorly coordinated following a lack of 

interaction [1]. Indirect policy measures include the financing of science parks, incubation 

centres, business network initiatives and technology intermediaries, amongst others.  

 

As a result of political choices which have, until recently, focused on direct R&D 

mechanisms, research on the efficiency and effectiveness of public financing has mainly 

focused on the analysis of direct R&D promotion mechanisms. David et al. [14], Hsu et al. 

[15], Koga [16] and Clarysse et al. [17] for instance analyzed the impact of R&D subsidies, 

whereas Hall and Van Reenen [18] studied the impact of fiscal incentives and Lee [19] 

studied the impact of R&D tax credits, grants and loans. The few studies that have assessed 

the impact of indirect R&D related measures have focused on output-related measures, such 

as firm performance [20]. Exceptions are the study by Davenport et al. [21] who studied a 

New Zealand government scheme sponsoring collaborative research and the study by Autio et 

al. [1] who studied intermediate results of collaborative R&D programs by assessing the 

extent to which collaborative R&D programs enhanced firms’ identification with a 

community of practice. Our study complements these studies by analyzing the intermediate 

output linked to the generation of knowledge and networking at firm level, generated through 

interaction with a specific and under studied type of indirect R&D support mechanism, 

namely technology intermediaries.  

 

Technology intermediaries may facilitate the interaction between different 

organizations. They are involved in a wide range of activities such as knowledge brokerage, 

diffusion of new ideas, boundary spanning activities,…(we refer to Howells [22] for an 

excellent overview of technology intermediary activities). These intermediaries have received 

attention by scholars in technology transfer, innovation management, innovation systems and 

service innovation (Howells [22]). According to Dalziel [6], these intermediaries are 
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organizations that purposefully position themselves in the innovation gap. Technology 

intermediaries are often framed in an industry-level analysis in which innovation systems, 

constituent sectors and their boundaries are central [23-24] and in which they are instrumental 

in the mission of technology transfer [25-26]. Even though technology intermediaries have 

existed for many years, they remain relevant mechanisms in recent times characterized by 

open innovation [27-28] and open source technological developments [29]. To our knowledge, 

no research has studied the extent to which technology intermediaries succeed in their main 

mission of technology and knowledge transfer and network creation. This study, therefore, 

does not focus on the output effects of technology intermediary-firm interaction but studies 

the intermediate results linked to network and knowledge generation. Specifically, this study 

analyzes the extent to which firm-technology intermediary interaction results in cognitive 

capacity additionality, uniting network and competence additionality. Cognitive capacity 

additionality occurs when new partnerships are built and competences of actors are enforced 

[30-31]. 

  

This study builds upon interviews carried out with the managers of technology 

intermediaries, namely the twelve collective research centres in Belgium, and the results of a 

survey conducted with their member firms.  These centres are private initiatives allowed by 

policy in the aftermath of the Second World War which were, initially, created to encourage 

scientific and technological research in sectors of the economy to improve productivity, 

quality and production. Although collective research centres are unique actors, the results of 

this research are representative for other technology intermediaries.  For instance, we found 

the functioning of the “Centres Techniques Industriels” in France to be quite similar to that of 

the collective research centres.  

 

In what follows, we first provide an overview of the origin, definition and use of the  

concept of cognitive capacity additionality, which is a subdimension of behavioural 

additionality, followed by an elaboration of the theoretical framework used and present our 
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conceptual framework. Next, we provide an overview of the methodology used. We 

subsequently elaborate on the research results. Finally, we present conclusions and directions 

for further research. 

 

2. Origin, definition and use of cognitive capacity additionality 

The concept of additionality originally rests on the neo-classical market failure 

rationale [32], and has gained importance over the past decades  [2]. Following the study by 

Buisseret et al. [33], Falk [30] indicates that several additionality concepts can be used to 

measure the effects of public assistance on firms’ innovation activities. The author classifies 

these concepts in three broad categories: resource-based concepts, result-based concepts and 

concepts that measure the success of policy intervention by examining desirable changes in 

the process of innovation. The most refined of the resource-based concepts is input 

additionality which measures whether, and to which extent, firms increase their private 

spending on innovation-related activities when supported, i.e. whether the firm itself spends at 

least one additional Euro on the research project for every Euro received in subsidy. Output 

additionality, as a result-based concept, deals directly with the most decisive impact, and is 

either defined in terms of marketable output (e.g. patents or successful innovations) or 

commercial outputs (e.g. sales or profits). While input and output additionality have received 

quite some attention over the past decades (e.g. the studies by Hewitt-Dundas and Roper [34], 

Aerts and Schmidt [35]), only recently researchers focused on a third type of additionality, 

namely “behavioural” additionality. Behavioural additionality indicates whether there was a 

change in the behaviour of the firm resulting from the intervention [36]. Behavioural 

additionality may include scope additionality, cognitive capacity additionality and 

acceleration additionality. Scope additionality is taking place in case the coverage of an 

activity is expanded to a wider range of markets, applications or players. Acceleration 

additionality is in place if participation in a specific scheme speeds up the course of the 

project. Finally, cognitive capacity additionality is defined as the positive impact on 

competencies, expertise and networks [29]. Only recently, researchers began to study this 
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type of additionality. In doing so, they have mainly focused on behavioural additionality 

generated by traditional, direct R&D subsidies. Identified studies within this stream of 

research are studies by Hyvarinen and Rautiainen [37], Clarysse et al. [17], Hsu et al. [15], 

Wanzenboeck et al. [38]  and Chavez and Sergio [39] studying behavioural additionality of 

R&D grants in respectively Finland, Belgium, Taiwan, Austria and Spain. Our research 

specifically focuses on the extent to which indirect government mechanisms – in this case; 

technology intermediaries – could affect behavioural additionality at firm level. We hereby 

focus on cognitive capacity additionality. This research focus is mainly inspired by the 

importance of access to knowledge, technology and networks for many firms [7,9] and the 

market failure related to the transfer and exchange of information and knowledge [8]. 

