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1.1 Systems of innovation 
 

 The growing interest in innovation as a source of competitive advantage, and the need for new policies to 

address regional inequalities and divergence has led to an avalanche of new theoretical insights and approaches 

across disciplines. Innovation systems are, to an increasing extent, seen as the result of an interactive process of 

knowledge generation, diffusion and application. The importance of knowledge interaction has been stressed by 

the literature on innovative milieux (Camagni, 1991), knowledge spillovers (Bottazi and Peri, 2003), innovation 

networks (Powell and Grodal, 2005), and innovation systems (Edquist, 2005). Although these approaches share the 

interactive view of innovation (Kline and Rosenberg, 1986),  the innovation systems literature specifically argues 

that the institutions relevant for a specific sector (SIS), a country (NIS), or a region (RIS) have an influence on 

innovation (Tödtling et al., 2009). Of key importance are: the regulatory context (such as intellectual property 

rights, technical standards); organizations for knowledge generation and diffusion (universities, education, 

technology transfer); and firms willing and capable to commercialize such knowledge. Central in the innovation 

systems literature is that innovation is an evolutionary, non-linear and interactive endeavour that requires 

intensive communication and cooperation between firms and other organisations such as universities and other 

public research facilities, technology centres, educational establishments, financing institutions, standard setting 

bodies, industry associations and government agencies (Edquist, 1997, 2005). This dissertation in particular 

explores the communication and cooperation elements that exemplify the ‘systems-of-innovation approach’, in 

order to better understand how the Dutch system of innovation shapes competitive advantage through SMEs. 

Hereby, focus lies particularly on localised knowledge spillovers, and tacit knowledge and trust based relationships 

for successfully carrying out innovation activities, which is one of the key elements of the regional innovation 

system (RIS).  

 Asheim et al. (2011a) in their introduction to a Regional Studies’ Special Issue on ‘Regional Innovation 

Systems’ also mention the large corpus of related research on regional innovation that was provided by the 

systems approach with the development of the NIS literature that appeared in the late 1980s and early 1990s. 

They particularly highlight the work on learning regions (Asheim, 1996), innovative milieux (Crevoisier, 2004; 

Camagni, 1995), the triple helix model (Etzkowitz and Leydesdorff, 1997; Leydesdorff, 2000), and clusters (Porter, 

1990, 1998). The literature on national innovation systems (NIS) distinguished itself from the related literature in 

that it showed that countries differ enormously with respect to their economic structures, R&D bases, institutional 

set-ups and, consequently, innovation performances (Edquist, 2001). Nations, however, can in turn exhibit huge 

disparities in innovation across regions. This insight has provoked a growing interest by academic scholars in 

regional innovation systems (RIS). Thus, while NIS traditionally focuses on how a system of innovation shapes 

competitive advantage, at the core of the RIS approach is a more localized emphasis on economic and social 

interactions between agents, spanning the public and private sectors to engender and diffuse innovation within 
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regions. These regions are originally embedded in national systems, but increasingly the RIS is considered to be 

inserted into a complex web of relations, not only to national, but also international organisations and innovation 

systems (Trippl, 2010). RIS’s emphasis on social capital, networking, and learning within an evolutionary framework 

may be compared with the clusters literature, which is more directly concerned with competitiveness and 

performance and more strongly influenced by mainstream economic theory (Asheim et al., 2011b). However, at 

the core of the RIS concept, there is considered to be a richer set of relational linkages, with networks being 

regionally and institutionally embedded and networks of firms actively engaging in cooperative activity, such as 

research and development (R&D), while, in the case of clusters, firms benefit from external economies, 

unintended spillovers of knowledge, and the attraction of related trades, labour, and consumers through normal 

market processes. In this respect, ter Wal and Boschma (2011) among others, highlight that Porter’s work is more 

sharply focused on the role of clusters in explaining competitive advantage at the ‘regional, state and city level’. 

Martin and Sunley (2003) believe that it is because of Porter’s emphasis on competitiveness that the clusters 

literature took off, but much of the more complete theoretical and empirical literature on territorial innovation 

models has arguably had less impact, both on policy and literature development. 

 An important critique of the literature on clusters argues that it does not pay too much attention to the 

fact that firms in a cluster differ widely in terms of size, power, and absorptive capacity, while the role of 

geographical proximity in patterns of knowledge exchange tends to be overemphasized at the cost of a-spatial 

network effects (ter Wal and Boschma, 2011). Yet, the NIS and RIS are so broadly defined, because systems cannot 

be understood by focusing on the activities of any of their components in isolation, that this often stands in the 

way of finer-grained analysis. Lundvall et al. (2009) therefore argue for a focus on innovation processes rather than 

a system’s activities, whereby the national, regional and sectoral systems can have meaning as a ‘focusing device’ 

for analysing innovation. This is exactly what this dissertation hopes to achieve by means of an analysis of 

innovation processes in Dutch SMEs. By doing this, the study aims to add to the innovation systems literature, 

while at the same it hopes to inform policies designed to build innovation capacity and promote regional 

competitive advantage. So far, the policy impact of the RIS approach has been considerable and is reflected in the 

shift in focus of European Union regional policy, as captured by, for example, the RIS programme and the 

increasing proportion of structural funds assigned to regional innovation measures (Landabaso et al., 2001, 2003). 

Forced by globalization, policy makers in many countries have added a regional dimension to their innovation 

policy (Fritsch and Stephan, 2005; Werker, 2006). For example, the Netherlands launched an Innovation Platform 

that has developed several policy intitiatives that have been heavily grounded in the RIS aproach (Ministry of 

Economic Affairs, 2003; Innovatieplatform, 2010). However, since a major gap in the literature concerns the 

relationship between innovation and regional competitive advantage at both a theoretical and empirical level 

(Asheim et al., 2011), there is a need to develop better measures of innovation-based competitive advantage and 

‘systems’ performance. By specifically focusing on the innovation processes of those SMEs that participated in one 
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of the RIS-inspired policies of the Innovation Platform, this dissertation hopes to be better able to assess how RIS 

can contribute to regional advantage.  

 

1.2 Capturing the process of innovation of SMEs 
 

 This dissertation aims to capture the process of innovation in Dutch SMEs in order to understand how 

SMEs can increase performance and enhance collective external economies. There is a growing consensus that 

innovation is the key driving force behind regional economic growth, standard of living, and international 

competitiveness (Acs, 2002). In particular, the strong interrelation between entrepreneurship, innovation and 

economic growth is emphasized (Schumpeter, 1934; Ripsas, 1998; Acs and Armington, 2002). However, not all 

entrepreneurs contribute to innovation to the same extent. The most significant contributions are made by the 

fast-growing firm, rather than new firms in general (Birch et al., 1997). Only a very small proportion of 

entrepreneurs engage in true technological innovation (Wong et al., 2005). However, for a fast transition towards 

a modern knowledge economy, European innovation policy aims to increase overall productivity and promote 

greater competitiveness. Therefore, a broader perspective to innovation is also required with consideration of 

sectors and sizes different from the small firms in high-tech sectors, which represent only a very minor share of 

total employment and value added in a modern economy. 

In the Netherlands, as in many other European countries, various initiatives have been launched to 

stimulate innovation. Nowadays, many politicians and economists have the belief that new possibilities for 

innovation and creating new jobs will come from small and new firms. Globalization and the ICT revolution imply a 

need for structural change, requiring a substantial reallocation of resources. This induces an intense demand for 

entrepreneurship (Audretsch and Thurik, 1998). Due to their flexibility, it is especially entrepreneurs who have the 

ability to be innovative or to engage in and support new ideas, novelty, experimentation and creative processes 

that may result in new products, services or technological processes (Lumpkin and Dess, 1996). At the same time, 

the role of knowledge, technological, and organizational capabilities and know-how have become crucial as factors 

of innovation. This transition to the model of the knowledge economy implies a distinct change in the approach to 

innovation policies, focusing more on knowledge creation than on technology diffusion, and more on networks 

with respect to individual firms (Cappellin and Wink, 2009).  

The Dutch approach to science, technology and innovation is considered to fit the picture of the European 

knowledge paradox. Although the country has an outstanding reputation, in terms of both the quantity and quality 

of its scientific and technological research, it has a poor record when it comes to commercializing its scientific 

output, putting knowledge to practical use, and translating it into innovations the market needs (Hulsink et al., 

2008). Resulting from a desire to overcome the knowledge paradox between fundamental research and market 
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needs, various policy changes and initiatives were introduced in the Netherlands under the supervision of the 

Dutch Innovation Platform. The ‘innovation voucher instrument’ was one of those policies. The background to the 

‘innovation vouchers’ was the realization that cooperation between industry and knowledge institutes was lacking 

in the Netherlands, in particular between knowledge institutes and SMEs. This study aims to analyse innovation 

processes in SMEs by means of a database consisting of SMEs that participated in the innovation voucher 

programme to enhance their innovation performance.  

 

In this dissertation, in particular knowledge networks of SMEs are central. In both research and policy 

circles, knowledge networks of SMEs are receiving increasing attention as the engine of innovation and ultimately 

economic growth, yet much is still unknown about their functioning. In order to gain a deeper understanding of 

knowledge networks, the learning aspect of innovation needs to be unravelled. For this, specific information is 

needed that is not yet widely available in large databases like Eurostat, although the Community Innovation Survey 

(CIS) has made serious progress in this area. But, in order to better understand innovation in SMEs in the 

Netherlands, this dissertation uses data from a survey that was conducted in the summer of 2010 among 2053 

innovation voucher users in the Netherlands. Previous evaluations of the voucher instrument have already 

indicated the high level of innovative SMEs that participated in the programme. This makes the innovation voucher 

scheme ideal for further analysis of the influence and role of knowledge networks on innovation in SMEs, and to 

research the question whether knowledge exchange between SMEs and universities does indeed lead to higher 

levels of innovation and (firm) growth in the Netherlands. How this dissertation attempts to frame this issue will be 

explained below.  

 

1.3 Objective and research questions  
 

 The literature in particular highlights learning and networks as essential components for the creation of 

innovation by SMEs. Preferably, learning should take place through close collaboration between science, local 

government and industry, since the focus of learning is on the (often technical) knowledge aspect. This is known in 

the literature as the ‘triple helix’ (Etzkowitz, 1999). In this study, the focus will be in particular on institutions that 

cooperate for knowledge, and hence the term ‘knowledge institutions’ will be used. Although different actors can 

play a role in the innovation process of SMEs, increasingly universities and other knowledge institutes are 

highlighted by researchers and policy makers as important contributors to the innovation process of firms on the 

basis of the experience of famous high-tech firms like Microsoft or Google and business activity in places like 

Silicon Valley. It often concerns high-growth start-ups in particular environments. However, as developments like 

internationalization and ageing require countries to maintain a high level of productivity in order to remain 

competitive with low-wage countries like China, India or the Eastern European countries, policy makers are eager 
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to find quick and appealing solutions. At the moment, the triple helix concept is gaining ground in the Netherlands 

particularly in relation to SMEs which account for 99 per cent of all Dutch companies  (CBS Statline, 2011), but they 

are generally not considered to be as innovative as, for example, SMEs in the United States. The innovation 

voucher instrument is one of a number of policy initiatives that have been launched in the past 10 years in the 

Netherlands. However, due to its strong tripartite design, it is the ideal instrument for studying the relative 

importance of these triple helix relationships for innovation in SMEs. The main research question of this study is 

therefore formulated as follows: 

 

Which innovation sources and networks are crucial for innovation performance of SMEs in the Netherlands, and 
what is the policy impact of our findings from a ‘systems-of-innovation’ perspective? 

 

The associated sub questions are as follows: 

1. What is the concept of ‘systems-of-innovation’? 

2. How does the ‘systems of innovation’ approach explain knowledge creation in SMEs? 

3. Is sectoral innovation shaped by the characteristics of the national and regional systems of innovation? 

4. What is the role of universities and other higher education institutions in the innovation process? 

5. To what extent is Dutch innovation policy targeted at SMEs grounded in the ‘systems of innovation’ approach? 

6. How do Dutch SMEs learn from knowledge sources and cross-border interaction, and does this affect their 
innovation performance? 

7. Concerning exploration and exploitation: Do different sources of innovation affect innovation and 
commercialization? 

 

1.4 Research design 
 

 The research design is based on the main research question and sub questions. In the introduction above 

the main concepts have been discussed and explained. Their operation definitions will be used as follows (Table 

1.1): 
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Table 1.1 Definitions of Concepts 

Concept Definition 
Innovation The development or improvement of products, services, technological and 

organizational processes; newness is relative to the company and/or market 
SMEs Companies with less than 250 employees; stereotypical characteristics are: 

the dominant role of the owner manager; resource poverty in terms of 
capital, time, knowledge and skilled personnel; flexible organization 
capacities; focus on the short term; strong local and regional focus; high 
prevalence of family businesses; and low degree of formalization (Bos-
Brouwers, 2010)  

Systems of innovation Territorial models of innovation that were originally conceived to explain the 
economic performance of nations and their international competitiveness 
(national innovation system), and were extended to explain interacting 
knowledge generation and exploitation subsystems linked to global, national 
and other regional systems that may stretch across several sectors in the 
regional economy (Asheim et al., 2011) 

 

Sub questions 1 and 2 are central in Chapter 2. The concept and contribution of SMEs will be discussed particularly 

in the light of the changing perception of the concept of innovation in the literature. Innovation is no longer 

regarded as a process solely driven by R&D. Increasingly, learning processes and networks are considered key for 

renewal and dynamic growth. In Chapter 2 an attempt will be made to frame the most important alternative 

sources of innovation, which will be used as a starting point for analytical purposes in the following chapters. 

In Chapter 3, sub question 3 will be researched. In this chapter, the central assumption is that the characteristics of 

the national or local system of innovation are important in shaping sectoral innovation, and that the co-evolution 

of national and sectoral systems is a major force to drive international competitiveness. Study of the national and 

sectoral systems are used here to conceptualize trans-frontier regions. There is a widespread agreement in the 

academic literature that in the emerging globalized knowledge-economy the long-term competitive strength of 

cross-border areas will rest on their capacity to create an integrated innovation system. Only few scholars have so 

far explicitly used the RIS approach for empirically analyzing or conceptualizing integration processes in trans-

frontier regions. Chapter 3 aims to research whether the economic environment does indeed play such a seminal 

role, and whether policies should not be more targeted towards the specific characteristics and needs of different 

national and regional systems. 

Sub-question 4 will be discussed in Chapter 4. Besides the stimulation of knowledge exchange between SMEs and 

knowledge institutions, the innovation voucher instrument was designed with the aim to stimulate knowledge 

valorization by Dutch universities. The university has evolved from performing conventional research and 

education functions to serving as an innovation-promoting knowledge hub; dynamics that have received mixed 

reactions. The social sciences and humanities (SSH) take a special position, insofar as their focus seems primarily to 

be placed on conventional research and educational functions, and not directly on (commercial) valorization. 

Initiatives like the innovation voucher programme are pressing for a reconsideration of the role of disciplines like 
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SSH. This chapter’s function is to discuss how the conceptualization of the knowledge infrastructure dimension in a 

regional innovation system has changed the views about the importance of the different core functions of 

knowledge institutions, and how this is slowly leading to a reconstruction of the regional innovation system.  

Chapter 5 deals with the analysis of sub-question 5. After a literature review of the government’s role and its 

policies in innovation processes, the role of the Dutch government will be researched by means of a quantitative 

data analysis of the main results of the innovation voucher survey that was sent out in the summer of 2010. The 

focus of attention is on the perceptions of voucher users and their experience with the instrument and their 

cooperation with the knowledge institute. Besides providing an insight into the samples used for the research that 

is conducted in Chapters 6 and 7, this chapter is also meant to highlight the regional policy subsystem of an 

innovation system and how this subsystem can play a crucial role in encouraging the region’s development by 

designing and implementing innovation policies. 

Sub-question 6 is dealt with in Chapter 6. This chapter addresses the question whether relationships exist between 

innovation sources of the different RIS subsystems and the innovation performance of innovative SMEs in the 

Netherlands. More often than not a RIS is inserted into a complex web of relations national and international 

organisations and innovation systems. However, cross-border RIS constitutes a field of research, which has rarely 

been studied so far. This study will add to the literature on cross-border RIS by focusing in particular on the 

moderating effect of cross-border interaction on the relationship between the RIS subsystems and SMEs’ 

innovation performance. At the same time, it will investigate if the relationship between firms’ cross-border 

innovation sources and innovation performance may exist through indirect causal relationships, in order to explore 

which types of knowledge interactions are of relevance for cross-border RIS. 

In Chapter 7, sub-question 7 is central. This chapter explores the innovation strategy of innovative Dutch SMEs by 

means of their sources of innovation, innovation capabilities, innovation performance, and commercialization 

sources. By means of Structural Equation Modelling of a sample of 243 Dutch SMEs, this study shows that 

exploring (technology) opportunity together with institutions such as universities and private research 

establishments is important for successful innovation in SMEs. But, in addition, our model shows that contacts 

with competitors are also important for successful innovation performance. Our finding that the openness of open 

innovation also applies to the commercialization phase seems too often neglected by researchers and policy 

makers. 

 

Finally, in Chapter 8 the main results are discussed. On the basis of the findings from the individual chapters, the 

main research question will be answered. Policy recommendations will be formulated, and future research 

directions will be highlighted, whereby the model of Chapter 2 will be extended to serve as a guiding framework. 
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1.5 Relevance  
 

This study mainly aims to serve researchers, policy makers and SMEs that are interested in innovation and 

commercialization. Researchers may find support for existing ideas, but may also find inspiration in its 

unconventional approach. Capturing the learning aspect of innovation is a relatively new development in 

economics that is not yet supported by extensive econometric models. Hierarchical regressions are currently the 

most standardized form of measurement for the analysis of learning and absorptive capacity in firms. Hopefully, 

this study may inspire econometricians to come up with better solutions. Also, policy makers and innovative SMEs 

may find that this study reveals a deeper layer of innovation. Whereas most innovation studies focus on the 

technical part of the innovation process, this study particularly aims to provide a deeper insight into the sources of 

innovation and the networks involved, and their role in the process. The previous literature has already highlighted 

the importance of various sources of innovation for innovation performance. The relevance of this study is that it 

aims to give an objective insight into the sources and networks that stimulate SMEs’ innovation processes, and 

how this can affect national and regional growth patterns.   
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CHAPTER 2 

KNOWLEDGE NETWORKS AND INNOVATION IN SMEs: BUILDING A 
GUIDING FRAMEWORK 

 

 

In this chapter, an attempt is made to frame learning systems in SMEs in order to 
empirically analyse their innovation processes, which are generally considered to be 
different from larger firms. The theories and assumptions about innovation, 
productivity, and development presented here are for a large part based on the 
ideas of institutional and evolutionary economics, combined in the system-of-
innovation school. In particular, attention will be paid to the changing perception 
towards the concept of innovation in the literature, the concept of SMEs and their 
position in the economic environment, and the contribution of SMEs to innovation 
and growth. SMEs and in particular small firms can be regarded as important 
drivers of change. In the empirical literature R&D is generally considered an 
important measure of innovation. However, smaller firms are generally unable to 
afford R&D activities. For the development of the framework, this study therefore 
specifically focuses on the potential of other sources of innovation that are 
identified by the innovation literature. In this respect, learning processes and 
networking are gaining increasing importance as drivers of innovation. In this 
chapter, an attempt is made to frame the most important alternative sources of 
innovation for further analysis of the exact working of learning processes and 
networking in innovative SMEs. 
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2.1 Introduction 
 

 

Knowledge is generally considered key for innovative performance. In the innovation literature, this has 

lead to an increasing focus on the concept of knowledge spillover and absorptive capacity at the level of firms and 

sectors (Cassiman and Veugelers, 2002; Schmidt, 2005; Veugelers, 1997), regions (Jaffe et al., 1993; Maurseth and 

Verspagen, 2002; Doring and Schnellenbach, 2006), and nations (Mowery and Oxley, 1995; Criscuolo et al., 2002; 

Narula, 2004a; Kneller, 2005; Kneller and Stevens, 2006). Although firm-level innovation, in principle, depends on 

the firm’s own characteristics (Cohen and Levinthal, 1990), it is increasingly accepted that firms also draw upon 

their own environment, i.e. upon firms, clients, institutions, local culture, and that this environment may influence 

the degree to which they innovate (Edquist, 1997; Lundvall, 1992). In other words, in some regions firms are more 

innovative than others because of the region’s characteristics (Florida, 1995; Cooke et al., 2004). In this chapter, 

the dominant economic theories that are at the basis of this dissertation’s framework will be discussed. The 

theories and assumptions about innovation, productivity, and development presented here are for a large part 

based on the ideas of institutional and evolutionary economics, combined in the system-of-innovation school. 

According to the latter theory, countries need to build absorptive capacity before they can master foreign science 

and technology. Learning is in this respect essential, and occurs in institutions related to science, technology and 

innovation. Science, technology and innovation policies should aim to increase the absorptive capacity of private 

firms, government bureaucracies, institutions of higher education, and public laboratories. However, there is no 

‘one-size-fits-all’ formula for all countries to apply. Each society needs to find its own combination of sectors, 

technologies, institutions, and human capital (Nelson, 2005; Saviotti and Pyka, 2004; Reinert, 2007). It is partly for 

this reason that this study contains a country analysis, and does not intend to make any claims outside its field of 

study. 

In particular, attention will be paid to the changing perception of the concept of innovation in the 

literature, the concept of SMEs and their position in the economic environment, and the contribution of SMEs to 

innovation and growth. In these innovation systems, agents (entrepreneurs, as well as inventors and innovators 

and government officials) are believed to be far from possessing perfect information. They try and err, and 

sometimes they learn and correct their behaviour. Learning takes time and resources, and as a result no innovation 

system will emerge overnight either through market processes or through government incentives. Also, the 

systems are open. They receive resources (people, funds, regulation) and information from the wider economic 

systems of which they form part. Further, these national systems are not all equal, yet groups of them do possess 

similarities (van Hemert and Nijkamp, 2010). Thus, ideally one should build a model for each country and for each 

regional system of innovation (RSI) together with each national system, based on past learning experiences and 

routines. Policies are, however, still often based on ‘picking-the-winner’ or ‘one-size-fits-all’ approaches, rather 
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than extensive empirical work (Boschma, 2005). In this chapter, an attempt will be made to frame learning systems 

in firms in order to empirically analyse such alternative innovation processes.  

 

2.2 Existing theories on innovation 
 

For a long time, economic policies were based on the neoclassical idea that, if prices are right, markets 

will provide adequate solutions for development and growth, because knowledge diffuses easily and moves freely 

across regions, countries, organizations and rational agents. Technical progress in the form of the rate of savings 

was considered the main determinant of economic growth (Solow, 1956), in the 1980s, followed by R&D, R&D 

subsidies, education, and externalities of the new growth theory (Romer, 1986, 1990). Governments need only to 

open the economy and let capital flow in and invest for economic development to occur, bringing technical 

progress with it. In practice, however, economic historians have shown that countries differ radically in their 

trajectories of growth (Abramovitz, 1986, 1989; Landes, 1969, 1999; Reinert, 2007). Recently, the need for 

appropriate institutions such as intellectual property, democracy and constitutional rights is also therefore 

increasingly being recognized. Overall, whether exogenous (based on the ideas of Solow) or endogenous (based on 

the ideas of Romer), the neoclassical view of economic growth retains perfectly or quasi-perfectly rational 

economic agents, who display maximizing behaviour, can obtain free and easily accessible information, and 

experience perfect (or quasi-perfect) competition and a unique equilibrium. 

In contrast, according to the evolutionary explanation, agents are not perfectly rational but only 

boundedly rational. As a result, agents do not automatically arrive at optimal solutions, but rather at reasonable 

satisficing ones. Economic change is at least as important as equilibrium, because economies are systems with not 

one but many possible equilibrium states. In this system, innovators and entrepreneurs regularly destroy 

equilibrium and launch new periods of economic change, which is an idea that has been especially highlighted in 

the work of Joseph Schumpeter. His work emphasizes the evolutionary character of capitalism, the central role of 

innovation in growth, and the endogeneity of technology as corporations conduct R&D as a routine activity 

(Schumpeter, 1934, 1950). Although his ideas did not have an instant impact when they were first published, 

technological change and globalization have definitely provided proof for the explanatory value of his work, and 

put the process of innovation high on the agenda of researchers and policy makers. According to Schumpeter, 

economic growth occurs through creative destruction: new products and processes destroy previous technologies, 

usually increasing the scale of production and demanding ever-expanding markets.  

From this perspective, innovation is no longer regarded exogenous to the economic system, but a specific 

activity of entrepreneurs. The focus is now on the nature of the innovative firm and the trajectory of technical 

change. In particular, routines are considered to constitute the core of a firm’s science technology innovation (STI) 

organization (Nelson and Winter, 1982), which is closely related to the concept of bounded rationality. Firms adopt 
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not optimizing routines, but satisficing ones that fulfil not the conditions of perfect rationality but the less stringent 

requirements of bounded rationality. In the same way, other organizations (government departments, universities, 

and public laboratories) decide about strategies with less-than-perfect information, and then markets decide, with 

equally bounded rationality, which technologies, strategies, business models, and final products and services they 

adopt, and discard. Nooteboom (1997) distinguishes in this respect between ‘selection bias’, where people and 

firms select only some of the available data, and ‘interpretation bias’, in which pieces of knowledge are 

recombined on the basis of the knowledge people already have. Technological and organizational innovation is 

thus a dynamic process and does not necessarily achieve any equilibrium in the firm or the macro-economy. 

Further, bounded rationality assumes path dependence in knowledge acquisition, because firms and other 

economic agents tend to search close to the knowledge that they already possess.  

As is clearly explained in the overview study of Niosi (2010), if path dependence is widespread, 

evolutionary economics becomes a historical science. Many conditions help to maintain the original path. Original 

knowledge, sunken costs, initial technical choices, contracts, laws, and regulations are often difficult to abandon, 

necessitating writing off previous investments in equipment, learning, or training. Individual agents, companies, 

markets, and entire national economies are thus the product in part of their origins. As a result, economic 

development is not necessarily the result of technical changes which make existing industries and firms more 

productive. Organizations, as well as regions and countries, may lock themselves into inferior technologies, 

routines, or other institutions either by lack of knowledge or by the weight of past investments. At the same time, 

innovative technical change can also bring new processes and products and be at juncture point of path-breaking 

new trajectories. SMEs, and in particular small firms, can in this respect be regarded as important drivers of 

change. In the next section, SMEs and their role in the innovation process will be explained in more detail. 

 

2.3 Small and Medium-sized Enterprises (SMEs) 
 

2.3.1 SME definition and scope 
 

SMEs are central in this study. According to the new SME definition that came into force in 2005 in order 

to improve the business environment for SMEs (European Commission, 2005), three categories of SMEs are 

distinguished instead of two as suggested by the term ‘SME’. As Table 2.1 shows, the category of micro-, small and 

medium-sized enterprises consists of enterprises which employ fewer than 250 persons, and which have either an 

annual turnover not exceeding € 50 million, or an annual balance sheet total not exceeding € 43 million. Small 

enterprises are defined as enterprises which employ fewer than 50 persons, and whose annual turnover or annual 

balance sheet total does not exceed € 10 million. Micro-enterprises are defined as enterprises which employ fewer 

than 10 persons and whose annual balance sheet total does not exceed € 2 million. Dutch research organizations 
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like EIM Business and Policy Research also use the European definition. In particular, the staff headcount is a 

crucial initial criterion for determining into which category an SME falls. According to the European Commission 

(2005) it covers full-time, part-time, and seasonal staff and includes: employees, persons working for the 

enterprise being subordinated to it and considered to be employees under national law, owner-managers, and 

partners engaged in regular activity in the enterprise and benefiting from financial advantages from the enterprise. 

The increasing policy attention for SMEs is relatively new and related to a growing amount of literature research 

on entrepreneurship, innovation, and growth in the last century.  

Table 2.1 European Commission Thresholds by Enterprise Category 
 Headcount: Annual Work 

Unit (AWU) 
Annual Turnover Annual Balance Sheet Total 

Medium-sized < 250 
million) million) 

Small < 50 
million) million) 

Micro < 10 
defined) defined) 

 

  

To get an idea of the scope of the Dutch SME sector, on 1 January 2010, 751,408 SMEs were active in the private 

sector of the in total, 827,327 active firms in the Netherlands at that time (see Table 2.2). SMEs were responsible 

for 44 per cent of the total sales of the private sector, of which 80 per cent was realized in the domestic market 

(Overweel and Pleijster, 2010). About 98 per cent of these enterprises were micro- and small, so having 0-49 

employees. About 9,000 enterprises had 50-249 employees, and about 1,800 firms were large firms employing 250 

employees or more. Further, the financial and service sector is by far the largest sector with more than a quarter of 

the total enterprises, followed by construction that is responsible for about 60 per cent of all enterprises, together 

with retail and wholesale. In the Netherlands, R&D is not generally considered an important activity of SMEs, but 

rather something that generally takes place in large firms. The explanation for this is that product life cycles are 

becoming shorter and batch sizes continue to decline (AWT, 2003). As a result, smaller firms are generally unable 

to afford R&D activities. Increasingly, cooperation with other firms, research institutions and other knowledge 

institutions is therefore considered an effective alternative for SMEs. In the next section, the relation between 

entrepreneurship and innovation will be discussed in more detail. 
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Table 2.2 Number of Dutch SMEs in the private sector in 2010, by sector and size  

Sector 0-49 employees 50-249 employees > 250 employees Total 
Industry 45,783 2,134 507 48,423 
Construction 107,520 904 152 108,576 
Wholesale 62,801 1,221 153 64,175 
Retail 74,658 468 129 75,255 
Car sector 24,054 232 30 24,317 
Catering 34,324 209 36 34,569 
Transport and communication 28,282 788 142 29,214 
Financial and service sector 206,511 2147 498 209,156 
Personal services 71,744 619 104 72,467 
Other private sector 85,130 118 8 85,256 
Total private sector 740,807 8,840 1,759 751,408 
Total*  813,059 11,380 2,887 827,327 
Note: Private sector including government, care, mineral extraction and rental and operation of real estate 
Source: EIM (2011). 
 

2.3.2 SMEs, innovation and growth 

 

Over time, different economic theories have supported the idea that entrepreneurship and innovation are 

essential for spurring economic growth. However, while some regions in different parts of the world manage to 

enter into a cycle of development and growth, many others fail to do so. When looking at the academic literature, 

the growth process may be subdivided into three essential stages of growth: the institutional stage; the 

entrepreneurial stage; and the innovative stage (van Hemert, 2008). Stage 1 refers to the literature that argues 

that the success of a transition process depends on the emergence of institutions to support long-term investment 

and risk-taking (Amsden et al., 1994). In Stage 2, the importance of the entrepreneur, especially in this particular 

stage of the economic growth process, is in particular recognized by Kirzner (1982). He states that it is not the 

government, but the entrepreneur who is able to bring about economic growth. This idea is also supported by later 

academic literature on the subject (Acs, 1992; Carree and Thurik, 1998; Wennekers and Thurik, 1999; Audretsch 

and Thurik, 2000; Easterly, 2001). Finally, Stage 3 refers back to the ideas of Schumpeter (1934) about the 

entrepreneur as innovator, or a key figure in driving economic development. In this stage, growth becomes a self-

reinforcing process, where entrepreneurial discoveries create new opportunities (Holcombe, 1998). In this stage, 

the government plays a modest role. The government only creates seedbed conditions for successful 

entrepreneurial performance, by means of investments in R&D, education, training and knowledge centres, and so 

on  (Nijkamp, 2003). 

 The Global Entrepreneurship Monitor (GEM), which measures individual involvement in venture creation 

as opposed to firm-level data, also examines groups of economies at similar development levels. GEM 

distinguishes between three economic groups: factor-driven; efficiency-driven; and innovation-driven economies 

(see Figure 2.1). In the first group, basic requirements are met. As an economy develops, productivity increases, 

and, consequently, so does per capita income. This is often accompanied by the migration of labour across 

different economic sectors. In their early stages of development, economies typically have a higher proportion of 
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necessity-driven activities. Here, demand for jobs in high-productivity sectors outpaces supply. GEM also starts 

from the assumption that in their first stage all necessary institutional foundations are laid down. In their second 

stage, the growth of the productive sectors goes hand in hand with a reliance on the economic and financial 

institutions created during the developing phases. To the extent that these institutions are able to accommodate 

and support opportunity-seeking entrepreneurship activity, innovative entrepreneurial firms may emerge as 

significant drivers of economic growth and wealth creation, according to GEM. 

 

 

Figure 2.1 Characteristics of economic groups and key development focus  
Source:  GEM Global report (2010). 
 

 

In 2010, GEM surveyed over 175,000 people in 59 economies. These 59 economies represent the largest 

sample of GEM yet, and are also the most geographically and economically diverse group surveyed. Together, the 

group covers over 52 per cent of the world’s population and 84 per cent of the world’s GDP. As both Figure 2.1, 

and Figure 2.2, show, GEM groups the participating economies into three levels: factor-driven, efficiency-driven, 

and innovation-driven. These are based on the World Economic Forum’s (WEF) Global Competitiveness Report 

(GEM, 2011), which identifies  three phases of economic development based on GDP per capita and the share of 

exports comprising primary goods. According to Table 2.3, the Netherlands is among the innovation-driven 

economies. The country scores above average for most of the listed entrepreneurship activities, except for 

discontinuation of businesses. GEM considers this an important measure to track the number of individuals who 

have discontinued a business in the last 12 months, and as such can be considered as a component of 

entrepreneurial dynamism in an economy. In other words, as new businesses emerge to introduce novel ideas into 

their economies, those that no longer create value for their stakeholders would be expected to close. Those 

Factor-Driven 

 From subsistence 
agriculture to 
extraction of 
natural resources, 
creating regional 
scale-intensive  
agglomerations. 
 
 
 
 Basic 
Requirements 

Efficiency-Driven 

 Increased 
industrialization 
and economies of 
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dominate, but 
supply chain 
niches open up for 
small and medium 
enterprises. 
 
 
 Efficiency 
Enhancers 

Innovation-Driven 

 R&D knowledge 
intensity and 
expanding service 
sector. Greater 
potential for 
innovative 
entrepreneurial 
activity. 
 
 
 
Entrepreneurship 
Conditions 
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individuals selling or closing their businesses may once again benefit their societies by re-entering the 

entrepreneurship process. In innovation-driven economies, important reasons for discontinuing the business are 

retirement, opportunity to sell, and an exit planned in advance. In the Netherlands, these opportunities exist less 

frequently. In efficiency-driven economies, problems obtaining finance has a very high negative score, while, in 

factor-drive economies, incident and personal reasons such as illness or civil unrest score relatively high. 

 
Table 2.3 Entrepreneurial activity in the 59 GEM countries in 2010, by phase of economic development 
 Nascent 

Entrepre- 
neurship 
rate 

New 
Business 
Ownership 
Rate 

Total Early-
stage 
Entrepre- 
neurship 
Activity 
(TEA) 

Established 
Business 
Ownership 
Rate 

Discontinua
tions of 
Businesses 

Necessity 
Driven (% 
of TEA) 

Improve
ment-
Driven 
opportun
ity (% of 
TEA) 

Factor-Driven Economies 
Angola 13.6 19.1 32.4 8.6 19.9 36 30 
Bolivia 28.8 14.0 38.6 18.2 9.0 17 57 
Egypt 2.1 4.9 7.0 4.5 3.8 53 25 
Ghana 10.7 24.6 33.9 35.5 25.7 37 35 
Guatamala 8.3 8.4 16.3 6.6 3.9 15 28 
Iran 4.8 7.8 12.4 12.2 7.3 38 39 
Jamaica 5.5 5.1 10.5 6.9 8.1 42 39 
Pakistan 6.6 2.7 9.1 4.7 2.6 41 39 
Saudi Arabia 5.9 3.5 9.4 3.9 3.8 10 75 
Uganda 10.6 22.0 31.3 27.7 27.4 50 34 
Vanuatu 31.2 28.2 52.2 23.2 22.0 38 24 
West Bank and Gaza 
Strip 

7.9 2.6 10.4 2.0 5.7 32 33 

Zambia 17.3 17.1 32.6 9.6 23.5 32 41 
Average (unweighted) 11.8 12.3 22.8 12.6 12.5 34 38 
Efficiency-Driven Economies 
Argentina 7.0 7.4 14.2 12.4 3.8 36 43 
Bosnia Herzegovina 4.1 4.1 7.7 6.6 4.7 47 30 
Brazil 5.8 11.8 17.5 15.3 5.3 31 46 
Chile 11.1 6.1 16.8 6.0 5.6 29 53 
China 4.6 10.0 14.4 13.8 5.6 42 34 
Colombia 8.6 12.7 20.6 12.2 5.1 40 41 
Costa Rica 10.4 3.6 13.5 4.8 2.0 32 38 
Croatia 3.8 1.9 5.5 2.9 4.5 32 49 
Ecuador 10.4 11.5 21.3 14.7 7.2 28 45 
Hungary 4.6 2.6 7.1 5.4 2.9 20 43 
Latvia 5.6 4.2 9.7 7.6 4.2 27 51 
Macedonia 4.4 3.6 8.0 7.6 3.7 59 23 
Malaysia 1.4 3.6 5.0 7.9 1.9 12 41 
Mexico * * * * 5.9 * * 
Montenegro 12.0 3.1 14.9 7.8 7.3 37 38 
Peru 22.1 6.0 27.2 7.2 9.2 21 47 
Romania 3.3 1.1 4.3 2.1 2.6 31 47 
Russia 2.1 1.9 3.9 2.8 0.8 32 30 
South Africa 5.1 3.9 8.9 2.1 4.8 36 31 
Taiwan 4.7 3.8 8.4 7.2 3.7 30 48 
Trinidad and Tobago 8.9 6.4 15.1 8.5 2.9 14 47 
Tunisia 1.7 4.4 6.1 9.0 4.1 24 48 
Turkey 3.7 5.1 8.6 10.7 4.6 37 47 
Uruguay 7.8 4.1 11.7 7.2 3.5 26 54 
Average (unweighted) 6.7 5.2 11.7 7.6 4.4 31 42 
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Innovation-Driven Economies 
Australia 3.9 4.0 7.8 8.5 2.7 19 59 
Belgium 2.3 1.4 3.7 2.7 2.0 10 54 
Denmark 1.8 2.2 3.8 5.6 1.7 8 54 
Finland 2.4 3.4 5.7 9.4 1.8 18 54 
France 3.7 2.3 5.8 2.4 2.5 25 56 
Germany 2.5 1.8 4.2 5.7 1.5 26 48 
Greece 2.0 3.5 5.5 14.8 3.4 28 39 
Iceland 7.4 3.3 10.6 7.4 3.4 7 68 
Ireland 4.4 2.6 6.8 8.6 2.3 31 33 
Israel 3.2 2.6 5.7 3.1 3.8 29 54 
Italy 1.3 1.0 2.3 3.7 1.6 13 55 
Japan 1.5 1.8 3.3 7.4 1.5 36 47 
Republic of Korea 1.8 4.8 6.6 11.2 1.6 39 49 
Netherlands 4.0 3.4 7.2 9.0 1.4 8 64 
Norway 4.4 3.4 7.7 6.7 2.6 15 74 
Portugal 1.8 2.8 4.5 5.4 2.6 22 52 
Slovenia 2.2 2.4 4.7 4.9 1.6 16 54 
Spain 2.2 2.1 4.3 7.7 1.9 25 42 
Sweden 2.3 2.6 4.9 6.4 2.9 13 72 
Switzerland 2.0 3.1 5.0 8.7 2.4 14 60 
United Kingdom 3.2 3.3 6.4 6.4 1.8 11 43 
United States 4.8 2.8 7.6 7.7 3.8 28 51 
Average (unweighted) 3.0 2.8 5.6 7.0 2.3 20 54 
Source:  GEM Global report 2010 (2011). 

  

So although the New Business Ownership Rate is relatively high in the Netherlands and as such similar to 

an innovative country like Finland, the GEM analysis also indicates that entrepreneurial dynamism in the 

Netherlands may not be optimal, as Discontinuations of Businesses is 1.4, and thus 2.4 lower than the United 

States. Further, besides a good entrepreneurial climate, investment in R&D is important for the development of 

new knowledge and skills. According to the definition of the OECD (2002), research and experimental development 

(R&D) comprise creative work undertaken on a systematic basis in order to increase the stock of knowledge, 

including knowledge of man, culture, and society, and the use of this stock of knowledge to devise new 

applications. An R&D questionnaire of Statistics Netherlands shows that in the Netherlands R&D is mainly an 

activity of the larger firms (CBS, 2010). Table 2.4 indicates that large firms (> 250 employees) are responsible for 

the majority of R&D expenditures in the Netherlands. In 2008, about 76 per cent of the R&D expenditures was 

made by large firms, while in total the group of large firms comprises only about 12 per cent of the total of R&D 

firms. Further, the majority of R&D personnel (62 per cent) in 2008 was active in large firms, and only a minority of 

R&D personnel were employed by small firms. Micro firms were not addressed by the questionnaire.  
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Table 2.4 R&D firms, expenditures and personnel by firm size 
 2005  2006  2007  2008  
 number % of total number % of total number % of total number % of total 
R&D firms 3698 100 3433 100 2676 100 3232 100 
10-49 employees 2037 52 1841 54 1356 51 1776 55 
50-249 employees 1217 31 1151 34 903 34 1057 33 
> 250 employees 444 18 441 13 417 16 399 12 
 x € million % of total x € million % of total x € million % of total x € million % of total 
R&D expenditures 5169 100 5480 100 5495 100 5281 100 
10-49 employees 466 9 421 8 380 7 393 7 
50-249 employees 935 18 992 18 856 16 865 16 
> 250 employees 3769 73 4068 74 4259 78 4023 76 
 fte % of total fte % of total fte % of total fte % of total 
R&D personnel 48.587 100 52.841 100 49.246 100 48.250 100 
10-49 employees 8.755 18 8.694 16 6.628 13 7.597 16 
50-249 employees 11.079 23 14.356 27 10.332 21 10.713 22 
> 250 employees 28.753 59 29.791 56 32.287 66 29.940 62 
Source:  CBS (2010). 

 Investments in R&D are an important input indicator for innovation and economic vitality for researchers 

and policy makers. This does not mean that R&D data give a full picture of the innovation in a country or sector 

(CBS, 2010). In Chapter 3 further attention will be paid to the differences in innovation data between the 

Netherlands and other EU countries and the difficulties that may arise in the interpretation of such data. Broadly, 

R&D is an input indicator that is clearly related to technological renewal. The contribution to the actual realization 

of innovations is much more difficult to measure. High R&D expenditures or a large share of R&D personnel is not 

necessarily a guarantee for successful product or process innovation. Further, firms can also be innovative without 

their own R&D. There are also other sources for technological changes, such as learning-by-doing. This form of 

innovation is not covered by the strict definition of R&D, in which the development of new knowledge is central  

(OECD, 2002). In particular, it seems an important form of innovation for the smaller firms who are generally 

unable to afford R&D activities. For the development of the framework, this study therefore specifically focuses on 

a broad array of sources of innovation that are identified by the innovation literature. In the remainder of this 

chapter, an attempt will be made to frame the most important alternative sources of innovation for further 

analysis of the exact working of learning processes and networking in innovative SMEs. 

 

2.4 Innovation in SMEs 
 

 So, how exactly does innovation ‘evolve’ in SMEs according to the existing theories that were discussed in 

Section 2, and how can this process be framed? Due to lack of financial and human capital resources, SMEs (and in 

particular new, micro- and small firms) are for a large part dependent on external (informal) sources for knowledge 

acquisition. Therefore, the focus of study is not necessarily on the process of adoption of technologies, but 

increasingly on the various factors of the process of knowledge creation. In particular, labour capabilities in the 
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form of tacit knowledge and creativity of firms are in this respect regarded as the key competitiveness factors (see 

Figure 2.2). Tacit knowledge plays a key role in the process of innovation in SMEs, because innovation is based on 

the capability to informally search for a solution to local problems together with other partners. Tacit knowledge in 

this respect is the opposite of codified knowledge, i.e. the stock or the resource that can be transferred between 

persons through language and between firms within markets. The key characteristic of tacit knowledge or ‘know-

how’ is that it is embedded in people and linked to the process of learning. Thus, tacit knowledge can be 

interpreted not as a resource, but rather as a complex set of competences or capabilities to use available resources  

(Cohen and Levinthal, 1990; Abramowitz and David, 1996; Nonaka and Konno, 1998; Lawson and Lorenz, 1999; 

Rizzello, 1999; Cohendet and Steinmueller, 2000; Howells, 2002; Akbar, 2003; Wink, 2003; Grabher, 2004; Zook, 

2004; Ferlie et al., 2005; Handly et al., 2006; Amin and Roberts, 2008; Duguid, 2008). A key form of tacit knowledge 

in the process of innovation is represented by creativity (Florida, 1995; Asheim and Clark, 2001; Wink, 2007; 

Asheim et al., 2007; Florida et al., 2007). Creativity is based on imagination and pattern-making that establish new 

connections between pieces of information and knowledge. Creativity requires exploration, social interaction, and 

a wide set of connections, allowing sharing, transforming, retaining, and creating knowledge. It is generally based 

on joint work and it implies reflexivity, contestation, negotiation and problem solving. It may be hindered by the 

lack of required competences within the local economy, leading to a situation of lock-in (often due to a too strong 

focus on existing routines). Creativity is often associated with artists, but it is also crucial both in the elaboration of 

new theories by a scientist, who can combine existing codified knowledge in an original way, and within firms, 

where it indicates the ability to combine different information, technologies and capabilities in a creative way to 

solve specific problems in different localized contexts. The combination of knowledge in different fields in turn 

requires the interaction between actors having different competences. Increasingly, the assumption is gaining 

ground that creativity in high-tech sectors requires large investments in R&D, while in the majority of the SME 

sector creativity requires networks and informal interaction, leading to interactive learning between SMEs. Aslo, 

for financing and material, SMEs are considered primarily dependent on their external environment. This 

interaction is considered to take place primarily on a local level. The literature on the concept of regional 

innovation systems (RIS) argues convincingly that the regional and local levels constitute important arenas for 

innovation (Autio, 1998; Cooke et al., 2000; Asheim and Gertler, 2005). In the literature, three subsystems are 

discerned that shape interaction between firms and other organisations on a regional level (Trippl and Tödtling, 

2007; Trippl, 2010): a subsystem of knowledge generation and diffusion (knowledge infrastructure dimension), 

which includes R&D institutes, educational bodies and technology transfer organisations; a subsystem of 

knowledge application and exploitation (business dimension), which is made up of the companies located in the 

region (see, for instance, Autio, 1998); and the regional policy subsystem (governance dimension), which can 

promote regional competitiveness by fostering innovation, networks and clusters (Asheim et al., 2003; Nauwelaers 

and Wintjes, 2008).  
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Figure 2.2 Key factors influencing innovation performance in SMEs 

The process of knowledge creation also depends on the capability to combine different pieces of previous 

knowledge in an original way. Cappellin and Wink (2009) describe it as the need for high connectivity, which is 

defined by them as a positive combination of both high accessibility to different knowledge sources and adequate 

receptivity, in order to be capable of interpreting and using them in an appropriate way (see Figure 2.3). 

Accessibility, on the one hand, is for the most part related to geographical distance, but, on the other hand, also to 

the existence of other obstacles that may increase the transaction costs between the firms or the regions. In 

particular, Porter (1998) highlighted the geographical proximity (also known as spatial proximity) of the firm. 

Geographical proximity is believed to facilitate the exchange of knowledge. It is more difficult to transfer tacit 

knowledge between distant agents, as it requires personal contacts and a deep reciprocal knowledge and trust. 