Cognitive capacity additionality may occur if new partnerships are built and if collaboration 

and networking involve both individual and organizational learning, thereby increasing the 

competences of the actors [30]. Cognitive capacity additionality therefore refers to two types 

of additionalities: network and competence additionality. These sub-dimensions are relevant, 

intermediate, outputs to firms in the innovation process. They relate to the concept of external 

search depth and breadth, as introduced by Laursen and Salter [40] who define search depth 

as the extent to which firms draw from the different sources or search channels in the 

innovation process; and search breadth as the number of external sources or search channels 

that firms rely upon in their innovation activities. As such, search depth is linked to the 

concept of competence additionality in our context, which explores the extent to which a firm 

strengthens its knowledge base through collaboration with, and enabled by, a specific external 

source, namely the technology intermediary. Search breadth is further linked to the concept of 

network additionality, which explores the extent to which a firm extends its network of 

sources external to the innovation process.   

 

3. Theory and conceptual framework 
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In what follows, we develop our theoretical framework, in which we study the impact of 

firm and technology intermediary characteristics, and the intensity of interaction between 

both organizations on competence and network additionality.  

 

3.1. Absorptive capacity at firm level 

When firms lack sufficient internal R&D resources, they will be more dependent on 

interorganizational collaborations [41]. Further, SMEs are less R&D focused, and more 

reliant on their external environment, when undertaking innovation activity compared to 

larger firms [42-43].  If firms are to acquire new knowledge, they must know where and how 

to find it, and how to assimilate and diffuse it within the organization. Cohen and Levinthal 

[44] argue that the ability of a firm to recognize the value of new, external information, 

assimilate it, and apply it to commercial ends is critical to its innovative capacity. They argue 

that the ability to evaluate and use external knowledge will to a large extent be determined by 

the availability of prior related knowledge. These abilities have been labelled “absorptive 

capacity” and are derived from the cognitive structures that underlie learning [44]. Similarly, 

Zahra and George [45] define absorptive capacity as a set of organizational routines and 

processes by which firms acquire, assimilate, transform, and exploit knowledge to produce a 

dynamic organizational capability. Through these capabilities, the firm can reconfigure its 

resource base and adapt to changing market conditions in order to achieve competitive 

advantage.  

 

At firm level, absorptive capacity can be generated in a variety of ways: through 

R&D investment, as a byproduct of a firm’s manufacturing operations, or by sending 

personnel for advanced technical training [44]. In their study on organizational learning, Lane 

and Lubatkin [46] argue that understanding the relevant basic knowledge permits the ‘student’ 

firm to understand the assumptions that shape the ‘teacher’ firm’s knowledge and to be in a 

better position to evaluate the importance of the transferred knowledge. Similarly, Wong and 

He [47] mention that a firm’s internal climate for innovation functions as a moderator for the 
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relationship between R&D support and firm innovation behaviour.  Muscio [42] further 

indicates that firms learn from a variety of external sources [48] and must master the 

capabilities required to search, find, access and interpret information embodied in external 

organizations, in order to successfully access new knowledge through collaborations. 

Therefore, if a firm is to benefit from assistance of, or interaction with, a technology 

intermediary, it will have to possess sufficient absorptive capacity. As such, we follow Huang 

and Yu [49]’s assertions that firms with more absorptive capacity will be able to utilize 

external knowledge obtained from R&D collaborations in a better way. Or, as Laursen and 

Salter [40] state: “firms with high levels of R&D intensity are better able to exploit a host of 

search channels in terms of breadth and depth”. We therefore expect firms with higher levels 

of absorptive capacity to be better enabled to engage in search depth, or to draw deeply from 

the external resources offered by, or through, the technology intermediary. As such, the firm 

will have to possess sufficient absorptive capacity in order to evaluate the importance of new 

knowledge offered through the technology intermediary and to integrate it in its innovation 

activities, or; to generate competence additionality.   

 

This leads to the following hypothesis: 

H1a: There is a positive relationship between firm absorptive capacity and competence 

additionality generated through firm-technology intermediary interaction 

 

Absorptive capacity will, however, not only be required to generate competence 

additionality, or to enhance the firm’s search depth. In line with Laursen and Salter [40] we 

argue that absorptive capacity will also enable the exploitation of search channels in terms of 

breadth. Indeed, a firm’s strong absorptive capacity further increases its capabilities in 

building linkages between new knowledge and its existing knowledge and it lowers the levels 

of challenge related to the duplication of knowledge by partners they collaborate with [50]. 

Finally, higher levels of absorptive capacity will enable firms to understand and detect 

knowledge available with different parties in the environment, and to assess the potential 
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value of networking possibilities. As such, when technology intermediaries engage in their 

task of network enhancement between organizations, their efforts may have higher impact 

with firms that have sufficient absorptive capacity to understand and detect relevant 

knowledge through networking. We therefore expect firms with higher levels of absorptive 

capacity to be better enabled to engage in search breadth, or to draw from many external 

resources offered by or through the technology intermediary, or; to generate network 

additionality. 

This leads to the following hypothesis:  

 

H1b: There is a positive relationship between firm absorptive capacity and network 

additionality generated through firm-technology intermediary interaction 

 

3.2. Absorptive capacity at technology intermediary level 

Further, we argue that technology intermediaries will also require absorptive capacity 

to evaluate the relevance and importance of external information and to play a role in 

technology intermediation. If this is the case, not only the need for absorptive capacity by the 

“clients” of the technology intermediaries will affect the impact of technology intermediary 

activities, but so will the need to build absorptive capacity in-house at the technology 

intermediary. Or, as Lane and Lubatkin [46] argue, the ability of a firm to learn from another 

firm is jointly determined by both student and teacher firm characteristics. Along the same 

lines, Acs et al. [51] and Lazaric et al. [52] indicate that both recipient and emitter of 

knowledge have to possess sufficient absorptive capacity in order for successful knowledge 

exchange to take place. Furthermore, the importance of absorptive capacity at both recipient 

and emitter level has been emphasized in other contexts. For instance, Lane et al. [53] studied 

international joint ventures and found that both the joint ventures and their foreign parents 

need similar knowledge bases for optimal collaboration. By consequence, not only absorptive 

capacity at member firm level, but also absorptive capacity at technology intermediary level 

will positively affect competence additionality. 
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This leads to the following hypothesis:  

H2a: There is a positive relationship between the technology intermediary’s absorptive 

capacity and the firm’s competence additionality generated through firm-technology 

intermediary interaction 

 

To generate network additionality at firm level, the technology intermediary will also 

need sufficient absorptive capacity. Indeed, technology intermediaries will have to screen the 

market in order to assess which knowledge could be relevant and in order to assess which 

external linkages could be relevant to which type of firm. Following Laursen and Salter [40]’s 

argumentation that absorptive capacity will also enable the exploitation of search channels in 

terms of breadth, we expect firms to benefit from the technology intermediary’s absorptive 

capacity, resulting in better search breadth. When a technology intermediary has better search 

capabilities, and the absorptive capacity to understand and capture external knowledge, it will 

be better positioned to bring together relevant parties, and to enhance network additionality. 

 

This leads to the following hypothesis:  

H2b: There is a positive relationship between the technology intermediary’s absorptive 

capacity and the firm’s network additionality generated through firm-technology 

intermediary interaction 

 

3.3. Firm-technology intermediary interaction 

While both firm and technology intermediary absorptive capacity will matter, it will 

be insufficient to merely expose the recipient to the relevant knowledge. Cohen and Levinthal 

[44] indicate that, in order for learning effects to take place, intensity of effort is crucial. 

Other authors [54-55] agree that continuous and frequent interactions are a precondition for 

successful innovation collaborations. Similarly, Falk [30] argues that variables to capture 

behaviour would have to be regressed on the incidence or even the size of public assistance. 
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Bennett and Robson [56] found similar indications on the importance of intensity of contact 

in another context. Studying suppliers and clients of business services, they found that the 

higher the interaction intensity in service delivery, the better the outputs are evaluated by 

SME clients. They contribute this to information asymmetries between buyer and seller, 

which can be decreased through intense interaction. Finally, Laursen and Salter [40] argue 

that organizations have to go through a period of trial and error to learn how to gain 

knowledge from an external source. They will have to dedicate extensive effort which they 

will have to sustain over time, in order to build a shared understanding and common ways of 

working together. Therefore, in firm-technology intermediary collaboration, not only will it 

be important to expose the member firm to knowledge and services through the technology 

intermediary, but so will the intensity of the interaction between both.  

 

This leads to the following hypothesis:  

H3a: There is a positive relationship between intensity of firm-technology intermediary 

interaction and competence additionality generated by the firm 

 

Finally, the intensity of interaction will also be crucial in generating network 

additionality.  It is well acknowledged that intensity of interaction is important in network 

formation. Specifically, intensity of interaction facilitates the transfer of tacit knowledge, 

establishes conditions for relational and structural embeddedness and provides cost efficiency 

[57]. Further, Autio et al. [1] argue that the frequency of interaction among the members of a 

community is one of the most important mechanisms for the formation of community 

identification [58-59]. Community identification develops gradually through recurring 

informal exchanges [60-61]. Through repeated interaction, community members develop 

shared subcultures, which facilitate further identification among community members [1]. 

Autio et al. [1] found full and partial mediation effects for the strengthening of interaction 

frequency and community identification on direct technological learning. Therefore, intensity 
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of interaction between member firm and technology intermediary is likely to positively affect 

network additionality generated by the firm. 

 

This leads to the following hypothesis:  

H3b: There is a positive relationship between intensity of firm-technology intermediary 

interaction and network additionality generated by the firm 

 

Figure 1 summarizes our conceptual framework. 

 

<<<Insert Figure 1 about here>>> 

 

 

4. Methodology 

4.1. The sample and data collection 

To assess the impact of firms’ interaction with technology intermediaries on cognitive 

capacity additionality, we study the so-called “collective research centres” (CRCs) in 

Belgium. In the aftermath of the Second World War, policy makers wanted to encourage 

scientific and technological research in specific sectors of the economy to improve 

productivity, quality and production. Because of budgetary constraints, the law of 1947 

provided the possibility that firms within a sector could create a technology intermediary – 

the collective research centres – based on mandatory membership of incumbent firms. The 

juridical form of the technology intermediate is a private non-profit organisation, partly 

financed by the collection of member fees (a small percentage of their sales); the sale of 

support services rendered towards members and non-members; the funding of particular 

services by governments (e.g. patent cells); and the participation in public research (e.g. EU 

Framework Programs). Hence, CRCs typically receive over 50% of their financial means 

from public sources. These centres have, therefore, a large degree of autonomy even though 
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their research agendas are partly shaped by a ‘permanent’ or ‘technical committee’ in which 

several (usually large) firms are present. This mode of organization ensures that research is 

partially initiated in a bottom-up fashion, ensuring the relevance of the research activities for 

the entire sector [62]. Collective research centres, just as other TIs, engage in need detection 

of firms. In the case of the collective research centres this occurs through specialized 

interaction modes. Technical advisors visit firms to study the possibilities of ameliorating the 

production process. This activity is subsidized by governments, because the need for 

knowledge spillovers is particularly felt in low tech sectors. Hence, a large part of the 

activities of technology intermediaries rest for a significant part on personal contacts.  