However, in some cases the lack of geographical proximity may be compensated by an adequate organizational 

and institutional proximity, which may allow the transfer of tacit knowledge over large distances within 

organizations and institutions. Institutional proximity further takes the form of rules, codes, and norms of 

behaviour that facilitate cooperation among actors. Institutional proximity assists economic actors (individual 

people, firms and local institutions) to better develop institutional and organizational forms which support 

interactive learning processes. The background to this form of proximity is that the government determines to a 

large extent the institutional context in which other organizations operate, but is also responsible for important 

societal tasks in the area of education, scientific research, public information, and regulation. Receptivity, on the 

other hand, is related to the internal capabilities of the firms and the regional economy considered, with respect to 

the level of education, previous experience, and the availability of know-how. In SMEs, interactive learning is often 

stimulated through networks and informal interaction, on the condition that this is accompanied by an adequate 

investment by SMEs in the time and human resources required for the design of innovative productions and the 

organization of the latter in cooperation with other firms. A positive combination of accessibility and receptivity is 

Knowledge 
infrastructure 
dimension  

Business 
dimension 

Governance 
dimension 

 
Innovation 

SME 
labour 

capabilities 



28 
 

considered a prerequisite to achieving economic integration and synergy between firms and regions. A lack of 

accessibility and receptivity can even lead to a situation of closure and stagnation, which may be defined as a ‘lock-

in’ effect, referring to the extreme specialization of the product environment whereby the specific needs of the 

dominant industrial branch are the sole focus point (Boschma and Lambooy, 1999). A mixture of relationships may 

avoid lock-in. Overall, the innovation literature suggests that a firm with a network consisting of both market 

relationships (keeping social distance) and embedded relationships (involving social proximity) will have higher 

innovative performance (Uzzi, 1997). In this respect, social proximity is believed to encourage a social and open 

attitude of communicative rationality, rather than a pure calculative and narrow market orientation towards 

minimizing costs (Lundvall, 1993). This is considered to increase the creativity process. 

 

Figure 2.3 Key conditions necessary for innovation identity  

A recent study by Cappellin and Wink (2009) shows that those SMEs that are able to change their 

strategies towards new and diversified markets or intensify their strength in niche markets are characterized by 

higher rates of further education than other SMEs. In this respect, they suggest that new structural requirements 

require skills that help to create linkages between the SMEs and suitable partners, or between incumbent markets 

and new strategic sales market options. Consequently, they argue that the importance of further education, or 

explicit knowledge not only inside the SME but also within external modules increases. On this basis, it can be 

assumed that for SMEs further education will increase identity, interaction and combination, which are 

comparable to the organizational processes defined for absorptive capacity: namely, recognition, acquisition, 

assimilation, transformation, and exploitation of new knowledge (see Figure 2.4). Cohen and Levinthal (1990) 

propose recognizing the value, i.e. identity, as the first component of absorptive capacity based on evidence that, 
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without prior knowledge, organizations are not able to evaluate the new information and, thus, fail to absorb it. 

Absorptive capacity refers to the ability to assimilate and manage knowledge in order to improve innovation 

performance and competitive advantage, and has been analysed in a number of empirical contributions (for an 

overview, see Zahra and George, 2002; Doring and Schnellenbach, 2006). The literature distinguishes between 

potential (acquisition and assimilation) and realized (transformation and assimilation) absorptive capacity (Zahra 

and George, 2002). Both aspects are important for understanding the impact of absorptive capacity of firms, but 

they depend on different firm endowments and transmission channels. Potential absorptive capacity depends on 

the availability of relevant knowledge sources and the type of cooperation partners the firm has access to, while 

realized absorptive capacity depends on the degree of appropriability of the relevant technology (Abreu et al., 

2008). Less innovative firms, it is argued, often fail to identify and absorb valuable new external knowledge 

because they are hampered by their embedded knowledge base, rigid capabilities, and path-dependent 

managerial cognition (Gavetti and Levinthal, 2000; Helfat, 2000; Langois and Steinmuller, 2000; Leonard-Barton, 

1992; Tripsas and Gavetti, 2000). The valuing of new external knowledge is thus not automatic, but is biased and 

needs to be fostered to allow the absorption to begin at all. In Figure 2.4 these organizational processes are 

defined as: presence of the ability to identify innovation possibilities; interaction between actors for innovation 

purposes; and combination, which refers to the actual ‘construction’ process and absorptive capacity components, 

such as assimilation and transformation, that are necessary for the actual development of an innovation.   

 

Figure 2.4 Key conditions necessary for innovation exploitation 
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Finally, for SMEs in a dynamic environment, the creation of value and of new knowledge depends on the 

integration of the knowledge acquired from many other firms, and the speed of innovation depends on the 

interaction between a plurality of actors (see Figure 2.5). In the ideal case, there are intensive interactions and a 

circulation of knowledge, resources and human capital within and between these subsystems, giving rise to 

systemic innovation activities in the region. Knowledge is channelled by formal and informal institutions: for 

instance, within the firm in the context of inter-firm networks, or by forms of cooperation between private agents 

and public institutions. The reason for this is that knowledge cannot be effectively coordinated by conventional 

markets, particularly in the case of tacit knowledge. Therefore, transactions between organizations and individuals 

have to be mediated by non-market methods, primarily through networks and other forms of arrangements and 

procedures, which build trust and work to limit the damaging consequences of asymmetric information. Policy also 

plays an important role here: for example, by supporting clusters in order to reduce transaction costs or stimulate 

cooperation between actors in order to increase knowledge combination. So, the diffusion of knowledge and the 

creation of innovation in a specific network or sectoral/ regional/national innovation system depend on the 

‘institutional thickness’ of the innovation system to be considered (Capello, 1999, 2009a; Capello and Faggian, 

2005). Regional governments are required to attract external investments, to coordinate large strategic projects, 

and to promote the birth of new firms and entrepreneurial capabilities. Local authorities are required for effective 

territorial planning and for the creation of efficient transport and logistic infrastructures. Local credit institutions 

are required for the financing of innovative projects by existing firms, and to enhance the creation of new firms. 

Local education institutions, such as vocational training and university institutions, are required for the 

identification of the labour skills required by new technologies, and for maintaining the traditional productive skills 

in a given territory. Labour agencies or trade unions are specialized institutions that are required for the effective 

management of the local labour markets and to facilitate the interaction between the supply and the demand of 

labour, the wage negotiation procedures and the management of the ‘welfare’ system. Chambers of commerce 

and industry associations are major partners in promoting a regional innovation system and in the identification of 

the strengths and weaknesses, as well as of the strategic lines of competitiveness and development. Finally, the 

local and regional authorities may encourage constructive interactions between firms and discourage 

opportunistic behaviour by supporting institutions that promote their collective interest. They may provide 

financial and technical support to companies, specialized infrastructures, information systems, or training 

programmes for particular industries. 
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Figure 2.5 Model to be tested: innovation as a continuous and interactive learning process 

 

2.5 Discussion 
 

The idea that institutions, organizations, and policies are endogenous to the economic system, and thus 

can help explain both economic development and economic stagnation, is not new. New institutional economics, 

game theory systems dynamics, and economic and business history, for example, all elaborate on this (Aoki, 2007; 

Chandler, 1962, 1977; Williamson, 1985). It was adopted by evolutionary and institutional economists like March 

and Simon (1993), Nelson and Winter (1982), Hodgson (1993, 1999), Lazonick (1994), Nelson (2005), and Witt 

(1993), and developed into a major current through the systems-of-innovation approach in the late 1980s (Niosi, 

2010). In these innovation systems, agents (entrepreneurs, as well as inventors and innovators and government 

officials) are believed to be far from possessing perfect information. They try and err, and sometimes they learn 

and correct their behaviour. Learning takes time and resources, and as a result no innovation system will emerge 

overnight either through market processes or through government incentives. Also, the systems are open. They 

receive resources (people, funds, regulation) and information from the wider economic systems of which they 

form part. Further, these national systems are not all equal, yet groups of them do possess similarities (van Hemert 

and Nijkamp, 2010). Thus, ideally one should build a model for each country and for each regional system of 

innovation (RSI) together with each national system, based on past learning experiences and routines. Policies are, 

however, still often based on ‘picking-the-winner’ or ‘one-size-fits-all’ approaches, rather than extensive empirical 

work (Boschma, 2005). 
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Regional growth is increasingly seen as a self-organized response of individual agents in an 

entrepreneurial business environment (Cappello and Nijkamp, 2010; Aghion and Howitt, 1998; Barro and Sala-i-

Martin, 1997). The background is that innovations, i.e. radical or incremental changes in products, services or 

processes, strongly rely on the availability of knowledge. In the literature, knowledge has been particularly 

captured in terms of human capital (Romer, 1986; Lucas, 1988). In this respect, human capital is a means of 

production into which additional investment yields additional output. It is considered to be one of the strongest 

determinants of innovation output (OECD, 2007). A further distinguishing factor is that innovation generally 

requires new knowledge. New knowledge is, however, often not available in codified form and can only be passed 

on through contacts between individuals. In the literature, this is better known as tacit knowledge, which is not so 

much a resource, but a complex set of competences or capabilities to use available resources (Cohen and 

Levinthal, 1989; Abramowitz and David, 1996; Nonaka and Konno, 1998; Lawson and Lorenz, 1999; Rizzello, 1999, 

Cohendet and Steinmueller, 2000; Howells, 2002; Akbar, 2003; Wink, 2003; Grabher, 2004; Zook, 2004; Ferlie et 

al., 2005; Handly et al., 2006; Amin and Roberts, 2008; Duguid, 2008).  It is closely related to creativity, which is 

also essential in the process of innovation (Florida, 1995; Asheim and Clark, 2001; Wink, 2007; Florida et al., 2007), 

and requires the original combination of different ‘specialized knowledge’. Further, tacit knowledge is considered 

the result of interactive learning processes within or between different organizations, whereby the diversity of 

firms’ absorptive capacities determines their ability to access, absorb, and employ external knowledge (Cohen and 

Levinthal, 1990). Finally, routines, order, and a sense of place are a psychological need of the human mind, as they 

help in pattern making and in orienting oneself  (Cappellin and Wink, 2009). 

Various forms of interaction between SMEs occur in the process of innovation, and SMEs are considered 

capable of coordinating their action with that of other actors when they react to external stimuli in an automatic 

way according to specific routines that have been interiorized, have often not been explicitly codified, and are 

based on experience. For SMEs this process is considered more routinized, because of the lack of financial and 

human capital resources. As a result, absorptive capacity is also less likely to rely on more formalized forms of 

absorptive capacity like R&D expenditures (see, e.g., Acs and Audretsch, 1988; Kleinknecht, 1989; Tether, 1998), 

but rather on the SMEs’ internal and relational capabilities, i.e. SMEs’ prior knowledge embodied in human capital 

and individual skills; organizational structure and management practices; and the type and intensity of interactions 

and cooperation with external partners (other firms, universities and other public institutions). Also, absorptive 

capacity can be different for intra-industry knowledge (necessary to capture knowledge from sources within SMEs 

industry), for inter-industry knowledge (for knowledge originating in other industries), and for scientific knowledge 

(for knowledge related to cooperation with universities and public research institutes) (Schmidt, 2005; Abreu et al., 

2008). So far, much of the discussion about innovation processes in SMEs has remained largely theoretical or only 

focused on one specific element of the innovation process of SMEs: namely, the recognition or exploration phase. 

The model illustrated above is designed as a guide for analysing in a structured way the various elements of the 

interactive learning process that are distinguished by the literature, particularly that on SMEs, and aims to also 
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shed further light on the performance and exploitation stage of the innovation process of SMEs. This is meant to 

provide a more complete picture of the interaction and learning that is necessary for innovation in SMEs, and the 

performance of the system. 

 

2.6 Conclusion 
 

 Chapter 2 has introduced the research guiding model, whereby innovation is regarded as a continuous 

and interactive learning process. It is assumed that, due to the lack of financial and, in particular, human capital 

resources of SMEs, they will rely more on relational than on internal resources. Although different organizational 

structures and management practices like reward system and training (Daghfous, 2004) allow an organization to 

stimulate and organize the transfer of knowledge across functions and between individuals (Aghion and Tirole, 

1994; Lam, 2005), the use of networks, external partners and collaboration with others (see, e.g., Nonaka and 

Takeuchi, 1995; Pittaway et al., 2004) is generally considered an important source of knowledge and innovation for 

SMEs. The proposed framework is designed to add to the definition of absorptive capacity and its dimension in the 

literature, where the concept is still fuzzy. It is also aimed to provide handles for policy makers to better address 

SMEs, who innovate differently from large firms, and need to rely more on their behavioural advantages. Finally, 

the framework is designed with the idea to give insight into the knowledge networks that are crucial for innovation 

and firm growth in SMEs by giving insight into the way SMEs translate knowledge into innovations and 

commercialization. The background to the development of the framework is the evolutionary metaphor that the 

growth of an innovation system follows complex dynamics that cannot simply be analysed within a static 

quantitative equilibrium framework. In order to fully understand the complexity of the innovation process and its 

profitability for a firm, and ultimately a region or country, it may be useful to first look at the systematic patterns in 

the competitiveness of the EU Member States and the role of technological and learning capabilities therein.  

 

 

This chapter contains excerpts from a journal article ‘From entrepreneurship to economic growth: a three stage 
approach’ that was published in International Journal of Foresight and Innovation Policy in 2008, as well as from 
the article ‘The role of knowledge sources of SMEs for innovation perception and regional innovation policy’ that is 
forthcoming in Regional Science Policy and Practice (see APPENDIX C for details). 
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CHAPTER 3 

KNOWLEDGE INVESTMENTS, BUSINESS R&D AND INNOVATIVENESS OF 
COUNTRIES: A QUALITATIVE META-ANALYTIC COMPARISON 

 

The relationship between knowledge investments, innovation and competitiveness 
is an important topic in both academic research and economic policy, and has been 
studied extensively over the past decades. Nowadays, investments in private and 
public R&D are believed to be the core of a modern knowledge economy. Chapter 3 
adopts an evolutionary economics perspective, and investigates whether, in 
addition to private R&D activities, institutional support systems and policy 
interventions also play a role in inducing innovation initiatives and creating impacts 
on the performance and competitiveness of industries. This chapter aims to find 
support for the hypothesis that the competitiveness of industries in the 
international arena is sustained by the dynamic interaction between national, 
regional, and sectoral innovation systems. This may provide stakeholders with a 
better understanding of the context in which they operate. Since, according to the 
evolutionary metaphor, the growth of an innovation system follows complex 
dynamics that cannot simply be analysed within a static quantitative equilibrium 
framework, we use here an alternative approach based on qualitative pattern 
recognition analysis originating from artificial intelligence analysis. Besides R&D 
expenditures, human capital expenditures are regarded as the major input in the 
knowledge creation process in the analytical framework presented here. To this 
end, a qualitative causal model that maps out conditional relations between key 
factors in national innovation systems will be described. The focus of the 
investigation is on systematic patterns in the competitiveness of the EU Member 
States, using statistical information on innovation input and output data from the 
European Innovation Scoreboard. The analysis finds support for the hypothesis that 
there are indeed significant interactions between distinct institutional levels, which 
may provide guidance for the strategic orientation of nations and the European 
Union in terms of the emphasis on competitiveness vis-à-vis cohesion. 

 



36 
 

  



37 
 

3.1 Introduction 
 

The study of the relationships between innovation and competitiveness is an important topic in both 

academic research and economic policy. The mainstream R&D spillover approach is most common in the 

economics literature  (Romer, 1986; Aghion and Howitt, 1992; Nadiri, 1993). In this approach, the key aspect of the 

innovative process is the R&D activity undertaken by private firms. The focus of policy making is, first and 

foremost, on the level of R&D expenditures of private firms, and the rationale is to create an appropriate system of 

incentives and resources to stimulate the production of new technological knowledge by economic agents. Policies 

especially focus on the support of the innovativeness and competitiveness of advanced regions, in the hope of 

strengthening regional harmonization. Evolutionary economists, on the other hand, especially emphasize the 

sector-specific nature of innovation and investigate its impact on the competitiveness of different systems of 

innovation (Nelson and Winter, 1977; Freeman et al., 1982; Dosi, 1988; Devezas, 2005). In particular, they point to 

the great importance of the characteristics of the national or local system of innovation in shaping sectoral 

innovation, and claim that the co-evolution of national and sectoral systems is a major factor to drive international 

competitiveness (Mowery and Nelson, 1999; Murmann and Homburg, 2001; Malerba, 2005). A similar process is 

visible between regional and sectoral systems of innovation. This chapter aims to research whether the economic 

environment does indeed play such a seminal role, and whether policies should, as a result, be targeted more 

towards the specific characteristics and needs of different national and regional systems. In Europe, innovation 

policy initiatives are still largely pursued in parallel on a national and regional level (Kuhlmann and Edler, 2003). 

This layer structure has left open a governance gap of poor integration and coordination. Clearly, the process of 

catching up is more complex than envisaged in economic theory, and requires a complementary development of 

capabilities, skills, and institutions (Sharp, 1998). Deeper understanding of national and regional systems of 

innovation is necessary to better target national innovation programmes, and improve the complementary 

integration and coordination of regional innovation programmes.  

This study aims to find support for the idea that sectoral innovation is shaped by the characteristics of the 

national system of innovation, and vice versa, as well as by regional systems of innovation. National institutional 

support systems and policy interventions are considered to be a major channel of interaction, and therefore have a 

central position in our analytical framework. The main focus is on R&D and human capital expenditures. R&D 

expenditures are central because of the major input that they provide in the knowledge creation process. In 

addition, the strong focus in the literature on the knowledge infrastructure of the economy and its ability to 

sustain the formation of human capital and learning capabilities of all economic agents seem to point to the special 

importance of human capital for innovation performance. Exploring national expenditures on R&D and human 

capital may tell us something about the particularities of national institutional support systems and their level of 

competitiveness, especially when it is compared with the real GDP growth of the countries under study. At the 

same time, the performance of national systems may give us deeper insight into the regional characteristics of 
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innovative activities, i.e. the tacitness of the knowledge base, the existence of public resources, and the regional 

cumulativeness of European regions. For this goal, we use rough set analysis, which is a more recent classification 

method of an ‘if-then’ nature, originating from the artificial intelligence literature  (Pawlak, 1991; Slowinski, 1993; 

Polkowski and Skowron, 1998). Rough set analysis is especially interesting here because it does not so much study 

the interactions of the factors but rather offers a classification of European countries on the basis of the 

relationships between input and output factors of the innovative process in different sectors of the economy. It 

can in this respect be especially helpful in discovering qualitative causality patterns in national and regional 

innovation systems. Such an approach may shed new light on innovation and competitiveness research and policy.  

 After a brief description of innovation and competitiveness according to evolutionary economics, rough 

set analysis will be introduced as an alternative framework for measuring the innovativeness of the 27 EU Member 

States. By doing this, this study hopes to answer the question: What, given that R&D activities constitute a major 

factor in sustaining the international competitiveness of industries, determines sectoral, regional and national 

differences in innovativeness? As the different strands of research within evolutionary economics have not agreed 

upon a standard set of models, methodology and stylized facts, this research will solely explore country and 

regional (here: sets of countries) differences in innovativeness in the manufacturing and services sectors. By doing 

this, this chapter aims to test the policy recommendations in the evolutionary framework, and hopefully gain some 

further insight into the complex set of factors of an economic, institutional, and historical nature for further 

theoretical and analytical research. 

 

3.2 R&D expenditures and the role of human capital 
  

It is widely accepted that technology and technological advances are a key component of innovation and 

economic growth  (Grossmann and Helpman, 1994). There is less of a consensus, however, regarding the capacity 

of different countries to profit from technology and investments in R&D. Different Schumpeterian strands of 

research indicate that, in a long-run perspective, the international competitiveness of industries is robustly related 

to two major factors: namely, their own innovative activities, and the inter-sectoral diffusion of advanced 

knowledge. The first is inspired by a traditional view of economic policy based on a market-oriented approach, 

while the second evolutionary-based view is consistent with the idea that institutional arrangements and policy 

interventions also play a fundamental role in shaping innovation patterns and their impacts on the 

competitiveness of industries (Castellacci, 2008). In this study, we aim to explore this institutional-dynamic 

hypothesis a bit further by investigating patterns in the competitiveness of the EU Member States. When looking 

at current EUROSTAT data of the 27 EU countries, overall expenditure on R&D as a share of GDP has risen since the 

mid-1990s (see Table 3.1), mainly reflecting increases in R&D activity in the business sector and higher education 

that account for most of the expenditure in this area in most EU Member States. With 3.73 and 3.45 per cent of 

GDP in 2006, respectively, Sweden and Finland invest most in technology. They are also among the ‘traditional’ EU 
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Member States with the highest growth rates in 2006, together with Ireland and Luxembourg. Between 1998 and 

2006 the ‘size’ of the public sector decreased slightly in approximately half of the EU Member States. Real GDP 

growth rates show that economic growth experienced a decrease in 2001, after which rates started to rise again, 

thereby generally exceeding 1998 growth rates. Further, in Table 3.1, in particular, there appears to be a general 

rise in R&D expenditures on higher education, apart from in the Netherlands and Poland. These countries also 

experienced a decline in business R&D together with Belgium, France, Romania, Slovakia, and the UK.  

 

Table 3.1 Research and development expenditures by sector as a share of total spending in EU Member States, 
1998, 2002 and 2006 (% of GDP) 
 A 

Business 
B 
Government 

C 
Higher 
education 

A+B+C Real GDP growth rate 
(% change from 
previous year) 

1998 2006 1998 2006 1998 2006 1998 2006 1998 2002 2006 
Austria 1.12 1.66 0.11 0.13 0.52 0.65 1.77 2.49 3.6 1.6 3.4 
Belgium 1.32 1.24 0.11 0.16 0.40 0.41 1.86 1.83 1.7 1.5 2.8 
Bulgaria 0.11 0.12 0.43 0.31 0.03 0.05 0.57 0.48 4.0 4.5 6.3 
Cyprus 0.03 0.09 0.12 0.12 0.05 0.18 0.22 0.42 5.0 2.1 4.0 
Czech 
Republic 

0.74 1.02 0.29 0.27 0.11 0.25 1.15 1.54 -0.8 1.9 6.8 

Denmark 1.32 1.62 0.29 0.16 0.41 0.63 2.04 2.43 2.2 0.5 3.9 
Estonia 0.11 0.51 0.14 0.15 0.32 0.46 0.57 1.14 5.4 8.0 11.2 
Finland 1.92 2.46 0.36 0.32 0.56 0.65 2.86 3.45 5.2 1.6 4.9 
France 1.33 1.32 0.40 0.36 0.38 0.38 2.14 2.09 3.5 1.0 2.2 
Germany 1.54 1.77 0.33 0.35 0.4 0.41 2.27 2.53 2.0 0.0 2.9 
Greece 0.12(a) 0.17 0.11(a) 0.12 0.23(a) 0.27 0.45(a) 0.57 3.4 3.9 4.2 
Hungary 0.26 0.48 0.18 0.25 0.17 0.24 0.68 1.00 4.8 4.4 3.9 
Ireland  0.89 0.89 0.11 0.09 0.26 0.34 1.24 1.32 8.0 6.6 5.7 
Italy 0.51 0.54 0.21 0.19 0.33 0.33(b) 1.05 1.09(b) 1.4 0.5 1.8 
Latvia 0.08 0.35 0.13 0.11 0.19 0.24 0.40 0.7 4.7 6.5 12.2 
Lithuania 0.01 0.22 0.32 0.18 0.21 0.4 0.55 0.81 7.5 6.9 7.7 
Luxembourg : 1.25 : 0.19 : 0.04 : 1.47 6.5 4.1 6.1 
Malta : 0.34 : 0.03 : 0.18 : 0.54     : 2.6 3.4 
Netherlands 1.03 0.96 0.34 0.24 0.51 0.49(c) 1.90 1.67 3.9 0.1 3.0 
Poland 0.28 0.18 0.21 0.21 0.18 0.17 0.67 0.56 5.0 1.4 6.2 
Portugal 0.15 0.35 0.17 0.12(b) 0.26 0.29(b) 0.65 0.83 4.9 0.8 1.3 
Romania 0.38 0.22 0.09 0.15 0.02 0.08 0.49 0.45     : 5.1 7.9 
Slovakia 0.51 0.21 0.19 0.16 0.07 0.12 0.78 0.49 4.4 4.8 8.5 
Slovenia 0.71 0.96 0.41 0.39 0.23 0.24 1.36 1.59 3.6 3.7 5.7 
Spain 0.46 0.67 0.15 0.20 0.27 0.33 0.87 1.2 4.5 2.7 3.9 
Sweden 2.60(a) 2.79 0.12(a) 0.17 0.74(a) 0.76 3.55 3.73 3.8 2.4 4.1 
United 
Kingdom 

1.17 1.10 0.24 0.18 0.35 0.46 1.79 1.78 3.4 2.1 2.9 

Source: EUROSTAT. 
(a) 1997 instead of 1998. 
 (b) 2005 instead of 2006. 
(c) 2003.  
 (:) Not available. 
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When looking at the expenditures on R&D in Europe in 2006 in more detail, Table 3.2 shows that 

business-financed R&D had the biggest impact on output in most EU countries. Overall, however, the share of total 

government expenditure as a percentage of gross domestic expenditure on R&D (GERD) was still around 40-50 per 

cent in the EU. It would appear from Tables 3.1 and 3.2 that most countries still fall short of the R&D expenditure 

target set by the Lisbon Strategy for Growth and Jobs that was adopted by the European Council in 2000, and 

which requires an annual R&D expenditure of at least 3 per cent of GDP, of which a minimum of two-thirds should 

be generated by the business community. In 2006, only Finland and Sweden were able to meet this target (see: % 

performed by), followed at a distance by Germany, Austria, and Denmark. High-growth countries like Sweden and 

Finland traditionally outspend other EU Member States on R&D expenditures by industry. In contrast, their 

government R&D expenditures are generally low. Interestingly, their higher education expenditures are again 

amongst the highest in Europe. This implies that for high overall growth, not only high business R&D expenditures 

and lower public R&D expenditures seem important, but also high expenditures on higher education. This may be 

related to the growing economic importance of services in Europe. Apparently, the relative economic contribution 

of knowledge-intensive services has been increasing over time, while that of manufacturing has been declining  

(Arundel et al., 2007). In a recent communication of the European Commission (European Commission, 2007), the 

role of services in EU GDP growth is further supported. Overall, then, a combination of high business R&D 

expenditures, low government R&D expenditures and high expenditures on higher education seem to positively 

correlate with high real GDP growth. Further, highly innovative countries like Sweden, Finland and Denmark seem 

to have especially high higher education expenditures. This supports the idea of the important role of human 

capital in the innovation performance of companies, countries and regions. Empirical research indicates that 

raising the average duration of schooling by one year would increase productivity by 8 to 10 per cent in the long 

run (Canton, 2007). 
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Table 3.2 Main science and technology indicators 

 Gross domestic expenditures on R&D 2006 Total 
researchers 
2006 

Million 
current €PPP 
 

% of GERD financed by % performed by All sectors 
 Industry Government Industry Higher 

Education 
Government 

EU (27) : 55.1 33.5 1.17 0.41 0.24 2,318,518 
Austria 257,294.5 48.4 32.3 1.72 0.59 0.13 49,597 
Belgium 316,622.0 61.0 22.4 1.29 0.40 0.15 49,253 
Bulgaria 25,238.2 30.6 61.9 0.12 0.04 0.29 12,033 
Cyprus 14,630.9 15.9 66.5 0.10 0.18 0.12 1,497 
Czech Republic 113,458.5 56.4 39.0 0.97 0.24 0.28 39,676 
Denmark 220,069.4 59.5(a) 27.6(a) 1.66 0.64 0.16 44,095 
Estonia 13,233.6 38.1 44.6 0.50 0.46 0.15 6,221 
Finland 16,7041.0 66.6 25.1 2.48 0.65 0.32 53,273 
France 180,7462.0 52.3 38.5 1.33 0.40 0.35 268,944 
Germany 2,322,200.0 68.5 27.5 1.78 0.41 0.35 406,253 
Greece 213,985.0 31.1(a) 46.8(a) 0.18 0.28 0.12 33,396 
Hungary 90,045.1 43.3 44.8 0.49 0.24 0.26 32,786 
Ireland  174,705.0 53.4 31.9 0.82 0.34 0.08 18,592 
Italy 1,479,981.1 40.4 47.0 0.55 0.34 0.19 137,163 
Latvia 16,046.7 52.7 38.2 0.35 0.24 0.11 7,200 
Lithuania 23,721.4 26.2 53.6 0.22 0.39 0.18 12,013 
Luxembourg 33,853.6 79.7(a) 16.6(a) 1.43 0.04 0.20 2,443(a) 
Malta 5,075.1 45.7 26.8 0.41 0.18 0.03 1,048 
Netherlands 534,324.0 46.3(a) 38.8 1.01 0.64 0.23 65,031 
Poland 272,130.7 33.1 57.5 0.18 0.17 0.21 96,374 
Portugal 155,322.6 43.0 48.6 0.46 0.32 0.11 44,606 
Romania 97,718.4 30.4 64.1 0.22 0.08 0.15 28,637 
Slovakia 44,571.4 35.0 55.6 0.21 0.12 0.16 18,816 
Slovenia 30,453.9 59.3 34.4 0.94 0.24 0.38 8,270 
Spain 980,954.0 47.1 42.5 0.67 0.33 0.20 193,024 
Sweden 313,327.0 63.9 24.5 2.75 0.76 0.17 82,496 
UK 1,912,656.0 45.2 31.9 1.08 0.46 0.17 364,807 
Source: EUROSTAT (2010). 
(a) 2005 instead of 2006. 
 (:) Not available. 
 

Growth, it appears, is driven less by investments in buildings and equipment than by the generation of 

ideas and the accumulation of knowledge  (Aghion and Howitt, 1998; Foray, 2004; Neef, 1998). As a factor of 

production, the stock of human capital has been estimated to be up to three times as large as the stock of physical 

capital in an economy  (Davies et al., 1989). The components of a system of innovation include not only private 

firms and their R&D activities but also public organizations, such as universities, public research institutes, science 

parks, and so on. They play a key role in the innovation system, as they represent the knowledge infrastructure of 

the economy, whereby they sustain the formation of human capital and learning capabilities of all economic 

agents, and enable the accumulation and diffusion of advanced knowledge in the innovation system. In this 

respect, three channels of interaction between sectoral patterns and national systems are considered particularly 

important. Country- and sector-specific technological trajectories and specialization patterns often show continuity 

and persistence over long periods of time  (Archibugi and Pianta, 1994; Dalum et al., 1998; Begg et al., 1999; 
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Laursen, 2000; Cefis and Orsenigo, 2001; Fai and von Tunzelmann, 2001; Laursen and Salter, 2005). Sectoral 

innovative activities and intersectoral knowledge flows contribute to shaping the specialization patterns, 

productivity dynamics, and trade performance of the system of innovation. Secondly, the policy level constitutes a 

major channel of interaction between the meso- and the macro-level. If national policies actively promote core 

industrial areas for a prolonged period of time and neglect others, this policy strategy will affect the entire national 

system of innovation. Also, national policies may directly affect sectoral innovative activities, cooperation patterns, 

inter-sectoral linkages, and university-industry collaborations through a wide variety of incentives, schemes and 

regulations  (Lundvall and Borras, 2005; Mowery and Sampat, 2005). Thirdly, there is a broad range of other 

country-specific factors of a social, institutional and cultural nature that are affected and shaped by the degree of 

trust and cooperation in the system.  

With regard to the process that is visible between regional and sectoral systems of innovation, the 

empirical literature considers two distinct causal mechanisms. The first is called the ‘geography of innovation and 

economic clustering’ (Breschi and Malerba, 2001). This mechanism emphasizes the clustering aspect of innovative 

activities, a process which is developing specifically in successful regions  (Porter, 1990; Narula and Zanfei, 2005). 

Here, the focus is on the cluster in determining success. The ‘regional-systems-of-innovation approach’, on the 

other hand, argues that innovation is primarily shaped by the characteristics of the regions where innovative 

activities are located (Gertler et al., 2000; Cooke, 2001; Tödtling and Trippl, 2005). In this theory, the region is key. 

In particular, three main factors determine the success of innovative activities in this respect  (Asheim and Gertler, 

2005): the tacitness of the knowledge base; the existence of public resources of technological opportunities; and a 

mechanism of regional cumulativeness. First, the tacitness of the knowledge base refers to the localized and 

embedded nature of learning and innovation and the idea that learning through interacting mechanisms and 

vertical linkages frequently requires the geographical proximity of suppliers, producers and users of new 

technologies. Secondly, the existence of public resources further highlights the importance of the availability of 

public facilities and infrastructures (e.g. R&D labs, universities, technical schools), and the strong incentive they 

provide for innovators to locate in advanced regions. Thirdly, regional cumulativeness represents the notion that 

successful regions are better able to attract advanced resources (skilled labour, specialized suppliers, engineers, 

etc.) that will ensure further technological and economic success in the future. The cognitive approach to spatial 

spillovers specifies this idea further by highlighting the construction of knowledge through cooperative learning 

processes, nourished by spatial proximity (atmosphere effects), network relations (long-distance), selective 

relationships, interaction, creativity, and recombination capability (Capello, 2009b). In this approach, the focus lies 

on the ability of local actors to manage information in order to identify and solve problems, or, in the economic 

sphere, to transform information and inventions into innovation and productivity increases through cooperative or 

market interactions. The cognitive success or regional receptivity of a region is the outcome of a combination of 

institutions, rules, practices, producers, researchers and policy makers that make a certain degree of creativity and 

innovation possible  (OECD, 2001). 
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In this study, the term ‘regional’ refers broadly to European Member States with identical innovation 

performance patterns. In order to analyse such regional clusters, one should take into account that there exists a 

strong interaction between national and regional institutional support systems in this respect. On top of the 

national efforts and in parallel with Europe’s economic and political integration, there exists a European innovation 

policy-making system  (Peterson, 1998). This system is officially restricted to and concentrates on the creation of 

‘European added value’  (Kuhlmann and Edler, 2003). This stems from the principles of ‘subsidiarity and European 

added value’, which means that each programme or project has to be justified through trans-border cooperation 

that would not be effectively managed by national administrations and that promises synergy effects not 

attainable within national borders. When we then consider the three factors that determine the regional success 

of innovative activities, the tacitness of the knowledge base, the existence of public resources, and regional 

cumulativeness only exists in the form of Framework Programmes (FPs), Regional Technology Plans (RTPs) or 

intergovernmental initiatives like COST and EUREKA, to name a few European innovation initiatives. The majority 

of public initiatives are still mainly developed in national policy arenas, with a significant relation to the Member 

States’own economy. Even though EU programmes in support of research and innovation have been increasing in 

volume since the end of the 1980s, their actual reach is still considered limited, in particular in larger EU Member 

States  (Kuhlmann and Edler, 2003). As innovation systems appear to have developed in a very country-specific 

way, nationally-rooted innovation systems are essential. However, for European Member States with identical 

innovation performance patterns it may be useful to have a European innovation system that focuses explicitly on 

regional innovation support.  

By comparing the innovativeness of the countries of the EU, explanations may be found for the 

differences in levels of innovativeness in these countries. At the same time, this study aims to trace regional 

innovation performance patterns among the EU Member States. As this research is exploratory, the comparison of 

countries and regions will serve mainly as indicative, i.e. to give an idea of the possibilities for further research in 

this direction. First, however, in the next section, European innovativeness will be discussed in more detail, i.e. 

how it is documented and measured by the European Innovation Scoreboard. Then, the analytical framework will 

be introduced, i.e. the qualitative meta-analysis, and the attributes under study here.  

 

3.3 The European Innovation Scoreboard 
 

 According to  Mairesse and Mohnen (2002), innovation output is viewed as resulting from a process of 

transformation of inputs into outputs. They believe that this linkage can be represented in terms of an innovation 

function and an innovation accounting framework, similar to a production function, on the basis of which changes 

in innovation output between periods, or differences between spatial units can be ascribed to changes or 

differences in the factors of innovation and in the residual that they call ‘innovativeness’, or the unexplained ability 

to turn innovation inputs into innovation output. Thus, innovativeness is to innovation what TFP is to production. 



44 
 

We have applied this notion to our rough set framework. The European Innovation Scoreboard (EIS) (2007) is in 

this respect especially helpful as a data source, because to calculate the Summary Innovation Index (SII), which is 

considered the core of the EIS, 25 indicators covering different aspects of innovation are used: 15 of them are 

innovation input indicators; the other 10 are based on innovation outputs. A selection of input and output 

indicators and dimensions of the scoreboard is used(see Table 3.3). R&D expenditures, in principle, say nothing 

about the output side of the innovation process (Kleinknecht et al., 2001). By analysing their relation to 

employment, however, this study hopes to obtain some insight into the working of R&D on innovation output. As 

R&D is only one out of several inputs, indicators such as S&E graduates, population with tertiary education, ICT 

expenditures on a firm level, and innovation on a firm level are also included in the model. In order to also form a 

picture of the overall innovation performance, and to find out whether the results of the different analyses show 

similarities, innovativeness is estimated by showing the relationship of the five dimensions of the scoreboard (see 

Table 3.3) to overall innovation performance presented in the form of the Summary Innovation Index (SII), which is 

a composite indicator of the 25 measures calculated per country.  

 

Table 3.3 Overview of European Innovation Scoreboard dimensions and indicators used for our rough set 
analysis(RSA) 
European Innovation Scoreboard (2007) 1st RSA 2nd RSA 
INPUT – Innovation Drivers 
S&E graduates (per 1000 population aged 25-64) 
Population with tertiary education (per 100 population aged 25-64) 
Broadband penetration rate (number of broadband lines per 100 population) 
Participation in life-long learning (per 100 population aged 25-64) 
Youth education attainment level (% aged 20-24 with at least upper secondary education)        

 
* 
* 

* 

INPUT-Knowledge Creation 
Public R&D expenditures (% of GDP) 
Business R&D expenditures (% of GDP) 
Share of medium-high-tech and high-tech R&D (% of manufacturing R&D expenditure) 
Share of enterprises receiving public funding for innovation (Community Innovation Survey) 

 
* 
* 

* 

INPUT – Innovation and Entrepreneurship 
SMEs innovating in-house (% of SMEs) 
Innovative SMEs cooperating with others (% of SMEs) 
Innovation expenditures (% of turnover) 
Early stage venture capital (% of GDP) 
ICT expenditures (% of GDP) 
SMEs using organizational innovation (% of SMEs) 

 
 
 

* 
 

* 

* 

OUTPUT – Applications 
Employment in high-tech services (% of total workforce) 
Exports of high technology products as a share of total exports 
Sales of new-to-market products (% of turnover) 
Sales of new-to-firm products (% of turnover) 
Employment in medium-high and high-tech manufacturing (% of total workforce) 

 
* 
 
 
 

* 

* 

OUTPUT – Intellectual Property 
EPO patents per million population 
USPTO patents per million population 
Triad patents per million population 
Community trademarks per million population 
Community industrial designs per million population 

 * 

Note: * = indicators and dimensions selected for our RSA. 
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For a good interpretation of the results it is useful to highlight that the EIS was developed at the request 

of the Lisbon European Council in 2000. The idea behind its creation is that innovation is a priority in all Member 

States, and of the European Commission, but the framework conditions, cultural preferences and political 

priorities are often very diverse in the different Member State Countries. The European Commission has therefore 

been keen to develop a common and political framework for innovation policy in Europe  (European Commission, 

1996). The EIS is developed as a statistical report belonging to the all-encompassing Trend Chart on Innovation in 

Europe. The EIS focuses on high-tech innovation and provides indicators for tracking the EU’s progress towards the 

Lisbon goal of becoming the most competitive and dynamic knowledge-based economy in the world within the 

next decade. The EIS complements the Enterprise Policy Scoreboard and other benchmarking exercises of the 

European Commission. Since the 2000 pilot report, seven full versions of the EIS have been published. Current and 

past versions of the EIS have continuously tried to improve the measurement of innovation performance by 

countries, sectors and regions, reflecting changing perceptions and understanding of the innovation process. The 

list and number of indicators has undergone major changes over time  (European Innovation Scoreboard, 2007). 

Also, although the EIS recognizes the growing role of services innovation, the current statistics are still biased 

towards measuring technological innovation. Further, the EIS provides a composite index, the Summary Innovation 

Index, which summarizes innovation performance by aggregating the various indicators for each country in one 

single number. While this is useful in their ability to integrate large amounts of information, the results strongly 

depend on the choice of indicators and weighting schemes, and can lead to misleading information  (Freudenberg, 

2003; Grupp and Mogee, 2004). For example, the SII transforms each indicator on a relative basis, i.e. each 

indicator is measured relative to the best- and worst-performing country, and, as a result, some of the indicators 

are highly skewed, e.g. patent applications.  

The methodology that is used for the EIS has changed considerably over the years of its existence, which 

supports the representation of innovation as a complex phenomenon where firms can use different models of 

innovation. EIS broadly focuses on three innovation models. First, science-based innovation lies at the basis of the 

EIS. Here, innovation and technological progress are driven by firms by their new scientific discoveries. Secondly, 

the model of user innovation, in which consumers and end users are considered to develop the innovations, is 

considered important. More recently, the model of open innovation has emerged as an important new trend: 

companies can no longer rely on their own research but must instead combine their own ideas and research with 

external research, e.g. by buying licences and other external knowledge. However, at the moment, many of the 

current EIS indicators are better suited to capture science-based innovation. Comparing innovation performance 

across Member States is essential, because it helps uncover the different framework conditions, cultural 

preferences and political priorities of the EU countries. One needs to take into account that countries differ in their 

state of economic development, in their industrial specialization patterns, and in their need for innovation that 

drives their current and future well-being. However, not all countries would benefit from the heavy investment in 

innovation as much as some of the innovation leaders; so other strategies for improving economic well-being may 
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be more realistic for those countries. It is therefore important that differences in the industrial structure between 

countries should be taken better into account. Also, on an analytical level, comparability issues easily arise within 

the EU owing to differences between Member States in methodologies or sampling methods for collecting their 

data. Some of the EIS indicators are subject to national contexts (e.g. what constitutes tertiary education) which 

makes cross-country comparisons difficult. 

In the next section, rough set analysis will be put into practice. First, we conduct a rough set analysis of a 

specific sub-set of innovation indicators, followed by an analysis of the innovation dimensions.  

 

3.4 Rough set analysis of innovation output and performance 
 

3.4.1 Introduction 
 

In order to measure innovativeness in EU Member States, rough set analysis is applied. The conceptual 

foundation of rough set analysis is the consideration that perception is subject to granularity. The mathematical 

machinery is derived from the assumption that granularity can be expressed by partitions and their associated 

equivalence relations with respect to a set of objects (i.e. EU Member States). The objective of the analysis is to 

identify under which conditions certain features (here: innovation input indicators) are necessary to ‘explain’ the 

existence of a feature of the response variable (i.e. innovation output). The rough set approach analyses a set for 

which the classification of a group of certain objects is not entirely certain, by forming decision rules that are 

implication relationships between the description of the condition attributes and that of the decision attributes. It 

basically evaluates the importance of attributes for a classification of objects, reduces all superfluous objects and 

attributes, discovers the most significant relationships between condition attributes, and assigns objects to 

decision classes, and represents these relationships as a set of decision rules called a ‘classifier’. Such rules have 

the potential to reveal new patterns in the data material. In this case, there are different expenditures (direct or 

indirect) that influence innovativeness, but which particular combination of expenditures is more effective and 

creates higher output is unclear. Furthermore, combinations of expenditures are different for different countries, 

and rough set analysis has the ability to classify the limits or boundaries of the countries on the basis of the 

different expenditures. Usually, rough set analysis is used to perform classification analysis on ‘soft’ categorical 

data. Here, a collection of data from the EIS will be used. In the light of the guidelines of the Oslo Manual  (OECD, 

1992), under which statistical agencies have started conducting surveys that directly ask firms about their 

innovations, rough set analysis may be especially interesting as it is also able to process qualitative data, for 

example, dealing with yet-to-be-developed indicators dealing with knowledge or technology diffusion. These are 

indicators that may be less easily captured in quantitative measures.  
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Rough set analysis basically places objects into equivalence classes using available attributes that act as 

equivalence relationships for the objects considered. Objects in the same equivalence class are indiscernible 

(indistinguishable). A class that contains only indispensable equivalence relationships (attributes) is called the core. 

An attribute is indispensable if the classification of the objects becomes less precise when the attribute is left out. 

A set is termed ‘rough’ if it is not equal to a union of elementary sets. The decision rules that rough set specifies 

are of an ‘if-then’ nature. These rules are the outcome of prior knowledge of reality that is represented in an 

information table. This information table is a matrix (objects in rows, and attributes in columns) that contains the 

values of the attributes of all the objects. Vollet and Bousset (2002) formulate the working of rough set analysis as 

follows: in an information table the attributes have to be partitioned into condition (background ( )) and decision 

(response (ß)) attributes. A decision rule is then an implication relationship between the description of the 

condition attributes ( ) and that of a decision attribute (ß). Such a rule may be exact or approximate. A rule is 

exact if the combination of the values of the condition attributes in that rule implies only one single combination 

of the values of the decision attributes. An approximate rule, on the other hand, only states that more than one 

combination of values of the decision attributes correspond to the same values of the condition attributes. 

Decision rules may thus be expressed as ‘if-then’ conditional statements (  ß). 

The rough set analysis generally consists of two stages: preprocessing, and processing  (Hassanien et al., 

2007). The preprocessing stage includes tasks such as data cleaning, completeness, correctness, attribute creation, 

attribute selection, and discretization. Processing includes the generation of preliminary knowledge, such as the 

computation of object reducts from data, the derivation of rules from reducts, and classification processes. These 

stages lead towards the final goal of generating rules from the information or decision system of the innovation 

database  (Pawlak, 1982, 1991; Komorowski et al., 1999). The main advantage of rough set theory is that it does 

not need any preliminary or additional information about data (like probability in statistics, basic probability in 

Dempster-Shafer theory, grade of membership, or the value of possibility in fuzzy set theory). Another advantage 

is that inconsistencies in the database are not corrected; instead, the classification rules produced are categorized 

into ‘certain’ and ‘possible’ (Slowinski, 1992). In this case, the discovery of relevant subsets of innovation 

characteristics is our main goal, together with a representation of all important relationships between the 

structure of a country and its level of innovativeness.  

 

3.4.2 Rough set analysis of expenditures and employment 
 

The general functional form of the relevant variables in an explanatory comparative model for 

employment in the high-tech services and in medium-high/ high-tech manufacturing can be summarized as follows  

(Stanley and Jarell, 1989; van den Bergh et al., 1997): 

 

E = ƒ (P, X, R, T, L) + error,                                                              (1) 
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where E denotes the dependent variable studied (e.g. levels of employment in the high-tech services and in 

medium-high/ high-tech manufacturing); P represents the specific cause of the problem (e.g. levels of public R&D 

expenditures, business R&D expenditures, innovation expenditures on a firm level, and ICT expenditures on a firm 

level); X represents the characteristics of the individuals concerned by the problem (e.g. population with tertiary 

education, and SandE graduates); R represents the characteristics of the research method used in each study 

(here: EIS panel data and CIS-4 data); T indicates the period covered for each study (e.g. 2007); and L states the 

location of the study (e.g. EU 21 – Austria, Cyprus, Finland, Latvia, Slovenia and the United Kingdom were omitted 

because of missing data). For our first rough set analysis, equation (1) can be specified for employment in the high-

tech services as: 

 

Es = ƒ (p, b, i, c, t, s),                                                                      (2) 

 

where p represents public R&D expenditures; b represents business R&D expenditures; i indicates innovation 

expenditures on a firm level; c states ICT expenditures on a firm level; p indicates population with tertiary 

education; and s represents SandE graduates.  