The twelve collective research centres under study cover industrial sectors such as 

wood (to which, in 2006, the furniture industry was added); ceramics; machinery (expanded 

in the course of time with twelve other sectors into the ‘technological’ industry); roads; 

construction; cement; textile, diamond, coatings and paintings, metallurgy, welding, and 

packaging. The centres represent about 80,000 members. In a first stage, information is 

collected on the collective research centres’ activities and their resource base through face-to-

face interviews. Following the Frascati manual [63], these activities are split up in research & 

development (R&D) and R&D related activities that deal with technology diffusion (e.g. 

information services, testing, technical accountancy, advice). Other activities (such as 

administration, marketing, reception, etc.) that are mainly internal to the Collective Research 

Centre (CRC) are not taken into account. The first stage of our datacollection resulted in a list 

of R&D and R&D related activities that firms call upon and that are used in the second stage. 

In this stage, we asked the CRC’s member firms to respond to an online questionnaire on their 

engagement in activities with the CRCs. The questionnaire presents an overview of the 

activities, generated in the first phase of the project, and asks respondents to indicate whether 

or not they have called upon specific activities over the previous three years. An overview of 

the activities and the extent to which the firms called upon these over the past three years is 

included in Table 1. If the firm had used one of the CRC’s services over the past three years, 

the firm is asked to answer a number of questions on cognitive capacity additionality. 
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Additional information at firm level was also collected, including age and data on absorptive 

capacity. This information is complemented by annual accounting information retrieved from 

a business repertory, Belfirst.   

 

 

<<<Insert Table 1 about here>>> 

 

The data collection process was initiated by the CRCs, which selected randomly 

about 11% of their firm population and requested them to fill out the online questionnaire. 

The respondents could answer the questionnaire either in French or Dutch. 856 answers were 

received, resulting in a response rate of 9.4%. The fact that the CRCs contacted respondents 

could potentially have generated a selection bias. An analysis of the answers received did not 

suggest such selection bias. First, the R&D intensities of the respondents are in line with 

sector averages. The expected average of R&D intensities, based on official statistics [64] 

(weighted by the number of respondents per sector) is 1.9% of sales, whereas the weighted 

reported average of R&D intensities is 2.4%, which indicates a minor discrepancy. Further, 

the size distribution of the respondents is similar to the size distribution of the total population. 

Further, 214 respondents indicate not to have been in contact with any of the CRCs over the 

past three years indicating that the CRCs did not select their “most satisfied customers”. After 

deleting observations with missing values, the database contains 115 valid answers from firms 

which have worked with the CRCs for R&D activities over the past three years, and 289 valid 

answers from firms that have collaborated with the CRCs for R&D related activities.   

 

4.2. Measures 

 

4.2.1. Dependent variables 

Following Falk [30] we directly asked the assisted firms to assess cognitive capacity 

obtained through working with the technology intermediaries. For both R&D related and 

R&D activities, we assessed network and competence additionality. The source of items was 
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a study [17,65] in which the scales were tested and validated. In case the firm indicated that it 

had used the technology intermediary’s service over the past three years, it received a list of 

items on cognitive capacity additionality related to the service, and was asked to indicate on a 

7-point Likert scale the extent of agreement with a number of statements (1= disagree 

entirely; 7= agree entirely). Table 2 provides an overview of items used and Cronbach 

Alpha’s of the summated measures. 

 

<<<Insert Table 2 about here>>> 

 

Subsequently, summated scales were calculated for network and competence 

additionality (which are the two sub-dimensions that constitute cognitive capacity 

additionality) by calculating the average scores. Given that we received responses for both 

firms engaging in R&D activities and R&D related activities, and assessed for each of these 

the network and competence additionalities, we have four dependent variables that will be 

used throughout the analysis.  

 

4.2.2. Independent variables 

Absorptive capacity of the member firm. Cohen and Levinthal [44] argued that the 

ability to exploit external knowledge is largely influenced by the level of prior knowledge, 

which they refer to as “absorptive capacity”. According to Muscio [42], R&D efforts are a 

viable proxy for absorptive capacity. Subsequently, absorptive capacity of the member firm 

was measured as a categorical variable, indicating R&D expenses as a percentage of sales (1= 

no R&D expenses; 2= R&D expenses account for less than 5% of revenues; 3= R&D 

expenses account for between 5 and 10% of revenues; 4= R&D expenses account for more 

than 10% of revenues).  

 

Absorptive capacity of the TI. Absorptive capacity of the TI (technology intermediary) is 

measured as the R&D personnel in full time equivalents (FTEs). As most R&D expenses of 
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TIs go to R&D personnel costs (71%), this is a sufficient proxy for R&D intensity. Especially 

since it is the R&D personnel which detects firm needs, screen the environment for external 

knowledge, and assist firms with technical advice. 