 

Using next the computer software programme ROSE, the results show that there are 7 rules for the level 

of employment in high-tech services (Table 3.4). It is important to note here that there are some straightforward 

quality assessments based on the characteristics of the information table. In this case, both the accuracy and the 

quality of the rough set approximation equal 1, meaning that the reliability of the classification for the dependent 

variable and the overall quality are at their maximum. However, not all condition variables belong to the core. Only 

public R&D expenditures and tertiary education with a quality of 0.476 are assigned to the core, meaning that 

these two condition attributes explain 47.6 per cent of the level of employment in high-tech services. With regard 

to the EU countries that have been screened, it can be concluded that Romania’s and Slovakia’s low employment 

in high-tech services is caused by low public and business R&D expenditures and innovation expenditures. The 

coverage of this decision rule is 100 per cent, which means that for both countries the rule is 100 per cent true. 

Rule 2 and Rule 5 also have a high coverage rate with, respectively, 69.23 per cent and 66.67 per cent, so in these 

countries the level of public and business R&D expenditure and, in the case of Rule 5, tertiary education have a 

considerable influence (either negative or positive) on the level of employment in high-tech services.  
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Table 3.4 Rules based on the rough set analysis for employment in high-tech services 

Conditions Strength of 
rules 

Number of countries* Interpretation/ generalization 

Rule 1. If (p=1) (b=1) (i=2) 
Es =1 

 

100% 2 (Romania, Slovakia) IF public R&D expenditures = 0-0.33; 
business R&D expenditures = 0-0.80; 
and innovation expenditures = 0-1.14 
THEN employment in high tech 
services = 0-1.82 

Rule 2. If (P=2) (B=1) Es 
=2 

69.23% 9 (Bulgaria, Estonia, Greece, 
Hungary, Italy, Lithuania, Poland, 
Portugal, Spain) 

IF public R&D expenditures = 0.34-
0.66; business R&D expenditures = 0 
- 0.80; innovation expenditures = 
2.33-3.50; population with tertiary 
education = 13.33-26.66; and S&E 
graduates = 0-8.32 THEN 
employment in high tech services = 
1.83-3.66 

Rule 3. If (S=1) Es =2 30.77% 4 (Czech Republic, Hungary, 
Luxembourg, Malta) 

Rule 4. If (I=3) (T=2) Es =2 15.38% 2 (Germany, Greece) 

Rule 5. If (B=2) (T=3) Es =3 66.67% 4 (Belgium, Denmark, Ireland, 
Netherlands) 

IF public R&D expenditures = 0.67-1; 
business R&D expenditures = 0.9-1.9 
or 2-3; population with tertiary 
education = 26.67-40; and S&E 
graduates = 16.67-25 THEN 
employment in high-tech services = 
3.67-5.50 

Rule 6.If  (B=3) Es =3 
 

16.67% 1 (Sweden) 

Rule 7. If (P=3) (S=3) Es =3 16.67% 1 (France) 

Accuracy of classification 1.0000 
Quality of classification 1.0000 
Core set A1 (public R&D expenditures),  A5 (population with tertiary education) 
Quality of core 0.4762 
Strength of rules Rule 1 (100%), including Romania and Slovakia 

Rule 2 (69.23%), including Bulgaria, Estonia, Greece, Hungary, Italy, Lithuania, Poland, Portugal, 
Spain 
Rule 5 (66.67%), including Belgium, Denmark, Ireland, Netherlands 

Note: * = N: 21. 
 

 The individual country results are shown in more detail in Table 3.5. Romania and Slovakia have the 

lowest employment in high-tech services, which seems in both cases to be caused by a combination of low public 

R&D expenditures, low business R&D expenditures, and medium innovation expenditures on a firm level. In 

Bulgaria, the Czech Republic, Estonia, Germany, Greece, Hungary, Italy, Lithuania, Luxembourg, Malta, Poland, 

Portugal and Spain, employment in high-tech services is at the medium level, i.e. between 1.83 and 3.66 per cent 

of the total workforce. Medium public R&D expenditures and low business R&D expenditures seem to have 

particular influence on the medium employment level. For Germany and Greece a high level of innovation 

expenditures is causing a medium level of employment in high-tech services. Innovation expenditures in the firm: 

for example, in the form of process innovations, could affect employment. For employment in high-tech services 

this will probably be a positive effect, since experts will be necessary in the area of, for example, information 

technology. In the long term, however, the effect may become negative, because less people will be necessary for 

the same job, especially if innovation expenditures on the firm level remain an exception rather than the rule in 

most firms. This may explain why Germany, which is at the top of the medium employment group, and Greece, 
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which is at the bottom of this same group, have similar scores, although Greece also has medium public R&D 

expenditures and low business R&D expenditures.  Finally, Belgium, Denmark, France, Ireland, the Netherlands and 

Sweden are the countries with high employment in high-tech services. At least a medium level of business R&D, 

but with high business R&D as the ideal level, and a high level of population with tertiary education seem of 

importance for gaining such a high level of employment in high-tech services. In this arena, public R&D 

expenditures seem of less influence, although they positively affect employment in France together with S&E 

graduates. This may be caused by the large role of the public sector in general in France in comparison with the 

other countries that have high employment, but this needs further researching.   

 

Table 3.5 Summary of rough set results with decision variable: employment in high-tech services 

 Public R&D 
expenditure 

Business 
R&D 
expenditure 

Innovation 
expenditure 

ICT 
expenditure 

Population with 
tertiary 
education 

S&E 
graduates 

 Employment 
in high tech 
services 

Belgium  o   +   + 
Bulgaria o -      o 
Czech 
Republic 

     -  o 

Denmark  o   +   + 
Estonia o -      o 
France +     +  + 
Germany   +  o   o 
Greece o - +  o   o 
Hungary o o    -  o 
Ireland   o   +   + 
Italy o o      o 
Lithuania o -      o 
Luxembourg      -  o 
Malta      -  o 
Netherlands  o   +   + 
Poland o -      o 
Portugal o -      o 
Romania - - o     - 
Slovakia - - o     - 
Spain o -      o 
Sweden   +      + 
Note: - (low development); o (medium development); + (high development), i.e. open space indicates that variables were not 
selected by RSA. 
 

For employment in medium-high and high-tech manufacturing an identical equation is specified:  

 

Em = ƒ (p, b, i, c, t, s),                                                                       (3) 

 

where p represents public R&D expenditures; b represents business R&D expenditures; i indicates innovation 

expenditures on a firm level; c states ICT expenditures on a firm level; p indicates population with tertiary 

education; and s represents SandE graduates.  
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Here, 14 rules are found (Table 6). The accuracy varies between 0.714 and 1, while the quality of the 

rough set approximation is 0.9048, meaning that the reliability of the classification for the dependent variable and 

the overall quality are not at all times at their maximum. The 21 cases are not totally distinguishable. Further, in 

this case, public R&D expenditures, innovation expenditures and tertiary education are assigned to the core with a 

quality of 0.524, meaning that these three condition attributes explain 52.4 per cent of the level of employment in 

the high-tech services. When looking at the outcomes of this rough set estimation in Table 3.6, for employment in 

medium-tech and high-tech manufacturing, the outcomes of the rough set analysis seem far less conclusive. Public 

and business R&D expenditures again seem of relative importance for employment in medium-tech/high-tech 

manufacturing, as well as innovation expenditures by companies. Education seems of less importance here, and 

may even have a negative influence. In medium-tech/high-tech manufacturing, it is particularly the new EU 

Member States which do relatively well. This implies that other factors are more important here that have not 

been addressed, e.g. ‘cheap workforce’. High coverage rules for employment in the medium-tech and high-tech 

manufacturing are Rules 7, 9 and 12 which focus especially on expenditures on innovation and public R&D, tertiary 

education, and S&E graduates.  

 

Table 3.6 Rules based on the rough set analysis for employment in manufacturing 

Conditions Strength of 
rules 

Number of countries* Generalization 

Rule 1. If (c=2) (t=3) (s=3) Em =1 
 

16.67% 1 (Lithuania) IF public R&D expenditures = 0-0.33, 
0.34-0.66 or 0.67-1; business R&D 
expenditures = 0-0.8 or 0.9-1.9; 
innovation expenditures = 1.15-2.32 
or 2.33-3.5; ICT expenditures = 5.9-
7.9 or 8-10; tertiary education = 
26.67-40; and S&E graduates = 
16.67-25 THEN employment in 
manufacturing = 0-4.14 

Rule 2. If (p=1) (b=2) Em =1 
 

16.67% 1 (Luxembourg) 

Rule 3. If (p=3) (i=2) (t=3) Em =1 
 

16.67% 1 (Netherlands) 

Rule 4. If (b=1) ( i=3) Em =1 
 

16.67% 1 (Greece) 

Rule 5. If (p=2) (c=3) (t=3) Em =1 16.67% 1 (Estonia) 

Rule 6. If ( i=3) (t=3) Em =2 
 

18.18% 2 (Denmark, Sweden) IF public R&D = 0.34-0.66; business 
R&D = 0.9-1.9; innovation 
expenditures = 0-1.14 or 2.33-3.5; 
tertiary education = 26.67-40; and 
S&E graduates= 8.33-12.5 THEN 
employment in manufacturing = 
4.15-8.32 

Rule 7. If (i=1) Em =2 27.27% 3 (Bulgaria, Malta, 
Spain) 

Rule 8. If (b=2) (s=3) Em =2 
 

18.18% 2 (France, Ireland) 

Rule 9. If (t=1) Em =2 27.27% 3 (Italy, Malta, 
Romania) 

Rule 10. If (p=2) (b=2) (t=3) Em =2 18.18% 2 (Belgium, Ireland) 

Rule 11. If (b=2) ( i=3) (t=2) Em =3 
 

25.00% 1 (Germany) IF public R&D = 0-0.33, 0.34-0.66 or 
0.34-0.66; business R&D = 0-0.8 or 
0.9-1.9; innovation expenditures = 
2.33-3.5; ICT expenditures = 5.9-7.9; 
tertiary education = 13.33-26.66; and 
SandE graduates = 0-8.32 THEN 
employment in manufacturing = 
8.33-12.5 

Rule 12. If (p=2) (s=1) Em =3 50.00% 2 (Czech Republic, 
Hungary) 

Rule 13. If (p=1) (b=1) ( c=2) Em =3 25.00% 1 (Slovakia) 
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Approximate rules 
Rule 14. If (A1=2) (A2=1) (A4=2) 
(A5=2) Em =1 Em =2 

100.00% 2 (Portugal (-), Poland 
(0)) 

IF public R&D = 0.34-0.66; business 
R&D = 0-0.8;ICT expenditures = 5.9-
7.9; and tertiary education = 13.33-
26.66 THEN employment in 
manufacturing = 0-4.14 or 4.15-8.32 

Accuracy of classification between 0.7143 and 1.0000 
Quality of classification 0.9048 
Core set A1 (public R&D expenditures), A3 (innovation expenditure), A5 (tertiary education) 
Quality of core 0.5238 
Strength of rules Rule 7 (27.27%), including Bulgaria, Malta, Spain  

Rule 9 (27.27%), including Italy, Malta, Romania 
Rule 12 (50.00%), including Czech Republic, Hungary 

Note: * = N: 21. 
 

When looking at the country results in more detail again (Table 3.7), we see that Estonia, Greece, 

Lithuania, Luxembourg, the Netherlands, and Portugal have the lowest employment in medium-tech and high-tech 

manufacturing. There seems no clear explanation for this low employment, because attributes differ per country. 

A high level of population with tertiary education is relevant for only three countries, Estonia, Lithuania and the 

Netherlands, but in the case of Portugal, a medium level of population with tertiary education is causing a low level 

of employment. The latter situation seems a most logical overall explanation of low employment; although for 

employment in manufacturing (preferably cheap) a low-skilled workforce is generally considered an important 

asset. In that case, population with tertiary education can have a negative effect. However, indirectly 

manufacturing is believed to have a positive effect on employment over the next decades. According to a recent 

analysis of the European Commission, manufacturing is set to generate a significant demand for especially 

research and high-skilled services which will spill over to the rest of the economy (European Commission, 2007). 

Furthermore, public R&D expenditures seem to negatively affect employment in manufacturing, but it is unclear to 

what extent. Both Estonia and Portugal suffer from medium public R&D expenditures, while for Luxembourg low 

expenditures seem to have a negative effect and for the Netherlands high public R&D expenditures are 

disadvantageous for employment in manufacturing. Nevertheless, for high employment in manufacturing it seems 

that public R&D expenditures should be kept at least medium, but preferably low, as the results of Czech Republic, 

Hungary and Slovakia show. These are all relatively new Member States, often with a greater pool of ‘cheap 

workforce’ than the more traditional EU Member States, so conclusions should not be too easily drawn. When 

looking at the results of Germany, however, the focus on, in this case, business R&D expenditures over public R&D 

expenditures seems supported, especially since further results of Germany show the importance of high 

innovation expenditures on a firm level. An explanation for these results is that in the manufacturing sector human 

capital is needed for the processing of innovations, whereas in the services sector (skilled) human capital is itself a 

form of innovation. Each type of employment therefore requires different investments, which is again different on 

a country level due to differences in culture and development. However, the idea that general economic catching-

up tendencies are not based on knowledge-based growth seems to be supported by the European Commission 

(Kroll and Stahlecker, 2009).  
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Table 3.7 Summary of rough set results with decision variable: employment in medium-tech/high-tech 
manufacturing 
 Public 

 R&D 
expenditure 

Business  
R&D 
expenditure 

Innovation 
expenditure 

ICT 
expenditure 

Population  
with 
tertiary  
education 

S&E 
graduates 

 Employment 
medium and 
high-tech 
manufacturing 

Belgium o o   +   o 
Bulgaria   -     o 
Czech 
Republic 

o     - 
 + 

Denmark   +  +   o 
Estonia o   + +   - 
France  o    +  o 
Germany  o +  o   + 
Greece  - +     - 
Hungary o     -  + 
Ireland  o o   + +  o 
Italy     -   o 
Lithuania    o + +  - 
Luxembourg - o      - 
Malta   -  -   o 
Netherlands +  o  +   - 
Poland o -  o o   o 
Portugal o -  o o   - 
Romania     -   o 
Slovakia - -  o    + 
Spain   -     o 
Sweden   +  +   o 
Note: - (low development); 0 (medium development); + (high development), i.e. a blank space indicates that variables were not 
selected by RSA. 
 

Finally, the relative importance of the attributes can be investigated by dropping them one at a time from 

the core. The lower rows in Table 3.8 show the number of countries and the quality (percentage) of classifications 

whenever an attribute is excluded. The 5th line down indicates that, when the attribute public R&D expenditures is 

excluded, the quality of the classification is lowest; then, only 85.7 per cent of the countries can be classified on 

the basis of employment in the high-tech services and 66.7 per cent on the basis of employment in medium-tech 

and high-tech manufacturing. Table 8 also shows that public R&D expenditures and tertiary education are 

indispensible for employment both in high-tech services and in medium-tech and high-tech manufacturing. For 

employment in manufacturing, business innovation expenditures are also of considerable importance. These 

results support our previous findings about what attributes can be assigned to the core. Furthermore, they show 

that within these cores the attribute public R&D expenditures has the highest explanatory quality, i.e. explains the 

level of employment for the largest number of countries. So, public R&D expenditures have the highest influence 

on employment in both high-tech services and medium-tech and high-tech manufacturing. In the case of high-tech 

services the results are the most straightforward, with low public R&D expenditures being associated with low 

employment; medium expenditures with medium employment; and high expenditures with high employment. For 

employment in manufacturing, the outcomes are less obvious, although high public R&D expenditures are not to 

be preferred in order to achieve high employment in manufacturing. Rather the medium-tech and high-tech 
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manufacturing sector should focus on innovation expenditures on a firm level. Finally, the population with tertiary 

education seems to have an overall positive effect on employment in high-tech services, but far less so on 

employment in manufacturing. 

 

Table 3.8 Lower approximation for rough set classes 

N=21 Employment in high-tech 
services 

Quality of 
classifica-
tions 

Employment in med-tech/ 
high-tech manufacturing 

Quality of 
classifications 

 low medium high  low medium high  
With core attributes 2 15 6 1.000 5(1) 12(1) 4 0.905 
With a temporarily reduced condition attribute 
Public R&D expenditures 1(1) 15(2) 7 0.857 3(3) 10(2) 2(2) 0.667 
Business R&D expenditures 2 19 9 1.000 5(1) 12(1) 4 0.905 
Innovation expenditures 2 14 6 1.000 4(2) 11(2) 4 0.810 
ICT expenditures 2 15 6 1.000 5(1) 12(1) 4 0.905 
Tertiary education 2 13(1) 5(1) 0.905 5(1) 11(2) 3(1) 0.810 
SandE graduates 2 21 7 1.000 5(1) 11(1) 4 0.905 
Note: () = approximate rules. 
 

 

3.4.3 Rough set analysis of innovation performance 
 

We are further curious about what the role of these different factors is for the innovation process as a 

whole. Although the general functional form of the explanatory comparative model is identical, the relevant 

variables are not and are thus explained as follows: 

 

I = ƒ (P, X, R, T, L) + error,                                                              (4) 

 

where I denotes the dependent variable studied1

 

; P represents the specific cause of the problem (i.e. level of input 

represented by the dimensions: innovation drivers; knowledge creation; and innovation and entrepreneurship); X 

represents the characteristics of the output affected by the problem (e.g. applications, and intellectual property); R 

represents the characteristics of the research method used in each study (e.g. EIS panel data and CIS-4 data); T 

indicates the period covered for each study (e.g. European Innovation Scoreboard, 2007); and L states the location 

of the study (e.g. EU 26 – Slovenia was omitted due to missing data). For this rough set analysis equation (5) is 

specified as: 

                                                           
1 This may be the degree of innovativeness based on the 2007 EIS Summary Innovation Index, whereby the following categories 
are used: (5) high degree of innovativeness between 1.00 and 0.81; (4) a medium-high level of innovativeness between 0.80-
0.61; (3) a medium level of innovativeness between 0.60-0.41; (2) a medium-low level of innovativeness between 0.40-0.21; 
and (1) a low level of innovativeness between 0.20-0.00. 



55 
 

I = ƒ (i, k, e, a , p),                                                                       (5) 

 

where i represents innovation drivers; k represents knowledge creation; e indicates innovation and 

entrepreneurship; a states applications for patents; and p represents intellectual property.  

 

The results show that there are 7 rules and these are concerned with the five categories of innovativeness 

listed in footnote 1: Owing to the high degree of comparability of re-scaled scores, we have used a 5-point scale 

here. This will further improve the accuracy of the results.  Here, as in Table 3.4, the accuracy and the quality of 

the rough set approximation equal 1, meaning that the reliability of the classification for the dependent variable 

and the overall quality are at their maximum (see Table 3.9). The dimensions ‘innovation drivers’ and ‘knowledge 

creation’ are assigned to the core with a quality of 0.808, meaning that these two condition attributes explain 80.8 

per cent of the level of overall innovation performance in the EU, which is considerable. In this analysis, the 

coverage rates of Rules 1, 2 and 10 stand out from those of the other rules (see Table 3.9). The dimensions: 

innovation drivers, knowledge creation and innovation, and entrepreneurship, i.e. innovation input, all seem 

especially important for countries with low or medium-low innovation performance, whereas applications and 

intellectual property, i.e. innovation output, seem of particular influence for countries with a high innovation 

performance. 

 

Table 3.9 Rules of overall innovation performance based on the rough set analysis 

Conditions Strength of rules Number of countries** Interpretation/ generalization* 
Rule 1. If (A1=2) (A2=1) 

(A3=2) I=1 
100% 2 (Latvia, Romania)  IF Innovation drivers = 0.21-0.40; 

Knowledge creation = 0.00-0.20; and 
Innovation and entrepreneurship = 
0.21-0.40 THEN overall innovation 
performance=0.00-0.20 

Rule 2.If (A2=2)  I=2 53.85% 7 (Bulgaria, Cyprus, Czech 
Republic, Greece, Hungary, 
Poland, Spain) 

IF Innovation drivers = 0.00-0.20 or 
0.41-0.60; Knowledge creation = 
0.21-0.40; Innovation and 
entrepreneurship = 0.00-0.20 or 
0.21-0.40; and Intellectual property = 
0.00-0.21 or 0.21-0.40 THEN overall 
innovation performance = 0.21-0.40 

Rule 3. If (A1=3) (A5=1) 
 I=2 

23.08% 3 (Estonia, Lithuania, Spain) 

Rule 4. If (A1=1)  I=2 15.38% 2 (Malta, Portugal) 
Rule 5. If (A3=1)  I=2 7.69% 1 (Slovakia) 
Rule 6. If (A3=2) (A5=2) 

I=2 
7.69% 1 (Italy) 

Rule 7. If (A4=3) (A5=2) 
I=3 

50.00% 4 (Belgium, France, Ireland, UK) IF Applications = 0.21-0.40 or 0.41-
0.60; and Intellectual property = 
0.21-0.40 or 0.41-0.60 or 0.61-0.80 
THEN overall innovation 
performance  0.41-0.60 

Rule 8. If (A4=2) (A5=3)  
I=3 

25.00% 2 (Austria, Netherlands) 

Rule 9. If A5=4  I=3 25.00% 2 (Germany, Luxembourg) 
Rule 10. If (A4=3) (A5=3) 

I=4 
100.00% 3 (Denmark, Finland, Sweden) IF Applications = 0.41-0.60; and 

Intellectual property = 0.41-0.60 
THEN overall innovation = 0.61-0.80 
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Accuracy of classification 1.0000 
Quality of classification 1.0000 
Core set A1 (Innovation drivers), A2 (Knowledge creation) 
Quality of core 0.8077 
Strength of rules Rule 1 (100%), including Latvia, Romania 

Rule 2 (53.85%), including Bulgaria, Cyprus, Czech Republic, Greece, Hungary, Poland, 
Spain 
Rule 10 (100%), including Denmark, Finland, Sweden 

Note: ** For calculating the dimensions, the indicator data of the EIS are re-scaled (see http://www.proinno-europe.eu/ for 
more detail). The maximum re-scaled score is equal to 1 and the minimum value is equal to 0. 
* = N: 26. 
 

 

When looking at the individual country results in Table 3.10, what becomes apparent is that especially a 

low to medium level of innovation drivers, as well as a low to medium-low level of knowledge creation, has a 

negative effect on innovation performance, as we can see for Latvia and Romania (low innovation performance 

between 0-0.20) and Bulgaria, Cyprus, Czech Republic, Estonia, Greece, Hungary, Italy, Lithuania, Malta, Poland, 

Portugal, Slovakia, and Spain (medium-low level of innovation performance between 0.21-0.40). This supports the 

findings of our previous rough set analysis, to the extent that indicators like public R&D expenditures and tertiary 

education influence innovation output. Innovation output indicators applications and intellectual property, in turn, 

seem to be particularly influential for countries with a medium to medium-high level of innovation performance. 

Austria, Belgium, France, Germany, Ireland, Luxembourg, the Netherlands and the UK seem to owe their medium 

innovation performance to either a medium level of applications in combination with a medium-low level of 

intellectual property or vice versa. The medium-high growth innovation countries, i.e. Denmark, Finland and 

Sweden, on the other hand, have a medium level for their output dimensions, so this refers to both applications 

and intellectual property. This implies that in order to achieve a high level of innovation performance especially a 

combination of both medium-high to high innovation output is important. To achieve a medium level of innovation 

performance, however, first the structural conditions, i.e. innovation drivers, and the investments, i.e. knowledge 

creation, should be in order.  
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Table 3.10 Summary of Rough Set results with decision variable: overall innovation performance 

 Innovation 
drivers 

Knowledge 
creation 

Innovation and 
entrepreneurship 

Applications Intellectual 
property 

 Innovation 
performance 

Austria    - o  o 
Belgium    o -  o 
Bulgaria  -     - 
Cyprus  -     - 
Czech Republic  -     - 
Denmark    o o  + 
Estonia o    --  - 
Finland    o o  + 
France    o -  o 
Germany     +  o 
Greece  -     - 
Hungary  -     - 
Ireland     o -  o 
Italy   -  -  - 
Latvia - -- -    -- 
Lithuania o    --  - 
Luxembourg     +  o 
Malta --      - 
Netherlands    - o  o 
Poland  -     - 
Portugal --      - 
Romania - -- -    -- 
Slovakia   --    - 
Spain o -   --  - 
Sweden    o o  + 
UK    o -  o 
Note: -- (0.00-0.20); - (0.21-0.40); o (0.41-0.60); + (0.61-0.80); ++ (0.81-1.00) , i.e. a blank space indicates that variables were not 
selected by RSA. 
 

 

Finally, to investigate the relative importance of the attributes, we drop them one by one from the core 

again. The lower rows in Table 3.11 show the number of countries and the quality (percentage) of classifications 

whenever an attribute is excluded. In the case of overall innovation performance, when the attribute knowledge 

creation is excluded, the quality of the classification is lowest; then, only 88.5 per cent of the countries can be 

classified. This supports the findings of our previous rough set estimations. Investments in R&D activities have a 

great influence on innovation performance, and in particular public R&D expenditures affect human capital output, 

and so does the level of education which is represented in the dimension innovation drivers. Innovation drivers 

and knowledge creation are, according to Table 3.11, indispensible for overall innovation performance, especially 

in the first stages of innovation development. The results show that, for measuring innovation performance, 

besides accounting for the development level of countries, attention should also be paid to the sector of 

innovation. Innovation in the services sector seems to require different input than innovation in the manufacturing 

sector. Although this may seem obvious, in measurements of innovation performance it is often not accounted for. 

The reason why innovation and entrepreneurship have a lesser influence than the other two input dimensions 
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(innovation drivers and knowledge creation) on overall innovation performance may be caused by the relatively 

important role of the service sectors in most European countries. Innovations at the firm level appear to be 

especially important for growth in the manufacturing sector, yet employment in high-tech and medium-high tech 

manufacturing sectors is overall much lower than in the knowledge-intensive service sectors. 

 

Table 3.11 Lower approximation for rough set classes 

N=26 Overall innovation performance Quality of classifications 
 low medium-low medium medium-high high  
With core attributes 2 13 8 3 0 1.0000 
With a temporarily reduced condition attribute 
Innovation drivers 1(1) 13(1) 8 3 0 0.9231 
Knowledge creation 1(1) 13(2) 9 3 0 0.8846 
Innovation and 
entrepreneurship 

2 14 8 3 0 1.0000 

Applications 2 14 9 3 0 1.0000 
Intellectual property 2 13 9 3 0 1.0000 
Note: () = approximate rules. 
 

 

3.5 Results of the Rough Set Analysis 
 

 Although measuring overall innovation performance should be done with care, as it is dependent on a 

number of factors, the results of the rough set analyses seem consistent with the results of a larger set of 

evolutionary studies that argue that different sectors tend to follow very distinct technological trajectories over 

time (Nelson and Winter, 1977; Malerba, 2005). For innovation output, in the form of the human capital functions 

employment in high-tech services and employment in medium-high and high-tech manufacturing, the input factors 

public R&D investments and tertiary education seem especially influential. Low and medium employment in the 

high-tech service sectors is influenced mainly by a lower level of public R&D expenditures and business R&D 

expenditures and to a lesser extent by innovation expenditures. In the case of high-tech services employment, high 

business R&D investments and tertiary education appear to lead to high employment. At this stage of innovation, 

public R&D investments are of less importance than business R&D expenditures. The influence of tertiary 

education at this stage may also be explained by the great dependency of the services sector on human capital 

and, in this case, on high-skilled human capital. This supports the idea that exists in the literature that the nature 

of learning processes, which are specific to a given technological environment, seem essential here. For 

employment in medium-high and high-tech manufacturing, the results are less clear, but, overall, the effect of 

public R&D expenditures and tertiary education seem apparent. Low employment in manufacturing is mainly 

affected by a high level of population with tertiary education and to a lesser extent by S&E graduates, but overall 

attributes differ per country. Here too, public R&D expenditures influence employment, but the level differs 

between countries. However, for high employment in manufacturing, public R&D expenditures should preferably 
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be kept at a medium or low level. Innovation expenditures in the firm seem, at this level, a more effective means 

to increase employment in manufacturing, although this only applied to Germany.  

With regard to overall innovation performance, the results show a large overlap with our previous rough 

set analyses. The results seem to support the hypothesis that there is a co-evolution between sectoral patterns 

and national systems of innovation. In this case, innovation drivers and knowledge creation explain 80.8 per cent 

of the level of overall innovation performance in the EU. It should be noted that, on the basis of the results, 

structural conditions, or innovation drivers, and investments in R&D activities, i.e. knowledge creation, appear 

especially important for countries with low or medium-low innovation performance, i.e. the majority of EU 

countries. For a large part, these countries are the new Member States that joined the EU in 2004, but several 

southern European countries, such as Spain, Greece, Portugal and Italy, also score low on innovation performance. 

The further north in the EU, the more the innovation performance level rises: with a medium level of innovation 

performance occurring in Belgium, France, Ireland, UK, Austria, the Netherlands, Germany and Luxembourg, and 

high innovation in the Scandinavian countries, Denmark, Finland and Sweden. In those countries, where the 

structural conditions and investments in R&D are overall more constant, it is innovation output that seems most 

influential. At this level, especially achieving a higher level of (patent) applications and intellectual property is 

important for higher innovation performance. The high scoring countries, Denmark, Finland and Sweden, share a 

medium level of applications and intellectual property, a combination that no other EU country seems to have 

achieved. This supports the predictions of the European Commission that managing knowledge will become more 

important, that the successful business models of the future will be those that perform better in this respect, and 

that intellectual capital and intangibles are likely to become ever more important (European Commission, 2007). 

However, the analysis largely leaves open the question how such a level of output can be achieved, although all 

three countries share at least a medium to high level of business R&D expenditures, innovation expenditures and 

population with tertiary education. The fact that public R&D has not come up as an influential factor for these 

countries, seems rather a result of its very stable character than its non-existence.  

Further, our research supports the assumption that innovation is a systemic process that is inherently 

shaped by the characteristics of the regions where innovative activities are located (Gertler et al., 2000; Cooke, 

2001; Tödtling and Trippl, 2005). In this study alone, we have found that innovation performance is different per 

culture, and per level of development which, in turn, can be economic, political, institutional, etc., per sector, and 

basically per country (especially if country size, for example, is not accounted for). There are, however, also some 

overlaps visible that may explain some of the differences in innovation performance in Europe. Due to 

regionalization processes in many parts of the world, the political and economic transformation in Central and 

eastern Europe and the continuing enlargement of the European Union cross-border regions have grown 

considerably in number and importance in the last few years (for instance, Blatter, 2004; Niebuhr, 2008). New 

Member States in our sample seem to benefit from public R&D expenditures. For developing countries in 

particular, the policy level seems to constitute a major channel of interaction. In Eastern European countries, for 
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example, national policies have often promoted core industrial areas for a prolonged period of time, but have 

neglected others, a policy strategy that affects the entire national system of innovation and may eventually turn 

out to be locked into a specific path  (Narula, 2002). Our study further shows that lower growth countries should 

focus more on improving their innovation input factors, whereas higher growth countries should concentrate 

especially on their output in order to achieve better innovation results. New Member States are usually still in the 

process of optimizing their structural conditions and investments in R&D activities, often their public R&D 

expenditures. For the southern European countries, however, when looking at the results of our first set of 

analyses, it is especially their business R&D expenditures that seem too low. The catch-up process of southern and 

eastern European countries is supported by (sub-national) regional research studies  (Kroll and Stahlecker, 2009). 

This supports the idea that a distinction between these two groups of EU countries is important. An idea that is 

supported by the conceptual model on different stages of cross-border RIS development put forward by Lundquist 

and Trippl (2011) that claims to challenge any uniform policy model for promoting innovation-driven integration in 

cross-border regions, and provides essential foundations for more tailor-made policy approaches. For the high-

level innovation countries, it is more difficult to draw conclusions. Denmark and Sweden both have a high level of 

employment in high-tech services and a medium level in medium and high-tech manufacturing, but this is also the 

case for Belgium, France and Ireland. When looking at the results of overall innovation performance, however, the 

latter three countries lack a consistent level of intellectual property. Also, with regard to input, the Scandinavian 

countries score especially high for business R&D expenditures and innovation expenditures on a firm level. But 

more research into differences between specific innovation output factors for these countries is necessary in order 

to validate these results.  

 

3.6 Conclusion and policy recommendations 
 

Our evolutionary-institutional framework points to the effectiveness of innovation policies that 

encompass a broader set of interventions to foster and upgrade the technological and learning capabilities of the 

various components of an innovation system  (Metcalfe and Georghiou, 1998; Nyholm et al., 2002). Further, there 

is a growing consensus in both academic and policy circles that in the globalizing knowledge economy the long-

term competitive advantage of cross-border areas will be based on their capacity to create a common innovation 

system (Lundquist and Trippl, 2011)  Our results support such a viewpoint. Innovation policies should be developed 

on both a national level and European level. There seems some form of correlation between R&D and human 

capital expenditures, which underlines that R&D activities undertaken by private firms greatly benefit from the 

existence of a well-functioning set of institutional support systems in the science and technology domain. The 

European Commission supports this view and refers in this respect to the significance of the integration of the 

elements of the knowledge triangle: R&D, innovation, and education and training (European Commission, 2007). 

On a national level, therefore institutional support systems need to be aware that the components of a system of 
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innovation include not only private firms and their R&D activities but also public organizations such as universities, 

public research institutes, science parks, and so on. Another important aspect of policy making according to an 

evolutionary framework is, therefore, to support and foster those connections and interactions which constitute 

the basic structure which defines the properties of a system and its dynamic trajectory over time  (Conceicao et al., 

2003). Private R&D activities are an important element of the innovative process, but by no means the only aspect 

to look at in order to support the competitiveness of industrial systems. In our analysis, the high relevance of the 

level of population with tertiary education for innovativeness in our analysis underlines this claim. Policies should 

take into account the interactions existing between the different institutional levels, and coordinate as much as 

possible sector-specific innovation and industrial policies at the national level which govern the macro-economic 

environment, the trade and financial regimes, and the education system. Regional policies also play a relevant role 

in the innovative process. The outcomes of our analysis show the distinction between economically (and 

politically) developing countries and developed countries in Europe, and, as a result, underline the importance of 

cohesion policies aimed at actively fostering the technological capability and absorptive capacity of backward 

regions (Cappelen et al., 2003) rather than a focus on competitiveness-enhancing interventions in advanced 

industrial ‘clusters’. This cohesion objective is given considerable attention in the Maastricht Treaty and a good 

example of a European initiative in this direction is the Structural Funds where financial assistance is provided to 

resolve structural economic and social problems. Also, the importance of an EU cohesion policy for countries and 

regions whose development is lagging behind or are affected by industrial restructuring is recognized by the 

European Commission (European Commission, 2007). Much of the discussion on the ‘catching-up’ of less privileged 

regions concentrates on macroeconomic characteristics, i.e. inflation, the public sector deficit, external account, 

and so on (Sharp, 1998). However, there appears to be little evidence to support this view. Others have therefore 

suggested that regional growth differences can better be understood by looking at microeconomic factors 

(Fagerberg and Verspagen, 1996). The results of our analysis support this view and provide directions to improve 

both regional innovation policy and national competitiveness. In this respect, our results further show that the 

focus of European policy should be mainly on the socio-economic impacts of innovation programmes, while the 

national focus should rather be on the actual impacts on the economy, i.e. the micro-aspects of growth of firms, 

expansion of industries or increase in gross domestic product. The ‘socio’ in ‘socio-economic’ in this respect 

represents any goals that are not obviously economic. In this particular case, the regional focus should thus be on 

social cohesion, even more so with regard to the forthcoming enlargement(s) which would add more countries and 

regions to the list. Competitiveness and cohesion are in this respect mutually reinforcing: a competitive, thriving 

EU should set aside resources to promote cohesion regions, while narrowing the gaps between advanced and 

lagging regions enhances the competitiveness of the EU as a whole (Havas, 2008). National economies, on the 

other hand, as a result of their historical origins, characteristics, and unique industrial, scientific, state and political 

institutions are traditionally more strongly related to technological and scientific specialization, innovation cultures 

and economic growth, and should therefore focus much more on national systems for an optimal result.   
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This article was published in Technological Forecasting and Social Change in 2009 (see APPENDIX C for details). 
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CHAPTER 4 

THE DYNAMIC ROLE OF UNIVERSITIES IN THE DUTCH INNOVATION 
SYSTEM 

 

Chapter 3 highlighted that components of a system of innovation include not only 
private firms and their R&D activities but also public organizations, such as 
universities, public research institutes, science parks, and so on. In this chapter the 
changing role of the universities will be analysed, in order to better understand the 
knowledge paradox that seems to exist between fundamental research and market 
needs in the Netherlands, and the consequences for the science system when the 
Dutch public authority chooses to address the problem. In order to understand the 
role of the Dutch universities in the innovation system, the Dutch science and 
innovation system is explained. The focus will be on the functioning of the current 
public research system according to Dutch experts in the field of industry, policy, or 
academia. As in chapter 3, the explanatory framework again employs an artificial 
intelligence method, viz. rough set analysis, which is a quantitative exploratory 
correlation analysis for small samples. The focus will be on the Social Sciences and 
Humanities (SSH), since these disciplines are considered least able to gear their 
research agendas to the demands of industry. In 2008, as part of a larger EU FP6-
funded research project, 22 semi-structured interviews with representatives from 
the business sector, universities and the policy field were conducted, on the basis of 
which a systematic qualitative database was created in order to gain insight into 
the preferred future direction of the social sciences and humanities (SSH). The 
analysis showed some interesting results, in particular with regard to differences in 
perspectives on the presence of an enterprise culture in Dutch universities. In 
particular the representatives from the policy field were of the opinion that Dutch 
universities are unable to tailor the supply of university knowledge to market 
demand. However, this was hardly regarded as a serious concern in the eyes of 
representatives from the business sector and universities. 
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4.1 Introduction 
 

Changes in society are taking place with an ever-increasing speed and, due to further complexity of the 

system, the need for innovative but also reflective knowledge production is becoming more urgent. Although 

knowledge production is realized both on a public and a private level, higher education institutions, and 

universities in particular, are generally assigned prime knowledge production functions. By virtue of the dynamics 

and demands of modern society, their role is becoming more all-encompassing. There is increasing focus on 

technological and other forms of innovation, productivity and economic growth, which cannot be achieved without 

a highly educated population, public- and industry-funded research and new and superior products and processes. 

At the same time, the complexity of advances intensifies the need for reflection, in order to avoid overvaluation or 

even recklessness. The current situation in the financial sector need only serve as an example here. Furthermore, 

due to the speed of change, there is a growing demand by society for reflection on the processes of change. This 

puts large pressure on science systems. The university seems to have evolved from performing conventional 

research and education functions to serving as an innovation-promoting knowledge hub. According to some, this 

development is in line with the dynamics taking place in society and is therefore natural and inevitable, whilst 

others are of the opinion that such a movement will harm the fundamental basis of the science system, i.e. 

curiosity-driven research. Science systems form the basis of our knowledge economy, yet at the moment there is 

wide disagreement on their future. In this chapter, we aim to shed some further light on the perceptions that exist 

about modern science systems and their future, with the idea of augmenting this discussion and increasing its 

transparency for policy makers and the like.  

The claim that the content of scientific research agendas is currently changing is becoming increasingly 

prominent in recent literature. The majority of publications deal with a turn towards more relevant research, 

research that (sooner or later) may lead to applications in the form of innovations or policy. According to a report 

by the European Science Foundation (2008), as a result higher education increasingly feels itself under pressure to 

cope with a growing range of expectations that are viewed as demanding and conflicting. A variety of approaches 

have emerged to understand, explain and perhaps extrapolate such trends have emerged, of which the most 

famous account of a transformation is the concept of ‘Mode 2’ knowledge production that is introduced in The 

new production of knowledge (Gibbons et al., 1994). While knowledge production used to be located primarily in 

scientific institutions and structured by scientific disciplines, the book argues that its locations, practices and 

principles are now much more heterogeneous. In this respect, Mode 2 knowledge supplements Mode 1 

knowledge. In Mode 1, knowledge production is carried out in the absence of a particular goal with quality control 

maintained essentially through peer review. Mode 2, on the other hand, is viewed as a transdisciplinary, 

heterogeneous and hierarchical method that achieves quality through social accountability and reflexivity, leading 

to results that are highly contextualized. Unlike the current literature, however, in this chapter we base ourselves 

not on the Gibbons-Nowotny notion of ‘Mode 2 knowledge production’, but on a systematic reflection of this 
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approach by Hessels and van Lente (2008). In their article, they propose untying the wrapping around the Mode 2 

concept. The Mode 2 claims have received mixed reactions: hundreds of papers cite New production of knowledge 

affirmatively and policy makers use the arguments, but there is also serious criticism. 

  Curiosity-driven research or basic research is motivated by the desire to seek new understanding and 

knowledge about nature, while use-driven or applied research is motivated by the desire to use that knowledge in 

a practical way. As early as 1959, Snow (1993) stated that the research process essentially has two motives: one is 

to understand the natural world; the other is to control it. This implies that elements of Mode 2 have always 

existed in modern science; a view that has been highlighted by various academics (Rip, 2000; Etzkowitz and 

Leydesdorf, 2000; Pestre, 2003). Etzkowitz and Leydesdorf (2000) even believe that not Mode 1, but Mode 2 is the 

original format of science, as, in the seventeenth century research focused primarily on practical problems. Hessels 

and van Lente (2008) acknowledge this deeper complexity of the science system. By means of a literature analysis, 

they find a list of seven objections, which show that the linear historical perspective, especially the generality of 

the arguments and the necessary coherence of the original Mode 2 arguments, is problematical. They therefore 

suggest a re-thinking of new knowledge production by addressing three empirical questions in particular: 1) do 

transdisciplinary research activities, with a dynamic integration of theoretical and practical components from 

various disciplines, constitute a substantial part of contemporary science systems?; 2) are university scientists in 

general increasingly reflexive, in the sense that they are aware of the potential societal effects of their research 

and take these into account in their choice of research objects, methods and approaches?; and 3) do new criteria, 

relating to the societal relevance of research results, currently count significantly in all types of scientific quality 

control, not only in funding allocation, but also in retrospective evaluations of individuals, projects or 

organizations? Hessels and van Lente (2008) go on to strongly advise scholars addressing these three questions to 

take into account the heterogeneity of science, paying attention to the differences between scientific fields and 

national contexts. 

Because of the heterogeneity of scientific practice, the emergence of new modes of knowledge 

production will not have the same impact in the whole science system. Its importance may vary in national 

contexts (Shinn, 2002) and in scientific disciplines (Albert, 2003). According to Hessels and van Lente (2008), it is 

therefore important that further research shows how visible the various Mode 2 attributes are in different 

disciplines and in different countries. With our research, we attempt to take a first step towards disconnecting the 

five major constitutive claims and investigating them separately. We focus in particular on the future movements 

of the social sciences and humanities (SSH) disciplines in the Netherlands, but with the broader aim of obtaining a 

view on the future of universities. We focus on SSH because these disciplines appear to be suffering most visibly 

from the changing role of universities into an innovation-promoting hub. Aim of the chapter is to predict what is 

believed to be a most likely development of SSH by means of discovery of relevant subsets of factors influencing 

university knowledge production, which will be loosely based on the attributes of Mode 1 and Mode 2 knowledge 

production. A systematic qualitative database was created by means of 22 semi-structured personal interviews 
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with representatives from the business sector, university and the policy field. The explanatory framework employs 

an artificial intelligence method, i.e. rough set analysis, which is a quantitative exploratory correlation analysis for 

small samples. 

  We will start our study with a description of what we believe are the three most likely future 

developments of SSH. These three movements will be compared and connected to the concepts of Mode 1 and 

Mode 2 knowledge production according to Hessels and van Lente (2008), and will serve as the foundations for our 

analytical model. Next, the design of the analytical model will be further explained, taking into account the 

criticism put forward by Hessels and van Lente. This will be followed by the presentation of the outcomes of the 

rough set analysis and the interpretation of its results. In the conclusion, we hope to be able to make some 

predictions with regards to the future movements of SSH by means of the relevant subsets of factors influencing 

university knowledge production. At the same time, we hope to shed some light on the three empirical questions 

posed by Hessels and van Lente for SSH in the Netherlands. Although we will not be able to answer these 

questions directly, we do think that our results may offer some useful material for further definition of new 

knowledge production and of the university knowledge system.  

 

4.2 Movements in SSH science systems 
 

4.2.1 Introduction 
 

The future outlook on higher education by the European Science Foundation (2008) discusses the growing 

range of demanding and conflicting expectations that higher education is currently facing.  In the study, five 

tensions with respect to the relationships between higher education and society are considered to transcend the 

individual fields and the individual functions of higher education and as a result deserve attention in future higher 

education research. The first tension deals with the demand for increasing visibility of higher education towards 

the economy and society, which may come at the cost of characteristic features towards other knowledge 

institutions. Secondly, higher education is expected to gain from inter-institutional diversity, while at the same 

time it is expected to increase intra-institutional diversity. Thirdly, higher education is viewed as being more 

successful when the individual institution acts strategically, but strategic coherence is constantly challenged by the 

broad range of ever-increasing expectations. Fourthly, established borderlines of arenas get blurred in the process 

of internationalization and globalization, but this also reduces protection from and heightens visibility to external 

demands. Finally, higher education is facing increasing tensions in relation to its role of reinforcing or changing the 

social order in which it is embedded. The study further points out that research on higher education will need to 

identify how higher education is handling these tensions and conflicts by identifying how the societal role of higher 

education, behind the key functions of generating and disseminating knowledge in various disciplines and cross-



68 
 

disciplinary areas, is shaped or shapes itself in societies which have considerably changed in the advent of the 

knowledge society, the strengths of competitive settings and of managerial power. Basing ourselves on the five 

tensions described by the European Science Foundation, we believe that three important new movements can be 

distinguished that seem to affect higher education. These developments are: further differentiation, synthesis 

between the various sub disciplines, and paradigm shifts. In line with the future outlook, we support the 

universality of the movements; however, due to contrasting contexts and settings for comparative investigation 

between countries and disciplines, we have chosen to limit ourselves to a description of movements in the areas of 

SSH in the Netherlands in particular. The three developments will be discussed separately below . 

 

4.2.2 Further differentiation of SSH 
 

According to the European Science Foundation (2008), higher education is widely conceived as acting 

most successfully if inter-institutional diversity grows both vertically, i.e. through institutions and departments 

characterized by distinct levels of quality in steep hierarchy, and horizontally, i.e. through distinctive profiles of 

individual institutions and departments. Although there is a great deal less of that grand or comprehensive theory 

that was a hallmark of nineteenth-century social philosophy and social science, those persons are still occasionally 

to be found today who are engrossed in search for master principles, for general and unified theory that will 

assimilate all the lesser and more specialized types of theory. However, their efforts and results are not regarded 

as successful by the vast majority of social scientists. Today, theory, at its best, tends to be specific theory—related 

to one or other of the major divisions of research within each of the social sciences. The theory of the firm in 

economics, of deviance in sociology, of communication in political science, of attitude formation in social 

psychology, of divergent development in cultural anthropology are all examples of theory in every proper sense of 

the word. However, each is clearly specific. If there is a single social science in which a more or less unified theory 

exists, with reference to the whole of the discipline, it is economics. Even here, however, unified, general theory 

does not have the influence it had in the classical tradition of Ricardo and his followers before the true 

complexities of economic behavior were revealed. Overall, there is a growing diversity within the social sciences 

and humanities, in terms of content, methods, institutional loci, links with professions and communities of 

practices, etc. Specialization has been as notable a tendency in the social sciences as in the biological and physical 

sciences. This is reflected not only in varieties of research but also in course offers at academic departments. 

Whereas not very many years ago, a couple of dozen advanced courses in a social science reflected the 

specialization and diversity of the discipline even in major universities with graduate schools, today a hundred such 

courses can be found. 
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4.2.3 Synthesis between various sub disciplines of SSH and natural sciences 
 

On the other hand, institutions and departments seem to be expected to be more multifunctional than 

ever with established borderlines of arenas and functions getting blurred as a result of increasing 

internationalization and globalization. Alongside this strong trend toward specialization, then, is another, 

countering trend of cross-fertilization and interdisciplinary cooperation. It seems clear that to explore the socio-

cultural foundations of economies rigorously and methodically, one must draw on the other social sciences. Take 

anthropology, for example. It is a discipline which can attempt to explain the influence of value systems, 

institutions, family structures and even religious backgrounds on the behaviour of individuals. However, for many 

years, anthropology and its related offshoot of ethnology were confined to the study of exotic societies. However, 

it can also throw light on the functioning, if not the future, of our own societies. Apart from the multi-disciplinary 

qualities of the social sciences themselves, there is also the proposition of a closer relationship between the social 

sciences and natural sciences. There is already an overlap as a result of what is happening in the development of 

neurosciences: for example, research centres in this discipline have biologists, doctors, psychologists, sociologists, 

mathematicians and philosophers working closely together. Another example features the quality of the 

environment, the availability of natural resources, and even the productivity of marine environments: all are 

strongly influenced by human, or anthropogenic, factors. Now, worldwide programs conducted in fields such as 

the study of global warming bring researchers in natural and human sciences together at the same table. There is 

no question that the demand for people who have been well trained in both types of science will increase from 

now on, and academic programs will have to be introduced to meet this need. Also, there is every reason to 

believe that social sciences and humanities will be transformed - maybe more so than natural sciences - by 

advances in information technology and the ability to collect, process, stock and disseminate enormous quantities 

of data. It is beginning to be possible to link existing databases in many fields in different countries, and to carry 

out large-scale, integrated, comparative analyses. Huge surveys can now be conducted on an extensive range of 

subjects on the internet, which is clearly helpful in studying the perceptions and behaviour of a wide variety of 

people. And IT has opened up the possibility of working in virtual laboratories that link up large numbers of 

research teams on a worldwide network. 

 

4.2.4 Changing paradigms for SSH Futures  
 

Finally, higher education is expected to be more visibly useful for economy and society. A third aspect of 

the subject that we believe must be considered is, therefore, the relation of the social sciences and humanities to 

organized society, to government and industry, and other institutional centers of authority. Governments have a 

sense of how social sciences particularly can help in the management of societies. They are also increasingly 
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relying on the social sciences to deal with specific problems they are now facing. The UK government runs research 

projects on young people in urban environments and the findings of these studies have had a powerful influence 

on the design of government program for combating social disintegration, exclusion and unemployment. Generally 

speaking, the social sciences will exert more influence in the management of public affairs and will find their 

proper role when the right conditions exist for democratic and informed debate at every level, whether national or 

local. Still, the circumstances in which the social sciences have been integrated into political debate vary from 

country to country, although numerous recent initiatives have been influenced by a desire to bring researchers and 

users closer together. The Canadian government has, for example, set up a national network of centers for 

research into issues like immigration, with the close co-operation of local authorities, immigration services and 

other concerned bodies. And Sweden has launched an important program that involves the social sciences in the 

question of sustainable development, and which expressly provides for in-depth consultations between 

researchers and civil society. On the other hand, there is also a significant feeling among social scientists that the 

relationship has become altogether too close. The social sciences, it is said, must maintain their distance, their 

freedom, from bureaucratized government and industry. Otherwise, they will lose their inherent powers of honest 

and dispassionate criticism of the ineffective or evil in society. Although there may be a certain amount of 

emotion, ranging from the naive to the politically revolutionary, in such sentiments, they cannot be taken lightly, 

as is apparent from the serious consideration that is being given on a steadily rising scale to the whole problem of 

the relationship between social science and social policy. In the next section, these criticisms will be discussed in 

more detail. 

 

4.2.5 Concluding remarks 
 

Science systems are said to be in transformation. Over the last two decades various studies have pointed 

out a variety of changes, such as an increasing orientation of science systems towards strategic goals (Irvine and 

Martin, 1984) and the production of relevant knowledge (Böhme et al. 1983; Gibbons et al., 1994). The Mode 2 

diagnosis is particularly popular, visible and contested, although not unique. Next, we will focus especially on the 

weaknesses that are brought to light by their comparison in order to find further support for our analytical model, 

which is, in essence, based on the tripartite division described above. At the same time, we take a closer look at 

the attributes of Mode 1 and Mode 2 knowledge production and try to translate them in such a way as to fit our 

own model. By doing this, we not only hope to find theoretical underpinning for our model and references to the 

sociological theory, but we also try to take into account the criticism of Hessels and van Lente (2008).  
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4.3 New production of knowledge and attributes of knowledge production 
 

4.3.1 Introduction 
 

In the decade since its launch, by means of its ‘Mode 2’ concept The New Production of Knowledge 

(Gibbons et al., 1994) has gained an enormous visibility in the reflection on contemporary scientific practice. 

According to Hessels and van Lente (2008), the notion of ‘Mode 2’ is referred to in over 1000 scientific articles and 

seems to have been influential for science, technology and innovation policies. Mode 2 is useful in that it highlights 

a number of important trends in science systems that require further empirical efforts, but there is also criticism 

dealing with the conceptual problems of the concept. It is for this reason that there have been calls for a separate 

investigation of its five major constitutive claims. In this section, we will discuss these five main attributes of Mode 

2 as well as the attributes that are assigned to Mode 1 knowledge production. Next, we will look in greater detail 

at the seven major weaknesses of Mode 2 that the research stipulates, especially with regard to the lack of 

empirical evidence for the rising importance of the attributes of Mode 2 (Godin, 1998; Weingart, 1997; Hicks and 

Katz, 1996), the apparent incorrectness of the long-term historical perspective (Etzkowitz and Leydesdorff, 2000; 

Rip, 2000; Pestre, 2003), the fact that the universality of the claims is not justified (Tuunainen, 2005; Albert, 2003; 

Shinn, 2002), and that the coherence of the concept is questionable (Rip, 2002) for a further strengthening of our 

model. On the basis of this information, we introduce our practical research framework consisting of information 

deducted from 22 interviews with SSH experts in the field of academics, business and policy, by means of which we 

hope to tackle some of the most important weaknesses of Mode 2. 

 

4.3.2 Attributes of Mode 1 and Mode 2 knowledge production 
 

 Table 1 shows a representation of the distinction made by Gibbons and al. (1994) between Mode 1 

knowledge production, which has always existed, and Mode 2 knowledge production, a new mode that is 

emerging next to it and is becoming more and more prominent.  According to Hessels and van Lente, the five (or 

ten) main attributes of Table 1 show how Mode 2 differs from Mode 1. First, Mode 1 knowledge is generated in an 

academic context, whereas Mode 2 derives in a context of application. This does not mean that Mode 1 knowledge 

cannot result in practical applications, but these are always separated from the actual knowledge production in 

space and time, a gap that can only be closed by a knowledge transfer. In Mode 2, such a distinction does not exist. 

Secondly, there is a difference between Modes 1 and 2 in matters of disciplinarity. Transdisciplinarity goes beyond 

interdisciplinarity in the sense that the interaction of scientific disciplines is much more dynamic. Here, 

transdisciplinarity refers to the mobilization of a range of theoretical perspectives and practical methodologies to 
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solve problems which cannot be easily reduced to disciplinary parts once theoretical consensus is contained. In the 

third place, a distinction is made between homogeneity and heterogeneity. In contrast to Mode 1, Mode 2 

knowledge is produced in a diverse variety of organizations, resulting in very heterogeneous practice. Therefore, 

besides the traditional universities, institutes, and industrial laboratories, the range of potential sites for 

knowledge generation also include research centers, government agencies, think-tanks, high-tech spin-off 

companies and consultancies. Fourthly, in Mode 2 autonomy is replaced by reflexivity. Compared with Mode 1, 

Mode 2 knowledge tends to be a dialogic process and has the capacity to incorporate multiple views, which relates 

to researchers becoming more aware of the social consequences of their work (i.e., social accountability). Finally, 

in Mode 2 novel quality control is used besides traditional quality control. Traditional, discipline-based peer review 

systems are supplemented by additional criteria of a political, social, or cultural nature, which has as its downside 

that it becomes more and more difficult to determine ‘good science’, since this is no longer limited to the 

judgment of disciplinary peers.  

 

Table 4.1 Attributes of Mode 1 and Mode 2 knowledge production 
Mode 1 Mode 2 
Academic context 
Disciplinary 
Homogeneity 
Autonomy 
Traditional quality control (peer review) 

Context of application 
Transdisciplinary 
Heterogeneity 
Reflexivity/ social accountability 
Novel quality control 

Source: Hessels and van Lente (2008)  
 

4.3.3 Weaknesses and alternative approaches  
 

 Hessels and van Lente introduce a set of competing approaches that study changes in the science system 

in order to show that the individual elements of the Mode 2 diagnosis are not unique. The content of the various 

accounts all share with the Mode 2 concept a turn towards more relevant research, and more interactive 

relationships between science, industry and government, which suggests that these observations are correct. 

However, the scope of the Mode 2 diagnosis is especially wide, undoubtedly leading to weaknesses in the 

approach. Since the criticism found in scientific literature is very diverse, Hessels and van Lente have identified 

seven recurring objections: quality control; generality of the Mode 2 notion; the long-term historical perspective; 

the coherence of the concept; theoretical underpinning; implicit support of trends; and lack of future outlook.  

 First, quality control constitutes probably the most controversial attribute of Mode 2 knowledge 

production and entails the discussion about whether scientific criteria are still the most important quality control 

(Godin, 1998), or if a shift is taking place from quality control to quality monitoring, which is subject to influences 

of industry and policy, includes new peers (users, consultants, lay persons) and shows greater consideration of 

ethical and political issues (Hemlin and Rasmussen, 2006). So far, the importance of additional quality criteria at 

universities is contested and remains a question open for empirical investigation. Second, scholars point to 
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limitations in the empirical validity of the Mode 2 approach on a more generic level. They believe that the features 

of Mode 2 are limited to a fairly small sector of the entire science system (Weingart, 1997; Godin, 1998). Godin 

(1998) further adds that SSH have always been of Mode 2, much more than has been the case for the natural and 

physical sciences. However, this is contested by Albert (2003), who has shown that there is no observable trend 

towards Mode 2 in the sociology and economics department of two Canadian universities, basing himself on 

interviews with scientists and a study of their publications. Together with various other scholars, Shinn (2002) also 

argues that scientific disciplines and specialties operate differently in different national institutions. Third, in 

relation to this generic limitation, several academics (Rip, 2000; Etzkowitz and Leydesdorff, 2000) claim that at 

least some of the attributes of Mode 2 knowledge production have always been present in modern society. Fourth, 

Gibbons et al. (1994) imply that the notion of Mode 2 is coherent in the sense that various attributes mutually 

correlate. Critics seriously question this assumption, which gives rise to the idea that the claim about the rise of 

Mode 2 should be divided into five different claims about five distinct trends in contemporary science. The fifth 

limitation deals with the lack of theoretical underpinning of the book’s sociological framework (Shinn, 2002). This 

criticism seems especially true for its lack of historical underpinning. Sixth, several academics complain that 

readers of the The New Production of Knowledge may conclude that the old system and the old academics are 

wrong and that a new type of research would be better than traditional academic research (Godin, 1998). Here, 

the authors seem implicitly to support the observed trends. Seventh, Weingart (1997) accused Gibbons et al. of 

not being clear with regard to the persistence of Mode 1 knowledge production. The book lacks a proper future 

outlook. 

 

4.3.4 Towards a new knowledge production research framework 
 

 In our research, we will take the first four limitations put forward by Hessels and van Lente (2008) as our 

starting point. In line with the Mode 2 concept and the set of competing approaches, we support the claim that 

the content of scientific research agenda is currently changing and that there is a turn towards more relevant 

research, i.e. research that may lead to application in the form of innovations or policy. Taking into account the 

lack of empirical evidence, the incorrectness of the long-term historical perspective of Mode 1 as the original type 

of knowledge production, the difference in dynamics in different national contexts and different scientific 

disciplines, and the apparent lack of coherence of the concept, we have come up with a novel framework. Most 

important benefits of this framework are that it: a) provides empirical evidence for the rising importance of the 

knowledge production attributes according to 22 experts from the academic, business and public sector in the 

Netherlands; b) does not make a distinction between the Modes 1 and 2, but rather uses the different attributes 

interchangeably; c) analyzes the importance of these attributes in a specific national context, i.e. the Netherlands, 

and in a specific set of disciplines, namely SSH, which is considered to be Mode 2 much more than natural and 

physical sciences; and d) disconnects the attributes of Mode 1 and Mode 2 and investigates them separately. The 
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attributes of Mode 1 and 2 have been changed in order to make them better understandable for interviewees who 

are not familiar with the terminology. Table 2 shows the set of eight alternative attributes of knowledge 

production that we have come up with on the basis of the Mode 1 and Mode 2 approach, and the outcomes of the 

22 interviews. Because of the semi-structured design of the interviews, sometimes more attributes were discussed 

and sometimes there is only a focus on a few attributes, depending on the background of the interviewee. The 

eight attributes selected, however, are most favored among the interviewees. Fundamental research, methods 

and techniques, the publication system, and the university as a primarily educational institution can in this respect 

be regarded as belonging to Mode 1. Of course, we make this distinction here purely for explanatory reasons, since 

the individual trends will be addressed separately. Already, the distinction is questionable, because the attribute 

methods and techniques, for example, is mentioned by most interviewees as a novel approach within the SSH that 

would help to improve the image of SSH especially among other more scientific disciplines. Fundamental research 

and publication system, however, are overall considered to belong to the traditional academic context and to 

represent a traditional quality control. There are also interviewees who particularly mention the role of the 

university as being primarily educational. In most cases, they used this argument to oppose the further 

commercialization of the university, and for this reason we regard it as belonging to the traditional academic 

context. Applied research, interdisciplinarity, public-private partnerships and research valorization, then, are used 

by the interviewees as representing a change in the content of the scientific research agenda and a turn towards 

more relevant research. They may, therefore, be seen as Mode 2 attributes rather than Mode 1 knowledge 

production. 

 

Table 4.2 Alternative attributes of knowledge production and their assignment to Mode 1 or Mode 2 
Alternative attributes Mode 1 or Mode 2 
1 Fundamental research 
2 Applied research 
3 Methods and techniques 
4 Interdisciplinarity 
5 Public private partnerships 
6 Research valorization 
7 Publication system 
8 Educational focus of university 

M1 
M2 
M1 
M2 
M2 
M2 
M1 
M1 

 

4.3.5 Putting theory into practice  
 

In the next section, our aim is to explore the relevance of the attributes described in Table 2 in relation to 

the three future movements of SSH that have been described in the first section of this paper. In this way, we not 

only hope to gain insight into what future development Dutch experts predict for SSH, but we also want to find out 

whether the different experts show a preference for a specific set of attributes and, consequently, for a specific 

Mode. Hopefully, this will give us further insight into the ‘recognizable cognitive and organizational stability’ of 

Mode 2, i.e. if there is a reason to distinguish between a Mode 1 and Mode 2 and to qualify Mode 2 as better than 
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Mode 1 in this particular case. For this purpose, we will use a meta-analytical procedure, called rough set analysis, 

which has the appealing feature that it allows to tackle different and less immediately tangible aspects of the 

particular problem examined.  In the next section, we will discuss the rough set approach in more detail as well as 

present our most important results. An interpretation of the results and its implications for the analysis of future 

knowledge production will be discussed in the final sections.  

 

4.4 Rough set analysis of qualitative movements in SSH 
 

4.4.1 Introduction 
 

As applied fieldwork is expensive and time-consuming, in modern artificial intelligence techniques 

researchers often resort to low sample methods, in which a selected set of representative objects is carefully 

investigated by means of non-parametric methods (van Geenhuizen and Nijkamp, 2005). In this analysis, an 

analytical artificial intelligence method is employed called rough set analysis. Rough set analysis is a statistical tool 

that is most often employed in social psychology and in the medical and the natural sciences, and to a lesser extent 

in the areas of SSH. Here, meta-analysis is applied in order to offer a valid contribution to guaranteeing better 

transparency, by reducing the level of subjectivity, as well as by providing a necessary condition and appropriate 

tool to develop a suitable framework for evaluation and assessment in the knowledge production field. The rough 

set approach allows, through the application of systematical statistical methods, to pull together different 

knowledge production attributes in order both to extract and organize these attributes and to focus on common 

elements, success factors, and impediments to future developments of the knowledge production systems. In this 

section, after a further description of the rough set approach, the design and outcomes of our analysis will be 

presented. 

  

4.4.2 Rough set analysis 
 

Conventional statistical analysis, such as multiple regression analysis or discrete choice modelling, could 

not be applied in our study because of the qualitative nature of the variables. Therefore, as in Chapter 3, we have 

made use of another technique that has received increasing attention in the recent past, i.e. rough set analysis 

(Pawlak, 1991; Polkowski and Skowron, 1998). Rough set analysis classifies the available information in classes of 

attributes and in this way can discover possible cause-effect relationships from a set of data in order to obtain 

more structured and precise knowledge (Nijkamp, 1996). The results from the semi-structured interviews were 

systematically codified in a database as a matrix that constitutes a summary of the underlying field information. 

The interviews were semi-structured in order to facilitate the collection of comparable data, and also to leave 
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room for additional questions that seemed fruitful to pursue during the course of the interview. Broadly, the 

interviews were divided into: personal questions; institutional questions; questions concerning the role of SSH in 

the institution; the role of the institution in society, and questions concerning the future development of SSH 

according to the interviewees. This multi-attribute table served as a basis for the systematic comparison of the 

future trend of SSH in the Netherlands and knowledge production factors influencing these movements. A rough 

set, here, is a set for which the classification of a group of certain objects is not entirely certain. The reason is that 

the classification of specific categorical data is dependent on the measurement scale (the degree of ‘granularity’). 

Of course, we have to assume that there is a finite set of objects to be classified. We have employed an inductive 

approach, using a limited number of carefully selected interviewees. This approach allows ‘replication’, i.e. 

allowing the individual interviewees to represent a specific group of stakeholders (Yin, 1994). In this particular 

case, we distinguish between stakeholders from the policy field, the business sector, academia, the media, and 

NGOs, which in turn allows a close correspondence between theory and data, a process in which the emergent 

theory is grounded, or, in this case, challenged by the data (Eisenhardt, 1989). Information on these objects, i.e. 

the 22 experts, is collected by assigning the features of these objects to distinct relevant classes. In this case, we 

have used a limited set of characteristics, i.e. sector, educational background, and current profession, as features, 

or rather attributes. These attributes are used to further define the relationships between the set of knowledge 

production attributes and the response variable, i.e. future developments of SSH (for an overview, see Table 4.3). 

In this way, equivalence classes can be identified. Objects belonging to the same equivalence class are 

‘indiscernible’. Further, a ‘core’ can often be identified, which consists of the class of all indiscernible equivalence 

relationships. Attributes in the core may be seen as the critical variables in an exploratory sense. Rough set analysis 

is thus essentially a classification experiment. It aims to identify under which conditions certain attributes are 

necessary to explain the existence of a response variable. The results are usually of an if-then nature and go by the 

name of ‘decision rules’. A useful computer software programme to carry out rough set analysis is Rough Set Data 

Explorer (ROSE), which is an open source programme. There have been other attempts to create software for the 

application of rough set data analysis, e.g. ROSETTA, but this algorithm constructs the best possible decision rules 

to explain the frequency of occurrence of features (van Geenhuizen and Nijkamp, 2005) and is more user-friendly.  

Rough set data analysis (RSDA)  is able to face two particular issues of the decision-making context: 1) it provides 

an explanation, i.e. is capable of pointing out the critical aspect of the problem and the correlation between the 

data, by resorting to a set of conditional attributes and an information table; and 2) it provides a prescription, i.e. is 

capable of evaluating the information available in a decision table, aiming to provide a comprehensive preference 

model as a support in the decisional and negotiation process (Nijkamp, 1996). In Section 4.4.3., we will now apply 

this approach to a comparative analysis of the eight knowledge production attributes, aiming to identify dominant 

patterns which may be useful for understanding movements in SSH. 
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4.4.3 Results of the analysis 
 

 The main goal of our analysis is the discovery of relevant subsets of knowledge production and spillover in 

the Netherlands according to the 22 experts interviewed, as well as a representation of all important relationships 

between the characteristics of the interviewees and their ideas about the future development of SSH knowledge 

production. We are particularly interested in the question: What development in SSH do the Dutch experts predict 

for the near future? Will there be a focus on further differentiation, on further synthesis, or will there be an ever 

closer relationship of SSH with organized society, government and industry, and other institutional centres of 

authority? And what knowledge production forms are necessary to achieve this development? In order to answer 

these questions by means of RSDA, the data need to be coded and represented in an information table or coded 

value table, which is visualized in Table 4.1. In our information table we distinguish between the following forms of 

knowledge production: 1) fundamental research; 2) applied research; 3) methods and techniques; 4) 

interdisciplinarity; 5) public-private partnership; 6) research valorization; 7) publication system; and 8) university as 

a mere education institution (Table 4.1). These knowledge production forms can then act as success factors in our 

analysis or as impediments. In order to better interpret the results, we further distinguish between the objects’ 

characteristics. The experts who were interviewed have the following positions or occupations: manager, 

president/ director, policy maker, journalist, researcher or Dean of a faculty in an organization or institute that 

actively develops and/ or utilizes SSH knowledge. The focus of our analysis is on the characteristics ‘type of sector’, 

‘educational background’ and ‘current profession’, which are in turn subdivided into different classes (see Table 

4.1). Differentiation, synthesis, and paradigm are the decision attributes. Using the computer software program 

ROSE, we find 12 rules that predict something about the future development of SSH, which is further explained 

later in Table 4.2. 

  

 

 

 

 

 

 

 

 

 

 

 

 



78 
 

Table 4.3 Representation of the RSA decision table 
Objects T E P S I  D 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

1 
2 
4 
4 
4 
2 
4 
4 
4 
1 
4 
1 
4 
4 
2 
4 
4 
3 
4 
4 
5 
3 

2 
2 
2 
4 
7 
1 
2 
6 
5 
2 
3 
1 
2 
2 
4 
4 
2 
3 
2 
2 
2 
2 

2 
2 
1 
2 
3 
2 
2 
1 
2 
1 
1 
2 
1 
1 
2 
3 
3 
3 
2 
2 
1 
3 

4 
6 
6 
6 
4 
4 
4 
2 
6 
1 
4 
4 
5 
2 
4 
4 
1 
1 
5 
5 
2 
2 

5 
6 
6 
6 
6 
5 
6 
6 
6 
7 
7 
6 
6 
6 
6 
6 
2 
2 
6 
6 
8 
7 

 3 
3 
3 
1 
2 
2 
1 
2 
1 
2 
3 
3 
3 
3 
2 
2 
1 
1 
1 
1 
3 
3 

Condition and decision attributes 

T: Type of sector S: Success factors 
Classes: 1 research 

2 business 
3 media 
4 public 
5 NGO 

Classes: 1 fundamental research 
2 applied research 
3 methods and techniques 
4 interdisciplinarity 
5 public private partnerships 
6 research valorization 
7 publication system 
8 educational focus 

E: Educational background I: Impediments 
Classes: 1 humanities 

2 social sciences (incl. economics and 
psychology) 
3 earth and life sciences 
4 combination of social sciences, humanities 
and earth and life sciences 
5 medical sciences 
6 agricultural sciences 
7 other 

Classes: 1 fundamental research 
2 applied research 
3 methods and techniques 
4 interdisciplinarity 
5 public private partnerships 
6 research valorization 
7 publication system 
8 educational focus 

P: Profession D: Future developments* 
Classes: 1 research 

2 management 
3 other 

Classes: 1 differentitation 
2 synthesis 
3 paradigm 

* Decision attribute. 
 

The rough set analysis generally consists of two stages: preprocessing, and processing (Hassanien et al., 

2007). The preprocessing stage includes tasks such as data cleaning, completeness, correctness, attribute creation, 

attribute selection, and discretization, which is visualized in Table 4.2. Processing includes the generation of 

preliminary knowledge, such as the computation of object reducts from data, the derivation of rules from reducts, 
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and classification processes, which is represented in Table 4.3. These stages lead to the final goal of generating 

rules from the information or decision system of the innovation database (Pawlak, 1982, 1991; Komorowski et al., 

1999). The rules are shown in Table 4.4. Table 4.3 shows the impact or the level of robustness of our RSDA. Both 

the accuracy and the quality of the rough set approximation equal 1, meaning that the reliability of the 

classification for the dependent variable, i.e. the future development of SSH, and the overall quality are at their 

maximum. On the basis of these results the objects used in this analysis, i.e. the interviewees, can be generalized. 

However, not all condition variables belong to the core. Only education and profession are reassigned to the core 

with a quality of 0.273, meaning that these two condition variables explain 27.3 per cent of the choice of 

interviewees for a particular future development of SSH. So, each future development is explained by at least 

profession, education, or education and profession. Further, Rule 1 has the highest decision coverage, namely 

71.43 per cent, which means that for 71.43 per cent or 5 of the interviewees who showed a preference for further 

differentiation this rule is true, followed by Rules 3, 8 and 9 with 33.33 per cent. A total of 6 rules have a relatively 

low strength, because they are supported by one expert only. In general such rules are excluded from the analysis. 

For reasons of clarity we have included them in our decision rules list (Table 4.4), but these rules cannot be given 

serious weight in the interpretation of the results. 

 

Table 4.4 The impact of the RSDA rules 
Accuracy of classification 1.0000 
Quality of classification 1.0000 
Core set Education and Profession 
Quality of core 0.2727 
Strength of rules Rule 1. (71.43%) relevant for 5 interviewees 

Rule 3. (33.33%) relevant for 2 interviewees 
Rule 8. (33.33%) relevant for 3 interviewees 
Rule 9. (33.33%) relevant for 3 interviewees 

 

The results of the classification process of our RSDA and the relations of the selected attributes and future 

developments are presented in Table 4.4. The Rules represent classifications of interviewees on the basis of their 

characteristics and their preferences with regard to SSH, whereby future developments of SSH are the decision or 

selection variable. Experts can display different rules, in our analysis Rules 8 and 9 have an overlapping expert, but 

interviewees cannot represent different futures unless two decision attributes were created. Rule 1 indicates a 

preference of interviewees from the public sector for further differentiation of SSH in the near future. An 

explanation for this may be that all interviewees who show a preference for this development work in a public 

institution that focuses on a specific (often economic) SSH topic, like innovation or urban policy. Because of the 

semi-structured design of the interviews, the focus is often on their specific field of expertise. For example, one 

expert from the Ministry of Economic Affairs specifically suggested that: “Scientists should consider more what 

would be the relevance of their research for the small and medium-sized enterprises (SMEs) which do not know 

where to go (with their research questions). And how do I put it across in such a way that it is understandable for 

them?” Interviewees working outside the field of research, so working in, for example, the public or business 
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sector, often brought up their inability to answer questions about characteristics of SSH and future developments 

that were too specific, since this requires knowledge about university systems and operational procedures.  

The experts who predicted further differentiation, and who that did have a better insight into these 

systems and processes, particularly highlighted the negative effect of a too strong focus on applied research for 

SSH (Rule 2). Interviewees who prefer further synthesis have an educational background in social sciences, 

humanities, and earth and life sciences (Rule 3). It should be noted here that both cases concern interviews with 

two experts. So, actually, four people were interviewed in the case of Rule 3, although this cannot be marked as 

such because of the interwovenness of their responses. Both duos link the positive effect that they believe 

interdisciplinarity has on SSH to a further synthesis of SSH in the near future. The interviewee who considered that 

public private partnerships are a particular impediment for further synthesis is active in the business sector (Rule 

6). This interviewee regards the academic and business sector as two separate entities that do not mix well. The 

interviewee stated it as follows: “Using only an academic approach to a societal problem does not solve a societal 

problem. You need practical experience and the ability to see things in perspective.” This expert, as a result, 

prefers further synthesis rather than a greater societal role for SSH. Finally, fundamental research is also positively 

associated with further synthesis (Rule 7). Fundamental research is increasingly conducted in interdisciplinary 

research teams in the public knowledge institution that this interviewee represents. The central idea behind this 

development is that further complexity of society requires a more interdisciplinary approach to fundamental 

issues.  

Paradigm, i.e. a closer relationship of SSH with society, government and industry, and other institutional 

centers of authority, is especially interesting for those interviewees from the public sector who have a research 

position and an educational background in the social sciences (Rule 8). Similar to the interviewees of Rule 1, these 

experts also work in public institutions, but different from the first, they work specifically in a research institution 

or research department and also often (still) have strong links with universities. Because of this they generally tend 

to have a stronger opinion about the future of SSH, and are better able to answer questions that more specifically 

deal with systematic issues related to SSH. For example, a Dean of the Faculty of Humanities said the following 

about the paradigmatic trend: “The trend in research used to be scientific excellence only. We all wanted to be 

Einsteins. Nowadays it is clear that we are not all Einsteins and research that is applicable in practice gets much 

more attention.” The same is true for education: “In the past students were prepared solely for a scientific career. 

Nowadays this is different.” Rule 9 further shows that three interviewees who share an educational background in 

the social sciences believe that a further development towards stronger interaction between society, business and 

the public sector positively correlates with attention for applied research in SSH. Experts with a management 

function in a university setting also promote a closer relationship of SSH with society, government, and industry, 

but focus especially on further interdisciplinarity (Rule 10). One interviewee put it as follows: “Discussions about 

innovation were always about nanotechnology or science and technical applications. But we also need to organize 

it and as far as I can see it is usually about human mistakes when something goes wrong.” The current publication 
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system is further seen as an impediment for achieving a larger societal role (Rule 11), while research valorization is 

especially interesting for the business sector (Rule 12). 

 

Table 4.5 Rule generation in RSDA 
Conditions Strength 

of rules 
# Objects’ characteristics Generalization 

Rule 1. If (T=4)  (P=2)  D=1 71.43% 5 Working in the public 
sector in the area of 
management 

IF applied research is considered an 
impediment THEN interviewees predict 
further differentiation of SSH 

Rule 2. If (I=2)  D=1 28.57% 2 

Rule 3. If (E=4)  (S=4)  D=2 33.33% 2 Educational background 
in agricultural studies, 
social sciences, 
humanities, earth and 
life sciences or other, 
and active in the 
research sector 

IF public private partnerships are considered 
an impediment, and fundamental research 
and interdisciplinarity success factors THEN 
interviewees predict further synthesis of SSH 
both within SSH and between SSH and other 
disciplines 

Rule 4. If (E=6)  D=2 16.67% 1 
Rule 5. If (E=7)  D=2 16.67% 1 
Rule 6. If (E=1)   (I=5)  D=2 16.67% 1 
Rule 7. If (T=1)  (S=1)  D=2 16.67% 1 

Rule 8. If (T=4)  (E=2)  (P=1) 
D=3 

33.33% 3 Educational background 
in social sciences, earth 
and life sciences, and 
working in the research, 
business or public 
sector, and research as 
a profession 

IF the publication system is considered an 
impediment, and interdisciplinarity and 
research valorization a success factor THEN 
interviewees predict a closer relationship of 
SSH with society, government and industry, 
and other institutional centers of authority 

Rule 9. If (E=2)  (S=2) D=3 33.33% 3 
Rule 10. If (T=1)  (S=4)  D=3 22.22% 2 
Rule 11. If (E=3)  (I=7)  D=3 11.11% 1 
Rule 12. If (T=2)  (S=6)  D=3 11.11% 1 

 

 Table 4.4 shows the relation between the different knowledge production factors and the future 

developments in SSH in more detail. The functions that allow good generalization are marked in grey. There are 

seven interviewees who generally predict a further differentiation of SSH. In this case, focus is solely on the 

negative effect that applied research can have on SSH. According to these experts, SSH are primarily a collective of 

different academic disciplines that have their own strengths and weaknesses. Sometimes disciplines will become 

so marginal that they will disappear, but societal changes can also increase the popularity of disciplines, or create a 

need for new disciplines. One interviewee, for example, mentioned the increased popularity of Arabic studies after 

the 9/11 attacks. But, in general, the experts in favour of differentiation are for a continuation of the current 

situation, whereby the academic character of a discipline should not be challenged by a too strong focus on 

applied research. Further, six interviewees predicted synthesis as a future development for SSH. Fundamental 

research and interdisciplinarity can in this respect be seen as success factors, whereas public-private partnership 

acts as an impediment. The experts who have opted for further synthesis, in line with those who chose 

differentiation, are of the opinion that the academic character of SSH should be central, but different from the first 

group, believe that interdisciplinarity is very important and should be promoted. Therefore, interviewees in favour 

of paradigm support the growing influence of interdisciplinarity on SSH research. They also believe, however, that 

research valorization will strengthen SSH in the near future. A closer relationship of SSH with society, government 

and industry is favoured, because most interviewees view SSH as the ideal link between science and society. The 

ever-increasing complexity of society requires both an academic viewpoint, in order to better understand the 

social issues at stake, and a more interdisciplinary view on scientific questions. With regard to the latter, there is a 
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growing belief that technological innovations, environmental problems, etc. cannot be solved properly without 

taking into account the social implications. ‘Social’  is here used in a broad sense, thus including social, economic, 

historic, linguistic, and so on. 

 

Table 4.6 The effect of knowledge production functions on future developments in the social sciences and 
humanities 
Future developments Functions Effect Examples 
Differentiation (N=7) Applied research (N=2) I  “In a market setting, if a product is not used, production is 

stopped or a company goes bankrupt. This is different for 
research.” 

Synthesis (N=6) Fundamental research S “Every academic discipline consists of a fundamental and an 
applied stream of knowledge. Truth does not exist. In the 
world of the ‘negotiated knowledge’ that you then enter, by 
understanding each other’s insights you create shared 
knowledge which if it large enough leads to a certain truth. 
Creating links to enlarge your knowledge and understanding 
are in this respect essential.” 

 Interdisciplinarity (N=2) S “The connection between disciplines is becoming more 
important than disciplines as such (this in relation to how 
social sciences are helpful in making cooperation between 
employees better and more efficient).” 

 Public-private 
partnerships 

I “The main goals of universities are to produce knowledge and 
share knowledge, hence by means of research and education. 
That needs to be done in a reasonably independent manner 
without the discipline of the market.” 

Paradigm (N=9) Interdisciplinarity (N=2) S “The best research takes places near the borders. Finding 
those borders and creating new research that is what I find 
interesting.”  

 Applied research (N=3) S “The trend in research used to be scientific excellence only. 
We all wanted to be Einsteins. Nowadays it is clear that we 
are not all Einsteins and research that is applicable in practice 
gets much more attention.” 

 Research valorization S “If you get funding for a project of about € 70 to 90 million, 
you have a social task to tell something about it.” 

 Publication system I “It’s all about rating and in what journals you publish. That’s 
the only impact factor for universities.” 

Note: I = impediment; S = success factor 
 

4.5 Discussion 
 

The aim of our analysis was to answer two main questions: What development in the social sciences and 

humanities do representative Dutch experts predict for the near future; in particular, will there be a focus on 

further differentiation, or further synthesis, or will there be an ever closer relationship of SSH with society, 

government and industry, and other institutional centres of authority? And what knowledge production forms are 

necessary to achieve this development? Basically, what the results of the rough set analysis show us is that, even 

though, on first sight, differentiation, synthesis and paradigm have a more or less equal chance of impacting SSH in 

the near future according to the interviewees, if we look more closely at the results, there appears to be a 

preference among the interviewees for further interdisciplinarity. This also brings to the surface the subdivision 
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between those experts who regard SSH as a purely academic affair, and predict differentiation or synthesis as a 

future development for SSH, and those who promote a stronger interaction between SSH and society, government 

and industry. From our results, it appears that the first group is larger, namely 13 against 9 interviewees. 

Surprisingly, the group that predicts a predominantly academic role for SSH or at least no change in the current 

situation does not consist solely of university experts: on the contrary, it is especially the research and university 

experts who promote a larger societal role for SSH. The experts who foresee a primarily academic role for SSH 

work predominantly on specific social issues in public or private institutions. In the Netherlands the prime interests 

of these institutions at the time when the interviews were conducted, centered round the promotion of innovation 

and entrepreneurship. In particular the stimulation of knowledge exchange with small and medium-sized 

companies was particularly highlighted. On this level, knowledge exchange is still largely absent, which is often due 

to the differences in working or education level. This may well explain part of the disappointment of the policy 

sector in the valorization of SSH in the Netherlands. However, when we exclude the single object rules and only 

consider those rules that are relevant for at least 2 interviewees, only applied research is considered an 

impediment in the event of further differentiation of SSH, whereas applied research is regarded a success factor 

for a more paradigmatic shift of SSH, as well as for interdisciplinarity which is also a success factor for the further 

synthesis of SSH.  

 

4.6 Conclusion 
 

Several constraints with regard to our rough set analysis need to be taken into account that can seriously 

prejudice the outcome of the evaluation approach. In our case, objectivity cannot be guaranteed for the 

interpretation and codification of the results of semi-structured interviews. Although we have been careful to 

include all knowledge production attributes referred to by the experts, for the sake of comparability attributes 

have been excluded from our analysis in some cases. We have to assume that there is a finite set of data that can 

be incorporated in the analysis. Moreover, the information matrix does not allow for multiple codifications, so in 

several interviews it was necessary to select between attributes or future movements. The semi-structured design 

of the interviews further complicated objective codification in this respect. There is a need to distinguish between 

people who are strongly involved in the whole discussion about SSH and those who are not and who view the 

subject from their specific and specialist field of expertise. This clearly affected the richness and structure of these 

interviews as well as the objectivity towards the issue on the part of the interviewee. With the inclusion of the 

objects’ characteristics into the model, we hope, however, to have tackled this limitation to some extent. Finally, 

the interviews were primarily conducted for the EU 6th Framework Project SSH-Futures and have been introduced 

as such to the interviewees. Experts questioned have, as a result, not answered the questions with the specifics of 

Mode 2 concept in mind, although focus of the project is also on SSH futures and different perspectives that exist 

about SSH research. We therefore believe the results of our analysis are valid.  
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Having taken into account the heterogeneity of science, paying attention to the differences between 

scientific fields and national contexts in our analytical model, our research tends to support the suggestion made 

by Hessels and van Lente (2008) to regard the individual attributes of the Mode 2 concept as separate trends 

rather than as characteristics of a general development. In line with the literature discussed in their paper, our 

analysis shows that not all ‘Mode 2’ attributes simultaneously correlate in our analysis, nor do the ‘Mode 1’ 

attributes. Only in the case of paradigms are several, though not all, Mode 2 attributes regarded as success factors, 

and the publication system, a Mode 1 attribute, is considered an impediment. Furthermore, while also taking into 

account the low strength of some of the rules, only interdisciplinarity is regarded as having an overall positive 

influence on the future of SSH according to a majority of the Dutch experts. The preference for this attribute may 

be explained by the fact that this knowledge production feature is academic enough not to be a threat to the 

traditional research system, and innovative and even commercial enough as to not lead to a lock-in, a situation 

that emerged during the 1950s and 1960s (Rip, 2000). Our analysis does not indicate whether interdisciplinarity 

already constitutes a substantial part of contemporary science systems. At the same time, the outcomes do show a 

minor preference for paradigm, which may indicate a development of interdisciplinarity towards 

transdisciplinarity, but this is mere speculation. The rough set analysis, however, does seem to provide an answer 

to the second question insofar as most experts working in a university or research institution with close links to the 

university predicted a closer relationship of SSH with organized society, government and industry, and other 

institutional centers of authority. This gives us reason to believe that university scientists in the Netherlands are 

increasingly reflexive. Finally, the third question is outside the scope of our study. We have only included the 

publication system as a type of scientific quality control, which is a traditional form of quality control, but this 

attribute did not significantly explain any of the three futures. 

 

4.7 Ways forward 
 

One of our aims was to add to the discussion on science systems and their future in order to offer further 

transparency to policy makers. Our most important finding is that, on the basis of our exploratory analysis, the 

idea of a clear distinction between Mode 1 and Mode 2 knowledge production can be rejected, although the 

discussion in the Netherlands seems to be taken place largely on a Mode 2 level with a focus on applied research 

and interdisciplinarity. The suggestion that elements of Mode 2 have always existed in modern science is in this 

respect not necessarily supported, but has certainly gained plausibility. This realization is important in the light of 

the current discussion, which runs the risk of turning into deadlock. Curiosity-driven research and use-driven, i.e. 

the desire to seek new understanding and knowledge about nature and the desire to use that knowledge in a 

practical way, appear to be naturally co-existing and in close interaction. Because to this, characteristics of Mode 1 

and Mode 2 are better regarded as separate trends rather than as characteristics of a general development, 

shedding further light on the nature of the discussion about SSH and the science system in general. SSH may feel 
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itself under pressure to cope with a growing range of expectations that are viewed as demanding. Expectations, 

however, seem to be largely based on perceptions and personal agendas and appear far less conflicting than 

originally assumed. One university expert described it in the following manner: “Everybody claims to have an 

opinion about social sciences. For trade unions we used to do a yearly research and every time we handed in the 

report they used to say that the results predicted what they already had in mind. I got so fed up with this that at 

one point I asked them to fill in a questionnaire beforehand and predict the outcomes of the research. They could 

not have been more wrong”. An expert from the business sector was of the opinion that the relation between 

faculties of SSH and (large) firms was very good. According to this expert, the usefulness of SSH for the business 

sector was as follows: “Further efficiency is not about a better machine or a better installation. It is about people 

getting ownership over the machine. They are trained to manage the machines, which leads to dramatic 

improvements. The human aspect is becoming more important again in the production process.  This is what you 

see at the moment. It is a sort of natural evolution”. Surprisingly, the most critical reviews of SSH came from policy 

experts. In the words of one policy expert, SSH should focus in particular on the following: “SSH needs to look to 

the demand to see what should be the input or ingredients for a certain product or service. If this needs to come 

from different faculties, then this should be done so. But it is the end that justifies the means”. Whatever the 

personal agenda may be, overall experts seem in favor of closer cooperation between the different disciplines and, 

with that, perhaps also closer cooperation between the faculties and even universities. The growing presence of 

interdisciplinary research centers in the Netherlands only supports this view. A development of transdisciplinarity, 

however, is looking too far into the future for the Netherlands. There are clear signs that similar opposing scenes 

are also apparent in other European countries. Further research into country differences needs to be conducted to 

show more definite results, even though, due to the large differences in science systems in the different EU 

countries, such research is challenging.  

 

This chapter was published in Innovation: The European Journal of Social Science Research in 2009 (see APPENDIX 
C for details). Interviews were originally conducted for the EU 6th Framework Programme ‘SSH-Futures’. 
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CHAPTER 5 

THE ROLE OF THE GOVERNMENT IN THE INNOVATION PROCESS: 
EXPERIENCE OF A NEW DUTCH INNOVATION POLICY PROGRAMME 

 

In the systems-of-innovation literature, policy is increasingly looked at not in terms 
of its goals to move the economic system back to an optimal equilibrium, but rather 
in terms of potential learning and innovation in the public and private sectors, 
enhancing technology diffusion, and introducing socially responsible routines in 
public and private organizations. The theory behind this assumption is that 
institutions help frame human behaviour and cognition and reduce uncertainty, 
while public policy is a more specific course of action that a public authority chooses 
to address a problem. Both institutions and public policies neither are optimal nor 
tending towards optimality or equilibrium. In 2004, the Netherlands introduced a 
new policy instrument called the ‘innovation voucher’ to increase the interaction 
between SMEs and public knowledge institutes, because the knowledge exchange 
between SMEs and research institutions was considered suboptimal  
(Innovatieplatform, 2004; AWT, 2005). In 2011, however, the government decided 
not to continue with the programme, even though different evaluation studies were 
generally positive about the added value of the instrument. This chapter aims to 
question to what extent Dutch innovation policy targeted at SMEs is grounded in 
the innovation approach, on the basis of the results of a questionnaire that was 
designed and conducted among 2254 SMEs that participated in the innovation 
voucher programme in the period 2006-2008.  

 
 



88 
 

  



89 
 

 

5.1 Introduction 
 

According to Cappellin and Wink (2009), the increasing interdependence of highly integrated markets at 

the European level is leading to the need for a European competition policy. At the national level, new institutions 

may be represented by national strategies, programmes, and laws that mobilize complementary flows of public 

finance. At the regional level, policy making may be characterized by the design of specific regional projects, the 

creation of new intermediate institutions between the state and the individual actors and flexible forms of public-

private partnerships. Although governance requires a significant degree of autonomy from the state, the state can 

only indirectly and imperfectly steer networks (Rhodes, 2008). There is a large variety of modes of governance of 

knowledge relations. These forms of dynamic coordination range from coordinated transactions and constructed 

interactions to quasi-hierarchies (Antonelli, 2005). Cappellin and Wink (2009) list a number of organizations as 

representing different governance modes, among which are: large networks of excellence between research 

institutions and research groups; international and interregional agencies; large multinational companies and 

financial groups’ cross-participation between firms; joint projects between national and foreign firms for new 

productions and new technologies; committees, norms and technical standards between the firms of the same 

sector; vertical sectoral clusters of firms in the same supply chain; industry and professional associations; cultural 

and professional associations, scientific associations; regional innovation strategies (RIS) and territorial knowledge 

management; and forms of public-private partnership and strategic planning contracts with large firms. 

This study aims to understand more of the complex mediating role of governance in steering networking 

activities. The focus of the analysis in this chapter is the national Dutch innovation subsidy scheme, called the 

‘innovation vouchers programme’ that was introduced in 2004 by the Innovation Platform in order to promote the 

knowledge transfer between SMEs and public research institutions. The scheme was set up in 2004 as a pilot to 

learn from experience. In recent years, the main goal of the Netherlands has been to raise the Dutch knowledge 

economy to a leading position. In September 2003 the Innovation Platform was installed with the main task to 

develop a comprehensive and coherent vision of the Dutch knowledge economy and draw up plans to give 

impetus to innovation in order to improve productivity growth and economic development in the Netherlands 

(Innovatieplatform, 2004). The Dutch Innovation Platform existed until 2010 and its main aim was to place the 

knowledge-based economy permanently on the governmental and social agenda. It was a collaborative body 

comprising the government, businesses and scientists, and brought parties together, suggested promising policy 

directions, and generated support. It had a significant influence on the knowledge and innovation policies of the 

government and other entities. One of the main objectives of the Innovation Platform was the stimulation of 

cooperation for innovation (Innovatieplatform, 2010). The innovation voucher scheme was one of many initiatives 

of the Platform. 
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The outcomes of the evaluations concerning the pilot phase of the ‘innovation vouchers programme’ have 

been used as a basis and reference for the present study. The pilot phase consisted of two rounds (2004 and 

2005). In this phase, a new target group seemed to have already been reached by the innovation vouchers (CPB, 

2006). In the first round, 92 per cent of the vouchers were used. 83 per cent of the applicants had not used a 

specific innovation scheme before. 40 per cent of the applicants were new to the government innovation agency, 

Agentschap NL. The additionality was 80 per cent (so 8 out of 10 R&D jobs would not have existed without a 

voucher). From the interviews with applicants, it appeared that the administrative burden was perceived as low. 

On the basis of the experience in the first rounds, the scheme was extended and broadened in 2006. In February 

2008 another evaluation, commissioned by the Dutch Ministry of Economic Affairs in the period 2005/2006, was 

published (Dialogic, 2008). According to this evaluation, the vouchers were considered relatively easy to access and 

reached a wide audience. Vouchers were also used for innovation in services. However, the vouchers were used 

particularly by innovative SMEs. Less or non-innovative SMEs who were granted a voucher often did not actually 

collect them. In 2007, over 40 per cent of the vouchers were not collected. According to the evaluation, one 

reason for this was that applying for vouchers was relatively easy so that many SMEs initially chose to apply for 

them, but, owing to lack of time or to changing context, often did not collect them. One of the recommendations 

was thus to enable contact between less innovative SMEs and knowledge institutes. This last finding, in particular, 

was used as a starting point or inspiration for the design of our survey. 