 

Intensity of interaction. For each of the services in Table 1, we asked to indicate the extent to 

which the member firm used the service, using a 7 point-Likert scale (for question and scale, 

see Table 1). We use a summated scale of the engagement in R&D related activities by taking 

the average of the engagement in each of the R&D related activities. Cronbach Alpha for the 

scale was .93. We construct a summated scale of the engagement in R&D activities by taking 

the average over the two R&D items (Table 1). Cronbach Alpha for the scale was .80.  

  

4.2.3. Control variables 

Slack. George [66] argues that slack may affect the behaviour of firms, in turn 

affecting financial performance. For instance, studies have indicated that slack is a predictor 

for risk taking [67], innovation [68] and performance [69-70]. Slack is used to stabilize a 

firm’s operations by absorbing excess resources during periods of growth and by allowing 

firms to maintain their aspirations and internal commitments during periods of distress 

[66,71]. We control for slack given the impact it may have on firm behaviour. Following 

George [66], we measured slack as the ratio cash flow of the firm/average cash flow in the 

sector, taking into account that slack may be industry specific. 

 

Age. We control for age, given that age is an important moderator of the effectiveness 

with which firms deploy resources [66,72-73] and may therefore affect the extent to which 

working with the technology intermediary generates cognitive capacity additionality.  

 

Sector R&D intensity. We control for the sector by adding the sector R&D intensity, 

as provided by the Belgian Science Policy Office [64] for the year 2006. We prefer 

incorporating sector R&D intensity over sector dummies, given that the extent to which firms 
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can additionally benefit from collaboration with technology intermediaries may depend upon 

the extent to which the sector in which the firm operates engages in R&D. The R&D intensity 

is measured as the R&D expenses divided by the total value added of a sector.  

 

5.  Results 

In what follows, we first present the results of the analysis for R&D activities, 

followed by the analysis for R&D related activities, including diffusion of technology. As 

such, we follow Cohen and Levinthal [44] and the Frascati manual [63] which recommends 

distinguishing between R&D and R&D related activities. For each type of activities, we 

present the descriptive statistics for the variables used.  

 

5.1. Cognitive capacity additionality generated through R&D activities 

Table 3 provides the descriptive information for the variables used. Engaging in R&D 

activities with the CRCs resulted, for the average firm, in network additionality of 4.34 and 

competence additionality of 4.78.  The average technology intermediary engaged 70 people in 

R&D, which is representing the absorptive capacity of the technology intermediary. Firms 

responding are on average 29 years old and have on average 12,492 Euro of slack. The 

average sector R&D intensity is 2.72%. 

 

<<<Insert Table 3 about here>>> 

 

We use ordinary least squares (OLS) regression analysis with both competence and 

network additionality for R&D activities as dependent variables.  

Correlations between variables are all below 0.2. In order to make sure that 

multicollinearity was not an issue, variance inflation factors are calculated, and are found to 

be below 3.0 (maximum value 1.2), suggesting that multicollinearity is not an issue (see Hair 

et al. [74]).  
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<<<Insert Table 4 about here>>> 

 

The first iteration of the regression analysis for cognitive capacity additionality of 

R&D activities does not provide support for hypotheses 1a&b nor 2a&b. The analysis 

supports hypotheses 3a&b, indicating that a higher intensity of use of the technology 

intermediary services by the firm affects network and competence additionality positively 

(see left hand side of Table 4). Further analysis however indicated that the relationship 

between the absorptive capacity (AC) of the firm and cognitive capacity additionality may be 

mediated by the intensity of interaction (right hand columns of Table 4). Indeed, when 

leaving the intensity of interaction out of the analysis, the absorptive capacity of the firm was 

found to positively affect both network and competence additionality.   

In order to test for full and partial mediation effects, we first follow the approach 

suggested by Baron and Kenny [75]. According to Baron and Kenny [75], full mediation 

occurs when the following four conditions are met: (1) independent variables must affect the 

mediator. The impact of the firm’s absorptive capacity on intensity of interaction was 

statistically significant (model significant at p<0.01; beta = 0.52; p<0.01); (2) the independent 

variables must affect the dependent variable; (3) the mediator must affect the dependent 

variable; (4) the independent variable is not significant in the full model. All conditions were 

fulfilled in the case of absorptive capacity of the firm, indicating that intensity of interaction 

fully mediates the relationship between absorptive capacity of the member firm and network 

and competence additionality.  Given recent critique on the approach developed by Baron and 

Kenny (for an overview, see Preacher and Hayes [76-77], we test the robustness of our results 

by using a Sobel test with bootstrap procedures (5,000 bootstrap samples). The estimate of the 

indirect effect of absorptive capacity of the member firm on competence additionality, via 

intensity of interaction is 0.24. This effect is statistically significant (p<0.01). Furthermore, 

the bootstrapped estimate of the indirect effect lies between 0.07 and 0.42, with 95% 

confidence. We conclude that the indirect effect is significantly different from zero at p<0.05 

(two tailed).The estimate of the indirect effect of absorptive capacity of the member firm on 
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network additionality, via intensity of interaction is 0.14. This effect is statistically significant 

(p<0.05). Furthermore, the bootstrapped estimate of the indirect effect lies between 0.03 and 

0.26, with 95% confidence. Again, we conclude that the indirect effect is indeed significantly 

different from zero at p<.05 (two tailed).  

Figure 2 illustrates the relationship between independent and dependent variables for R&D 

activities. 

 

<<<Insert Figure 2 about here>>> 

 

The model indicates that, the higher the absorptive capacity of the firm, the higher the 

engagement of the firm in R&D activities with the technology intermediary, resulting, in turn, 

in higher levels of cognitive capacity additionality. Results were similar for both network and 

competence additionalities. In what follows, we test our hypotheses for R&D related activities, 

using similar analysis techniques. The results are also visualized in Figure 2. 

 

5.2. Cognitive capacity additionality generated through R&D related activities 

 

Table 5 provides an insight into the descriptive statistics for both dependent and 

independent variables. The average firm tends to generate more competence additionality 

(average of 5.16) than network additionality (average of 3.66) from R&D related activities.  

 

<<<Insert Table 5 about here>>> 

 

We use ordinary least squares (OLS) regression analysis with network and 

competence additionality for R&D related activities as dependent variables. Correlations 

between variables were all below 0.25. Variance inflation factors (VIF) are calculated, and all 

below 3.0 (maximum value 1.1), suggesting that multicollinearity issues do not occur (see 

Hair et al [70]).  
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The results do not provide support for hypothesis 1a&b and 2b,  and do provide 

support for hypotheses 2a, 3a&b: the intensity of interaction between technology intermediary 

and firm and the absorptive capacity at technology intermediary level positively affect 

competence additionality generated by the firm. Furthermore, absorptive capacity by the firm 

does not show to have any positive effects on network or competence additionality, with 

similar results for both network and competence additionality. Interestingly, the effect for 

absorptive capacity of the technology intermediary was even in the opposite direction than 

expected for network additionality: a higher level of absorptive capacity by the technology 

intermediary negatively affects network additionality. Again, we test for mediation effects. To 

test for these effects, we run the regression analyses again, without “intensity of interaction” 

in the equation. These results are reported in the right hand side of Table 6. 

 

<<<Insert Table 6 about here>>> 

 

In the case of network and competence additionality, the absorptive capacity of the 

firm had a significantly positive effect, but the effect disappeared after including the intensity 

of interaction in the equation, pointing to a full mediation effect. Here again, after finding the 

mediating effect using the Baron and Kenny [75] approach, we use the Sobel test with 

bootstrap procedures (5,000 bootstrap samples). The estimate of the indirect effect of 

absorptive capacity of the firm on competence additionality, via intensity of interaction is 

0.12. This effect is statistically significant (p<0.01). Furthermore, the bootstrapped estimate 

of the indirect effect lies between 0.03 and 0.21 (with 95% confidence), again leading to the 

conclusion that the indirect effect is significantly different from zero at p<0.05 (two tailed). 

The estimate of the indirect effect of absorptive capacity of the member firm on network 

additionality, via intensity of interaction is 0.10. This effect is statistically significant (p<0.05). 

Furthermore, the bootstrapped estimate of the indirect effect lies between 0.02 and 0.20, with 

95% confidence. We therefore conclude that the indirect effect is indeed significantly 

different from zero at p<0.05 (two tailed).  
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The results indicate that higher levels of absorptive capacity of the firm result in an 

increased engagement in technology intermediary R&D related activities, and results, through 

the mechanism of intensity of interaction, in higher network and competence additionality. 

Interestingly, the absorptive capacity of the technology intermediary negatively affected 

network additionality. We discuss these findings in the next section. 

 

6. Conclusions and discussion 

Governments are increasingly turning towards the use of indirect mechanisms to 

stimulate firm R&D investment. This can, amongst others, be explained by the increased 

awareness of the existence of market failure related to the transfer and flows of information 

between several parties in an innovation system.  Little evidence, however, exists on the 

impact of initiatives aimed at stimulating interaction and technology and knowledge diffusion, 

such as the creation or financing of technology intermediaries. One of these initiatives are the 

collective research centres which were set up in Belgium in order to speed up technological 

innovation and renewal. These initiatives, supported by government, may affect firms in 

different ways. Previous research [30] has labelled these different types of effects input, 

output and behavioural additionality. Our research specifically focussed on one dimension of 

behavioural additionality, namely cognitive capacity additionality. We studied network and 

competence additionality for R&D and R&D related activities carried out in relation with the 

technology intermediaries. Building on the concepts of absorptive capacity, we anticipated 

that the absorptive capacity of the technology intermediary and the firm, and the intensity of 

interaction of the technology intermediary with the firm would positively affect cognitive 

capacity additionality. We found that, both for R&D and R&D related activities, cognitive 

capacity additionality is positively affected by the intensity of use of the services offered by 

the technology intermediary, pointing to a significant learning effect. We also found that 

interaction with TIs is mediating the effect of absorptive capacity at firm level and cognitive 

capacity additionality, with more R&D intensive firms calling more frequently upon the 
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technology intermediary’s services. We did not find absorptive capacity of the technology 

intermediary to positively affect the cognitive capacity additionality generated by the firms, 

and even found a negative impact for the impact of absorptive capacity of the CRC on 

cognitive capacity additionality of the member firm in case of R&D related activities. This 

might be attributed to the fact that TIs have a dominant impact on firms active in low tech 

sectors, preventing firms to develop internal networking capabilities. 

 

Overall, the results show that especially those companies that have sufficient 

absorptive capacity to engage in R&D and innovation activities benefit from working with the 

technology intermediary. This effect mainly occurs through the intensity of the involvement 

in CRC activities. When we discussed this conclusion with the collective research centre 

representatives, they pointed to the fact that over the past years, they had worked less 

intensively with smaller and especially lower R&D intensive member firms. The reason for 

lower collaboration with low R&D and smaller firms lies, according to the representatives of 

the CRCs, in the fact that government has urged them to alter their ambitions at innovation 

and technology level, and to work towards technological breakthroughs that would also 

provide more visibility to the work of the technology intermediary and the government 

investment. This has led to less investment by the CRCs in awareness creation with small and 

low R&D intensive companies and to increased interest in larger projects, carried out with 

companies that have already established an R&D department. This indicates that working 

with technology intermediaries is relevant to firms that already possess absorptive capacity, 

and that, if awareness creation for technology or innovation is the main goal, governments 

should reward or finance technology intermediaries based on their involvement in awareness 

creation.  