The main goal of the past two evaluations was to evaluate the success of the programme. The aim of our 

survey is to elaborate on the finding that it is mainly the innovative SMEs, which have used the voucher (Dialogic, 

2008). The evaluation survey data could in this respect also serve as non-reactive measures of change in practice 

or performance (Webb et al., 1981). The current questionnaire was distributed with the idea that this programme 

could provide valuable information about the knowledge network and learning behaviour of innovative SMEs, 

which is essential for a better understanding of the Dutch regional innovation system. Although evaluations of 

policy instruments are important, the systems-of-innovation literature suggests that, rather than a mere trial and 

error process, instruments should be regarded as a continuing (learning) process that require continuous empirical 

monitoring. This chapter introduces the Dutch innovation voucher programme, presents the most important 

findings of previous evaluations of the programme, and highlights the most important findings of the evaluation 

part of the questionnaire. In this way, the robustness of the questionnaire and its results also test to what extent 

government instruments like the ‘innovation vouchers’ are learning processes that can benefit from empirical 

monitoring.  

 

5.2 Mediating knowledge networks in theory 
 

The general assumption of the systems-of-innovation literature is that the exchange of tacit knowledge 

cannot be effectively coordinated by conventional markets, owing to which intermediate institutions are 
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considered to play a major role in the coordination of the market economy. Within firms the governance of the 

innovation processes are the decisions on the integration or the outsourcing of specific activities, and also the 

acquisition of other firms, the sale of specific internal non-core activities, and the creation of alliances with other 

firms. These decisions do not usually depend on the policies of public authorities, and they are affected by the 

investment strategies of large corporations, banks, and private equity funds. However, sometimes market 

mechanisms fail to promote changes in the connections within regional or sectoral innovation networks. Here, 

intermediate institutions can play a decisive role. In the literature, the term ‘governance’ is often used to indicate 

that reference is being made to network arrangements of public and private actors who negotiate cooperative 

solutions, instead of hierarchical order by government authorities (van Kersbergen and van Waarden, 2004; Kaiser, 

2008). Up to now, governance has become especially relevant within the complex negotiation and decision-making 

system of the European Union.  

No single actor is capable of organizing the complex relationships between the actors for major 

innovation in isolation. Governance, however, is considered to enable the achievement of compromise solutions 

between the various actors and regulates the distribution of costs and benefits of joint complex projects, in this 

way attaining Pareto-optimal solutions by means of the compensation of the interests negatively affected by some 

specific policy measure through the positive effects on the same actor of other compensatory measures. Tacit 

knowledge requires allocation mechanisms that are different from the markets, since tacit knowledge implies 

asymmetric information and high risks and it requires trust, identity and sharing values, allowing collaborations, 

and avoiding opportunistic behaviour, adverse selection, and moral hazard. Governance, or, in this case, 

government, can allow better access to information, making it easier for the individual to develop rational 

decisions. However, in principle, individuals, so also governments, are considered to only have partial access to 

information, and may consequently take inappropriate decisions. This is different from free-market competition, 

which is based on rational behaviour and on the absence of transaction costs. The development of the process of 

interactive learning and knowledge creation requires institutions and governance, but the evolution of institutions 

and the various forms of governance in the field of innovation policies at the regional and national level are also 

the result of policy learning processes. This is not sufficiently recognized. Policy makers tend to avoid robust 

empirical monitoring of their projects for fear of negative publicity, but are therefore unable to constructively 

improve and extend projects. It is this specific assumption that will be further explored in this study.  

This study assumes that macroeconomic systems do not display optimal states or converge to them, but 

rather are complex systems that just evolve following specific development laws, and often display inertia, like 

stasis in ecosystems within the natural world. These economic systems are composed of many types of 

organizations, including firms, government departments, universities and public laboratories. Institutions and 

policies structure relations among these units. Economic growth occurs through the interaction of private and 

public sector organizations. Governments play a key role in the system because they can dictate or frame some of 

the relationships among the component organizations, possess enough resources to create organizations that are 
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missing in the system, and can direct the whole part of the system towards the creation of new sectors. As a result, 

the literature generally focuses on national or regional systems of innovation. Comparison between countries is 

complicated, particularly if institutional systems are fundamentally different. This being the case, laying bare 

existing customs and routines in government systems may provide useful information for future policy attempts or 

improvements.  Public policies are neither optimal nor tending towards optimality or equilibrium: economic agents 

are considered to undertake an interactive process of learning and change. This study argues that a better 

understanding of this process of learning and change may lead to more targeted policy objectives.  

 

5.3 Government intervention for innovation 
 

The argument that public policy is neither optimal nor tending towards equilibrium is based on Arrow 

(1963). Arrow’s impossibility theorem states that policy makers have to make rational choices based on several 

criteria, and that as a result they need to extract a preference order on a given set of options (outcomes). Arrow’s 

theorem therefore says that, if the decision making body has at least two members and at least three options to 

decide among, then it is impossible to design a social welfare function that satisfies all these conditions at once. It 

is unclear if the government always has welfare optimalization or reaching a situation of optimal allocation of 

goods and services (the Pareto criterion) as its ultimate goal. One of the most important problems of the market 

and the government in this respect is access to information. The government in its role as supervisor is considered 

to have major information disadvantages relative to the organizations that need supervision. In their study, 

Baarsma et al. (2010) argue that, in practice, the management of a public interest is not always proportional to the 

size of the market failure: government intervention can be excessive or too limited. In this respect, Baarsma et al. 

(2010) point to the provision of innovation subsidies to firms that would also be innovative without the subsidy. 

Winston (2006) further states that government intervention thus is only appropriate (i.e. will increase prosperity) if 

the benefits exceed the costs. This implies that the government should only intervene if the market fails to achieve 

more prosperity.  

A recent example of government intervention in the Netherlands was the introduction of the ‘innovation 

vouchers’ by the Innovation Platform in order to promote the knowledge transfer between SMEs and public 

research institutions. The background to the Dutch ‘innovation vouchers’ was the realization that cooperation 

between industry and knowledge institutes was lacking in the Netherlands, in particular between knowledge 

institutes and SMEs. SMEs were lockedin knowledge relations that often did not include universities and other 

knowledge institutions, while at the same time universities in the Netherlands were not sufficiently demand-

oriented and lacked central coordination or steering mechanisms. The Innovation Platform attempted to correct 

this. The Innovation Platform can thus be regarded as a response to system failures, as introduced by the 

evolutionary framework (Smith, 1991; Galli and Teubal, 1997; OECD, 1999). During its existence, the Innovation 

Platform was severely criticized. In particular, the following arguments were put forward by its opponents (NRC 
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Handelsblad, 2010): a) the Netherlands has lost its position in the ranking of the world’s knowledge economies of 

the World Forum despite the efforts of the Innovation Platform; b) the complaint that there is not sufficient 

innovation activity in the Netherlands was considered to be already relatively old, and valuable years have been 

wasted because, despite the efforts of the Innovation Platform, the problem has not been solved; c) innovation 

activity comes from small firms, but it was mainly the lobby of large firms that was represented and heard by the 

Innovation Platform; d) the idea that innovation can be steered is incorrect; and e) no real choices have been made 

because the Innovation Platform had a strong culture of consensus (in line with the well-known Dutch ‘polder 

model’).  

According to Baarsma et al. (2010), one way of determining if government intervention is appropriate is 

by social cost-benefit analysis, where two futures are compared: one future with government intervention (policy 

alternative), and one without government intervention (base case). By mapping the costs and benefits for each 

alternative, a clear image is formed of which policy scores best. The disadvantage of social cost-benefit analysis is 

that it requires a thorough economic analysis of the measures and the market. In the Netherlands, such analyses 

are common in the areas of infrastructure and energy. However, in other areas they are more problematic. 

Constant monitoring (i.e. learning) that goes beyond mere evaluation may in such cases prove beneficial. However, 

this does not yet seem sufficiently recognized. For example, the data for the current analysis were not provided 

initially, because the programme makers feared negative publicity. Previous evaluations had already brought to 

the surface several weaknesses of the programme, and the negative media attention of the Innovation Platform 

would further negatively affect the programme and its continuation. These fears were grounded, because in 2010 

the Dutch Cabinet decided to end the ‘innovation voucher programme’. Although innovation subsidies for SMEs 

will be continued in another form, the decision to end the programme was not based on the outcomes of constant 

monitoring. This study argues that from a learning perspective such decisionmaking should be discouraged for 

economic and social policy programmes in the future, i.e. programmes that cannot be judged in advance by means 

of social cost-benefit analysis. Not only is there a loss of valuable time-series information of subsidy programmes 

and constructive tools for improvement of these programmes, but their failure may also further feed critiques 

about ‘red-tape’ and about the complexity and lack of transparency of subsidy schemes. In the next sections, this 

assumption will be further explored.  

 

5.4 The Dutch innovation system 
  

The literature highlights that firms’ own links with the scientific world should be used to increase the 

firms’ capacity to absorb the knowledge available in research institutions (see Cohen and Levinthal, 1989), yet 

there is an increasing realization that Dutch universities tend to have different objectives from commercial firms. 

Three specific barriers are usually highlighted in this respect: 1) research institutions usually do not have much 

incentive to gear their research agendas to the demands of industry; they are more focused on conducting basic 
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and other research that fits in with their own interests (‘curiosity-driven’), or that enhances the chances of 

publication in scientific journals (see Cornet and van de Ven, 2004); 2) scientists are often rewarded according to 

the quantity of their publications, while firms benefit more from keeping research results secret (see Dasgupta and 

David, 1994); and 3) the lack of an enterprise culture within most Dutch public research institutions (CPB, 2006). 

On the side of industry, the literature shows that an important problem tends to be firms’ limited capacity to 

absorb knowledge available in research institutions (Canton et al., 2005). A second barrier relates to the capital 

market, in the shortage of venture capital. A third barrier may be a lack of incentives for the owners of a firm to 

innovate or adopt new technologies (Aghion and Howitt, 1998). 

Innovation policies should, and increasingly do, encompass a broader set of interventions to foster and 

upgrade the technological and learning capabilities of the various components of an innovation system. In this 

connection, in general three types of universities are distinguished nowadays: teaching (the Bologna type), 

teaching and research (the Humboldt type), and teaching, research and industrial development (like MIT). The first 

type is the most traditional and emerged in the Middle Ages (Foray, 2003). The second type began to appear in the 

mid-nineteenth century in Germany and produces human capital, as well as new knowledge. The third type 

originated in the United States in the early twentieth century, has strong ties to industry, and produces useful 

knowledge with a commercial goal (Niosi, 2010). For a long time, industrializing countries tended to develop the 

Humboldt type of university, in which teaching and research coexist. These types of universities compete for top-

level teachers and students, as well as for public and industrial research funds, and look abroad for teachers and 

researchers. The United States, on the other hand, supported the transfer of university research results to industry 

in particular via the enactment of prominent legislation, like the Bayh-Dole Act in 1980, the Small Business 

Technology Transfer Research Act (SBIR) in 1982, and the Small Business Technology Transfer Research Act (STTR) 

of 1992. Bayh-Dole transferred the intellectual property of academic research (and other public research 

laboratories) to the performing institutions. SBIR helps small and medium-sized enterprises (SMEs) absorb new 

technology and provides up to $ 850 000 in early-stage R&D to small technology companies or to entrepreneurs 

who launch a firm. The STTR programme provides up to a similar sum to small companies working in cooperation 

with academic researchers at universities, or with government researchers in public laboratories, to explore the 

commercial feasibility of new ideas emerging from these public institutions. Of the federal departments that 

allocate R&D funds to private firms, the most important is defence, which runs both types of programmes.  

In the Netherlands, as in most European countries, such legislation does not exist, yet, due to the 

successes of Silicon Valley and other such innovation boosters, technology transfer through academic research is 

high on the agenda of European policy makers. The Dutch approach to science, technology and innovation is 

considered to fit the picture of the European knowledge paradox (see APPENDIX A for a broad overview of the 

Dutch science system). Although the country has an outstanding reputation, in terms of both the quantity and 

quality of its scientific and technological research, it has a poor record when it comes to commercializing its 

scientific output, putting knowledge to practical use, and translating it into innovations the market needs (Hulsink 
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et al., 2008). Resulting from a desire to overcome the knowledge paradox between fundamental research and 

market needs, various policy changes and initiatives were introduced in the Netherlands under the supervision of 

the Dutch Innovation Platform. The ‘innovation voucher instrument’ was one of those policies. This study in 

particular aims to analyse the innovation voucher instrument on the basis of the innovation-system approach that 

looks at policy not in terms of its goals of moving the economic system back to an optimal equilibrium, but rather 

in terms of potential learning and innovation in the public and private sectors. The Dutch innovation system is the 

starting-point of the analysis and the innovation voucher instrument will be the focus of study in order to 

understand the interactive process of learning and change in the Netherlands innovation landscape. 

 

5.5 The innovation voucher programme 
 

The innovation voucher scheme was officially introduced in the Netherlands in 2006 after the two pilot 

phases in 2004 and 2005. The aim of the vouchers was: to introduce SMEs to knowledge providers (lowering the 

threshold); to make research institutions operate in a more demand-oriented way (managing demand); to enable 

SMEs to purchase research capacity from research institutions in order to answer application-oriented research 

questions; and to ensure that SMEs use more of the available knowledge among knowledge providers (bridging the 

knowledge gap). The Netherlands was not the only country that introduced innovation vouchers. Over 20 voucher 

schemes are active in Europe (e.g. Creative Credits, UK; Innovation Voucher, DK; Innovationsscheck, AU; Prestation 

Technologique Réseau; Innovationsgutscheine, GE B.-Wurttemberg; INDEX Innovation Vouchers, UK West 

Midlands). Individually, the focus, scope (regional versus national), and design criteria of the schemes differ. Also, 

the idea of the innovation voucher was not entirely new in the Netherlands. In the past, a number of regional 

schemes with knowledge vouchers were introduced in the Southern provinces, but these were small-scale 

initiatives of a temporary nature (CPB, 2006). 

An innovation voucher is ‘a (relatively small) sum of money made available by, in this case, the Dutch 

government, which can be used by a SME to acquire knowledge or (innovation) support services from universities 

or other research organizations (Dialogic, 2008)’. The aim of the voucher scheme was threefold: (1) to improve 

access for SMEs to the knowledge available within (public) knowledge institutions (KIs); (2) to encourage persistent 

knowledge relations between SMEs and research organizations; and (3) to provide an incentive for (public) KIs to 

tailor knowledge more specifically to demand. In the Netherlands, two sorts of vouchers are available: small 

vouchers of € 2500 that do not require matching funds from the SME, and that are aimed to make the SME that 

had not collaborated with a KI before, familiar with this form of cooperation (small vouchers are also called 

‘sniffing vouchers’); and large vouchers of € 7500 of which about 33 per cent is co-financed by the SME. Per year 

about 3000 small vouchers and 3000 large vouchers were made available by the Dutch government. Cooperation 

costs were minimized for both parties. SMEs could buy ‘free’ knowledge with an innovation voucher from (semi-) 

public KIs, large companies with R&D that exceeds € 60 million per annum, and foreign public KIs within the EU, 
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while the knowledge supplier could hand in the voucher to the innovation agency Agentschap NL (formerly: 

SenterNovem) and receive payment. The vouchers were easily accessible for all Dutch SMEs; there was no 

assessment upfront. SMEs were supposed to formulate their own research questions. The allocation was based on 

a first-come-first-served system. Bundling of individual vouchers was permitted up to 10 vouchers. The overall 

budget was determined annually, so differed per year. For 2009, the overall budget was € 26.25 million.  

 

5.6 Previous evaluations of the innovation voucher instrument 
  

 Two evaluation studies were conducted to measure the effectiveness of the voucher instrument against 

its main objective of introducing SMEs to public research institutions. The first evaluation was conducted in 2006 

by the Netherlands Bureau for Economic Policy Analysis (CPB) with the main aim to find what the effect of the 

innovation voucher was on the commissioning of assignments by SMEs from public research institutions. The 

second evaluation was published in 2008 and was commissioned by the Ministry of Economic Affairs in order to 

find if the main goal of the innovation vouchers – the stimulation of the use of the knowledge present in public 

research institutions for innovation by the SME sector – was achieved. The CPB evaluation focused on the first 

voucher round in 2004. In that year, 1044 firms submitted an application for the in total 100 vouchers that were 

made available. At this stage, the innovation voucher was a credit note worth € 7500. In total 313 firms 

participated in the telephone interviews. Of these firms, 71 had been allocated a voucher and 242 had not. The 

SMEs were approached by the implementing agency Agentschap.NL (formerly: SenterNovem) to participate in the 

telephone interview, having been previously informed of the survey by letter. The interviews were qualitative and 

semi-structured. The main conclusion was that the innovation voucher instrument did stimulate SMEs to engage in 

new assignments with public research institutes on the basis of the finding that out of every ten vouchers, eight 

were used for a project that would not have been assigned without the instrument, one was used for a project that 

would have been assigned anyway, and one voucher was not used at all. The effectiveness of the instrument was 

not convincingly found because there was no control group of non-users. On the basis of this evaluation, it was 

concluded that a certain added value could be secured by requiring SMEs to match or contribute to the innovation 

voucher with their own funds. 

 The second evaluation was conducted by Dialogic (2008) by means of a combination of desk research, a 

questionnaire that was distributed to a sample of voucher users from the period 2005 and 2006 (pilot group), a 

questionnaire given to a sample of SMEs that did not apply for a voucher (reference group), and an interview 

round with policy makers, implementing agencies, KIs and firms. In total 149 voucher users who applied for a 

voucher in 2005 were interviewed and 369 voucher users from the period 2006. The reference group consisted of 

571 SMEs. At this stage, small vouchers (€ 2500) and large vouchers (€ 7500) were made available. The four main 

research questions of this evaluation were: 1) To what extent did the vouchers lead to assignments with KIs that 

would otherwise not have been approached (or at a later stage)?; 2) With what kind of assignments did firm 
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applicants go to the KI, and what was the benefit for the firm?; 3) To what extent did the cooperation through the 

voucher lead to more permanent contacts between the firm and the knowledge institute?; and 4) How did the firm 

continue its innovation trajectory afterwards? The evaluation concluded that the voucher did contribute to the 

interaction between the SME sector and KIs in the Netherlands, because it stimulated KIs to adopt a more active 

approach towards SMEs. However, the evaluation also concluded that the voucher was particularly used by the 

more innovative SMEs, and that the less innovative SMEs more often decided not to use the voucher. Time 

shortage and improved insight were the most important reasons for SMEs not to use the voucher. Additional 

support was suggested to help the less innovative SME to contact a knowledge institute, as this was perceived as a 

bottleneck by SMEs. Further, the evaluation did not find support for the sustainable future commission of 

assignments by the SMEs that used a voucher.  

 Table 5.1 gives an overview of the most important sample characteristics of the previous evaluations. 

Although the evaluations differed in size and scope, the table shows that the sample characteristics of the 

respondents are largely identical. The lower percentage of previous contacts of respondents in the Dialogic sample 

with KIs shows the added value of the introduction of both small and large vouchers in this period, as opposed to 

the experimental € 7500 innovation voucher of the 2004 CPB sample. The small voucher (€ 2500) was introduced 

to stimulate in particular those SMEs that had not had any previous contacts with a KI, and for this reason was also 

termed a ‘sniffing voucher’. Also, the large voucher of € 7500 now needed to be co-financed for 33 per cent by the 

SME, a measure designed to strengthen the efficiency of the knowledge exchange that was suggested in the CPB 

evaluation. With regard to the average firm size, the Dialogic evaluation showed that the number of small and 

micro firms increased in 2006 as opposed to 2005. The small voucher was, however, only introduced in 2006, 

which is generally considered to have caused this increase. Finally, the location of voucher users was considered to 

be based on cluster formation (for example, a large high tech hub around the technical university in the Eindhoven 

area). 

 

Table 5.1 Overview of sample characteristics of voucher users of previous evaluations 

 CPB evaluation (2006) Dialogic evaluation (2008) 
Average firm size 19.5 employees 18 employees (2005) 

10 employees (2006 small voucher) 
18 employees (2006 large voucher) 

Sector top-3 1. ICT 
2. Wholesale 
3. Other business services 

1. Other business services 
2. Wholesale 
3. ICT 

Location of voucher users  1. Randstad area 
2. Eindhoven area 
3. Arnhem area 

1. Randstad area 
2. Eindhoven area 
3. Arnhem area 

Previous contacts KIs 270 (86.3%) 299 (57.7%) 
 

N 313 (1044) 518 (2481) 
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 The evaluations provided an insight into the effectiveness of the instrument. However, contrary to more 

traditional approaches to innovation and upgrading (that focus on the acquisition of technology), a regional 

innovation system (RIS) approach stresses that supporting SMEs in their innovation-oriented upgrading process is a 

matter of not only facilitating the access to technology but supporting interactive learning (Lundvall, 1992; 

Chaminade and Vang, 2008). In particular, the Dialogic evaluation (2008) found that voucher users are generally 

more innovative than non-voucher users. Also, the less innovative SME more often decided not to use the voucher, 

even though it had applied for one. For some, these results may be a proof that the innovation voucher instrument 

was not working because it failed to sufficiently stimulate less innovative SMEs to become more innovative. On the 

basis of Arrow’s theorem, this study aims to show that such a view is short-sighted and disregards the value of 

such an instrument not only for the short-term purpose of stimulating knowledge exchange but also for its 

empirical richness and long-term potential to improve the Dutch innovation system. In the remainder of this 

chapter, the data set will be described and the main results of the evaluation part of the questionnaire will be 

presented and compared with the results of the previous evaluations. 

 

5.7 Data collection and description 
 

In 2010, Agentschap.NL (formerly: SenterNovem) provided a database with the address details of 2253 

SMEs that had applied for an innovation voucher in the period 2006-2008. Data after this period could not be 

provided by Agentschap.NL. The database consisted of 1203 large voucher applicants and 1050 small voucher 

applicants. For reasons of privacy, no further firm or application details were provided. On the basis of the 

previous surveys, a questionnaire was designed consisting of in total 36 questions, divided into five parts (see 

APPENDIX B for the questionnaire design). In part 1, 5 questions asked voucher applicants about the innovative 

potential of their firm; Part 2 consisted of 6 questions about the voucher application; Part 3 asked applicants about 

their general innovation cooperation activities; Part 4 focused on the cooperation with the knowledge institute; 

and finally, Part 5 contained demographic questions. The questionnaire was tested by colleagues and friends and 

family with a small or medium-sized firm and, on this basis, several adjustments were made to the original 

questionnaire. In the summer of 2010, hard-copy versions of the final questionnaire were sent to the 2253 small 

and large voucher applicants. The applicants were also given the possibility to fill in the questionnaire online by 

means of reference to a link in the invitation letter. In order to further increase the response rate, a stamped 

addressed envelope was enclosed for the hard-copy questionnaire.  

416 complete surveys were returned (an 18.5 per cent response rate) by the end of 2010, the majority by 

traditional mail. Besides, the fact that a stamped addressed envelope was provided to encourage participation, the 

returned questionnaires indicated that sometimes respondents felt the urge to add a comment or give further 

explanations along with their answers which was easier on a hard-copy questionnaire. Usually it concerned 

comments about: their low innovation performance; the knowledge institute where they spent their voucher; or 
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the instrument itself. Those comments were generally negative, but overall informative. The comments will be 

discussed in more detail below, in the results section. In a few cases, the list of KIs was insufficient, because 

applicants used their voucher in a private setting. In 2009, the private voucher was introduced, which offered 

applicants more opportunities to cooperate with other firms. However, the focus in this dissertation was on the 

period 2006-2008, so this form of cooperation was not referred to in the questionnaire. However, several 

comments that were made by respondents also explicitly referred to the added value of such a voucher. For these 

SMEs, this was considered a more natural form of knowledge cooperation, and should therefore also be 

considered as a stimulator of innovation. In this chapter, the focus is, nevertheless, on the successfulness of the 

interaction between mediating institutions and SMEs. In particular, this chapter discusses the results of Part 2 of 

the questionnaire about the characteristics of the applications, the cooperation with a KI (Part 4) and the 

demographics of the respondents (Part 5). Parts 1 and 3 will be further analysed in Chapters 6 and 7. 

 

5.8 Main results  
 

5.8.1 Sample characteristics 
 

 Figure 5.1 shows that the majority of firms in this survey are micro-sized, with 1 to 9 employees (60.0 per 

cent), followed by small firms with 10-49 employees (26.4 per cent) and medium sized firms with 50-250 

employees (13.7 per cent). This is probably due to the introduction of the small voucher in 2006, which attracted 

more small and micro-sized firms to apply for a voucher. Further, a majority of firms are relatively young or start-

up firms (43.6 per cent), which supports the idea that in particular micro or small firms in an early stage of their 

existence search for additional resources for innovation activities. Further, there is a considerable group of 

respondents who used both a small and a large voucher. In total, 263 (63.2 per cent) respondents applied for a 

small voucher and 256 (61.5 per cent) for a large voucher. The small voucher was used to familiarize firms with 

cooperation with KIs, and to stimulate firms to continue cooperation. In as far as it went, the voucher instrument 

was successful.  
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Figure 5.1 Pie charts showing firm size and firm existence of voucher applicants  

 

The small voucher was particularly designed for those firms that did not have previous contacts with KIs. 

Nevertheless, Figure 5.2 shows that a majority of firms (68.9 per cent) had previous contacts with a KI of their 

choice. A further 27.6 per cent of the respondents indicated that they had existing knowledge contacts with a 

university, i.e. used a university as a source of innovation before they entered the ‘innovation voucher 

programme’. The 68.9 per cent is surprising, since the small voucher was particularly designed to make SMEs 

familiar with KIs. Apparently, in our sample, a large group of applicants was already familiar with cooperation with 
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a KI. As there is a large overlap in small voucher users who also use a large voucher, the outcomes may be 

explained in this light.  

 

 

Figure 5.2 Pie charts showing existing contacts of voucher applicants with a KI of choice and universities in general 

 

Table 5.3 shows the division of voucher owners by sector for the total sample (N=416), small voucher owners 

(N=275), large voucher owners (N=263). A majority of respondents were active in the business services sector (17.1 

per cent), followed by other industry (10.1 per cent) and other services (9.6 per cent). The voucher type division 

shows a slightly more detailed picture. For example, of those firms active in the business services sector, a small 

minority owned a large voucher (17.5 per cent), while other industry shows a larger percentage of large voucher 

owners (12.7 per cent). Since the sector division that was used in this questionnaire did not sufficiently mirror 

innovative sectors, on the basis of the response for ‘other’ it was possible to extend the list with four sectors that 
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are considered important sectors for innovation in the Netherlands, namely high-tech, biotech, flowers, and the 

creative sector (see KIA, 2010). 

Table 5.2 Questionnaire sector division: total percentage scores and scores per voucher type and firm size 

SME sector divisiona Total % 
(416)  

  Small 
 (275) 

Large 
(263) 

Business services 17.1 16.0 17.5 
Other industry 10.1 9.5 12.7 
Other services 9.6 10.1 7.6 
Construction 8.7 9.1 8.0 
Wholesale 6.3 7.3 6.8 
Food and beverage industry 5.3 4.4 6.8 
Metal industry 5.3 5.5 4.9 
Chemical rubber and plastics industry 4.8 5.8 3.8 
Care 4.8 3.3 5.7 
Transport 3.1 2.5 2.7 
Communication 2.6 3.3 1.5 
Catering  1.7 1.8 1.5 
Car industry 1.2 1.5 1.1 
Rental and operation of real estate 0.7 0.7 0.8 
Government 0.7 0.7 0.8 
Financial services 0.5 0.4 0.8 
Mineral extraction 0.2 0.0 0.4 
Other: High tech  
            Biotech 
            Flowers 
            Creative 

2.4 
1.9 
2.6 
1.7 

2.5 
 1.5 

3.6 
1.5 

1.9 
1.9 
1.5 
1.5 

Note:  a The questionnaire sector division is based on the EIM sector division (2010). 
 

 

Figure 5.3 shows that our sample is not representative for the SME sector in general, because a majority of 

applicants have a higher education or university degree. For those with higher education, a majority of 52.7 per 

cent of the respondents are owners of a medium-sized firm, whereas for those with university education a 

majority of 39.6 per cent are micro-firms. The largest variation in education level, as a result, seems to be 

particularly visible for micro-firms. The owners of medium-sized firms in this sample do not have an education 

level below vocational training, while the respondents with MAVO/MULO/VMBO level (i.e. Dutch middle school 

level) score high for small firm ownership.  
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Figure 5.3 Education level by firm size (in percentages) 

 

The locational focus of the firms in this sample is largely similar to the core areas of the previous evaluations 

(Dialogic, 2008; CPB, 2006). A majority of respondents (22.6 per cent) are situated in the Eastern Netherlands (see 

Figure 5.4). This is a region with a large representation of SMEs with relatively strong ties with universities of 

professional education in the area (see also van Hemert et al., 2011). In addition, the University of Twente, which is 

one of the three technical universities in the Netherlands (VSNU, 2011), is situated in this region. Other high 

scoring regions are North Brabant (17.0 per cent) and South Holland (16.0 per cent). North Brabant, also referred 

to as the Eindhoven area, is well known for its high-tech activity, while in the South Holland area, in particular the 

Dutch research organization TNO and the University of Delft are responsible for high-tech activity and spin-off. 

Concluding, in the Netherlands, most innovation activity seems to be taking place around the technical 

universities. 
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Figure 5.4 Location spread by important Dutch regions of voucher applicants 

 

Further, the spread by firm size in the core areas is relatively even (see Figure 5.5). This is in contrast to, for 

example, Limburg, which has a relatively high percentage of micro firm voucher applicants (13.9 per cent), or 

North Holland where a large proportion of small firm voucher applicants is situated (12.7 per cent). On the basis of 

Figure 5.5, it can thus be seen that no clear conclusions can be drawn in relation to spin-offs and if the spin off rate 

is likely to be higher in a more high-tech area like North Brabant, although the high percentage of micro-firms in 

Limburg could of course be an outflow of spin-offs from the Eindhoven area to cheaper locations in neighbouring 

areas. However, this is mere speculation. 
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Figure 5.5 Location of firms by firm size (in percentages) 

 

5.8.2 Innovation performance  
 

The questionnaire asked the voucher owners to indicate what the level was of their innovation activities was in the 

period 2006-2010. In this respect, a distinction was made between the development of new products or services 

and production or service processes, i.e. radical innovation activities, and the improvement of existing products or 

services and production or service processes, i.e. incremental innovation activities. Furthermore, voucher owners 

were asked about their percentage profit increase in 2009 as a result of their radical or incremental innovation 

activities in the period 2006-2010. In Figure 5.6 the results are shown by firm size. In particular, small firms have 

the highest percentage profit increase (16.0 per cent and 7.5 per cent) in 2009, followed by micro-firms, where 

15.8 per cent of the firms have a high percentage and 3.7 per cent have a very high percentage. However, the 

majority of firms in the sample indicate they have an average profit increase. In particular, a majority of medium-

sized firms (40.0 per cent) have an average profit increase in 2009, or score below average.  
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Figure 5.6 Percentage profit increase in 2009 by firm size 

 

 

Looking at innovation performance per region shows more conclusive results. For example, most new products/ 

services are being developed in the high-tech regions of North Brabant (85.1 per cent) and South Holland (92.1 per 

cent), while new production/ service processes are developed particularly in the Eastern Netherlands (see Table 

5.3). A less clear pattern is visible for incremental innovation per region. Surprisingly, the traditionally economically 

less-active regions of Limburg and Zeeland score very high on percentage profit increase in 2009 (9.3 per cent and 

7.7 per cent). North Holland also scores very high with 8.3 per cent. High percentages in profit increase are more 

common in the Northern Netherlands (16.7 per cent), Eastern Netherlands (16.9 per cent) and Limburg (16.3 per 

cent). However, the majority of voucher owners have an average percentage profit increase in this period. The 

results of Table 5.3 thus seem to show that high innovation performance may not necessarily lead to high sales 

performance, and high sales performance may also be stimulated by other firm activities.   
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Table 5.3 Innovation performance per region (in percentages) 

 Northern 
Netherlands 

Eastern 
Netherlands 

Limburg North 
Brabant 

Zeeland Utrecht South 
Holland 

North 
Holland 

New products/ 
services 

76.2 83.1 79.1 85.1 76.9 80.5 92.1 72.2 

Existing products 
/services 

90.5 88.8 79.1 89.6 84.6 87.8 92.1 86.1 

New production/ 
service processes 

54.8 70.8 58.1 58.2 38.5 58.5 58.7 55.6 

Existing production/ 
service processes 

71.4 69.7 62.8 71.6 53.8 70.7 73.0 69.4 

Percentage profit 
increase in 2009 

        

Very high  2.4 2.2 9.3 1.5 7.7 4.9 6.3 8.3 
High  16.7 16.9 16.3 14.9 7.7 7.3 12.7 11.1 
Average 35.7 34.8 23.3 41.8 53.8 29.3 41.3 38.9 
Low  11.9 14.6 9.3 6.0 0 19.5 20.6 19.4 
Very low  7.1 1.1 4.7 11.9 7.7 4.9 1.6 2.8 
None 11.9 18.0 18.6 11.9 7.7 14.6 7.9 13.9 
Decrease 4.8 1.1 7.0 0 0 4.9 0 0 
Don’t know/ no answer 9.5 11.2 11.6 11.9 15.4 14.6 9.5 5.6 
Note: The respondents could give more than one answer. 

 

5.8.3 Cooperation with a knowledge institute (KI) 
 

The questionnaire also asked the voucher owners about their experiences with cooperation with the KI of their 

choice. Figure 5.7 shows the pie charts with the percentage satisfaction level with current cooperation and 

percentage chance of future cooperation with the KI of choice. A majority of 52.2 per cent of the respondents who 

used their voucher indicate that they are satisfied with the cooperation with the KI of their choice, followed by 

17.9 per cent of the respondents that are very satisfied and 14.3 per cent who indicate that they are neutral about 

the cooperation. However, looking at the chance of future cooperation with the KI of their choice, the success rate 

is more moderate with 38.8 per cent of the respondents that indicate that there is a big chance of future 

cooperation, followed by 19.0 per cent who indicate that this chance is not so big and also 16.6 per cent who do 

not know or cannot (yet) answer this question. 
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Figure 5.7 Percentage satisfaction level with current cooperation and percentage chance of future cooperation 

with a KI 

 

Next, Table 5.4 gives an overview of the factors that influence the firms’ choice to cooperate with a knowledge 

institute. 88.5 per cent of the respondents prefer a KI with a practical orientation over a KI with a more theoretical 

orientation (68.8 per cent). The flexibility of the KI also scores high. Endogenous factors like geographical proximity 

seem to be considered a less important decisive factor for cooperation. Also, Dutch regions generally have at least 

one KI within their boundaries and often more than one. Geographical proximity can therefore only really be 

considered an issue in the Netherlands with regard to technical universities, of which there are only three in the 

Netherlands, but around which a large majority of voucher owners were already situated, as was clearly visible in 

Figure 5.4. 
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Table 5.4 Factors influencing choice to cooperate with a KI (in percentages) 

Factors  Total  
(416)  

Small 
(274) 

Large 
(262) 

Practical orientation KI 88.5 89.1 90.5 
Flexibility of KI 73.8 72.6 79.0 
Theoretical orientation KI 68.8 65.7 72.5 
Secrecy 68.8 63.1 75.2 
Open culture KI 57.5 57.3 58.4 
Subsidy by government 52.9 52.6 53.8 
Geographical proximity KI 31.0 32.8 27.9 
 

Development of new products or services was considered the most important objective (85.6 per cent) to enter 

into a partnership with a KI, followed by improvement of existing products or services (71.9 per cent) and the 

development of new production or service processes. Table 5.5 clearly shows that, for the SMEs that applied for a 

voucher, innovation is the number one concern, and an increase of the network plays a more subordinate role. 

This seems to support the different perceptions that exist in different (market) environments. Policy makers may 

be interested in stimulating partnerships between SMEs and KIs, but that is probably not the main concern for 

SMEs participating in the programme. Further, the objectives used in this questionnaire are for a large part based 

on the innovation determinants of the UK Innovation Survey 2009 (BIS, 2010, p. 29), which shows a similar 

outcome with improvement of quality of goods and services as highest scoring determinant.  

 

Table 5.5 Important objectives for SMEs to enter into a partnership with a KI (in percentages) 

Objectivesa Total  
(416)  

Small 
(275) 

Large 
(263) 

Development of new products/services 85.6 82.9 90.9 
Improvement of existing products/services 71.9 70.9 73.8 
Development of new production/service 
processes 

50.0 52.0 51.0 

Increase market share 49.8 52.0 48.7 
Increase network 47.4 43.3 50.2 
Cost reduction 41.1 42.9 42.2 
Enter new markets 40.6 43.6 38.8 
Enter existing markets 36.3 38.2 33.8 
Reduce environmental impacts 33.4 36.7 33.5 
Meet requirements 33.4 33.1 33.1 
Health/ safety of customers 25.7 28.0 24.3 
Health/ safety of employees 21.6 23.3 20.9 
Note:  a Objectives are based on question 16 of the UK Innovation Survey 2006-2008 (BIS, 2010). 

 

The most important bottleneck for successful partnership with a KI was perceived to be the communication with 

the KI (50.5 per cent), followed by finding a suitable KI (44.7 per cent) and formulating a research question (43.3 

per cent). In the Dialogic evaluation (2008, p. 39) finding a suitable KI was considered the most important 

bottleneck, so this may imply that SMEs find their way to a KI with greater ease. Whether this development can be 

ascribed to the voucher instrument or whether the instrument is increasingly attracting more innovative SMEs 

goes beyond the scope of the current questionnaire. However, communication is considered more of an issue for 
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large voucher users (57.0 per cent), while finding a suitable KI and formulation of a research question is a bigger 

issue for small voucher users (respectively, 48.0 per cent and 43.3 per cent). Other bottlenecks that respondents 

perceived and referred to were: high bureaucracy; low cost/ benefit effectiveness of the voucher instrument; low 

flexibility of the KI; low commitment of the KI; approach of the KI is too theoretical; and disproportionate 

investment in time. Table 5.7 further shows that communication with the KI is particularly a bottleneck in the 

North Brabant and Utrecht region, while finding a suitable KI scores high in the North Holland and Zeeland region. 

The Zeeland region also strongly perceives the formulation of a research question as a bottleneck, together with 

the Northern Netherlands region. 

 

Table 5.6 Important bottlenecks for successful partnership with a KI (in percentages) 

Bottlenecks Total  
(416)  

Small 
(275) 

Large 
(263) 

Communication with KI 50.5 48.7 57.0 
Finding suitable KI 44.7 48.0 45.6 
Formulation of research question 43.3 43.3 41.8 
Costs too high 43.0 45.1 46.8 
Benefits unclear 40.6 41.5 42.6 
Difficulties finding suitable expert 39.4 40.0 42.6 
It takes too long 36.8 37.5 39.9 
Secrecy 31.7 32.7 35.0 
Lack of professional staff 31.0 32.7 32.3 
Organizational bottlenecks 27.4 25.5 30.8 
Economic risks to high 17.8 19.6 18.6 
 

Table 5.7 Percentage perceived bottlenecks per region (in percentages) 

 Northern 
Netherlands 

Eastern 
Netherlands  

Limburg  North 
Brabant  

Zeeland  Utrecht  South 
Holland  

North 
Holland  

Communication with KI 52.4 52.8 51.2 55.2 23.1 56.1 49.2 38.9 
Finding suitable KI 38.1 43.8 44.2 50.7 53.8 48.8 36.5 44.4 
Formulation of 
research question 

47.6 44.9 44.2 37.3 53.8 43.9 38.1 36.1 

Costs too high 33.3 46.1 41.9 40.3 30.8 41.5 50.8 50.0 
Benefits unclear  31.0 41.6 32.6 35.8 46.2 39.0 47.6 47.2 
Difficulties finding 
suitable expert 

35.7 49.4 37.2 38.8 38.5 34.1 36.5 36.1 

It takes too long 28.6 38.2 37.2 37.3 53.8 39.0 34.9 41.7 
Secrecy 31.0 28.1 41.9 29.9 15.4 31.7 31.7 36.1 
Lack of professional 
staff 

11.9 33.7 37.2 34.3 38.5 34.1 22.2 36.1 

Organizational 
bottlenecks  

16.7 34.8 23.3 29.9 30.8 31.7 28.6 19.4 

Economic risks to high 14.3 18.0 18.6 14.9 30.8 19.5 17.5 19.4 
 

 

Finally, for 70.4 per cent of the respondents the innovation voucher particularly contributed to internal R&D, 

followed by acquisition of external R&D (43.5 per cent) and acquisition of external knowledge (40.4 per cent) (see 

Table 5.7). Since the top-3 innovation-related activities mentioned were not explicitly defined in the questionnaire 
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but do share certain characteristics, there may well be a large overlap here of respondents referring to the same 

benefits. Further, internal R&D, acquisition of external R&D, and acquisition of external knowledge have generally 

been scored more highly by large voucher users, while market introductions of innovations and acquisition of 

machines, equipment and software score slightly higher for small voucher users. In contrast, in the UK Innovation 

Survey 2009 (BIS, 2010, p. 56-57), investment in innovation is concentrated on acquisition of machinery, 

equipment and software and market introduction of innovations, followed by internal R&D.  However, internal 

R&D scores second after acquisition of machinery, equipment and software when firms were asked about their 

more persistent investments. Clearly, internal R&D is an important issue for SMEs. In this respect, support is also 

found for what innovation literature refers to as SMEs’ lack of resources that may hamper innovation activity.  

 

Table 5.7 Contribution of innovation voucher to innovation-related activities of SMEs in the period January 2006-

January 2010 (in percentages) 

Innovation-related activitiesa Total # 
(416)  

Small 
(275) 

Large 
(263) 

Internal R&D  70.4 65.8 77.6 
Acquisition of external R&D 43.5 42.2 48.7 
Acquisition of external knowledge 40.4 34.5 45.2 
Market introduction of innovations 32.5 34.9 33.1 
Acquisition of machines, equipment and 
software 

17.8 19.6 16.7 

Training for innovation activities 14.4 13.1 14.8 
Note:  a Innovation-related activities are based on question 4 of the UK Innovation Survey 2006-2008 (BIS, 2010). 

 

5.9 Discussion 
 

The results of the questionnaire generally support what has been found in the previous evaluations, even 

though the current sample has a relatively high percentage of micro- and small firms. Apparently, in line with the 

literature, in particular micro and small firms can use the extra financial resources that are provided by this 

instrument. The majority of respondents are located around the three technical universities, and firms that are 

located in proximity to the technical universities have a higher innovation performance. Also, the sector structure 

shows a similar pattern to the previous evaluations with the exception of other industry firms that have become 

more prominent. Even more so than the Dialogic evaluation (2008), this points towards a relatively large 

representation of more innovative firms in this sample, which is supported by the high percentage of firms which 

focus on the development of new products and services. Generally, firms in the sample score less well on 

percentage profit increase, which underlines that high innovation activity may not necessarily be positively 

associated with high firm performance. Further, the results more or less endorse the difficulties that (start-up) 

micro and small firms face with regard to financing innovation activity.  

With regard to the cooperation with the KI, the results are relatively straightforward. In general, the firms 

in the sample consider the development of new products or services as their most important objective. The 
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practical orientation of a KI is an important factor that influences the choice of a firm to enter into a partnership 

with a KI, because it will increase the chance that a KI will be able to help the firm to reach its objective. A major 

bottleneck for successful partnership with a KI is the communication with the KI. The North Brabant region 

perceives the highest communication bottlenecks, which could imply that firms in this region have a more 

pronounced idea of innovation, and therefore set higher standards for the KI. On the contrary, regions with lower 

economic activity like Zeeland or the Northern Netherlands have more problems with finding a suitable KI or 

formulating a research question. Since education and research for educational purposes are equally important for 

the future innovation performance of a country, further ‘commercialization’ of all KIs in a country is not necessarily 

a solution. This study supports previous findings that, in different (innovation-oriented) sectors, university and 

industry can already find each other rather well in the Netherlands (Bekkers and Bodas Freitas, 2008). Finally, the 

voucher instrument seems to have particularly contributed to internal R&D, the acquisition of external R&D, and 

the acquisition of SMEs’ external knowledge.  

 

5.10 Conclusions 
 

The aim of the voucher scheme was threefold: (1) to improve access for SMEs to the knowledge available 

within (public) KIs; (2) to encourage persistent knowledge relations between SMEs and research organizations; and 

(3) to provide an incentive for (public) KIs to tailor knowledge more specifically to demand. Previous evaluations 

showed that the innovation voucher instrument did stimulate SMEs to engage in new assignments with public 

research institutes, and that the voucher was used particularly by the more innovative SMEs. This questionnaire 

supports these findings, but also shows that access to KIs particularly improved for the more innovative micro- and 

small firms with a lack of internal resources. In this respect, the voucher scheme was successful in improving 

access for SMEs to knowledge in KIs, but the focus should probably have been more on micro and small firms. This 

study is not able to significantly demonstrate that persistent knowledge relations between SMEs and KIs have been 

encouraged. Rather, the results show that many voucher owners were already familiar with the KI of their choice, 

and only 38.8 per cent of the voucher users indicated that there was a good chance that they would cooperate 

with the KI of their choice in the future. Longitudinal data would be able to provide more valid results. Lastly, the 

voucher scheme was intended to provide an incentive for KIs to tailor knowledge more specifically to demand. This 

questionnaire only addressed SMEs and did not look at the productivity at the KI side. Nevertheless, the results 

clearly show the objective of SMEs to participate in the programme and the central position of the technical 

universities therein. In particular, technical universities can be of additional value for SMEs’ innovation activity, but 

the majority of universities have a broader profile which is often more focused on education-related activities and 

research. Stimulating these universities to become more commercial will come at the cost of their more traditional 

activities. Further, in a country the size of the Netherlands policy makers should question to what extent the 

technical universities and research organizations like TNO are sufficiently able to meet the needs of SMEs. 
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Concluding, it seems that the voucher instrument can be of great value for micro and small firms that are 

innovative but that can use some extra funding because of their lack of resources. They should further be 

stimulated to use the voucher in a technology-oriented KI, while other KIs should be judged more on their 

individual assets. Rather than reforming all KIs into weak technical-oriented institutes, the policy focus should be 

more on strengthening the KIs’ individual strong points. Innovation is not merely product or service development 

or improvement, but is far more encompassing.  

This study also shows that, like economic agents, policy makers should allow themselves, and should be 

allowed to, go through processes of trial-and-error. In the case of the ‘evaluation voucher programme’, the 

negative evaluations and media attention were important reasons for the new Cabinet to end the programme in 

2010. Yet, as the results of this study show, those SMEs that participated in the programme were generally positive 

about the innovation vouchers, while the firms that benefitted most from the programme owing to their previous 

lack of internal resources: namely, micro- and small firms, increasingly found their way to the programme. They 

are now, however, forced to search for alternative subsidy sources. Sadly, because of their lack of resources such 

as human capital, this search is much more costly for them than for larger firms. They suffer the most from such 

policy changes. A constant change of programme and subsidy forms should therefore be avoided, even though 

severe adjustments may be considered necessary. Evaluations that start from the assumption of trial-and-error will 

be much better able to search beyond the ‘what is not good about the programme’ and focus more on how 

existing programmes can be improved. Trial-and-error processes are highly useful, because they allow policy 

makers to better understand economic and policy processes and learn from them. Evaluations should thus not be 

produced randomly or as a response to negative media attention, for example, but should form an integrated and 

constant element of the more socially-oriented subsidy programmes. Understanding learning processes requires 

constant monitoring, something which is currently not sufficiently recognized by policy makers.  
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CHAPTER 6 

THE INFLUENCE OF CROSS-BORDER KNOWLEDGE INTERACTION ON THE 
RELATION BETWEEN KEY SUBSYSTEMS OF THE RIS AND INNOVATION 

PERFORMANCE OF DUTCH SMEs 
 

This study addresses the question whether relationships exist between the key 
subsystems of the regional innovation system (RIS) and the innovation performance 
of Dutch SMEs and how these relations are affected by cross-border knowledge 
interactions. Although intensive local knowledge interactions and transfer processes 
are at the heart of dynamic regions, increasingly the idea is gaining ground that 
more often than not a RIS is inserted into a complex web of relations to national 
and international organisations and innovation systems. Only recently, studies have 
attempted to examine how cross-border relations may moderate the relationship 
between knowledge subsystems and innovation performance. The present study 
will add to these insights by focusing in particular on the moderating effect of cross-
border activity of Dutch SMEs. A moderated hierarchical regression approach is 
used to analyse the moderating effect of cross-border knowledge relations of SMEs. 
Furthermore, the mediating effect of cross-border knowledge interaction is tested 
by means of Structural Equation Modelling. Our results support the significant 
effect of cross-border knowledge interactions on the relationship between 
knowledge generation and diffusion subsystems and innovation performance of 
SMEs, but this effect is negative in our sample. Further, there is no mediation effect 
of cross-border knowledge interactions, which suggests that knowledge exploitation 
interactions are more likely local and national rather than international for SMEs. 
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6.1 Introduction 
 

It is now widely recognized, in turbulent market economies, that innovation is the source of existence for 

firms, regardless of their size or other attributes. The prerequisite of every innovation is either the generation of 

new knowledge or, alternatively, and more typically, the combination of existing pieces of knowledge in novel, 

entrepreneurial ways (Schumpeter, 1934; Drucker, 1985). Innovations are to an increasing extent also seen as the 

result of an interactive process of knowledge generation, diffusion and application. This specifically applies to small 

and medium-sized enterprises (SMEs) that, due to their lack of financial and human capital resources, often do not 

have direct access to R&D. What is often neglected in the literature is the aspect concerning to what extent 

different kinds of innovation rely on specific knowledge sources and links. This possibility has been recognized only 

fairly recently (Tödtling et al., 2009; Freel and de Jong, 2009). In particular for SMEs, tacit knowledge and trust 

base relationships are considered essential for successfully carrying out innovation activities (Howells, 2002; 

Gertler, 2003). The exchange of tacit knowledge presupposes trust and personal contacts which are, according to 

the literature on regional innovation systems (RIS), essentially facilitated by spatial proximity (Storper, 1997; 

Morgan, 2004). In the past decade the systems of innovation approach has substantially enhanced our knowledge 

about the nature of the innovation process. The strong focus of the RIS on tacit knowledge and trust based 

relationships, and localized knowledge spillovers suggest that the RIS architecture is ideal for the study of the 

innovation process of SMEs. This chapter uses the basic structuring of the RIS as suggested by Autio (1998) and 

Trippl (2010) to study the effect of knowledge interaction on innovation performance in Dutch SMEs. Although the 

RIS focuses on local interactions generally, this study is especially interested in the cross-border knowledge 

interactions of SMEs because, increasingly, the idea is gaining ground that more often than not a RIS is inserted 

into  complex web of relations to national and international organizations and innovation systems (Trippl, 2010; 

Trippl and Tödtling, 2007). 

The sample used in this research is drawn from a survey among Dutch SMEs that participated in a 

government subsidy programme which was aimed to improve knowledge relations between universities and other 

knowledge institutions and SMEs. In the period 2006-2009 the SMEs that were questioned successfully applied for 

the subsidy which consisted of a sum of money of € 2,500 or 7,500 euro that went by the name of ‘small’ or ‘large’ 

innovation voucher respectively. Because of communication problems or time limitations, however, not all SMEs 

actually used the subsidy. For this study, we only regarded the survey results of SMEs that used their voucher. The 

sample is thus unique because it is comprised of those companies that see value in innovation and in government 

programmes of this kind. A moderated hierarchical regression approach is used to analyse the moderating effect of 

cross-border knowledge interactions. Furthermore, the mediating effect of cross-border is tested through the use 

of Structural Equation Modelling (SEM) to study if the influence of cross-border interactions on the relation 

between RIS innovation sources and innovation performance of SMEs is essential. The study is structured as 

follows: Section 2 reviews the literature and provides theoretical expectations. Section 3 introduces the research 



118 
 

methods, including the models, variable definitions and measurements, and the sample used in this study. Section 

4 presents and discusses the results. Section 5 summarizes the results, discusses the implications for theory and 

managerial practice, and suggests possible directions for future research. 

 

6.2 Literature review and research hypotheses 
 

6.2.1 Literature on innovation systems and knowledge networks 
 

 For a proper understanding of our analysis, it is important to understand some of the key assumptions of 

the innovation system and the basic structuring of regional innovation systems (RIS). The innovation systems 

approach highlights that innovation is an evolutionary, no-linear and interactive undertaking that requires 

intensive communication and cooperation between firms and other organisations such as universities and other 

public research facilities, technology centres, educational establishments, financing institutions, standard setting 

bodies, industry associations and government agencies (Edquist, 1997, 2005). Regional innovation systems (RIS) 

traditionally highlight the disparities in innovation across regions (Autio, 1998; de la Mothe and Paquet, 1998; 

Howells, 1999; Acs, 2000; Cooke et al., 2000, 2004; Doloreux, 2002; Fornahl and Brenner, 2003; Asheim and 

Gertler, 2005; Doloreux and Parto, 2005; Tödtling and Trippl, 2005; Asheim and Coenen, 2006), whereas national 

innovation systems (NIS) show that countries differ enormously with respect to their economic structures, R&D 

bases, institutional set-ups and innovation performances (Edquist, 2001). Due to its regional unit of analysis, the 

RIS literature has focused more specifically on knowledge spillover and interaction processes.  

Key assumptions of the RIS are (Trippl and Tödtling, 2007): innovation activities exhibit a very distinctive 

geography (see amongst others, Howells, 1999; Breschi, 2000; Paci and Usai, 2000); knowledge spillovers are often 

spatially bounded (i.e. localized) (Jaffe, 1989; Jaffe et al., 1993; Audretsch and Feldman, 1996; Anselin et al., 1997; 

Bottazzi and Peri, 2003); tacit knowledge remains important for successfully carrying out innovation (Howells, 

2002; Gertler, 2003), and the exchange of tacit knowledge presupposes trust and personal contacts which are 

essentially facilitated by spatial proximity (Storper, 1997; Morgan, 2004); and sub-national territories tend to differ 

strongly in their institutional setting and political decision making-abilities (Cooke et al., 2000). We argue in this 

paper that the assumptions of the RIS seem particularly relevant for the study of innovation in SMEs, since they are 

considered to operate primarily on a local level due to a lack of human capital and financial resources. As a result, 

SMEs rely heavily on localized knowledge spillovers, tacit knowledge and trust-based relationships for their 

innovation activities. Figure 1 gives an overview of the structuring of a RIS. On the basis of Figure 1, we can argue 

that three subsystems are essential for a RIS and thus SMEs: the knowledge generation and diffusion subsystem; 

the knowledge application and exploitation subsystem; and the regional policy subsystem. The focus of the RIS on 

knowledge, business and policy subsystems is similar to the ideas of the ‘triple-helix’ literature, which also 
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highlights the importance of knowledge, business and policy interactions for innovation (e.g. Etzkowitz and 

Leydesdorf, 1997). We have added in our own modification Trippl and Tödtling (2007) the regional financial 

subsystem, which is generally considered to be at the basis of any business environment and thus innovation 

system.  

 

Figure 6.1 Key elements of regional innovation systems (own modification of Trippl and Tödtling (2007)) 

 

 

 In the ideal case, there are different types of relations within and between the RIS subsystems 

enumerated above, which facilitate a continuous flow of knowledge, resources and human capital. The relation 

dimension of a RIS is of key importance (Trippl and Tödtling, 2007; Trippl, 2010). We argue that this is also true for 

innovation performance of SMEs. Intensive local knowledge interactions and transfer processes are at the heart of 

dynamic regions, giving rise to systemic innovation activities. SMEs rely for a large part on those (tacit) local 

knowledge interactions and transfer processes for their innovation performance, because due to their small size 
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and limited financial resources they rely more on their external environment for knowledge input and support 

than large firms, who are better able to internalize their innovation activities. This study underlines that the 

regional level plays a key role for the generation of new knowledge and its economic exploitation, but ongoing 

globalization tendencies and technological change make it hard to believe that knowledge interactions are local 

only. The literature about inflow of international knowledge and expertise, brought about by the extra-local 

contacts of regional firms and knowledge providers (Bunnel and Coe, 2001; Oinas and Malecki, 2002; Maskell et 

al., 2006), underline the complex web of relations to national and international organizations and innovation 

systems of the RIS. However, only few efforts have been made so far to explore the question whether and under 

which conditions a RIS can transcend national borders (Trippl, 2010). This study aims to add to this literature by 

exploring which types of knowledge interactions are of relevance for cross-border RIS. We will particularly analyze 

the relationship between the four subsystems of the RIS as depicted in Figure 1 on the innovation performance of 

Dutch SMEs, and the influence of cross-border interactions on this relation. In the following section, the 

hypotheses will be discussed. 

 

6.2.2 Hypotheses:  knowledge transfer through sources of information 
 

Knowledge generation and diffusion subsystem (KGDS) 

 

 Trippl (2010) suggests that the KGDS, or the knowledge infrastructure dimensions of a RIS, is made up of 

all those organisations that are engaged in the production and diffusion of knowledge, expertise and skills. Key 

actors are public research institutions, technology mediating organisations (technology licensing offices, innovation 

centres, etc.) as well as educational bodies (universities, polytechnics, vocational training institutions, etc.) and 

workforce mediating organisations. Within the systems-of-innovation approach, the creation, selection and 

transformation of knowledge takes place within a complex matrix of interactions between different actors (firms, 

universities and other research organizations, educational organizations, financial organizations, public support 

organizations, etc.), and within a diverse economic, institutional, social, political, cultural, and geographical 

context. Tödtling et al. (2009) particularly highlight local knowledge externalities or spillovers from universities and 

research organizations to firms, whereby they argue that, different from market links, in these cases there is often 

no contract or formal compensation for the acquired knowledge. Local knowledge spillovers are further regarded 

by the literature to particularly result from various kinds of mechanism such as patents, and knowledge exchange 

through mobile labour, or through informal contacts (Feldman, 2000). On the basis of the ideas about the 

knowledge infrastructure dimensions of a RIS, we have formulated the following hypothesis: 

 

H1: The knowledge generation and diffusion subsystem (KGDS) is positively associated with SMEs’ innovation 

performance 
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Knowledge application and exploitation subsystem (KAES) 

 

The KAES reflects the firm or business dimensions of a RIS. It comprises the companies, their clients, suppliers, 

competitors as well as their industrial cooperation partners, i.e. the industrial clusters located in the region. 

Tödtling et al. (2009)  refer in the case of market relations to the buying of technology and knowledge in various 

forms such as the buying of machinery, ICT equipment or software, or the buying of licences. The relation or 

knowledge transfer is static because the technology or knowledge is traded more or less in ready form. In this 

study, however, SMEs are central and their financial resources are often limited.  As the firms’ ability to attract and 

maintain a highly qualified labour force is important (Bougrain and Haudeville, 2002), with regard to SMEs, more 

important than attracting pure R&D may therefore be the existence of a skilled and technically qualified 

workforce. Further, as already indicated, firms, especially smaller ones, generally cannot rely solely on their 

internal knowledge and competences in their innovation process but are forced to seek complementary 

information from their environment. With regards to market relations, previous research has particularly 

emphasized the importance of vertical relationships with suppliers and customers as an important source of 

innovation-related inputs (von Hippel, 1988; Lundvall, 1992), but sometimes horizontal relationships with 

competitors are also of importance (Hamel et al., 1989). Our second hypothesis is therefore formulated as follows: 

 

H2: The knowledge application and exploitation subsystem (KAES) is positively associated with SMEs’ innovation 

performance 

 

Regional policy subsystem (RPS) 

 

The regional policy subsystem can promote regional competitiveness by fostering innovation, networks and 

clusters (Asheim et al., 2003; Nauwelaers and Wintjes, 2008). The RPS includes public authorities, regional 

development agencies and other policy agents engaged in formulating and implementing innovation policies and 

cluster strategies. The innovation systems literature draws heavily on the institutionalist school of thought and its 

line of reasoning (Hodgson, 1988, 1999; Johnson, 1992; Edquist and Johnson, 1997), emphasizing the impact of 

formal and informal institutions on innovation activities. However, policy interventions and actions undertaken at 

the national and European levels can also constitute important external impulses, influencing the development 

and dynamics of a RIS (Cooke et al., 2000; Asheim et al., 2003). We thus assume that regional and national policies 

also influence innovation performance of SMEs, and have formulated the third hypothesis as follows: 

 

H3: The regional policy subsystem (RPS) is positively associated with SMEs’ innovation performance 
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Regional financial subsystem (RFS) 

 

The various subsystems are also dependent on the existence of a sufficient level of financial resources and legal 

competencies at the regional level. Many firms that are innovative, growing and seeking to internationalize 

encounter problems in obtaining sufficient finance. This is not In itself an indication of a market failure. If markets 

are working efficiently, firms that do not have viable products or markets or are inefficient with no competitive 

advantage will face difficulties in obtaining finance. However, a market failure may indeed occur if viable 

businesses are unable to obtain the amounts of finance they need (Westhead et al., 2011). This may be because of 

problems arising from an unwillingness by the suppliers of finance to take the risk that would be involved, or it 

may be the result of the challenges financiers face in obtaining the information about a firm, which they need in 

order to be able to make an informed investment decision. If such market failures occur, there are often calls for 

policy intervention to resolve the problem. It is therefore that in representations of RIS architecture the regional 

financial subsystem is often not regarded, yet we argue that for a RIS to function successfully the regional financial 

subsystem is essential. Our fourth hypothesis is thus formulated as follows: 

 

H4: The regional financial subsystem (RFS) is positively associated with SMEs’ innovation performance 

 

6.2.3 Hypotheses: cross-border interactions  
 

Different types of relations within and between the RIS subsystems are considered to facilitate a 

continuous flow of knowledge, resources and human capital. In general, this relational dimension is local, but 

increasingly various forms of partnerships between research organizations, educational bodies and transfer 

agencies from adjoining areas seem necessary to mobilize synergies and to amplify the combination of capabilities 

in knowledge generation and diffusion. On a regional level, the emergence of a cross-border RIS could thus 

constitute an increase in the exchange of goods and knowledge, labour mobility and direct investments, offering 

opportunities for mobilization of synergies and shared growth effects. In the literature, cross-border areas are 

defined as spaces that consist of neighbor territories, which belong to different nation states. Trippl (2010), in this 

respect, especially highlights the high levels of economic integration and innovation-related intersections that 

characterizes cross-border RIS areas. In this study, particularly the cross-border interactions are focus of attention, 

which can take the form of bundling of scientific and economic strengths, complementary expertise and innovation 

capabilities. There is a widespread consensus amongst researchers in innovation studies that intense knowledge 

flows between various actors constitute a crucial ‘building block’ of regional innovation systems. According to 

Trippl (2010) there is no doubt that economic relations and processes of collective learning should also be 

regarded as an indispensable condition for the rise and dynamic evolution of cross-border RIS. Trippl (2010) thus 

argues that the extent and the precise nature of trans-border linkages matter in a fundamental way when it comes 
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to evaluate the development potential and future prospects of cross-border RIS. We therefore argue that cross-

border interactions can greatly strengthen the relationship between the subsystems of a RIS and the innovation 

performance of SMEs. Our final set of hypotheses are therefore formulated as follows: 

 

H5: The greater cross-border interactions, the stronger the relationship between key subsystems of the RIS and 

SMEs’ innovation performance 

 

H6: SMEs’ innovation performance is likely to be positively influenced by their cross-border interactions 

 

H7: SMEs that make active use of key subsystems of the RIS are likely to have increased innovation performance 

only through their cross-border interactions. 

 

6.3 Research method 
 

6.3.1 Conceptual framework 
 

Figure 2 shows the conceptual framework of cross-border knowledge interaction in the innovation 

process of SMEs that will be investigated in this study. We base this on the RIS architecture proposed by Trippl and 

Tödtling (2007), and aim to look particularly at SMEs. Further, on the basis of the classifications of Tödtling et al. 

(2009), we discern a more static knowledge transfer phase, as well as a more dynamic phase of collective learning 

(i.e. the dimensional stage). Both phases have an effect on the SMEs’ innovation performance, but in the second 

dynamic phase we predict that the learning effect is moderating rather than direct. Next, the possibility of a 

mediating effect of cross-border interactions between sources of innovation and innovation performance will be 

tested through Hypotheses 6 and 7. Further, we assume that location of the firm, age of the owner/manager, firm 

size, and education of the owner/manager may influence the relationship between RIS subsystems and innovation 

performance of SMEs, and they are therefore included as control variables in the model to eliminate or reduce the 

bias arising from these effects.  
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Figure 6.2 Conceptual model based on the systems of innovation and innovation networks approaches 

 

6.3.2 Variable definitions 
 

Dependent and independent variables 

 

The dependent variable in this study is innovation performance, which is a sum-variable consisting of 

variables that measure radical innovation, i.e. the development of new products, services or processes, and 

incremental innovation, i.e. the improvement of existing products, services or processes, as well as the SMEs’ 

percentage increase in sales in 2009 from new or improved products, services or processes (see Table 2 for further 

details). A technologically new product is a product whose technological characteristics or intended uses differ 

significantly from those of existing products (OECD, 1997). A technologically-improved product refers to an existing 

product whose performance has been significantly improved or upgraded (OECD, 1997). Further, the OSLO Manual 

(OECD, 1997) proposes that innovation performance can best be measured by the proportion of sales as a result of 

technologically new or improved products. This indicator has been widely adopted in innovation studies 

(Evangelista et al., 2001). The independent variables in this study are thethree subsystems of a RIS discussed in the 

literature review, i.e. the knowledge generation and diffusion subsystem, the subsystem of knowledge application 

and exploitation, and regional policy subsystem. This study further adds a fourth subsystem, namely the regional 

financial subsystem. All subsystem variables are mean-variables consisting of two or more variables that measure 

that are representative for a specific subsystem and that SMEs may normally use for innovation. Individually, they 

are all dummy variables that take the value of 2 if the SME uses the source for knowledge for innovation, or 

otherwise 1.  
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Table 6.2 Description of the variables used in this study 

Variable Description Scale of measurement 
Dependent variables   
Innovation performance Sum-variable measuring the innovation and sales 

performance of SMEs: 
 

 Radical innovation 
Mean-variable consisting of: 

 

 Development of new products or services 1= no 
2= don’t know/ no answer 
3= yes  

 Development of new production or service processes  1= no 
2= don’t know/ no answer 
3= yes 

 Incremental innovation 
Mean-variable consisting of: 

 

 Improvement of existing products or services 1= no 
2= don’t know/ no answer 
3= yes 

 Improvement of existing production or service 
processes 

1= no 
2= don’t know/ no answer  
3= yes 

 Sales performance 
Percentage increase in sales in 2009 from new or 
improved products/ services/ processes from the 
period 1 January 2006 until 1 January 2010 

 
1= decrease 
2= none 
3= don’t know/ no answer 
4= very low percentage 
5= low percentage 
6= average 
7= high percentage 
8= very high percentage 

Independent variables   
Knowledge generation & 
diffusion subsystem (KGDS) 

Mean-variable measuring use of knowledge 
infrastructure that SMEs normally use for 
innovation: 

 

 University 1= no 
2= yes 

 University of professional education 1= no 
2= yes 

 Research institutions (TNO, EIM, etc.) 1= no 
2= yes 

 Commercial research organizations 1= no 
2= yes 

Knowledge application & 
exploitation subsystem 
(KAES) 

Mean-variable measuring use of firm or business 
dimensions of SMEs: 

 

 Customers 1= no 
2= yes 

 Suppliers 1= no 
2= yes 

 Employees 1= no 
2= yes 

 Concern or umbrella company 1= no 
2= yes 

 Other firms/ competitors 1= no 
2= yes 
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Regional policy subsystem 
(RPS) 

 
 
Sum-variable measuring the policy dimensions of a 
RIS for SMEs: 

 Government (for example Agentschap.nl or Syntens)  1= no 
2= yes 

 Trade organisations 1= no 
2= yes 

 Chamber of Commerce 1= no 
2= yes 

Regional financial subsystem 
(RFS) 

Sum-variable measuring the financial dimensions of 
a RIS for SMEs: 

 

 Financial institutions (banks, etc.) 1= no 
2= yes 

 Audit firms 1= no 
2= yes 

 Private investors 1= no 
2= yes 

Cross-border interactions (CI) Interaction-variable measuring the extent of local 
interactions of firms: 

 

 Extent to which employees (including owner/ 
manager of SME) have contact with professional 
networks 
 
 
 
 

1= not 
2= don’t know/ no answer 
3= irregular 
4= yearly 
5= monthly 
6= weekly 
7= daily 

 Contact with international networks 1= no 
2= yes 

   
Control variables   
 Location 1= outside university city 
  2= inside university city 
 Age 1= 20-29 

2= 30-39 
3= 40-49 
4= 50-59 
5= 60-69 
6= 70-79 
7= >79 

 Firm size 1= 1-9 (micro) 
2= 10-49 (small) 
3= 50-250 (medium) 

 Education 1= primary school  
2= lower vocational training 
3= MAVO/MULO/VMBO 
4= vocational training 
5= HAVO/VWO/HBS 
6= university of professional 
education 
7= university 
8= PhD 
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Moderator/mediator and controls 

 

The moderating variable is cross-border interactions. The RIS literature emphasizes the critical role of 

local interaction and knowledge circulation facilitated by mutual trust, common conventions and norms (Saxenian, 

1994; Storper and Venables, 2004). This study argues that this line of argumentation particularly holds for SMEs 

who are largely dependent on local resources and knowledge input. In the recent past, however, the relevance on 

non-local knowledge relations has been accentuated (Amin and Cohendet, 2004; Maskell et al., 2004), 

complementing local ones (Bathelt et al., 2004; Gertler and Levitte, 2005). This chapter therefore argues that with 

ongoing globalization and digitalization, innovative SMEs cannot draw on local knowledge only but rely heavily 

upon a substantial inflow of external knowledge and expertise to complement the locally available competencies. 

A RIS is thus considered to have various connections to international actors and innovation systems (Trippl and 

Tödtling, 2007; Trippl, 2010). In this study, the cross-border interaction variable is measured by dividing SME’s 

network intensity, i.e. the extent to which employees (including the owner/manager of the SME) have contact with 

professional networks, and SME’s contact with international networks, which is a dummy variable that take the 

value of 2 if the SME uses international networks for innovation activities, or otherwise 1.  

Also, several control variables are used in the model. The first control is the use of the dummy location to 

test for proximity effects, whereby location in a university city takes the value of 2, or otherwise 1. A number of 

studies have demonstrated through econometric methods that there are considerable local knowledge 

externalities or spillovers, in particular from universities and research organizations to firms (for example, the 

studies applying the knowledge production function approach, e.g. Audretsch and Feldman, 1996; Anselin et al., 

1997; Bottazi and Peri, 2003). Age and firm size are used as controls to test for the effects of firm behaviour. Given 

a wide choice of alternative ideas, SMEs with increasing invention experience are more likely to select the ideas of 

others from a comparison group that is at the frontier of knowledge and solution development (Lewin and Massini, 

2004). The age of the owner/manager and years of firm existence may therefore be considered to affect the 

model. Further, larger firms may be argued to have a larger innovation network. Finally, the education level of the 

owner/ manager of the SMEs serves as a proxy for the quality of the firm’s human resources, which is an important 

determinant of innovation output in the literature (Rothwell and Dodgson, 1991; Jones, 2001). Higher educated 

entrepreneurs may be more likely to stimulate learning in their organization. 

 

6.3.3 Data description 
 

Our sample consists of 416 Dutch SMEs that have participated in a subsidy scheme of the Ministry of 

Economic Affairs that goes by the name of the ‘innovation vouchers programme’. In 2006, the government of the 

Netherlands officially launched this subsidy programme that aimed to promote knowledge transfer to SMEs by 
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means of ‘Innovation Vouchers’ in order to encourage the flow of information from knowledge institutes (KIs) to 

SMEs. Our database consists of SMEs that applied for a small or large innovation voucher in the period 2006-2008, 

hence after the programme was officially launched. An innovation voucher is ‘a (relatively small) sum of money 

made available by the Dutch government, with the particular aim to improve access for SMEs to the knowledge 

available within (public) KIs. Per year about 3000 small vouchers and 3000 large vouchers were made available by 

the Dutch government. The database is considered particularly valuable because it consists of SMEs that have the 

intention to be innovative, and aim to improve contacts with one or more KIs. In this study, the focus is on 

innovative SMEs that demonstrate ‘active strategic commitment to research and technological change’ (Motwani 

et al., 1999), and exploit external opportunities for inward investment and information gathering (Heunks, 1998). 

In this survey, a majority of firms are micro-sized, with 1-9 employees (60 per cent). More importantly, of the 416 

respondents that replied to our questionnaire, a majority (68.9 per cent) indicated to have had previous contacts 

with the KI of their choice, because the vouchers were easily accessible. There was no assessment upfront for 

SMEs. The sample is thus not representative for SMEs in the Netherlands generally, because it is comprised of 

those companies that, often, already have innovation contacts with KIs and see value in government programmes 

of this kind. 

Quantitative data was collected by means of a survey which was both made available online and sent as a 

paper version to 2253 SMEs in July 2010. General aim of the survey was to research the innovation sources and 

networks of Dutch SMEs and study their influence on the performance of these firms.  The questionnaire design 

was partly based on the Dialogic (2008) evaluation in order to allow for comparison. Test questionnaires were sent 

colleagues and SMEs in June, and on the basis of their comments the questionnaire was further improved. Address 

details were made available by Agentschap.NL, which is a division of the Dutch Ministry of Economic Affairs that is 

in charge of the innovation voucher programme. The majority of respondents returned the questionnaire by mail. 

A stamped-addressed return envelope was sent along with it to increase the response rate. Also, per valid 

questionnaire, €1 was donated to a good cause (Cordaid Micro Credit). It turned out that the paper version was 

preferred because it gave the respondents more freedom to add a comment, remark, or clarification. In total 416 

valid questionnaires were returned by January 2011. The response rate of 18.5 per cent is comparable with the 

general response rate from questionnaires, which is between 5 and 15 per cent (Miles and Huberman, 1999). All 

questionnaires were manually entered into an SPSS-database. Further, as this study focuses on innovative SMEs, 

SMEs that applied for a small or large voucher, but did not use the voucher, because of, for example, time 

limitations (a voucher is valid for 1 year only), were deleted from the sample.  

Table 3 reports the basic statistics for the variables used in the analysis. Based on the correlation 

coefficients for the SI variables that achieve a statistical significance at the 5 per cent significance level, in 

particular the knowledge application and exploitation subsystem (KAES) is used as a source of innovation (r=0.257, 

p<0.01). Further, SMEs that use the KAES tend to also use regional policy subsystems (RPS) (r=0.184, p<0.01), and, 

to a lesser extent, regional financial subsystems (r=0.104, p<0.10), which indicates the existence of strong market 
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relationships between SMEs. At the same time, SMEs collaborating via the knowledge generation and diffusion 

subsystem (KGDS) tend to have particularly strong correlations with cross-border interactions (r=0.195, p<0.01), 

suggesting that cross-border interactions take place largely within the knowledge infrastructure dimension of a RIS 

in our sample. There is no significant correlation of the control variables with SMEs’ innovation performance, 

which suggests that the control variables do not affect our model.  

 

Table 6.3 Mean, standard deviations, and correlations (N=320) 

Variable 1 2 3 4 5 6 7 8 9 10 
1. IP  1.000          
2. KGDS  0.093c  1.000         
3. KAES  0.257a  0.076  1.000        
4. RPS  0.068  0.096c  0.184a  1.000       
5. RFS  0.120 b  0.088  0.104 c  0.218a  1.000      
6. CI  0.254a  0.195a  0.131b -0.010  0.081 1.000     
7. Location  0.082 -0.029  0.078 -0.062 -0.115b 0.017  1.000    
8. Age  0.026  0.052  0.006  0.033  0.034 0.135b  0.004  1.000   
9. Firm size  0.015  0.015  0.009  0.038 -0.001 0.044 -0.031 -0.084 1.000  
10. Education  0.080  0.024  0.069  0.050  0.021 0.054  0.180 a  0.016 0.033 1.000 
           
Mean  12.934  1.179  1.361  1.220  1.027  6.388  0.284  3.313 1.541 5.978 
S.D.    2.780  0.364  0.241  0.263  0.109  3.551  0.452  1.084 0.725 1.154 
Note: a p<0.01; b p<0.05; c p<0.10. 
 

6.4 Analysis 
 

6.4.1 Results: CI as moderator between RIS and IP 
 

The model in this study is estimated by OLS-based hierarchical regression. In Table 4 the results of the 

hierarchical regression analysis are shown for IP. Model 1 contains the control variables location, age, firm size, 

and education. In Model 2, cross-border interaction (CI) and the RIS subsystem variables (KGDS, KAES, RPS, and 

RFS) are entered into the model. The terms of interaction between the RIS subsystem variables and the CI variable 

are added in Model 3. Because the interaction terms are usually highly correlated with CI or the knowledge 

exchange variables, this study follows the procedure suggested by Friedrich (1982) to reduce or eliminate any 

contamination of the results due to multi-collinearity. This approach first standardizes the variables, and then 

forms the cross-product terms. Table 4 indicates that adding the subsystem and CI variables (Model 2) to the 

model with only the controls (Model 1) increases the R2 by about 12 per cent. The F-value (8.38) for the 

incremental R2 achieves a statistical significance at the 1 per cent level. An inspection of the coefficient estimates 

of the RIS subsystem variables shows that these variables explain the change in innovation performance for KAES. 

This result implies that only the market subsystem increases the innovation performance of innovative SMEs when 

the analysis does not account for the effect of CI. Adding the interaction terms (Model 3) to Model 2 further 

increases the R2 by about 4 per cent. The F-value (3.57) for the incremental R2 value achieves statistical significance 
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at the 1 per cent level, which indicates that the interaction terms of both the RIS subsystem variables and the CI 

variable have explanatory powers with regard to the change in the SMEs’ innovation performance. Model 3 can 

thus be used to discuss the interaction effect between CI and RIS subsystems on SMEs’ innovation performance. 

The variance inflation factors (VIF) for all coefficient estimates in Model 3 are below 10, indicating that multi-

collinearity does not contaminate the results as suggested by Mason and Perreault (1991). A significant negative 

interaction effect appears between knowledge generation and diffusion subsystem (KGDS) and cross-border 

interaction (CI) (Beta = -0.258, p<0.01), providing support for the fifth hypothesis. At a high level of CI, the 

relationship between KGDS and IP is negative and significant. From the results, it appears that knowledge 

interactions with international networks are particularly relevant for the knowledge dimension of the RIS, but that 

these interactions do not (yet) lead to high innovation performance in our sample. 

 

Table 6.4 Moderated hierarchical regression analysis of innovation performance (N=320) 

Variable Model 1 Model 2 Model 3 VIF 
Location  0.071    0.067   0.060  1.072 
Age  0.026   -0.010  -0.028  1.044 
Firm size  0.017    0.002  -0.021  1.031 
Education  0.066    0.039   0.043  1.061 
KGDS     0.029   0.227 *** 2.479 
KAES     0.208 ***  0.196 *** 1.081 
RPS     0.014   0.003  1.136 
RFS     0.083   0.103 * 1.180 
CI      0.213 ***  0.198 *** 1.093 
CI*KGDS     -0.258 *** 2.411 
CI*KAES     -0.005  1.075 
CI*RPS     -0.093  1.268 
CI*RFS     -0.004  1.418 
        
R2  0.012    0.130  0.168   
Adj-R2 -0.001    0.104  0.133   
F-value  0.960    5.133 *** 4.770 ***  

R2     0.118  0.039   
F-value for 2     8.382 *** 3.570 ***  
Note: *** p<0.01; ** p<0.05; * p<0.10. 
 

 

6.4.2 Results: CI as mediator between RIS subsystem and IP 
 

Measurement and model validation  

  

This study employs path analysis with latent variables (PALV) in SEM (undertaken with AMOS 18.0 with the 

Maximum Likelihood (ML) method). When using AMOS, Anderson and Gerbing (1988) recommend a two-step 

approach. This approach requires that, before SEM analysis is conducted, in Step 1 the latent constructs are tested 

to find out if they are statistically adequate for SEM analysis.  This is done by means of Confirmatory Factor 
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Analysis (CFA), whereby the latent variables are integrated into a measurement model and tested with AMOS. The 

results of the CFA are shown in Table 5.  

 

Table 6.5 Results of confirmatory factor analysis (N = 320) 
Construct and items Standardized loading 
RIS subsystem  
KGDS 0.22 
KAES 0.50** 
RPS 0.37** 
RFS 0.31** 
  
Innovation Performance (IP)  
Radical innovation 0.42 
Incremental innovation 0.64*** 
Sales performance 0.61*** 
  
Controls  
Location 0.31 n.s. 
Age 0.02n.s. 
Firm size 0.04n.s. 
Education 0.57 
  
CFA diagnostics  
R2 = 38.755, df = 41, p = .571, GFI = .972, AGFI = .958, RMSEA = .000 
*** p<0.01; ** p<0.05; * p<0.10 
 
 

Overall, the results of the CFA show that all the theoretical constructs defined by this paper are confirmed by, and 

fit, the sample well.  Step 2 concerns the PALV, which is a type of causal modeling technique integrating path 

analysis and CFA, rooted in a latent model, for not only the examination of causal relationships among latent 

constructs but also the estimation of observed variables as well (Raykov and Marcoulides, 2001). It can be inferred 

that, if a PALV theoretical model is statistically specified and fitted to the associated samples, and its estimates are 

present at a significant level, the defined causal correlations can be said to exist in both theoretical and statistical 

terms. Within SEM, Jöreskog and Sörbom (1986) and Hu and Bentler (1999) suggest some cut-off criteria: The R2 

test statistic is at an insignificant level or CMIN/df < 2 if considering the complexity of the model; the Goodness of 

Fit Index (GFI) and adjusted GFI (AGFI) are over 0.9; the Normed Fit Index (NFI) is over 0.90; or in the case of a 

smaller sample size, the threshold of Comparative Fit Index (CFI) is at the 0.95 level; and, for root mean square 

error of approximation (RSMEA), lower is better: a benchmark of 0.05 is often used. All are met or exceeded by the 

model. 
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Figure 6.3 The (standardized) proposed model for causal relationship analyses 

 

Hypothesis tests  

 

 The hypothesis tests for mediation compare the strength of hypotheses H6 (i.e. SMEs’ innovation 

performance (IP) is likely to be positively influenced by cross-border interaction (CI)) with those of H7 (i.e. SMEs 

that actively use RIS subsystems are likely to have increased innovation performance only through their CI). 

According to the causal relationship defined in the research framework, this study examines the mediated effects 

of absorptive capacity on innovation performance (see Figure 3). We first impose the constraint criterion that the 

path RIS  that the possible direct effect of RIS subsystems on IP should be 

disregarded). The model fit diagnostics of Model 1 show that the hypothetical model’s statistical specification is 

not satisfied and thus fails to fit the sample (df = 52, R2 = 75.841 with p = 0.0.017). Other indices, including GFI = 

.963, AGFI = .944, CFI = 0.858 and RSMEA at the 0.038 level, reach or exceed the normal benchmarks of model 

goodness of fit. With a sample size of n = 320, such residual covariances appear to conform to a normal 

distribution that is reflective of the model’s statistical correctness (Jöreskog and Sörbom, 1986). Model 2 

investigates the possible direct effects on innovation performance from sources of innovation (RIS 

to justify the mediated role played by the absorptive capacity (ACAP) variable. Table 6 provides the chi-square 

difference test results for Model 1 and Model 2, where model 2 (referred to as the competing model) includes a 

direct path RIS des it. Only model two is statistically 

appropriate, and comparing the model schemes of Model 1 and Model 2 is thus not necessary. The existence of 

path RIS  

 

 

n.s. 

.26** (.22**) 

Knowledge generation & 
diffusion subsystem (KGDS) 
Knowledge application & 
exploitation subsystem 
(KAES) 
Regional policy subsystem 
(RPS) 
Regional financial subsystem 
(RFS) 

Innovation performance (IP) 

Cross-border interactions (CI) 

Controls: 
Location 
Age  
Firm size 
Education 

.52** (0.0) 

.19** (.32***) 

R2 = 58.952, df = 51, p = .208 
CMIN/ df = 1.156, GFI = .970, AGFI = .954 
CFI = 0.953, RSMEA = .022 

*** p < 0.001; ** p < 0.01; * p < 0.05 
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Table 6.6 Results of model comparison (path coefficients in standardized mode). 

Diagnosis and measurements Model 1 Model 2 R2 
Model fit    
R2 75.841 58.952 16.889 
Df 52 51 1 
p-value n.s. (0.017) 0.208 n.a. 
Path coefficients    
RIS  0.22** 0.26**  
CI  0.32*** 0.19**  
RIS  n.a. 0.52**  
Note: R2 difference test: 2 = 2.61**. Model 1: excluding the path ‘SI  
*** p < 0.001; ** p < 0.01; * p < 0.05. 
 

For Hypothesis 6, we examined the possible direct effects on innovation performance (IP) from cross-

border interactions (CI). The defined path CI 

coefficient of CI 

CI. Hypothesis 6 is thus supported by the sample. However, Hypothesis 7 is rejected, as the model proves 

insignificant. To conduct hypothesis tests for this study, we also introduced control variables as confounders into 

the proposed model. This arrangement was employed to examine the possibility of an authentic relationship 

between innovation and firm performance according to the theoretical model. The non-significance of this latent 

variable shows that the introduction of those confounders does not contribute any significant obscuring or 

accentuating effects to the direct relationship between RIS subsystems and innovation performance that we have 

shown to be non-existent (see Table 7). This lends further weight to the non-existence of a direct mediating role of 

CI in SMEs according to our sample’s statistical behaviour.  

Table 6.7 SEM results of the structural paths including the control variables (standardized mode). 

 Model 1  Model 2  
Variables Beta p-value Beta p-value 
RIS  0.221 0.039  0.255 0.026 
KGDS 0.271   0.254  
KAES 0.363 0.028  0.478 0.019 
RPS 0.438 0.049  0.350 0.023 
RFS 0.397 0.034  0.332 0.019 
     
CI  0.323 0.000  0.187 0.045 
     
RIS  n.a. n.a.  0.517 0.022 
Radical innovation 0.444   0.444  
Incremental 
innovation 

0.574 0.000  0.609 0.000 

Sales performance 0.654 0.000  0.622 0.000 
     
Controls  0.224 0.261  0.192 0.472 
Location 0.731   0.571  
Age 0.014 0.903  0.009 0.920 
Firm size 0.238 0.970 -0.019 0.852 
Education 0.247 0.362  0.316 0.489 
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6.5 Discussion 
 

 The results of our analyses generally  support the existence of considerable knowledge spillovers from 

sources of innovation to firms (Audretsch and Feldman, 1996; Anselin et al., 1997; Bottazi and Peri, 2003). Market 

subsystems generally have the strongest relationship with SMEs’ innovation performance. Our sample SMEs 

apparently mainly are part of a dense network of organizations that focus on commercialization. Interaction in 

market subsystems is regional and/or national, rather than international by nature. This is also true for the regional 

policy subsystem and the financial subsystem. It could be argued that for these subsystems mutual trust and 

common conventions and norms are more important, which emphasizes the critical role of local interactions and 

knowledge circulation here. Cross-border interactions in our sample only have an effect on the relationship 

between the knowledge infrastructure dimension of a RIS and SMEs’ innovation performance. This effect is 

negative, which suggests that cross-border interactions take place in knowledge generation and diffusion 

subsystems (KGDS) for exploratory purposes and (thus) fail to connect to the local market, policy and financial 

subsystems for commercialization of their innovations. Or, as suggested by Enright (2003), regions covered by our 

sample have little experience in commercializing scientific discoveries, have a weak culture of risk taking, or lack 

crucial factors such as venture capital or a support structure specialized in promoting academic spin-offs. Trippl 

and Tödtling (2007) in this respect suggest a far-reaching transformation of the RIS by means of the creation of a 

variety of new organizations, processes of institutional (un)learning and socio-cultural shifts.  

 Our study supports that knowledge industries cannot draw on local knowledge only but also rely upon the 

inflow of external knowledge and expertise to complement the locally available competencies. A finding that is 

supported by previous study that hypothesized that high-tech companies and knowledge intensive service firms 

are more engaged in cross-border innovation networking than low-tech firms (van Geenhuizen, 2008). A reason 

why cross-border interactions only take place in the knowledge infrastructure dimension may be because these 

cross-border interactions are not essential for SMEs’ innovation performance as our SEM analysis showed, but 

nevertheless greatly enhance the strength of the RIS. Our study shows that cross-border interactions as suggested 

by Trippl (2010) are indeed a reality that deserve research attention, because they can lead to a stronger RIS. 

Transfrontier economic relations and knowledge linkages can take different forms, including among others cross-

border labour mobility, co-patenting and co-publications, formal and informal networking in the field of 

technology and innovation, trade relations, etc. (see, for instance, van Houtum and van der Velde, 2004; van 

Houtum and Gielis, 2006; Maggioni and Umberti, 2007; Tödtling and Trippl, 2007). The extent and the precise 

nature of trans-border linkages matter in a fundamental way when it comes to evaluate the development potential 

and future prospects of cross-border RIS. In this study, cross-border interactions take the form of professional 

international networks. More detailed information about the nature of the knowledge that is interacted in the 

networks is however not available. It could be argued that in our sample the knowledge infrastructure subsystem 

exchanges in particular codified knowledge, which would facilitate cross-border interaction compared with the 
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other subsystems. In the commercialization phase, knowledge exchange maybe requires higher trust due to a 

stronger emphasis on secrecy. However, future research is necessary to further investigate this assumption.   

 

6. Conclusions 
 

6.1 Findings and implications 
 

This study has addressed the question whether relationships exist between different RIS subsystems and 

the innovation performance of innovative SMEs in the Netherlands, and what the role of cross-border interaction 

(CI) is on their relationship. For Dutch SMEs, the knowledge application and exploitation, or market, subsystem is 

most important for high innovation performance. This subsystem is still mainly local and/or national. Nevertheless, 

in order to be innovative, SMEs increasingly look for and find inspiration abroad. The RIS literature acknowledges 

that knowledge interactions with international partners and knowledge sources are highly relevant (Trippl and 

Tödtling, 2007). Such linkages are very important for a region, because through such links scientific knowledge, 

managerial know-how as well as qualified labour are acquired. Our study supports the importance of linkages for a 

RIS. Dutch SMEs that participate with knowledge institutions often do so through cross-border linkages. So far, 

however, they generally fail to commercialize their innovations and increase their innovation performance. Our 

results in this respect highlight the existence of two stages of innovation, the exploration phase and the 

exploitation stage, which seem to require a different knowledge environment. Exploration in firms is stimulated by 

the inflow of external knowledge and expertise to complement and enrich the locally available knowledge and 

competencies. It can lead to entirely new innovations, or the introduction of cross-border innovations to the local 

market. Exploitation or the commercialization of innovations, however, may require higher levels of trust and tacit 

knowledge interactions. Exploitation may thus be a stage that requires proximity of economic actors, while for the 

exploration stage, proximity may hamper innovation and innovation should be stimulated through cross-border 

interactions which leads to higher creativity and local economic advantage. Future research is necessary to 

investigate if exploration indeed requires more trust and tacit knowledge, or if such trust relationships also exists 

on a cross-border level. Our results namely could also point towards weak commercialization capabilities of firms 

that work actively with actors from the knowledge generation and diffusion subsystem, for example spin offs. This 

may be a weak point of the firms, but it can also point towards a regions weak commercialization capabilities. A 

range of policy actions and government programmes might be necessary in this context to better support the 

commercialization of (scientific) discoveries, amongst others through venture capital. 
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This chapter is forthcoming in: T. Baycan and R. R. Stough, Knowledge Commercialization and Valorization in 
Regional Economic Development, Cheltenham: Edward Elgar. 
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CHAPTER 7 

FROM INNOVATION TO COMMERCIALIZATION THROUGH NETWORKS 
AND AGGLOMERATIONS: ANALYSIS OF SOURCES OF INNOVATION, 
INNOVATION CAPABILITIES, AND PERFORMANCE OF DUTCH SMEs 

 

This study claims that policy makers may not be sufficiently aware of the 
importance of maintaining an appropriate balance between exploration and 
exploitation networks for small and medium-sized enterprises (SMEs). On the basis 
of the open innovation model, policy makers are increasingly stimulating SMEs to 
develop their exploration skills. In the Netherlands, a government subsidy called the 
‘innovation voucher programme’ was introduced to stimulate SMEs to develop 
innovation in cooperation with knowledge institutes. Yet, although many studies 
show that SMEs tend to have a higher R&D productivity than larger firms, and 
innovative SMEs are more likely to make external networks with other SMEs or 
institutions such as universities, there is still little examination of the success of 
SME’s innovation activities. The growing policy attention for the role of SMEs in 
innovation prompts the questions how innovation in SMEs can be facilitated, and 
which factors contribute to the success (or failure) of their innovation efforts. This 
study explores the innovation strategy of innovative Dutch SMEs by means of their 
sources of innovation, innovation capabilities, innovation performance, and 
commercialization sources. By means of Structural Equation Modelling of a sample 
of 243 Dutch SMEs, this study shows that exploring (technology) opportunity 
together with institutions such as universities and private research establishments is 
important for successful innovation in SMEs. But, in addition, our model shows that 
contacts with competitors are also important for successful innovation 
performance. Our finding that ‘the openness of open innovation’ also applies to the 
commercialization phase often appears to be neglected by researchers and policy 
makers. 
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7.1 Introduction 
 

The idea that innovation is best understood as a diffusion process, where ideas and inventions are formed 

largely within firms or by entrepreneurs in isolation from the external world, is losing ground. Innovation has 

traditionally been modelled as a process where scientists or researchers try to solve well-defined problems by 

performing experiments in confined arenas such as laboratories or test sites. Particularly in the period after the 

Second World War, industry barriers and products in relation to a pre-defined demand structure were key factors 

for strategy and innovation. This industry approach with a strong focus on industries and value-chains (Porter, 

1980, 1985) is increasingly being questioned. Porter’s model (Porter, 1990) emphasizes market and competition 

rather than networking and social interaction as success factors for clusters of innovation, and shows only a 

marginal interest in the regional dimensions of innovation (Moulaert and Sekia, 2003). However, the global 

business landscape has changed dramatically during the last 30 years, and a mere focus on technological 

innovation is not sufficient to understand innovation processes in the new business landscape. The idea is gaining 

ground that innovation activities are organized not only within but also across firm boundaries, and that actors co-

create innovative products, services or processes that generate value in value constellations (Normann and 

Ramirez, 1993). Actions and not structures lie at the heart of understanding innovation phenomena (Arvidsson and 

Mannervik, 2009). To improve our understanding of innovation processes, the focus should thus be much more on 

the socio-technical perspective and the role of business networks (Geels, 2004; Schilling and Werr, 2009; Arvidsson 

and Mannervik, 2009). In this paper, we particularly aim to understand the innovation actions and activities of 

innovative Dutch small and medium-sized enterprises (SMEs), whereby we do not limit the analysis to a particular 

industry and its surrounding cluster. Instead, we focus on the innovation system, as such, which may include 

several industries and does not limit the analysis to the birth, growth and decline of one particular industry or 

cluster. 