Another interesting finding was that higher levels of absorptive capacity at 

technology intermediary level resulted in lower network additionality from R&D related 

activities. However, the interviews with the CRCs indicated that they find their personal 

engagement in R&D crucial as without having in-house R&D personnel, they do not believe 
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to have the absorptive capacity needed to provide relevant services to firms (which is 

illustrated by the positive impact of their absorptive capacity on competence additionality for 

R&D related activities). For instance, for R&D activities, they indicated that they would 

never be able to define relevant research topics and disseminate the results to firms without 

following up on technological evolution and trends by engaging in R&D themselves. The 

results, however, do not indicate that CRC R&D capacity affects network additionality 

positively. These results may suggest that CRCs are not seen as providers of networking 

opportunities, but could instead be seen as vehicles that replace the firm’s own networking 

activities. As such, the more absorptive capacity the CRC has, the more it is seen as a 

potential substitute for the firm’s own networking activities. In this way, the CRC would play 

a gatekeeping role on behalf of the firm, with the firm expecting the CRC to maintain its 

relationships, which would not have been captured with the questions on cognitive capacity 

additionality, since these questions aim at studying the complementary role of the CRC 

compared to the member firm’s activities. Further research could purposefully assess the 

extent to which technology intermediaries are seen as substitutes for the firm’s own activities. 

This research leads to a number of directions for further research. First, it is clear that 

network and competence additionality are intermediate outputs, which should subsequently 

result in output additionality, related to the generation of innovation, financial and market-

related outputs. Further research could purposefully assess the extent to which cognitive 

capacity additionality translates in output additionality using a longitudinal research design. 

Second, other theoretical frameworks could successfully be applied to study behavioural 

additionality generated through technology intermediaries. Indeed, other factors, such as 

cognitive distance between technology intermediary and firm could affect this behavioural 

outcome. Future research could analyse to which extent such factors are likely to shape 

behavioural outcomes.   

This research has a number of implications for industry, policy makers and academics.  

For industry, this research points to the importance of building absorptive capacity within the 

firm to benefit from working with other parties in the innovation system. It further shows that 
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it is insufficient for firms to rely on external parties, such as technology intermediaries, 

without engaging internally in network and competence building. Further, it indicates that, in 

order for higher levels of cognitive capacity additionality to be generated, intensity of 

interaction is crucial in firm-technology intermediary interactions. 

For policy makers, this paper has three main findings. First, this paper indicates that, apart 

from potential input or output additionality generated through working with technology 

intermediaries, firms also benefit from working with them, through increasing networking and 

cognitive capabilities, which constitutes one of the indications of the effectiveness of 

government money spent. Second, the results also indicate that companies may be relying too 

much on technology intermediaries, and may expect technology intermediaries to take over 

some of their roles. Engaging in networks on behalf of the firm is one example. And third, the 

results show that technology intermediaries may be less effective in encouraging companies, 

especially smaller ones, to engage in R&D and innovation activities, especially when the 

government program supporting the technology intermediary is focussing on breakthrough 

technological developments. The results show that especially those companies that have 

already built absorptive capacity internally engage in activities with the technology 

intermediary and generate higher levels of cognitive capacity additionality.  

 In sum, we show that it is beneficial for policy makers to focus on providing help to 

SMEs through technology intermediaries, but that other types of networking support should 

complement the technology intermediary’s function. This could, for instance, be 

accomplished by integrating SMEs as partners in Framework programmes, in which they are 

stimulated to interact with other parties, without relying on other actors, such as technology 

intermediaries, to take over this interaction role.  

For academics, this research indicates that it is important for research building on 

absorptive capacity to incorporate potential mediation effects. Whereas many researchers 

have assumed a direct relationship between learning and different types of outcome, this 

research shows that indirect effects may be important to disentangle the relationship between 

learning and outcome. It further complements previous research on learning, indicating that 
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absorptive capacity at both teacher and student level will be important in order for learning 

effects to occur. Our research shows that, under certain conditions, in which the student relies 

too heavily on the teacher, the teacher’s absorptive capacity may negatively affect learning 

outcomes. Further, this research was one of the first to study the impact of technology 

intermediaries and, in general, indirect policy measures, on the learning and networking 

outcomes of their users. As such, we have contributed to organizational learning theory by 

assessing the generalizability of the theory in the context of firm-technology intermediary 

interactions. Our results indicate that an organizational learning framework holds empirical 

validity in this context, even though refinement is needed, particularly at the level of 

absorptive capacity at technology intermediary or “teacher” level. Finally, our results add to 

the understanding of the impact of firms’ search strategies through one specific type of 

channel, namely technology intermediaries, and as such respond to a call for further research 

by Laursen and Salter [40] to further explore their results on search breadth and depth through 

specific channels. 
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Table 1: Overview of use made by the member firm of CRC services 

To which extent does your company call upon the following 

CRC services? (1=never; 7= often) 

Mean Median 

Used over last 3 

years? (%) 