Innovation processes today rely on communication and interaction with critical actors outside their own 

company. Such dynamic processes are generally evaluated within the frameworks of national innovation systems 

(NIS) and regional innovation systems (RIS). National innovation systems are defined as the flows and mechanisms 

of technology and information between people, enterprises, and institutions that are the key to the innovation 

process at the national level (OECD, 1997). Various researchers quickly applied the NIS concept in studying RIS 

(Braczyk et al., 1996; Cooke et al., 1997; Morgan and Nauwelaers, 1999; Koschatzky et al., 2000; Cooke, 2001; 

Doloreux, 2002). The RIS more specifically examine innovating firms in the context of external institutions, 

government policies, competitors, suppliers, customers, value systems, and social and cultural practices that affect 

their innovation activities within a geographical area larger than a city, but smaller than a nation (Kumaresan and 

Miyazaki, 1999; OECD, 1999). Increasingly studies in the existing literature are addressing the empirical discussion 

on how firms can interact with the RIS by utilizing sources of information (SI) available within an RIS (Yam et al., 
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2011). At least three forms of knowledge spillovers can be distinguished (Boschma and Frenken, 2006): spin-off 

firms; labour mobility; and R&D collaboration. These topics have been addressed systematically in empirical 

research (Uzzi, 1996; Almeida and Kogut, 1999; Breschi and Lissoni, 2003; Giuliani, 2007; Klepper, 2007; Ponds et 

al., 2007; Morrison, 2008). In particular, two findings stand out (Burger et al., 2009): 1) firms in economic 

agglomerations do not profit automatically from co-location, because spillovers occur mainly between firms with 

strong social network relations; and 2) a substantial part of spillovers takes place over longer distances, as firms 

have many network relations outside the agglomeration in which they are located. Networks of economic actors 

(firms, researchers, inventors, employees) can thus be regarded as the most accurate unit of analysis to trace the 

actual exchange (flows) of knowledge, labour or intermediate goods in economically-agglomerated spaces (i.e. 

regions).  

Firms in today’s global economy base their actions on collaboration and service-based components when 

developing new strategies. Although these mechanisms are increasingly recognized, in the current literature they 

are usually researched independently, if at all. This study aims to adopt an integrated approach and build a model 

of territorial innovation by means of Structural Equation Modelling (SEM) that addresses both the collaboration 

and the services-based components of 243 innovative Dutch SMEs. What is often overlooked in the innovation 

literature is that in a service-based economy the fundamental focus of business activities within the network is to 

create products or services that generate value for the customers who purchase them (Arvidsson and Mannervik, 

2009). Value can be of different types: for example, when a firm relieves another actor from having to operate 

certain activities, or when a product or service enables the customer to achieve results that otherwise would have 

been impossible (Normann, 2001). Generally, value is best understood and analysed from the customers’ 

perspective. However, the provider of a product or service has to lead and organize a network of actors to make 

the offering attractive (Ramirez and Wallin, 2000). The modern retail sector in the Western World, for example, 

cannot be imagined without SME commercial collaboration (Masurel and Nijkamp, 2009; Masurel and Janszen, 

1998). It is thus the product or service that organizes action in the collaborative process, where learning is the 

most important driver. Customers co-create services, but other actors such as competitors also influence the 

offering via their simultaneous actions (Normann, 2001; Normann and Ramirez, 1998; Grönroos, 1982). This study 

will particularly highlight the latter form of co-creation.  

 

7.2 Firms’ learning process for growth and renewal 
 

A new understanding of innovation systems needs to acknowledge today’s social and economic realities 

and dynamics. In this respect, Arvidsson and Mannervik (2009) refer to Eliasson (2000) who has developed and 

outlined clear characteristics of experimentally-organized economies based on the notion of open systems and 
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creative destruction. He follows Schumpeter’s (1934) view on innovation and creative destruction, which implies 

an open system approach (Katz and Kahn, 1966), and that economic actors operate in turbulent environments 

(Emery and Trist, 1965). Eliasson (2000) developed five characteristics that: 1) centre around the ideas of a 

knowledge-based information economy where people are regarded as boundedly rational (Cyert and March, 

1963); and 2) hold tacit knowledge (Polanyi, 1969) and act from what they believe is right. The system they 

operate in is 3) open, and development is characterized by Schumpeter’s process of creative destruction. Further, 

4) there are supportive competences and institutions that create competence blocks suitable for global and local 

demand. But there are also institutions of all sorts that allow and stimulate new ideas and do not oppose anything 

which challenges the current norms and ideas. Finally, 5) social capital (Putnam, 2000) is present to stimulate 

meetings and open discussion leading to the exchange of ideas and learning. From this perspective, an innovation 

system primarily consists of actors who offer services which are processes that consist of a set of activities which 

take place in interactions between a customer and people, goods and other physical resources, systems and/or 

infrastructures representing the service provider, and possibly involving other customers, who are all aiming to 

solve customers’ problems (Grönroos, 2006).  

Schumpeter (1934) had already argued that the exploration of new opportunities and the exploitation of 

old certainties, as well as the inherent conflict of the two, lie at the heart of organizational change and learning. 

Arvidsson and Mannervik (2009) in their study suggest the use of these two different types of change processes to 

better understand change dynamics in open systems. In Table 7.1 these two processes are outlined in more detail. 

Exploration concentrates on the recognition and development phase of innovation, while exploitation focuses on 

the production and commercialization phase. March (1991) further highlights that systems that engage in 

exploration without exploitation will most likely deal with the costs of experimentation without gaining much of its 

benefits. At the same time, systems that exploit without a distinct exploration phase are likely to find themselves 

trapped in a suboptimal state of stable equilibria without much gain in the long run. As a result, over the long run, 

efforts to stimulate both change processes are crucial for survival and prosperity. Exploration is needed to renew 

the system, but it is only through exploitation that the benefits of renewal are reaped (March 1991). In models like 

those of Porter (1990) the process of exploration tends to get blocked due to the strong focus on rational decision-

making processes in firms and among other economic actors, which highlights competition rather than 

cooperation, and, as a result, ignores the evolutionary aspect of growth and decline. In this respect, the historical 

case studies of Arvidsson and Mannervik (2009) showed that actors in the Swedish biomedicine, biomaterial and IT 

systems wanting growth were found to fight for resources against actors wanting renewal. In the research process, 

Arvidsson and Mannervik (2009) witnessed clear and shared patterns of growth and renewal in specific time 

periods, and periods of tension and almost competition for critical resources between the proponents of each of 

the two processes in other periods. However, over the long run both types of actors needed each other. 
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Table 7.1 Characteristics of exploration and exploitation  
Exploration Exploitation 
Search Refinement 
Variation Choice 
Experimentation Production 
Play Efficiency 
Flexibility Selection 
Discovery Implementation 
Innovation Execution 
Source: March (1991). 

 

This study bases itself on the notion that the two change processes: exploration and exploitation, are 

essential for growth and renewal in a system, whereby a system stands for a firm’s innovation system, and also the 

regional and national innovation system. The best design of the context will depend on the critical needs of the 

innovation system, i.e. which kind of dynamics that are currently dominating the system. Within a system, we 

further recognize that exploration and exploitation should not substitute but rather complement each other. We 

believe that this is a mind-set concerning how innovation happens that is not sufficiently highlighted in current 

innovation studies. Researchers and policy makers often tend to have a one-sided focus, either highlighting 

demand factors such as consumer behaviour or focusing on supply factors such as R&D and education, a direction 

that more directly reflects the European Union’s innovation ambition. This study aims to show that the change 

processes of exploration and exploitation do indeed complement each other, both within the firm and on a 

regional and national level as a result of the current economic realities with specialized companies, network-based 

cooperation, open source innovation, and increasing customer influence. This study contributes to the literature 

that challenges Porter’s cluster model by highlighting the dynamics of innovation in large industrial or business 

systems in relation to a social context. Further, deepening the understanding of the characteristics of exploration 

and exploitation can help researchers and policy makers to improve systems that help to stimulate growth and 

renewal. 

 

7.3 The regional innovation system, SMEs’ innovation capabilities and sources 
of knowledge  
 

In this study, the RIS is regarded as the implementation strategy that examines more closely the 

generation and diffusion of knowledge among actors that take place outside the boundary of the firm. The actors 

are considered to interact most extensively on a regional level (Romijn and Albaladejo, 2002; Colaghirou et al., 

2004; Crescenzi and Rodriguez-Pose, 2011). The boundary of an RIS may be drawn conceptually and 

organizationally around the economic, social, political and institutional relationships that generate a collective 
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learning process within a related group of technological and functional areas. This is particularly true for small and 

medium-sized enterprises (SMEs). When linked to firm innovation systems, however, the results can provide 

research background for the study of NIS, to the extent that the results can describe the link between innovation 

and competitive economic outcomes at the national level which can be useful for the national science and 

technology research domain. Considering that exploration and exploitation are essential for growth and renewal, 

we believe a firm’s innovation system should at least consist of the components described in Sections 7.3.1 to 

7.3.3 below. 

 

7.3.1 SME’s innovation capabilities (IC) 
 

Innovation capabilities (IC)2

 

 are defined as a comprehensive set of firm characteristics that facilitate and 

support the firm’s innovation strategies (Burgelman et al., 2004). Colaghirou et al. (2004), among others, showed 

that both firm and innovation capabilities and openness towards knowledge-sharing are important in bolstering 

innovation performance. This is specifically true for SMEs which are generally considered to lack sufficient financial 

and human resources to solely rely on internal processes. The firm innovation system can be defined as an 

interactive process that involves the generation, adoption, implementation, and incorporation of new ideas and 

practices within the firm (van de Ven et al., 1989; Carlsson et al., 2002). Innovation activity within a firm is an 

interactive process characterized by technological interrelatedness between various sub-systems or sub-processes 

(Teece, 1996). These sub-processes include those of concept generation, product development, production, 

technology acquisition, leadership, resource provision, and system and tool provision. IC can be enhanced by 

developing the firm’s ability in each sub-process. Various studies have sought to identify the IC components that 

are important to firms (Adler and Shenbar, 1990; Christensen, 1995; Yam et al., 2011). It is recognized that a firm 

with greater IC is able to achieve higher levels of organizational performance and effectiveness.  

7.3.2 Sources of innovation (SI) 
 

Central to the system-of-innovation approach is the idea that innovation should be seen as an 

evolutionary, non-linear, and interactive process requiring intensive interaction with different actors in the RIS, 

such as suppliers, customers, and even competitors, as well as other organizations (Tödtling and Trippl, 2005), such 

                                                           
2 The literature usually refers to technological innovation capabilities (TIC).  In this study we have chosen to use the broader 
term innovation capabilities (IC), which better fits the broader interpretation of innovation activities employed by the SMEs in 
the survey conducted for this study. 
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as universities, research centres, educational institutions, financing institutions, standard-setting bodies, and 

industry associations. The generation and utilization of knowledge depend on the frequency and density of the 

firm’s interactions with external sources of innovation and its openness to external knowledge. Innovation can be 

conceptualized as a learning process (Cohen and Levinthal, 1989; Garvin, 1993; Dodgson, 1993; Hitt et al., 2000). 

Besides generating knowledge through internal R&D departments, firms, in particular SMEs, can grow their 

knowledge and absorptive capacity by acquiring external knowledge bases (Cohen and Levinthal, 1989; Huber, 

1991). The particular focus in this study is, therefore, on the firm’s interaction with external sources of innovation 

(SI) in the region in which the firm operates. Defining the source(s) of innovation is important because it 

determines the capabilities that a firm must possess to adopt the necessary innovations in time to achieve success 

in the marketplace. As such, a critical component of successful innovation is the ability of a firm to exploit and 

utilize external knowledge in the RIS (Lin et al., 2002). Many studies have considered the impact of external 

knowledge bases or Sis on the innovation performance of a firm (Uzun, 2001; Tödtling and Trippl, 2005). However, 

few prior investigations have found that the firm’s ICs are enhanced by utilizing SIs within the RIS (Yam et al., 

2011).  

 

7.3.3 Commercialization sources (CS) 
 

This chapter considers commercialization at the firm level as an essential part of the system-of-innovation 

approach. Knowledge commercialization (exploitation) is generally described as an actor’s deliberate 

commercializing of knowledge assets to another independent actor, involving a contractual obligation for 

compensation in monetary or non-monetary terms (Lichtenthaler, 2005; Boyens, 1998; Ford and Ryan, 1981). 

Research and practice often focus on the monetary aspects of commercialization, but strategic objectives such as 

realizing learning effects are considered increasingly important (Davis and Harrison, 2001; Rivette and Kline, 2000). 

The actual transfer of the knowledge assets constitutes only the final step of the commercialization process. 

However, a complete picture of external knowledge exploitation requires a comprehensive picture of the activities 

and capabilities that are needed for commercializing firm knowledge. Knowledge generated in firms needs to be 

transformed and/or transferred in order to design, produce, sell, adopt, and implement customer-oriented 

applications. In particular for SMEs, this trajectory is often an interactive process of value creation and realization, 

whereby a complete palette of competences and actor interactions between knowledge institutions, companies 

and others (interest groups, industry organizations and governmental organizations) is necessary to complete this 

value-adding process. Commercialization sources such as customers, partners, suppliers and knowledge 

institutions are, due to their small size and limited financial resources, of vital importance for SMEs in order to 

integrate, combine, and apply knowledge to generate commercially-viable offerings.  Increasingly, this is also the 

case for other economic actors due to intense market dynamics, which forces firms to adopt the open process of 
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innovation and be more flexible and adaptable to interact with external actors. In this respect, analysis of the 

commercialization sources of innovative SMEs can increase understanding of efficient innovation strategies.  

 

7.4 The regional innovation system in the Netherlands 
 

In the Netherlands, innovation only became a serious policy issue after the Lisbon Agenda of 2000 was 

launched. Before 2000, the economic strategy particularly focused on wage moderation and organized labour 

market flexibility. This is a strategy better known as the ‘polder model’ (Visser and Hemerijck, 1997). This ‘polder 

model’ led to a homogeneous policy approach towards sectors, and widespread and influential networks of trade 

unions. In 2003, with the launch of the Innovation Platform, a policy more focused on strengthening industry and 

innovation was introduced in the Netherlands. 

 

7.4.1 Dutch Innovation Platform (Innovatieplatform) 
 

With the launch of the Innovation Platform, the Netherlands shifted policy attention towards an 

economy-wide approach that focused more on the Dutch sector structure. In 2004, on the basis of a call to 113 

Dutch clusters to develop initiatives for pre-competitive cooperation between business sectors and knowledge 

institutes, six highly promising areas were identified: namely, Flowers and Food; High-tech Systems and Materials; 

Water; Chemicals; Creative Industry; and Pensions and Social Insurance (Innovatieplatform, 2010). In creating 

Innovation Platforms, other European countries had already preceded the Netherlands. Finland, for example, had 

already shifted its economic strategy towards innovation in new sectors by means of an Innovation Platform as far 

back as 1987. Its approach has proven to be very successful, particularly with regard to the economic successes of 

Nokia. Similar to the working of population in Finland and other Northern European countries, the majority of 

people in the Netherlands are active in the services sector. Multinationals are mostly active in the areas of 

manufacturing and services. In addition, the Netherlands has a large transport and logistics sector owing to its 

strategic location and well-developed port functions. Private R&D further localizes in a limited number of large 

companies. About half of those companies are not, or are only partly, Dutch-owned, but even the large Dutch 

companies decide about their investment in R&D on an international level. Although global developments strongly 

influence the management of these firms, and as such, the functioning of the entire Dutch market, until 2000 the 

Netherlands did not have a clear global competitiveness strategy. A stronger focus on innovation and sector 

differentiation in the way it was introduced by the Innovation Platform was the basis for such a strategy. An 

important aspect of this strategy was also the stimulation of cooperation between the private, academic and 

public sector in the sphere of the NIS literature. Increasingly, network coordinators, a concept introduced by 
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Leydesdorff and Etzkowitz (2001), were introduced to serve as bridge builders between the different domains. 

Further, within the six key areas listed above pre-competitive cooperation was stimulated and performed by 

means of a number of innovation programmes. The initiative for most of these programmes was in the hands of 

large companies and research groups. For SMEs, innovation initiatives were mainly organized through various 

trade organizations. In 2004, in order to also stimulate actual contact between SMEs and knowledge institutes 

(KIs), the ‘innovation voucher’ was launched. At the end of 2009, 28,400 vouchers were distributed that allowed 

SMEs to buy research and advice from KIs in the Netherlands and a selection of European knowledge institutes on 

a first-come first-served basis (Innovatieplatform, 2010).  

 

7.4.2 The Dutch SME sector 
 

In 2010, there were 847,100 firms in the Netherlands with less than 100 employees (including firms 

without employees and family members). Together they employed about 3.6 million people. The majority of firms 

are active in the financial and services sector (219,000 in 2010), followed by the construction sector (114,700 in 

2010) (EIM, 2011). Most of these firms are active in the domestic market, or trade sporadically with neighbouring 

countries like Germany. In some sectors competition is high, e.g. in construction or cleaning. Other sectors have 

firms that serve their own regional or local market, e.g. the car industry or health care. This strong local or regional 

dimension is characteristic of the SME sector in the Netherlands. In the Netherlands, 31 per cent of the SMEs have 

marketed new products or services in the past 3 years, and another 31 per cent of the SMEs indicated that they 

cooperated with other firms or knowledge institutions in 2010. Only 13 per cent of the SMEs were involved in 

some form of international cooperation. On a European scale, the Netherlands performs just below the top 

collaborators Belgium, Denmark, Finland and Sweden (de Backer et al., 2008). As well as by means of trade 

organizations and innovation vouchers, innovation among SMEs is stimulated through subsidies for researchers’ 

labour (WSBO), and through other intermediary organizations like Syntens, which advises SMEs on behalf of the 

Dutch government. International concerns have so far been most visible in different forms of pre-competitive 

cooperation with academics. Sometimes trade organizations were the initiators of such cooperation forms (as in 

Chemicals), but in some cases regions also played a leading role, as in the case of Brabant in the field of high-tech 

systems (Brainport Eindhoven). Programmes in these sectors are generally also more focused on open innovation 

and the inclusion of SMEs. In other sectors, like services, the SME sector is more difficult to involve in innovation 

initiatives. For these SMEs, initiatives like the innovation voucher were introduced to stimulate innovation and 

connection with KIs on a more individual level. However, an evaluation of the programme (Dialogic, 2008) found 

that, in particular, it was the innovative SMEs which took part in the programme, while the less innovative firms 

ended up not using their voucher due to time constraints or change of strategy. Therefore, those SMEs that 

participated in the innovation voucher programme and used their voucher in our view represent a specific type of 
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SMEs that are highly innovative and network-driven, and, as such, serve as an ideal population for research on 

innovation activities through collaboration and service-based components in both the exploration and the 

exploitation phase. Many studies have shown that SMEs tend to have a higher R&D productivity than larger firms 

(although there is considerable variation by industry: see Audretsch and Vivarelli (1996). Yet, there is still little 

examination of the embeddedness of innovation in SMEs (Shaw, 1998; Paniccia, 1998), which is often related to 

their material and resource factor disadvantages. The growing policy attention for the role of SMEs in innovation 

(also related to their large overrepresentation in national economies) prompts the questions how innovation in 

SMEs can be facilitated, and which factors contribute to the success (or failure) of their innovation efforts (Lee et 

al., 2010). In particular, inter-firm collaboration is important for SMEs with limited complementary assets who 

need to leverage their technology externally (Lichtenthaler, 2005). Networking represents another possible form of 

collaboration, with many researchers claiming that the success of SMEs compared with their larger competitors is 

based on their ability to utilize external networks more efficiently (Rothwell and Dodgson, 1994). Researchers 

therefore increasingly argue that future research should focus on the nature of innovation in SMEs and the extent 

to which open innovation is embedded in such firms (Lee et al., 2010). 

 

7.5 Research framework 
 

This study explores the innovation strategy of innovative Dutch SMEs by means of their sources of 

innovation (SI), innovation capabilities (IC), innovation performance (IP) and commercialization sources (CS). To 

supplement the knowledge gap in the existing literature, we analyse not only cooperation with external 

organizations (flows) but also the characteristics of the networks (places). In this section, the general hypotheses 

of this study are formulated, and the conceptual research framework is presented. 

 

7.5.1 Innovation capabilities 
 

The capabilities perspective focuses on how the firm develops its capabilities, and what role they play in 

the organizational structure (den Hond, 1996). Capabilities reside in the know-how, experience, and skills of the 

firm’s employees and managers (Castanias and Helfat, 1991; Kogut and Zander, 1992). Some capabilities reside in 

the individual employees, but most capabilities are shared between groups of employees. Capabilities are 

integrated in the employees’ working routines or in the firm’s organizational routines. Capabilities are thus 

knowledge-based. Their creation is associated with processes of learning, both at the individual and the 

organizational level. This implies that the creation of capabilities is a lengthy process that requires continuous 
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investments (Dierickx and Cool, 1989). In addition, the knowledge character of capabilities implies that they are 

highly tacit. Various researchers and institutions have developed different approaches to audit a firm’s IC. 

Christensen (1995) examined ICs in terms of science research assets, process innovation assets, product innovation 

assets, and aesthetic design assets. Chiesa et al. (1996) used two methods to assess the innovation capability of an 

organization: a process audit, and a performance audit. More recently, Yam et al. (2004) adopted a functional 

approach where the separate functions of an organization were to be evaluated. The capability dimensions are: 

learning capability; R&D capability; resource allocation capability; manufacturing capability; marketing capability; 

organization capability; and strategic planning capability. Evangelista et al. (1997) regard R&D activities as a central 

component of firms’ innovation activities and as the most intangible form of innovation expenditure. R&D 

activities by SMEs usually take the form of new products or services and/or new production or services processes. 

These activities give a good indication of the ability of the firm to identify, assimilate, and exploit knowledge from 

the environment, to integrate an R&D strategy, and to transform R&D results into products.  

 

7.5.2 Sources of innovation 
 

Souitaris (2001) divides the efforts that firms make to establish knowledge-flow channels and linkages into 

two categories: (1) those involving the scanning of external information; and (2) those involving cooperation with 

external organizations. This study focuses on the latter sources of innovation (SI). The literatures on innovation 

systems (Cooke, 2001; Lundvall, 1992; Nelson, 1993) and the triple-helix model (Etzkowitz and Leydesdorff, 1997) 

have both stressed the fundamental role in boosting innovativeness of close interactions among heterogeneous 

actors such as large firms and SMEs, venture capitalists, end users, universities and other public and private 

institutions. In the course of their technology-sourcing activities, the external knowledge to which firms may seek 

to gain access may be categorized by type of institution into: knowledge from research institutions; knowledge 

from universities; and knowledge from consultancy firms. There is clear empirical evidence that external 

knowledge from universities plays a particularly important role in some industries. With respect to the spatial 

distribution of partners, some authors suggest that external research collaborations should be more frequent and 

effective among co-located partners, while others emphasize the importance of research links with geographically-

distant partners in order to gain access to global circuits of knowledge creation and diffusion (Belussi et al., 2010). 

The increasing availability and mobility of knowledge workers, the flourishing of the Internet and venture capital 

markets, and the broadening scope of possible external suppliers at the present time have all boosted open 

innovation (Chesbrough, 2003). Studies of high-tech industries further show that innovation requires knowledge 

that is both “global best” and “diverse” (Dahlander and McKelvey, 2005). We therefore assume that exploration of 

new opportunities will be more successful only through an international network than through a local or national 
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network. Thus, we propose that SI, in the form of university contact and contact with international network leads 

to the following hypothesis:  

H1: Higher use of sources of innovation leads to higher innovation capabilities of SMEs. 

 

7.5.3 Innovation performance  
 

A firm’s heterogeneous resources (including its human, capital, and technological resources) are 

responsible for the variability observed in its financial returns. These are the firm’s specific competences that 

contribute substantially to its sales growth and competitive advantage. There is a causal connection between a 

firm’s resources and its (technological) innovation performance (IP). The OSLO Manual (OECD, 1997) proposes that 

IP can be measured by the proportion of sales as a result of technologically new or improved products, i.e. sales 

performance. This indicator has been adopted in innovation studies (Evangelista et al., 2001). Furthermore, the 

creation of value depends on the integration of knowledge acquired from universities and flexible forms of 

cooperation among many different private and public regional and international actors (Cappellin, 2010). This 

requires low cognitive distance or an appropriate absorption capacity (Cohen and Levinthal, 1990; Antonelli, 2005). 

The value creation process is also generally facilitated by a lower geographical and/or institutional distance or by a 

higher accessibility to potential partners (Karlsson, 1997; Howells, 2002; Boschma,2005; Simmie, 2005; Torre and 

Rallet, 2005). Spatial proximity should enable the transfer of tacit knowledge, and facilitate the exploitation of 

knowledge spillovers (Malmberg and Maskell, 2005; Maskell, 2001). Thus, we propose:  

H2: Higher innovation capabilities lead to higher innovation performance of SMEs, 

whereby IC are formed by both the development of new products or services and new production or services 

processes, and IP represents both the sales performance of SMEs and proximity to a university (i.e. location).  

 

7.5.4 Commercialization sources 
 

At the exploration stage, SMEs are most likely to use external partnerships so they can concentrate on 

retaining high levels of internal competence in a limited number of technological areas (Narula, 2004a), whereby 

they show a preference for networking with public research institutes and universities because of the fear of giving 

away their technology to competitors (Tidd and Trewhella, 1997). At the exploitation stage, SMEs attempt to 

create value by entering into supplier-customer relations with larger firms (Luukkonen, 2005), outsourcing 

agreements, or strategic alliances with other SMEs (Edwards et al., 2005). Open innovation at the 
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commercialization stage has not been considered seriously in the existing literature (Lee et al., 2010). In general, 

SMEs consider external sources primarily as a means of getting access to marketing and sales channels at the later 

stages of innovation (especially the commercialization stage), while open innovation normally focuses more on the 

early stages of innovation, addressing external technology sourcing and networking with technology providers like 

universities (Vanhaverbeke and Cloodt, 2006). Yet, considering that the market is important in determining 

successful innovation (Rosenberg and Mowery, 1978), and that success in innovation implies successful 

commercialization, SMEs’ innovation could benefit greatly from support at the commercialization stage. Networks 

can offer clear benefits to SMEs, helping them to decode and appropriate flows of information, such as 

technological change, sources of technical assistance, market requirements, and strategic choices by other firms, 

thus strengthening their competitive advantage (Bougrain and Haudeville, 2002). We assume that, in the 

exploitation phase, the proximity of such a network is more important than in the exploration phase. Hypothesis 3 

is therefore proposed as follows:  

H3: Higher use of commercialization sources leads to higher innovation performance, 

whereby the latent variable CS consists of contact with competitors (i.e. other firms) and active involvement in a 

national network.  

Figure 7.1 below presents the conceptual research framework. 

 

Figure 7.1 Conceptual research framework 
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7.6 Research methodology 
 

7.6.1 Introduction  
 

The primary analytical technique used in this paper is Structural Equation Modelling (SEM) for validating 

and testing the theoretical model (using AMOS 18.0 with the maximum likelihood (ML) method). Some tasks 

relating to linear regression and other analyses are conducted using SPSS 19.0.  

Sources of innovation  

Local institutions such as local universities can be an important source of innovation for firms. For 

instance, McEvily and Zaheer (1999) found an association between the development of the competitive 

(innovative) capacities of firms in a cluster and the closeness of the links between firms and local (regional) 

institutions. District mechanisms like trust and reputation conditions are generally considered to facilitate the 

learning process, generating beneficial effects for firms that are part of the district (Exposito-Langa et al., 2011). 

However, firms must also design distinct strategies to adapt or complement in order to operate under district 

conditions. In this respect, Bathelt et al. (2004) proposed the notion of ‘local buzz’ and ‘global pipelines’ to 

underline the importance of different firm knowledge-bases for a firm’s and thus a region’s competitiveness. In 

this study, university and international networks are considered sources of innovation for innovative SMEs in the 

Netherlands in the exploration phase. Respondents were asked to choose, from a random sample of innovation 

sources, which ones they generally contacted for innovation activities. ‘University’ was one of the options that 

they could choose. Further, respondents were asked whether their knowledge networks were local, national, or 

international in character, or a combination. Networks were defined in the survey as ‘knowledge alliances between 

organizations and between organizations and knowledge institutions, with knowledge-sharing as main objective’.  

Innovation capabilities 

  An important innovation capability is a firm’s R&D capability, generally represented by the firm’s radical 

and incremental innovation. Whether a firm focuses on radical or incremental innovations gives a further 

indication of the firm’s learning capability, resource allocation ability, and manufacturing capability. In particular, a 

high level of radical innovations suggests high learning capability, resource allocation ability, and manufacturing 

capability. In this study, respondents were asked to indicate whether, in the period 2006-2009, they had 

developed new products or services, improved existing products or services, developed new production or service 

processes, and/or improved existing production or service processes. The new products, services, and processes 

are considered radical innovations and have been used in the model to represent SMEs’ innovation capabilities.  
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Innovation performance 

The performance of any innovation is best measured in financial terms. Financial indices show whether 

the innovation has had an impact on the market or has been financially successful. Sales performance was 

measured as the percentage increase in profit sales due to new or improved products, services or processes in the 

period 2006-2009. This indicator is widely used in innovation studies (Yam et al., 2011). Further, a region can be 

understood as a network of inter-organizational relationships where physical proximity and a sense of belonging 

are decisive elements in facilitating trust, reciprocity, and other common values (Antonelli, 2000). We argue that 

innovation in SMEs is enhanced by university contacts. Proximity to a university can, in the light of the regional 

literature that highlights proximity (for example, McEvily and Zaheer, 1999), be regarded as an advantage for 

SMEs, and will enhance the probability that SMEs will cooperate with a university for innovation, and thus increase 

their sales performance. In particular, it may be assumed that firms that are located in proximity to universities are 

part of a larger knowledge cluster, like the food cluster in Wageningen, that gives access to a variety of knowledge 

sources, and thus positively affects performance. In our sample, location is ordinal. 

Commercialization sources 

Further, the model proposes that innovation performance is affected by knowledge of the market. Face-

to-face encounters with potential business partners and clients, business representatives, and ordinary citizens 

allow SMEs to get a feel for the market; to gain insight into how business is conducted; and to start building trust 

(Wilson and Mummalaneni, 1990). Further, networks can speed relationships with other firms, small and large, to 

complement each other’s resources at various stages in the value chain (Dana et al., 1999; Jones, 1999). A number 

of private and public initiatives that help SMEs to position themselves in appropriate networks have been 

developed, and therefore the role of advisors should not be overlooked. For example, trade associations organize 

various activities aimed at facilitating contacts between firms. The usefulness of a national network should 

therefore not be overlooked. Recognizing opportunity and being ready to take advantage of it generally 

encompasses a temporal element (being in the right place at the right time), a relational element (the unplanned 

building of networks), and an analytical element (the establishment of connections between actual data and ideas) 

(Fine and Deegan, 1996). We argue in this study that commercialization requires a different network and sources 

than innovation. In particular, contact with competitors is a good measure of commercialization in order to get a 

feel for the market and recognize opportunity, either in close cooperation with other firms or through 

competition.  
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7.6.2 Sample  
 

The questionnaire specifically focused on Dutch SMEs that had applied for a small or large innovation 

voucher in the period 2006-2009. Contact details of the SMEs that participated in the scheme were provided for by 

Agentschap.NL, which is the institution responsible for the innovation voucher scheme on behalf of the Dutch 

Ministry of Economic Affairs. The innovation voucher allowed an SME to ‘buy’ research time from a selection of 

Dutch and European knowledge institutes. A small voucher of €2500 or a large voucher of €7500 gave access to 

research time worth the respective amounts. In the latter case, the SME also contributed €2500. Survey questions 

were partly based on two previous evaluations of the innovation voucher scheme, and based on the British 

Innovation Survey (BIS, 2010). The survey was pre-tested, which led to several small adjustments in structure in 

order to avoid complexity. In total, 1153 SMEs were addressed by regular mail and 416 questionnaires were 

returned (a 36 per cent response rate). The targeted respondent was the owner, manager, or R&D manager of the 

SME. After the data-cleaning process, 243 questionnaires were found to be useful for the SEM analysis. Besides 

missing values and outliers, this sample focuses particularly on those SMEs that did not only apply for but also used 

the innovation voucher. We believe that in this form the sample can provide a better representation of innovation 

in Dutch SMEs.  

 

7.7 Data analysis 
 

7.7.1 Construct validation 
 

Before conducting the hypothesis testing, a thorough measurement analysis was carried out on the 

instrument to reduce measurement error (Churchill, 1979). Discriminant validity and unidimensionality were 

assessed using confirmatory factor analysis (CFA) (see Table 7.2). The measurement model constructed for CFA 

had a relative chi square value (cmin/df) of 1.194 < 3, an incremental fit index of (IFI) of 0.975 > 0.9, and a 

comparative fit index (CFI) of 0.971 > 0.9. The standardized loadings for all constructs, with the exception of 

‘location’ and ‘national network’, were sufficiently high (>0.3) for social and behavioural science standards 

(Merenda, 1997). Hair et al. (1998) further note that factor loadings greater than 0.30 are considered to meet the 

minimum level; loadings of 0.40 are considered more important; and if the loadings are 0.50 or greater, they are 

considered practically significant. Consequently, different researchers apply different cut-off values when 

determining whether a given factor loading is salient. Overall, the research constructs show sufficient 
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unidimensionality, although problems with unidimensionality may occur for the variables ‘location’ and ‘national 

network’. A check of the modification indices for the measurement model conducted during the CFA process 

further revealed significant cross-loadings between the variables ‘national network’ and ‘international network’ 

and ‘university contact’, which indicated there could be problems with discriminant validity (Kline, 1998). The 

results of the CFA process suggest the removal of the variables ‘national network’ and ‘location’ in order to further 

strengthen the model analysis.  

Table 7.2 Results of confirmatory factor analysis 

Construct and items Standardized loading Error term 
Sources of Innovation (SI)   
University contact 0.33 0.22 
International network 0.54  
   
Innovation Capabilities (IC)   
New products or services 0.63  
New production or service processes 0.49 0.27 
   
Innovation Performance (IP)   
Sales performance 0.75  
Location 0.11 0.04 
   
Commercialization Process (CP)   
Competitors  0.38  
National network 0.23 0.40 
 
 

7.7.2 Model validation 
 

The hypotheses were tested by way of Structural Equation Modelling (SEM). Several multiple regression equations 

can be tested at the same time with SEM, and, it is therefore a very useful tool for testing overall model fit with a 

lower degree of measurement error. Maximum likelihood estimation (ML) and standardized regression weighting 

were used for interpretation. The survey data for this study were acceptable for ML-SEM, as the sample met the 

minimum size requirement of 200 objects (Kelloway, 1998). Multiple indices of fit including CFI and cmin/df were 

used to specify the overall model fit. Within SEM, Jöreskog and Sörbom (1986) and Hu and Bentler (1999) suggest 

some cut-off criteria as follows. All are met or exceeded by the model: the chi-square test statistic is at an 

insignificant level, or the relative chi-square (cmin/df) is < 2 if considering the complexity of the model; the 

Goodness of Fit Index (GFI) and adjusted GFI (AGFI) are over 0.9; the Normed Fit Index (NFI) is over 0.90; the 

threshold of the Comparative Fit Index (CFI) is at the 0.95 level; for the root mean square error of approximation 

(RSMEA) a benchmark of 0.05 is often used.  
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7.7.3 Sub-hypothesis testing 
 

The strength of the constructs was further tested by means of sub-hypotheses according to the significance of the 

t-test of each path, with parameter estimates below 1.0 being made in AMOS by means of conventional regression 

analysis (see Table 7.3 and Figure 7.2). To understand the direct relations of the variables between the constructs, 

per construct four sub-relations are defined and analysed. To test the strength between the constructs of 

Hypothesis 1 (Higher use of sources of innovation leads to higher innovation capabilities of SMEs), the direct 

relationships between the underlying variables ‘university contact’ and ‘development of new products or services’, 

‘university contact’ and ‘development of new production or service processes’, ‘contact with an international 

network’ and ‘development of new products or services’, and ‘contact with an international network’ and 

‘development of new production or service processes’ were all found to be significant and positive. The strength of 

the constructs of Hypothesis 2 (Higher innovation capabilities lead to higher innovation performance of SMEs) is 

tested by means of sub-hypotheses H2a-d. The relationship between the variables ‘development of new products 

or services’ and ‘sales performance’, and ‘development of new production or service processes’ and ‘sales 

performance’ is significant and positive. There is, however, no significant relationship between ‘development of 

new products or services’ and ‘location’, and ‘development of new production or service processes’ and ‘location’. 

As the literature on proximity is also not consistent concerning the importance of proximity for innovation 

performance (see, e.g., Belussi et al., 2010), we decided not to include the variable ‘location’ in the performance 

construct. Finally, the constructs of Hypothesis 3 (Higher use of commercialization sources leads to higher 

innovation performance) are further analysed by means of sub-hypotheses H3a-d. Only the relationship between 

contact with competitors and sales performance is significant and positive. There are, however, no significant 

relationships between ‘contact with competitors’ and ‘location’, ‘national network’ and ‘location’, and ‘national 

network’ and ‘sales performance’. As the importance of contact with national networks is highlighted in the 

literature mainly in relation to the proximity of networks (see, e.g., Baugrain and Haudeville, 2002), and the 

importance of proximity for innovation performance is being increasingly questioned in the globalized and 

digitalized economy (see, e.g., Arvidsson and Mannervik, 2009), we also deleted ‘contact with national network’ in 

our final research model. In Figure 7.2 below, this leads to the following paths whereby the dotted lines represent 

the insignificant relations. In our structural equation model calculations, ‘location’ and ‘national network’ are 

deleted. Besides their insignificance in the CFA analysis and sub-hypotheses testing, there is insufficient theoretical 

support to keep them in the model. 
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Figure 7.2 Overview of sub-hypotheses testing 

 
Table 7.3 Results of sub-hypotheses testing 
Hypothesis testing r Result 
H1a: University contact has a positive relationship with the development of new products 
or services 

0.126 Accepted 

H1b: University contact has a positive relationship with the development of new 
production or service processes 

0.095 Accepted 

H1c: Contact with an international network has a positive relationship with the 
development of new products or services 

0.194 Accepted 

H1d: Contact with an international network has a positive relationship with the 
development of new production or service processes 

0.140 Accepted 

H2a: Development of new products or services has a positive relationship with sales 
performance 

0.202 Accepted 

H2b: Development of new products or services has a positive relationship with location n.s. Rejected 
H2c: Development of new production or service processes has a positive relationship with 
sales performance 

0.177 Accepted 

H2d: Development of new production or service processes has a positive relationship with 
location 

n.s. Rejected 

H3a: Contact with competitors has a positive relationship with sales performance 0.145 Accepted 
H3b: Contact with competitors has a positive relationship with location n.s. Rejected 
H3c: Contact with a national network has a positive relationship with sales performance n.s. Rejected 
H3d: Contact with a national network has positive relationship with location n.s. Rejected 
Note: n.s. = the hypothesis is insignificant, and is deleted in the model specification of the structural equation model. 
 

7.8 Results and discussion 
 

Table 7.4 Descriptive statistics and correlations 
  Mean SD 1 2 3 4 5 6 
1. New products or services 
2. New production or service 
processes 
3. Sales performance 
4. Competitors 
5. University 

2.8012 0.46102 1      
2.5409 0.59550 0.307** 1     
        
4.9942 1.97342 0.202** 0.177** 1    
1.3480 0.47702 0.075 0.037 0.145** 1   
1.2778 0.44856 0.126* 0.095 0.131* -0.014 1  

6. International network 1.2924 0.45553 0.194** 0.140** 0.139* -0.024 0.175** 1 
Note:  * p-value < 0.05; ** p-value < 0.01. 
 

Table 7.4 reports the means, standard deviations, and intercorrelations of the variables used in the analysis. The 

statistics show high correlations between, on the one hand, the development of new products and services, new 

 University 

International 
network 

New processes 

Sales 
performance 

Location 

Competitors 

National 
network 

H1a-d H2a-d H3a-d New products 
or services 
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production and service processes and university contact, international network and sales performance, and, on the 

other hand, sales performance and contact with competitors. Further, negative correlations appear to exist 

between university contact and competitors, and international network and competitors. These correlations are 

insignificant, otherwise they might have supported the existence of different SME efforts with regard to open 

innovation, whereby SMEs focus either on exploration through contacts with universities and international 

networks or on exploitation through contact with competitors (Narula, 2004b; Lee et al., 2010). The overall SEM 

results are presented in Figure 7.2. The unidirectional arrows represent the regression relationship of the 

connected latent constructs. The overall fit indices for this model indicate a good degree of model fit. They yielded 

an insignificant chi-square (p = 0.777), a GFI of 0.995 and a AGFI of 0.988 > 0.9, an NFI of 0.951 > 0.9, a CFI of 1.000 

> 0.95, and an RSMEA of 0.000 < 0.05. The results generally supported the main concept on which the study is 

based: that the utilization of SI enhances IC, IC affects the IP of the firm, while CS also affects the IP but not the IC 

or the SI. 

 

Figure 7.2 Structural equation modelling results 

 

7.8.1 Impact of utilizing SI on IC 
 

For Hypothesis 1, we examined the possible direct effects on the innovation capabilities (IC) of a firm from sources 

of innovation (SI). The defined path SI  IC appears to be statistically significant. The standardized path coefficient 

of SI  IC is 0.65 (p < 0.010), which indicates that IC is immediately and positively influenced by the variance in SI. 

Hypothesis 1 is thus supported by the sample. The results support previous empirical findings that small innovative 

firms (which make up the majority of the sample) actively seek diverse partnerships (Larson, 1991; Ostgaard and 

0.13* 0.36** 0.65* 

Sources of 
Innovation (SI) 

 

 

Innovation 
Capabilities (IC) 

Innovation 
Performance (IP) 

Commercialization 
Sources (CS) 

University 

International 
network 

New products 
or services 

New processes 

Sales 
performance 

Location 

Competitors 

National 
network 

Notes: 2 = 4.818; df = 8; p = 0.777;  cmin/df = 0.602; GFI = 0.995; AGFI = 0.988; NFI = 0.951; CFI = 1.000; RSMEA = 0.000. 
  
 * p-value < 0.05. 
** p-value < 0.01. 
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Birley, 1994; Soh, 2003), and effectively learn from different types of collaborators (Barringer and Jones, 2000): in 

our sample, most specifically from universities. Further, the significance of SI  IC supports prior research, which 

suggests that high-growth firms are twice as likely as low-growth firms to research and enter new markets (Gundry 

and Welsch, 1997; Lohmann, 1998). Younger firms are also more likely to expand geographically, using their 

product line to serve new regional and international markets, while older firms are more likely to grow locally, 

developing specialized products for small, established demographic niches (Ardishvili and Cardozo, 1994). In their 

study, firms’ international strategy may also be stimulated by their innovation contacts with universities, which 

usually have a more global network than other types of collaborators. The correlations between the two variables 

in Table 7.3 seem to strengthen the existence of such an effect. Broad scanning and timely absorption of new 

information cues from the external environment thus provide innovative insights (March and Simon, 1993), and 

help firms develop novel technological capabilities (Cohen and Levinthal, 1990; Farrell and Doutriaux, 1994; Teece 

et al., 1997). The existing literature also suggests a relation between the use of external sources of information and 

the improvement of operational routines and production processes (Ostgaard and Birley, 1994; Vanhaverbeke et 

al., 2002; Stuart, 2000), which seems supported by the significant path between SI and IC.  

 

7.8.2 Effect of IC on IP 
 

With reference to Hypothesis 2, the factor IC is shown to significantly contribute direct and positive effects to IP 

(standardized path coefficient = 0.36 with p < 0.000). Both the development of new products or services and the 

development of new production or service processes were positively related to the percentage increase in profit 

sales due to new or improved products, services or processes in the period 2006-2009. Firms need to develop a 

strong ability to transform an innovative idea into a product, organize the resources required to make it happen, 

and ultimately manufacture the product. These three steps are the core processes in the development and 

manufacture of a successful new product, service or process. Firms therefore need strong organizational, resource 

allocation, and manufacturing capabilities to achieve outstanding sales performance. It can be argued here that 

creative cross-pollination of relevant skills and resources across different areas of expertise (Helfat and Peteraf, 

2003) depends on the quality and energy of firms’ professional personnel (Deeds et al., 1999). High-growth firms 

engage in more comprehensive activities than slow-growth firms (Gundry and Welsch, 1997). High-growth firms 

pay more attention to periodically updating prior operating routines, upgrade their technology, and retain their 

production workforce (if any), which affects their innovation performance. Such behaviour avoids the evolution of 

core competences into core rigidities (Leonard-Barton, 1992). Location is deleted in the model specification of the 

structural equation model. Proximity to a (technical) university is insignificant for our sample, which may be caused 

by the lack of serious geographical distances in the Netherlands. Tödtling et al. (2009) also failed to find particular 

disadvantages of rural areas or smaller cities for innovation and knowledge interaction. They suggest that Austria, 
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which is similar in size and infrastructure to the Netherlands, has such a well-developed transportation and 

communication system that locational disadvantages do not exist, and in any case they could easily be overcome 

by the recruitment of personnel, the engagement in distant innovation networks, and the use of modern ICT 

(Kaufmann et al., 2003).  

 

7.8.3 Effect of CS on IP 
 

The success of an SME’s innovation performance (IP) appears to also significantly depend on firms’ 

commercialization sources (CS), in this study represented by contact with competitors, an aspect that often seems 

neglected in studies on SMEs’ open innovation systems (Lee et al. 2010). The standardized path coefficient of CS  

IP is 0.13 (p < 0.011), which indicates that IP is also immediately and positively influenced by contact with 

competitors. We thus also find support for Hypothesis 3. The results provide support for the ideas of Zahra and 

George (2002) that greater emphasis on market development strategies allows firms to better analyse, interpret, 

and incorporate novel inputs and ideas into existing operations, and offer new solutions that may (indirectly) 

further enhance the firms innovation capabilities. The effective commercialization of innovative products depends 

on firms’ abilities to delink existing competences from established product-market combinations and relink them 

to new product lines and/or new niches (Danneels, 2002). Close contact with competitors, or colleague firms, 

allows SMEs to be at the forefront of new market developments that are taking place, and participate with other 

firms in innovation cooperation or partnerships. For example, Mangematin et al. (2003) show that biotechnology 

SMEs typically enter into contracts with big industrial groups or run small projects, manufacturing their own 

products and marketing them. This development was already highlighted by Hamel et al. (1989), who also argued 

that successful companies (in their study primarily Asian) use alliances with competitors not only to avoid 

investments but to build skills in areas outside the formal agreement and, in this way, systematically diffuse new 

knowledge throughout their organizations. Our results thus support the argument that success in innovation 

entails successful commercialization, and that the openness of the open innovation model also applies to the 

commercialization phase (Vanhaverbeke and Cloodt, 2006; Lee et al., 2010). National networks may further 

facilitate such connections through, for example, government support programmes. Mytelka (1991) even suggests 

that a firm’s competitiveness is determined more by its external network than its size. However, this relationship 

proved to be insignificant for our sample. In a changing global business landscape, spatial distance (in this study 

represented by contacts with international networks) seems to be gaining ground from spatial proximity as an 

appropriate measure for successful innovation performance. 
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7.8.4 Effect of RIS on NIS 
 

Using the current SEM model, an attempt is also made is to further define and interpret agglomeration economies, 

i.e. advantages which arise from the interaction among economic agents made possible by the smaller amount of 

spatial friction in concentrated locations (Capello, 2009b). The model shows that the link that is described in the 

NIS literature between innovation and competitive and economic outcomes at the national level (Porter, 1990; 

Nelson, 1993) also exists for Dutch SMEs. Further, it provides empirical support for the theoretical discussions on 

the composition of innovation actors that dominate the RIS literature.  Within the RIS approach, the focus is on the 

generation and diffusion of knowledge among RIS actors that takes place outside the boundary of the firm. 