R&D related activities    

-   R&D laboratory for use of company 2.73 1 38 

-   Information on R&D European programmes 2.16 1 24 

-   Access to technical library 3.66 3 56 

-   Provision of qualified personnel 2.91 2 38 

-   Sales of equipment 1.37 1 5 

-   Right to use inventions (licences) 1.48 1 6 

-   Small scale in-depth technological consultancy (GTA) 3.49 3 55 

-   Support and advice concerning standardisation 3.04 2 43 

-   Information on intellectual property 1.70 1 13 

-   Certification  2.45 1 31 

-   Consulting and audits 2.23 1 24 

-   Testing 3.28 2.5 46 

-   Feasibility studies 1.95 1 17 

-   Provision of information through website 3.56 3 54 

-   Provision of information through publications 3.66 3 55 

-   Provision of information through newsletters 3.80 4 63 

-   Norm antennas 2.86 2 38 

-   European technology platform 2.07 1 17 

-   Matching parties in industry and science 2.27 1 27 

-   Organisation of studydays and seminars 3.40 3 57 

-   Technology watch and roadmapping 1.89 1 18 

-   Solving specific problems (troubleshooting) 3.03 2 42 

-   Technical advice 4.09 4 68 

    R&D activities    

-   Research contract between CRC and company (bilateral) 

research) 

2.04 1 22 

-   Research contract on a collective basis (CRC, your 

company and third parties)  

    Third parties) 

2.26 1 25 

N=490 
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Table 2: Overview of items used for assessing cognitive capacity additionality 

Cognitive 

capacity 

additionality 

R&D related activities R&D activities 

Competence 

additionality 

The intervention by the CRC allowed my 

company to acquire new knowledge 

The intervention by the CRC allowed my 

company to increase its innovation management 

capabilities 

The intervention by the CRC allowed my 

company to upgrade its human resources 

The project increased our skills to 

network with universities or 

public research centres 

The project increased our skills to 

network with other companies 

The project allowed us to acquire 

new knowledge 

The project allowed us to upgrade 

our human resources 

The project increased our 

innovation management 

capabilities 

 Cronbach Alpha: .89 Cronbach Alpha: .83 

Network 

additionality 

The intervention by the CRC allowed my 

company to identify potential partners 

The project allowed us to 

network with universities or 

public research centres 

The intervention by the CRC allowed my 

company to cooperate with other companies 

The project allowed us to 

network with other companies 

The intervention by the CRC allowed my 

company to cooperate with knowledge 

institutes, such as universities or research 

institutes 

The project allowed us to build 

research networks 

 Cronbach Alpha: .89 Cronbach Alpha: .90 

N=289 for R&D related activities; N=115 for R&D activities 
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Table 3: Descriptives for R&D activities 

Variable Minimum Maximum Mean s.d. 

     

Competence additionality 1 7 4.78 1.07 

Network additionality 1 7 4.34 1.57 

Absorptive capacity firm Categorical variable 

Absorptive Capacity TI 8 133 70.07 48.13 

Intensity of interaction 1 7 3.94 1.54 

Age (years) 1 97 29.19 21.47 

Slack -4,250 560,234 12,492 70,309 

Sector R&D intensity 0.48 7.57 2.72 2.69 

N=115. 

Table 4: OLS regression results for R&D activities 

 Full Model  Mediation Test 

 

Competence 

additionality 

Network 

additionality 

Competence 

additionality 

Network 

additionality 

Independent variables 
    

Absorptive Capacity firm 

(H1&b) 

.11 .16 .21* .28** 

Absorptive Capacity  TI 

(H2a&b) 

-.13 -.07 -.19† -.16 

Intensity of interaction 

(H3a&b) 

.31*** .40*** 
  

Control variables 
    

Age  .04 -.02 .09 .05 

Slack -.06 -.05 -.11 -.11 

Sector R&D intensity -.13 -.16 -.25* -.24* 

     
Adjusted R² .22 .15 .08 .09 

F 6.21*** 4.31** 3.31* 2.89* 

N=115; †p<.10, *p<.05, **p<.01;***p<.001  
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Table 5: Descriptives for R&D related activities 

Variable Minimum Maximum Mean s.d. 

     

Competence additionality 1 7 5.16 1.24 

Network additionality 1 7 3.66 1.53 

Absorptive Capacity firm Categorical variable 

Absorptive Capacity TI 2 133 84.85 50.28 

Intensity of interaction 1 7 3.09 1.18 

Age (years) 0.2 125 26.59 20.88 

Slack -19,598 560,234 7,684.87 50,835.78 

Sectoral R&D intensity 0.48 7.57 2.18 2.62 

N=289 

 

Table 6: OLS regression results for R&D related activities 

 Full Model  Mediation Test 

 

Competence 

additionality 

Network 

additionality 

Competence 

additionality 

Network 

additionality 

Independent 

variables 

    

Absorptive Capacity 

firm (H1a&b) 

.03 .03 .14* .12† 

Absorptive Capacity 

TI  (H2a&b) 

.05* -.12* .01 -.15* 

Intensity of interaction 

(H3a&b) 

.51*** .42*** 
  

Control variables     

Age  -.05 -.02 .00 .02 

Slack .01 .00 -.01 -.03 

Sectoral R&D 

intensity 

.00 .03 -.17* -.11 

    
 

Adjusted R² .25 .17 .02 .02 

F 11.09*** 17.10*** 2.19† 2.20* 

N=289; †p<.10, *p<.05, **p<.01; *** p<.001  
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Figure 1: Conceptual Framework for R&D and R&D related activities 

 

 

 

Figure 2: Summary of findings for R&D and R&D related activities 

 

 

Note: Full arrows for R&D activities; dashed arrows for R&D related activities 