However, not much discussion has yet taken place on how a firm can interact with the RIS to enhance its capacity 

to innovate and achieve global competitiveness. Yam et al. (2011) have already pointed to this gap in the literature 

and provided empirical evidence of the bridging function of knowledge-intensive business services, which includes 

knowledge from research institutions and knowledge from universities, in facilitating the utilization of sources of 

innovation for technological innovation capabilities enhancement. This study supports these findings, but also goes 

further by showing that these sources of innovation are not necessarily region-bounded. Rather, a combination of 

local university knowledge and international contacts significantly strengthens SMEs’ innovation capabilities. But 

the generation and diffusion of knowledge does not end there; for successful commercialization, different sources 

are required to optimize innovation performance. SMEs that have active connections with competitors are more 

positively linked to innovation performance, probably because they have better insight into the market and its 

opportunities. Our model thus supports the notion that open innovation in SMEs can indeed be divided into two 

parts – technology exploration for technological opportunity, and technology exploitation for market opportunity. 

However, our results also show that the underlying conflict that often appears to exist between these two 

processes according to March (1991) is real, and that the Dutch innovative SMEs in our sample chose to 

concentrate their resources on either one or the other of these two processes. For SMEs and policy makers, 

therefore, efforts to stimulate both are indeed essential for successful innovation.  

 

7.9 Conclusions  
 

Increasingly, encouraging innovation in SMEs is central to policy initiatives for stimulating economic 

development at the local, regional and even national levels (Jones and Tilley, 2003). Although much is yet unclear 

about the factors that contribute to the success or failure of the innovation efforts of SMEs, most studies agree 

that collaboration is particularly important for SMEs which, because of their limited complementary assets, often 
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need to leverage their technology externally. The concept of open innovation also highlights innovation processes 

that span firm boundaries, but generally focuses more on larger firms because open innovation is more easily 

studied there. Larger firms in turn focus mainly on R&D in open innovation efforts (during the exploration phase), 

while SMEs in general focus more on commercialization. The importance of SMEs’ flexibility and specificity for the 

regional and national innovation system has turned SMEs into useful policy tools. On the basis of the open 

innovation model, increasingly SMEs are being stimulated to develop their exploration skills for exploring 

(technology) opportunity. This was also the aim of the Dutch innovation voucher programme. This development 

towards policy support of university-industry interaction of SMEs is supported by studies that show that, in the 

early stages of innovation, firms do indeed benefit from external networks with universities (Tödtling et al. 2009; 

Kaufmann and Tödtling 2001), as we also found in our analysis. Yet, although open innovation activities may stop 

here for larger firms, SMEs’ innovation can apparently also benefit greatly from external support at the 

commercialization stage. Our study supports this assumption, and shows that for SMEs the openness of open 

innovation also applies to the commercialization phase. Policy makers, but also researchers, do not seem to be 

sufficiently aware of the importance of maintaining an appropriate balance between exploration and exploitation 

networks for SMEs. Therefore, a subsidy scheme like the Dutch ‘innovation vouchers programme’ may be regarded 

with scepticism by SMEs, because it highlights that an exploration network is the ‘manna from heaven’ for 

successful innovation, while SMEs are generally all too aware that an exploitation network is equally important – 

something which does not always seem sufficiently recognized. Also, from a research perspective, knowledge 

interaction at the commercialization phase of the innovation process needs more attention. This study therefore 

calls for an integrated system of innovation approach that includes both processes, i.e. exploration and 

exploitation. 

This study supports the assumptions made in the prior literature that the ability of a firm to exploit 

knowledge is a critical component of successful innovation. It contributes to the RIS literature by showing how 

firms can interact with the RIS to enhance their innovation capabilities and innovation performance. In this study, 

in particular the university and global connections seem to broaden SMEs’ creative knowledge horizon and 

innovation capabilities. Our results further demonstrate that interaction with sources of innovation is important 

not only in the recognition phase of the innovation process but also at the end stage of the innovation process for 

the successful commercialization of a product or service. Hitherto, firms’ innovation capabilities have been 

primarily analysed in relationship to external information or external knowledge organizations. Up till now, the 

commercialization strategy at the other end of the innovation process has been neglected in the study of regional 

innovation systems and firm innovation systems. This study offers a first attempt to further specify the paths that 

lead to successful innovation and performance. Further research is necessary to provide a more solid 

interpretation of the directions of the paths and the characteristics of the firms that can benefit from such a 

strategy. Our sample consists primarily of young and small innovative SMEs, and thus our results do not give 

insight into prevailing sector structures or other characteristics of the SMEs that could help to further generalize 
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the paths. With the current sample, control variables such as experience and education showed little variation, as 

most firms were young, and had a more highly-educated workforce. The lack of control variables represents a 

limitation of the study. Second, several variables used in this study were dichotomous, and this may have affected 

the strength of the variables in the model, as SEM is designed to deal with continuous or ordinal rather than 

dichotomous variables. Finally, contact with a university and contact with competitors were both variables derived 

from one single question that asked the respondents to indicate what sources they normally used for knowledge 

about innovation activities. Respondents were allowed to highlight more than one source in the list of sources. The 

question was specifically intended to gain insight into the firms’ everyday use of sources of innovation, and 

therefore irrespective of the support of government subsidy such as the ‘innovation voucher programme’. 

However, in some cases, the answers may be slightly biased. Also, the nature of the relation with the source may 

vary from respondent to respondent. Follow-up case interviews might have been useful to verify the survey 

findings, although the theoretical assumptions based on a broad selection of previous studies from different 

disciplines seem to sufficiently support our findings.  

 

This chapter is forthcoming in The Annals of Regional Science (see APPENDIX C for details). 
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CHAPTER 8 

MAIN CONCLUSIONS AND FUTURE IMPLICATIONS 
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8.1 Introduction 
 

  

Over the past decade or so, the NIS and RIS literature have made significant advances that have 

contributed to our understanding of innovation and policy. This dissertation generally supports the assumptions 

made by the systems-of-innovation approach that knowledge is central to the system, and that geographical 

dimensions of knowledge transfer are a key variable in shaping regional innovation performance. Indeed, various 

factors mediate this relationship to a greater or lesser degree, among which are: the strength of the science base 

and knowledge transfer system; the institutional setting; the financial system; education and training; the 

availability of skilled labour; and public policy measures designed to promote innovation and growth. Yet, little is 

still known about the conditions that are conducive or unfavourable for innovation activity and how policy can help 

improve the functioning of particularly RIS (Fritsch and Slavtchev, 2011). It is specifically this aspect of the 

literature that this dissertation has tried to add to by means of an exploration of the process of innovation of 

Dutch SMEs. By studying how, and with whom, they interact and learn, it aimed to find out which alternative 

institutional set-ups support a strong dynamic performance of the national/ regional economy of, in this particular 

case, the Netherlands. In this chapter, the main findings are discussed and their implications for research and 

policy will be highlighted, against the background of the idea that understanding the related variety and 

differentiated knowledge-bases of a region are crucial to establishing an effective regional policy model (Asheim et 

al., 2011).  

 

8.2 Main findings and discussion of research questions 
 

 This dissertation started from the assumption that systems of innovation exist that explain interacting 

knowledge generation and exploitation subsystems that are linked to global, national, and other regional systems 

that may stretch across several sectors in the regional economy (Asheim et al., 2011).  In Chapter 2, agents in these 

innovation systems were considered to possess far from perfect information. They try and err, and sometimes they 

learn and correct their behaviour. Learning takes time and resources, and, as a result, no innovation system will 

emerge overnight, either through market processes or through government incentives. Also, the systems are open. 

They receive resources (people, funds, regulation) and information from the wider economic system of which they 

form a part. Chapter 2 further suggested that, owing to lack of financial and human capital resources, SMEs will 

rely more on relational than financial (in the form of R&D investements) capital. Their process of innovation is thus  

more focused on external stimuli and specific routines that are not interiorized. As a result, their absorptive 

capacity is also less likely to rely on more formalized forms of absorptive capacity like R&D expenditures. The study 

of SMEs’ innovation processes therefore requires a specific guiding framework that focuses in particular on 

networks, external partners, and collaboration with others. 
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 In chapter 3 sub-question 3 was central. The results of the rough set analysis showed consistency with the 

results of a larger set of evolutionary studies that argue that different sectors tend to follow distinct technological 

trajectories (Nelson and Winter, 1977; Malerba, 2005). Employment in high-tech services is positively affected by, 

in particular, high tertiary-education and business R&D investment, while employment in manufacturing is related 

to high innovation expenditures in the firm. A country comparison further shows that public R&D expenditures are 

particularly effective for developing countries, whereas higher growth countries should focus more on innovation 

output factors such as intellectual property. These results point towards a stronger focus on microeconomic 

factors rather than macroeconomic characteristics to explain regional growth differences, as suggested by 

Fagerberg and Verspagen (1996). At the same time, the results of Chapter 3 highlight the differences in growth 

level in different European countries, and thus also underline the uniqueness of national innovation systems and 

the relative danger of copying successful innovation systems from other regions. In its approach, Chapter 3 links to 

the ideas put forward in the cross-border regional innovation systems literature (Trippl and Tödtling, 2007; Trippl, 

2010; Lundquist and Trippl, 2011; Trippl, 2011) that the exclusive focus of the RIS concept on regions situated 

within a national context, becomes increasingly inadequate. 

 Chapter 4 discussed the role of knowledge institutions for innovation in the Netherlands according the 

views of 22 experts from the business sector and the university and policy field. In the Netherlands, as in other 

countries, innovation has been increasingly associated  with the successes of Silicon Valley and university spin-off 

firms in the 1990s. According to the policy makers, in order to become more innovative, the Netherlands should 

thus focus more on the valorization of research through patents and spin-offs. To speed up this process of change, 

different policy programmes were developed to stimulate valorization. Valorization also became a buzz-word in 

the media and marketing areas. The social sciences and the humanities seemed to have suffered from this narrow 

policy focus, since they were not immediately able to change their systems, which are generally more academic 

and not as suitable for valorization as the sciences. This soon raised the question in policy circles whether perhaps 

the social sciences and the humanities were unwilling or unable to become more ‘market-oriented’. The interviews 

that were used in this chapter were conducted on the basis of this ‘debate’. The qualitative rough set analysis of 

semi-structured interviews with these experts showed that it is especially the research and university experts who 

wished to promote a large societal role for universities (here: the social sciences and the humanities), while the 

experts that did not see such a change, and who predicted that the social sciences and the humanities would 

remain purely academic, worked predominantly in public and private institutions. It seemed thus that in particular 

policy makers were sceptical about the valorization of social sciences and the humanities, and thus indirectly about 

the success of their own initiatives. 

 One of the initiatives of the Dutch government to improve valorization was the ‘innovation voucher 

subsidy programme’.  SMEs in particular were considered not to be benefitting sufficiently from the knowledge 

that was produced in the universities and other knowledge institutions, while the knowledge institutions were 

insufficiently able to ‘market’ their research. The ‘innovation voucher’ was therefore mainly aimed to stimulate 
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SMEs to also use knowledge institutions as a source of innovation. In its form, the programme was the ideal source 

for SMEs that aim to be innovative and will use external sources in order to grow, i.e. to study innovation 

processes in SMEs. Thus, in the summer of 2010, 2254 SMEs were questioned about their innovation performance, 

their experiences with the programme, and their collaboration and network behaviour. Chapter 5 provided an 

overview of the main results, and showed that those SMEs that benefitted most from the programme, namely 

micro- and small firms, were increasingly finding their way to the knowledge institutions. However, the 

government decided to end the programme, because, among other reasons, previous evaluations had found that it 

was mainly those SMEs that were already innovative which used the vouchers. This study argues that the broad 

scope of the instrument and lack of assessment upfront for SMEs has negatively influenced the instrument’s 

succesfulness. The scope that was set for the voucher scheme was too broad. In particular, on the one hand, the 

aim to improve access for SMEs to the knowledge available within (public) knowledge institutions (KIs), and, on the 

other hand, the aim to encourage persistent knowledge relations between SMEs and research organizations, 

attracted two types of SMEs: SMEs that were hardly innovative; and SMEs that were highly innovative.  It seems 

almost impossible for one instrument to satisfy the needs of both groups. Additionally, a third aim of the 

programme was to provide an incentive for (public) KIs to tailor knowledge more specifically to demand. The mere 

fact that this tailoring was still considered suboptimal at that time may not have been helpful for the 

establishment of a constructive relationship between KIs and in particular SMEs that were hardly innovative. A 

better focus and formulation of its aim may have greatly benefited the programme. Chapter 5 argues that, if policy 

programmes were to be allowed to go through processes of trial-and-error, by means of constant monitoring, they 

could be great sources of information on which further improvement could be based.  

In Chapter 6, on the basis of the sample described in Chapter 5, by means of a hierarchical regression and 

a structural equation model, support is found for the existence of considerable spillovers between firms and 

organisations in business subsystems in the Netherlands but, more importantly, also between firms and KIs in the 

knowledge infrastructure dimension knowledge, if these spillovers take place through international networks. 

These interactions do not (yet) lead to high innovation performance in our sample, which may point towards the 

current reconstruction of the regional innovation systems in the Netherlands as discussed in Chapters 4 and 5. This 

refers to the building up and strengthening of the regions’ scientific competence. Increasingly, a dense network of 

organizations supporting the commercialization of scientific knowledge such as academic spin-off centres are being 

created in the Netherlands. This, however, also requires new funding institutions, policy organizations and models 

such as cluster and network approaches to encourage the development of innovation (Trippl and Tödtling, 2007). 

At the moment, our results still show an under-exploitation of synergies between the different subsystems of the 

RIS in the Netherlands. But, as Lundquist and Trippl (2011) highlight, to support a transition of a weakly integrated 

system towards a more innovation-driven one is outstandingly challenging, calling for comprehensive measures 

and – given the long time span which such a transformation requires – a ‘patient’ policy system. 
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 Finally, Chapter 7 explored whether different sources of innovation affect innovation and 

commercialization. By studying the innovation strategy of innovative SMEs by means of their sources of 

innovation, innovation capabilities, innovation performance, and commercialization sources, this study showed 

that exploring a (technology) opportunity together with institutions such as universities and private research 

establishments is important for successful innovation in SMEs. In this study, in particular the university and global 

connections seem to broaden SMEs’ creative knowledge horizon and (radical) innovation capabilities. But the 

model also shows that contacts with competitors are important for successful sales performance.  Policy makers, 

and also researchers, do not seem sufficiently aware of the importance of maintaining an appropriate balance 

between the exploration and the exploitation networks for SMEs. Therefore, a subsidy programme like the Dutch 

‘innovation vouchers’ may be regarded with scepticism by SMEs, because it highlights an exploration network as 

the ‘manna from heaven’ for successful innovation, while SMEs are all too aware that an exploitation network is 

equally important – something which does not always seem sufficiently recognized. 

  

8.3 Innovation policies and processes in Dutch SMEs 
 

Our findings broadly distinguish between innovative SMEs with close contacts with universities and high 

innovation and SMEs with strong market relationships that have a high performance but are not necessarily very 

innovative. A similar strategy seems to have been applied in the United Kingdom (UK), as exemplified by two 

recent qualitative case studies concerning the successful transformation of the North East of England regional 

economy (Hudson, 2011). The success of both these cases depends on the development of related varieties of the 

region’s knowledge base. Hudson’s description of the science-based industries developed in the 1990s is 

representative for the period and the developments discussed in this dissertation. His description of the North East 

regional strategy shows a striking resemblance to the findings of this study: namely, that the problem of 

transferring and translating analytical knowledge from the universities was not initially addressed. Instead, the 

strategy emphasized the promotion of Porterian clusters, and only later was the approach to technology transfer 

worked out. A major challenge for researchers and policy makers in the near future therefore seems to be the 

stimulation of ‘related variety’ as suggested by Asheim et al. (2011) by ‘constructing advantage’ through engaging 

‘differentiated knowledge-bases’ in the design of regional policies. This, however, also means that a 

reconsideration of the work of Porter is necessary to fill the gap in the literature on the effectiveness of RIS and 

more in particular the relationship between innovation and regional competitive advantage at both a theoretical 

and an empirical level. 

The national economic developments that have taken place in the Netherlands since the 1990s, to a great 

extent reflect the developments in the UK that are clearly described by Hudson (2011) in his above-mentioned 

case studies of the changes and development policies in the North East of England. In the context of policies, he 

points to the recognition of a persistent national productivity gap between the UK and the United States. Like the 
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UK, the Netherlands experienced a similar gap that led to a clear and explicit focus on promoting a new sort of 

knowledge-based economy by means of the ‘Innovation Platform’, which was, in part, a product of the recognition 

of the inadequacies of previous forms of policy, and, in part, a growing international emphasis upon a certain sort 

of ‘knowledge-based economy’ as the route to future prosperity among international organizations such as the 

Organisation for Economic Co-operation and Development (OECD) and the European Union with its Lisbon Agenda. 

The universities were assigned a key role in this as important regional actors, centres of excellence, and producers 

and disseminators of knowledge. University laboratories were to become key nodes of ‘high-level’ knowledge 

production, predominantly in the form of codified knowledge, and its transfer to private sector companies and 

public sector organizations in the region. However, there was no serious consideration of the knowledge transfer 

process, of the necessary relations between codified and tacit knowledge in this process, and of how new, codified 

knowledge would be used in combination with existing tacit knowledge. Although Chapters 2 and 3 of this 

dissertation clearly highlight the absence of feasible alternatives to fill this role as key nodes of knowledge 

production and dissemination owing to the relatively low private-sector activity in the Netherlands, Chapter 4 

indicates that this made economic development heavily dependent upon universities filling their assigned role, but 

they often had little experience, nor a track record of success in, such translational activity. 

 It became clear that the production of knowledge in universities and its translation into the regional 

economy as a source of new products, processes, and profits did not automatically set in motion a spiral of growth 

in the region, particularly in the non-high-tech or bio-tech firms, so, in the Netherlands, ‘innovation vouchers’ were 

introduced to facilitate the knowledge transfer between primarily universities and firms. Considering that only 

about 12 per cent of the firms in the Netherlands are large and have access to considerable internal R&D (CBS, 

2010), the policy focus on SMEs seems well justified. However, from the point of view of universities, it created a 

weight of expectation as to their capabilities in knowledge transfer that was not completely realistic, the more so 

because in general only 2 per cent of companies regard universities as a highly important source of information (at 

least, in the UK) (Miles and Daniels, 2007). In this respect, the results of the rough set analysis of Chapter 4 of this 

dissertation clearly show that, if knowledge demands change much faster than the rate at which the infrastructure 

is able to adapt, researchers will not be able to adequately address these demands, however much they want to. 

Further, knowledge-based economies often focus on the same restricted set of high-technology activities and 

sectors, something which is not always sufficiently realized by policy makers but may have important long-term 

implications for the diversity of research in universities. The most fruitful collaborations between academic 

research and societal stakeholders develop when the latter are ready to invest in knowledge that will yield profits 

in the longer run, a conclusion that seems supported by a another recent study on the effects of the changing 

institutional environment on academic research practices in the Netherlands (Hessels et al., 2011). In fields with 

less generous and powerful stakeholders, however, scientist increasingly face a trade-off between societal 

relevance and scientific excellence. 
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 This dissertation shows that knowledge transfer between universities and SMEs does indeed exist and 

postively influences radical innovation of SMEs, but whether this takes, or will take place on the scale required to 

transform the national and regional economy should be seriously doubted, not in the least because of lack of 

demand and the limited capability of the national economy to absorb such new knowledge and associated 

innovations. In this respect, Hudson (2011) states that knowledge, no matter how original and novel, remains only 

one determinant of successful commodity production, corporate profitability, and successful regional regeneration, 

and too much weight might be loaded onto knowledge per se as an agent of economic transformation. The results 

of Chapters 6 and 7 of this dissertation find support for this assumption, to the extent that, although knowledge 

spillover from universities is important for innovation, in order to be profitable for the region, innovative SMEs also 

need other, more market-oriented, sources and networks to make their products, services or processes 

commercially viable. As such, this dissertation provides empirical support for Hudson’s (2011) claim that a broader 

conception of the knowledge-based economy is necessary to encompass a wider range of activities and valorize a 

greater range of knowledge. The embrace of a more heterodox and plural concept of the economy presents great 

challenges but also great possibilities for both researchers and policy makers. This dissertation’s contribution lies in 

its ability to provide clear directions for future research and policy making in this field of expertise.  

  

8.4 Related variety and differentiated knowledge bases of Dutch SMEs 
 

 The NIS approach was designed in the 1980s to explain the economic performance of nations and their 

international competitiveness as an extension to the economic success of post-Fordist regions based on small and 

medium-sized enterprises in Italy and Germany, most notably Emilia-Romagna (for example, Cooke and Morgan, 

1998) and the literature about it on economic geography and territorial innovation. With the subsequent 

development of the RIS literature in the first decade of the twenty-first century,  the role of regional learning 

processes and institutions in an evolutionary framework became highlighted. Networks are at the core of the RIS 

concept, and are different from the clusters in Porter’s work, to the extent that they are realized via cooperation 

rather than market competition, are external to the firm, and require the active rather than the passive 

involvement of firms. In policy circles both the literature on clusters and the literature on NIS and RIS has led to an 

avalanche of policy initiatives, whereby in particular the RIS literature has been the basis of the Dutch ‘innovation 

voucher programme’ that was the subject of this dissertation. The strong focus of the cluster literature, together 

with the strong influence of the experience with clusters in parts of the United States, such as California and New 

England, and the advocates of the triple-helix approach (Etzkowitz and Leydesdorff, 2000), has led to an 

unprecedented emphasis on flows of codified knowledge within formal organizational and institutional structures 

and links between ‘high-technology’ industries  and entrepreneurial  universities in the translation of scientific 

knowledge into innovative products and processes. This was later followed by a stronger emphasis upon tacit 
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knowledge and the interactions and relationships between codified and tacit knowledge, as professed by the RIS 

literature in particular.  

 This dissertation supports the importance of tacit knowledge and the interactions and relationships 

between codified and tacit knowledge for SMEs. The Structural Equation Modelling (SEM) analysis in Chapter 7 

supports the positive influence of university contact for the development of radical innovations. The knowledge 

links of SMEs to universities, thus, indeed seem to particularly stimulate more advanced innovations. Larger firms, 

obviously, have fewer barriers to interact with universities, but innovative SMEs also seem very well able to find 

their way to universities for R&D purposes. Previous evaluations of the innovation voucher programme already 

pointed to this overrepresentation of innovative SMEs in the voucher subsidy programme (Dialogic, 2008; CPB, 

2006), which, according to some, is one of the main reasons why the programme could not be considered a 

success. This study, bases on the ideas of Arrow (1963) as discussed in Chapter 5, by highlighting that the aims of 

the programme were too broad, and that constant monitoring of the programme would have brought this to light 

and could have provided handles to better focus its aims. The  innovation voucher programme seems to have 

proven its success for innovative micro- and small firms without sufficient internal resources, and shows that a lack 

of financial and human capital resources is indeed a serious problem for micro and small firms, which is something 

which deserves more attention from policy makers in the near future, particularly in the light of the ongoing 

financial crises. 

 Most importantly, what this study shows is that there appear to be two groups of successful SMEs: those 

that are successful in the development of radical innovation and those that have a high sales performance. A major 

challenge for policy makers lies in bringing both these types of SMEs together, so they can share sources and 

networks. In this respect, Chapter 7 shows that there is considerable truth in the ideas of Uzzi (1997) that firms 

with a network consisting of both market relationships and embedded relationships have a higher innovative 

performance. From an NIS/ RIS perspective, the results of this dissertation therefore warn against a too critical 

approach towards the cluster literature of Porter. Thus, the strength of both approaches might well be in their 

combination. In the RIS literature, greater emphasis on networking, social and institutional interactions, and 

associated collective learning that is analysed within an evolutionary framework, appears to focus specifically on 

the exploration phase of the innovation process, rather than the exploitation phase. In this way, it distinguishes 

itself from the competitiveness of the cluster approach. However, in reality, firms need to be successful in both 

stages in order to actually be able to reap the benefits from their innovativeness. Future RIS research should also 

focus more extensively on networking, social, and institutional interactions, and associated collective learning in 

the exploration stage of the innovation process of firms. This study shows that these two stages: namely, 

exploration and exploitation, do not necessarily rely  on similar sources and networks. 
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8.5 Towards an effective regional policy model 
 

 In Chapter 2, the guiding model for this dissertation was introduced to help understand innovation in 

SMEs that are considered to be particularly dependent on external (information) sources for knowledge 

acquisition. Labour capabilities in the form of tacit knowledge and creativity of firms were singled out as key 

competitiveness factors. This study showed that SMEs do indeed rely on a complex set of competences and 

capabilities to use available resources. Further, the study supports the idea that creativity in innovative SMEs 

requires networks and formal or informal interaction, leading to interactive learning between SMEs. However, the 

study did not measure the significance of (large) investments in R&D for SMEs, so it cannot make claims about the 

relative importance of networks and interaction as opposed to investments in R&D. Further research could benefit 

from a more integrated approach. This also applies to codified knowledge, which has not specifically been taken 

into account in this study even though in several cases respondents indicated that they also considered and used 

academic articles as sources of innovation. What this study did measure was the connectivity, i.e. the positive 

combination of both high accessibility to different knowledge sources, and receptivity, i.e. the capability to 

interpret and use knowledge in an appropriate way. In this respect, the control variables in Chapter 6 were in this 

respect representative for the effects of proximity and the internal capabilities of the firm on SMEs’ innovation 

performance, but, for our sample, these conditions did not prove significant. However, the effects of ‘firm 

existence’ and ‘education’ showed some significance, and are thus recommended for inclusion in further research.  

Identity, i.e. recognizing the value of knowledge or absorptive capacity, was measured in this study by investment 

in training and the network intensity of the firm, divided by firm size. In this study, identity was found to exist in 

the form of potential absorptive capacity, which depends on the availability of relevant knowledge sources and the 

types of cooperation partners the firm has access to, and realized absorptive capacity, which depends on the 

degree of appropriability of the relevant technology (Abreu et al., 2008). This measure did not prove sufficiently 

strong to account for a significant moderating or mediating role of (realized) absorptive capacity on the 

relationship between sources of innovation, i.e. potential absorptive capacity, and innovation performance. 

However, the SEM analysis of Chapter 6 does show that a significant interaction between sources of innovation, 

absorptive capacity and innovation performance does indeed exist, and, as such, deserves further investigation. 

 On the basis of the results of the current study, Figure 8.1 presents the suggested framework for future 

research. It supports the framework of Chapter 2 insofar as it highlights that knowledge is indeed channelled by 

formal and informal institutions, for instance, within the firm, in the form of inter-firm networks, or by forms of 

cooperation between private agents and public institutions. In this sample, in particular for radical innovation, the 

contact of SMEs with university institutions is required, as well as contacts with international networks. Contact 

with other educational institutions, trade associations, chambers of commerce and other supporting institutions 

seem to show less significant effects on the innovation performance of SMEs. With regard to international 
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networks, future research could further highlight the relation between universities, international networks and 

SMEs, in the light of the existence of organizational or institutional proximity. According to the literature, 

institutional proximity may allow the transfer of tacit knowledge over long distances to organizations and 

institutions. A better understanding of the relationship between universities, networks and SMEs could deepen our 

understanding of the existence of organizational and institutional proximity, and, as such, our understanding of 

radical innovation. This model distinguishes itself from the previous model (in Chapter 2) by specifically 

highlighting that interaction and learning takes place in both the exploration and the exploitation phase. In the 

current literature, these two processes are often treated separately, in particular in relation to larger firms. For a 

thorough understanding of innovation processes in SMEs, however, this is not realistic and may even prove 

harmful, especially if policy makers also disregard the complementarity of the two phases. Therefore, this study 

strongly suggests a further integration of research about exploration and exploitation, i.e. the integration of the 

systems of innovation and the cluster literature. This also implies a further investigation of interaction and learning 

processes in the exploration phase through cross-border interaction. Is this, as is suggested by our results in 

Chapters 6 and 7, cross-border interaction a process that is important in particular in the exploration phase, or is 

cross-border interaction also increasingly taking place in the exploitation stage? Future research may shed further 

light on the specifics of cross-border interaction at the two innovation stages, and the possibilities of cross-border 

networks functioning as a bridge between the different subsystems.   

 

 
Figure 8.1 Proposed guiding framework for future research  
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On the basis of the existing literature and empirical analyses of the innovation processes of Dutch SMEs, 

this dissertation thus proposes an extended guiding framework for future research on innovation processes of 

firms that clearly distinguishes between the exploration and exploitation stage of the innovation. In both phases, 

the presence and ability to identify possibilities, interaction between actors, combination and absorptive capacity 

components like assimilation and transformation seem necessary for success. So far, the RIS literature has proven 

to be well able to explain the processes that guide the exploration stage, but this dissertation shows that better 

insight is needed into the processes that lead to the successful commercialization of innovation. In the exploration 

stage, organizational processes are necessary for the actual development of an innovation. Universities have 

proved to play an important role in this process, as well as cross-border interaction through networks. However, in 

the exploitation stage, the processes that guide the commercialization of an innovation and thus a firm’s 

performance turn out to require a different network and social and institutional interactions. The regional 

innovation system literature also highlights the vital importance of an intensive knowledge flow from the academic 

to the industrial world, requiring that the knowledge generation and diffusion subsystem is characterized by a 

strong orientation on the needs of the regional economy (Trippl, 2010). In the business dimension, the market 

relations of a firm, in particular those with competitors, seem to have a strong positive influence on the 

performance of the firm, and could thus prove to be an important tool for the commercialization of innovations. In 

this study, there is no evidence that the firms that are successful at innovation are also successful in their sales 

performance. Rather, the opposite seems to be true. As this research focuses on the Netehrlands only, future 

research is necessary to provide more robust evidence on the differences that seem to exist between the two 

stages. Research in this direction may also offer great possibilities for the further strengthening of the RIS concept 

and the relationship  between innovation and regional competitive advantage from a cross-border perspective. 

Besides, for policy makers, it could provide the ingredients for a broader conception of the knowledge-based 

economy to encompass a wider range of activities and valorize a greater range of knowledge. A view that is also 

highlighted by the cross-border innovation systems literature, which aims to challenge any uniform policy models 

for promoting innovation-driven integration in cross-border regions and claims to provide essential foundations for 

more tailor-made policy approaches. A further strengthening of ongoing integration efforts in the economic, 

scientific, institutional and socio-cultural spheres, and broadening and deepening cross-border learning processes 

are in this respect considered key policy tasks (Lundquist and Trippl, 2011). Finally, a more realistic and all-

encompassing view of the innovation process in SMEs, which is not only focused on the firm’s contacts with 

universities, may provide policy makers with better instruments to support SMEs’ innovation processes.  
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APPENDIX A 
 

The Dutch science system 

 

Historical background 

 In order to understand the role of the Dutch universities in the innovation system, the Dutch science and 

innovation system itself needs further attention. The history of the science system goes back to the sixteenth 

century and the founding of the first Dutch university in Leiden in 1575. Today, the Netherlands has a network of 

14 universities which are distributed over eight of the 12 provinces. The present governance of the university 

system has changed little since the 1950s, and has the following characteristics (Boekholt and den Hertog, 2005). 

Individual universities have a large degree of autonomy. Collectively, universities arrange their quality control 

(education and research) through multi-annual peer reviews. Their largest source of income (60 per cent) tends to 

come from ‘first-stream funding’, which consists of basic or core resources provided to universities as a block grant 

or lump sum by the government (Ministry of Education, Culture and Science) for education and research combined   

(Boer and Steen, 2006). The system has had a strong egalitarian ethos, with funding mainly allocated on the basis 

of number of registered students, rather than on the basis of research efforts or quality. In recent years, a system 

that more prominently rewards scientific excellence has been debated. A relatively small share of research funding 

is allocated on the basis of competition and quality. The Innovation Platform has advised the introduction of a 

performance-based financing system. 

The Netherlands Research Council (NWO), which distributes competitive research funding on the basis of 

quality criteria (second-stream funding) provides approximately 10 per cent of the academic funding. Funding is 

mostly allocated by the science domain on the basis of bottom-up proposals. It therefore has limited influence on 

setting the academic research agenda. In the last few years the share of NWO’s funding has been growing. As an 

applied research system has been set up alongside the university system, universities have had little incentive to 

do contract research with third parties, in particular industry (approximately 7 per cent). Therefore, a strong 

culture of conducting contract research for external customers – and establishing bridges to industry – has not 

developed, and Dutch university start-ups and research commercialization activities have been quite rare. The 

development of the Dutch non-academic innovation system stems from the 1920s and 1930s. As the Netherlands 

was a latecomer to industrial development, it was thought necessary to support it with applied research and 

technical support. To this end, dedicated research laboratories were set up outside the university system and 

under close government control. The first of these was the Water Management Institute, established in 1927. In 

1930, the Dutch Parliament passed the TNO Act which regulates applied scientific research, and in 1932 the 

Netherlands Organization for Applied Scientific Research (TNO) was established by law. TNO is in fact a large 



202 
 

contract research organization, which provides a link in the innovation chain between fundamental research as a 

source of knowledge and practical application in the use of knowledge that can be commercially exploited. 

The Dutch science research system was thus divided into an academic system that mainly dealt with 

fundamental, blue sky research alongside its educational mission, the so-called Humboldt type university system, 

and a semi-public contract research system, which conducted applied research for the government and industry. 

For decades, there were hardly any linkages between these two systems or mechanisms to transfer fundamental 

research results to the applied research organization, or vice versa. Innovation policy evolved out of industry and 

sectoral policies that were a key element of economic policies in the 1960s and particularly the 1970s. However, 

the demise of traditional industrial policy, with a focus on support for declining sectors, came in the late 1970s and 

early 1980s when a number of policy failures – closures of large companies despite considerable government 

subsidies – occurred. This paved the way for initiating a technology-oriented policy: instead of supporting 

individual companies or sectors, government support shifted to promoting strategic technologies. In the early 

1990s, it became clear that policy could not be restricted to measures that simply encouraged the production and 

diffusion of knowledge. The mismatch between the needs of private firms and the knowledge being produced was 

apparent. Better interaction between the producers and the suppliers of knowledge was essential to cope with this 

problem. 

This process is still ongoing. In order to make the public research organizations more responsive to 

demands, the government has recently decided to increase the programmatic funding of TNO and the Large 

Technological Institutes (LTIs) at the expense of base funding (ERAWATCH, 2011). A similar development is visible 

for the Dutch universities. In 2007, the government decided to transfer € 100 million of the lump-sum funding to 

competitive funding (via NWO). Nonetheless, the share of the government in the financing of R&D by universities 

remains relatively large (87 per cent in 2004). Moreover, a relatively large part of financing of R&D by universities 

is in the form of general university funds (75 per cent of total financing in 2004). Also, the Netherlands participates 

actively in European R&D programmes and shared infrastructure facilities. It is an additional long-term investment 

instrument, but national investments are significantly larger. 

  

The Dutch scientific landscape 

 

The structure at the governmental level 

The public science and research community in the Netherlands encompasses 14 universities, the Royal 

Netherlands Academy of Arts and Sciences (KNAW) and its 18 institutes, the Netherlands Organization for Scientific 

Research (NWO) and its 9 institutes, 5 Large Technological Institutes, 6 Leading Technological Institutes, the 

Netherlands Organization for Applied Research (TNO) and its institutes, the agricultural research institutes of the 

DLO Foundation, a number of state-owned research and advisory centres, and several other institutes in the fields 

of health and the social sciences. The Dutch science system has coordinating mechanisms at two levels: a) the 
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Cabinet, and b) the ministries. Within the Dutch government the Minister of Education, Culture and Science 

coordinates science policy. Science policy has a four-year cycle, consisting of a Science Budget, which is published 

every four years, and status reports in the years in between. In the Science Budget the Minister of Education, 

Culture and Science presents his/her view of the state of the science system in general, and puts forward his/her 

plans for the coming years. The Minister of Education, Culture and Science has a responsibility for the governance 

of the public universities and several (research) organizations that play an important role in science policy. The 

main ones being NWO (Netherlands Organization for Scientific Research), TNO (Netherlands Organization for 

Applied Research), the KNAW (Royal Netherlands Academy of Arts and Sciences), and the KB (Royal Library). The 

Minister of Agriculture Nature Management and Food Quality (in 2011 this Ministry was combined with the 

Ministry of Economic Affairs to become the Ministry of Economic Affairs, Agriculture and Innovation) is responsible 

for the Agricultural University Wageningen and the DLO agricultural research institutes (the Wageningen 

University and Research Centre). Other ministers have their own mission-related science and research policy for 

specific areas of interest, such as health, environment, defence, transport and public works. Figure 4.1 gives a 

schematic overview of Dutch research funding. 

 

Figure 1 Dutch research funding  
Source: NWO (2007). 
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Advisory bodies on science policy 

Further, there are several advisory bodies that counsel the Dutch government on science policy:  

The Advisory Council for Science and Technology Policy (AWT) has a general advisory role. The Council was 

originally set up by an Act dated 2 November 1990, and was reinstated by an Act dated 30 January 1997. It is the 

Council’s task to advise government and parliament on the science and technology policy to be pursued both 

nationally and internationally, and on the information policy in the fields of science and technology. The core of its 

advisory task is focused on the knowledge and innovation process and its development. The recommendations 

made by the Council may also relate to matters that affect or result from research and science practice and 

technology development. The members have various backgrounds (university, industry, etc.). Members are 

appointed by the Cabinet to sit on the Council on the basis of their personal merits.  

One of the tasks of the Royal Netherlands Academy of Arts and Sciences (KNAW) is to advise government 

on matters of science and technology, especially in the field of basic research (code of conduct, quality assurance, 

research schools). This organization is described more extensively in the next section. The Association of 

Universities in the Netherlands (VSNU) represents the interests of all of the 14 Dutch research based universities in 

the Netherlands in the fields of research, education, knowledge transfer, funding and personnel policy. This 

includes signing the Collective Employment Agreement (CAO) with university personnel on the universities' behalf. 

The VSNU has four main tasks: 1) to promote the universities’ common interests vis-a-vis the Dutch Cabinet, 

politicians, government and civil society organizations; 2) to provide a forum for discussion through which 

common standpoints can be developed; 3) to provide services and information; and 4) to serve as an employer’s 

organization, participating in discussions with the government and employees’ organizations regarding 

employment conditions in the university sector (comprising approximately 52,000 employees). All of the member 

universities are represented in the General Council, the association’s highest governing body, by a permanent 

delegate from its own Executive Board, usually its President. The General Council determines the VSNU’s policies, 

budget and membership fees. The Chair of the General Council is the President of the VSNU.  

The Scientific Council for Government Policy (WRR) occupies a special position within the system of 

advisory bodies. This position is regulated by a separate Act of Parliament. The WRR was established provisionally 

by the government in 1972. The Act of Parliament of 30 June 1976 laid down definite arrangements for the 

position of the Council. Because of its special position, the WRR does not belong to the category of advisory bodies 

under the framework legislation on Advisory bodies dating from 1997. This is due to the complete independence 

of the Council and its advice on long-term multi-sectoral developments. The aim of the WRR is to advise the 

government about future developments of great public interest using a scientific approach. The government can 

use these advisory opinions in order to readjust existing policy, or to develop new policy, or as support for decision 

making. The Council also tries to stimulate scientific debate. On the basis of scientific knowledge, all kinds of 

preconceived assumptions are subject to discussion, possible alternative policies are analysed, and solutions with 
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an eye to future developments are presented. In this way, the WRR forms a bridge between scientific expertise 

and policy.  

The Royal Holland Society of Sciences and Humanities was established in 1752 by seven distinguished 

burghers of the city of Haarlem, in the then Republic of the United Provinces of the Netherlands, in order "to 

promote science" (in the broadest sense, including the "arts"). It is the oldest learned society in the country today 

and is constituted as a dual body comprising approximately 350 "science promoters" (known as "directors") and an 

equal number of active scholars (known as "members"), drawn from the natural sciences, the humanities and the 

social sciences. Links with institutions outside the Netherlands are maintained – on a personal basis – by the 

appointment of "foreign members", currently numbering about 30 persons. Membership is granted by invitation 

only. Thanks to its unusual structure, the Society can act as an effective meeting place for leading persons from 

within and outside academia. It is also in a unique position to provide independent judgment in many fields and 

does this by serving in the review process for a number of prestigious awards and fellowships.  

Also, what are called knowledge chambers, a recent experimental phenomenon, provide a proper 

connection between policy and knowledge. Each department organizes direct and indirect interaction with 

(relevant) knowledge institutions, the aim of which is to gather knowledge for the development of policy and 

decision making. In these knowledge chambers, top government officials meet leading members of the knowledge 

institutes in order to strengthen the policy connection between the supply of, and the demand for, knowledge. The 

government indicates that it has a responsibility to explore and identify new knowledge themes for publicly-

financed (social oriented) research in the medium and long term (Boer and Steen, 2006). Knowledge chambers are 

believed to contribute to the exploration and identification of these themes. 

 

Public research performing organizations 

The public science and research community comprises a large number of institutes, which can be grouped 

as follows: 14 public universities, KNAW and its 18 institutes, NWO and its 9 institutes, TNO and its institutes, a 

number of state-owned research and advisory centres and several other institutes in the fields of health and the 

social sciences.  

 

Netherlands Organization for Scientific Research (NWO) 

NWO’s mission is: to promote and raise the quality and innovative content of scientific research at Dutch 

universities and research institutes; to stimulate new developments in scientific research; and to stimulate the 

dissemination and use of research results. NWO encompasses all scientific fields. NWO’s most important tasks are 

to provide grants for top-level research and research equipment, and to coordinate research programmes. Besides 

these tasks, NWO administers 9 institutes in the fields of astronomy, mathematics, computer science, physics, 

history, sea research, law, criminality, and space research. Since the Science Budget 2004, the role of NWO has 

been strengthened in order to create more focus and mass in scientific research in relation to national priorities, 
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such as genomics and ICT. In these two fields, steering ‘committees’ have been established under the umbrella of 

NWO, to program and coordinate these activities. One of the pillars of the activities of NWO is open competition 

between researchers. This part of NWO’s budget is allocated to programmes, projects, and individuals.  

Researchers with tenure at Dutch universities and research institutes recognized by NWO may apply. For certain 

programmes a wider or narrower range of persons may apply.  

In 2006, NWO launched its strategic plan for the period 2007-2010, which consists of three strategic lines: 

1) more room for researchers for optimal scientific performance; 2) bundling of forces to strengthen scientific 

research in the Netherlands; and 3) science being instrumental to society. Highlights are the development of 

National Research Initiatives, in which research is bundled in areas in which the Netherlands has an excellent 

international position, and the intensification of cooperation between NWO institutes and universities and other 

institutes. Furthermore, improving the coordination between current, social problems and the available scientific 

potential is becoming increasingly important due to the rising need for quick, applicable knowledge. By analogy 

with Leading Technological Institutes, what are known as Leading Societal Institutes or Societal Top Institutes 

(MTIs: Maatschappelijke Topinstituten) have been established whose reason d’etre is to connect quality research 

with societal organizations, such as the government, business, and non-governmental organizations. Four MTI’s 

have been launched: NICIS (Netherlands Institute for City Innovation Studies), HiiL (Hague Institute for the 

Internationalisation of Law), Netspar (Network for Studies on Pensions, Aging and Retirement), and TIER (Top 

Institute for Evidence Based Education Research). The institutes will be discussed in more detail in a later section. 

 

Royal Netherlands Academy of Arts and Sciences (KNAW) 

The mission of the KNAW is to stimulate scientific research. To be more specific, the Academy’s functions 

and activities can be summarized as follows: advising the government on matters related to scientific research; and 

for this reason the Academy has several councils and committees with members and non-members of the 

Academy. Solicited and unsolicited advice is given to the government, parliament, universities, and research 

institutes, funding agencies, and international organizations. This concerns: judging the quality of scientific 

research by peer review, by awarding academy fellowships, and through the accreditation committee for research 

schools in the Netherlands; providing a forum for the scientific community and promoting international scientific 

cooperation through international contacts, conferences, funds, and endowments; acting as an umbrella 

organization for 18 institutes engaged in basic and strategic research, scientific information services and 

(biological) collection management. The Academy is responsible for a number of leading institutes that perform 

basic research in the life sciences and the humanities, and provide scientific information. Some of the institutes 

also have a scientific service function by setting up and managing biological and documentary collections, 

providing information, and creating other facilities for research. In 2005, the KNAW had a budget of almost € 130 

million. The Ministry of Education, Culture, and Science contributed 70 per cent of this budget. 
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Netherlands Organization for Applied Research (TNO) 

TNO is an independent contract research organization whose expertise and research is geared towards 

making a substantial contribution to the competitive strength of companies and organizations, to the economy, 

and to the quality of society as a whole. As a large contract research organization, TNO provides a link within the 

innovation chain between basic research, as a source of knowledge and practical application, as the commercially 

exploitable usage of knowledge. TNO conducts a wide range of R&D and other activities in 5 core business areas: 

quality of life; defence, security and safety; science and industry; built environment and geosciences; and 

information and communication technology. TNO’s activities comprise: the development of knowledge; the 

utilization of knowledge for clients in industry and government; technology transfer, especially to small and 

medium-sized enterprises (SMEs); acting as the principal laboratory for the Ministry of Defence and other 

ministries; the commercialization of knowledge in cooperation with companies. For the purpose of structuring 

extensive, long-term research programmes for innovative knowledge development, TNO has made several 

agreements with the Dutch government which are financed on the basis of targeted funding. In some 30 centres, 

under the umbrella of the 5 core business areas, TNO is cooperating with nine Dutch universities. TNO also 

commercializes and exploits knowledge in the private sector through TNO Companies BV, which is a holding 

company. TNO companies BV has holdings in about 54 companies and its consolidated turnover amounted to 

almost € 86 million in 2009. TNO has a majority stake in another 31 companies. TNO receives a basic grant from 

the Ministry of Education, Culture and Science as well as targeted grants from several other ministries. These 

grants are used for long-term research programmes. In 2009 the total consolidated income was € 576 million. A 

third of this amount – € 203 million – was made available via government funding for the development of new 

knowledge, with € 28 million of this earmarked for ‘knowledge as cross-thematic capacity’, or the development of 

knowledge that is not directly linked to demand from society or the government departments (TNO, 2010). 

 

Universities 

Universities have a threefold mission: to perform research, to teach, and to transfer knowledge to society. 

As far as research activities are concerned, universities conduct most of the basic research (fundamental and 

strategic) that is carried out in the Netherlands, but they also perform mission-oriented and applied research. 

University research covers all academic disciplines, though not every discipline is covered by all universities (for a 

distribution of the university research capacity across disciplines, see Figure 4.2). 
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Figure 2 University research capacity by discipline (in percentages, 2004) 
Source: VSNU (2004) 

Of the 14 public universities, three are geared towards technology and one to agriculture (9 universities are 

general universities, and one is the Open University). Universities have a high level of autonomy. The government 

is not directly involved in the management of universities. Members of the university supervisory board are 

appointed by the Minister of Education, Culture, and Science when it concerns a government or public institution 

(not in the case of the VU University Amsterdam, the University of Tilburg, and the University of Nijmegen). As in 

many other countries, universities in the Netherlands have, apart from funding from contract research (third-

stream funding), a dual financial support system: direct funding from government and grants from the research 

council NWO. Overall, then, there are three types of funding: first-stream funding (approximately 60 per cent) 

consists of basic or core resources provided to universities as a block grant or lump sum by government (Ministry 

of Education, Culture and Science3

                                                           
3 For the Agricultural University Wageningen this is the Ministry of Agriculture, Nature Management, and Food Quality. 

) for education and research combined. Second-stream funding (approximately 

10 per cent) consists of resources made available to universities by the research council NWO in the form of 

grants, and by the KNAW in the form of academy researchers and professors. NWO selects individual researchers, 

research projects, and programmes for funding via a competitive process, on the basis of peer review. The third-

stream funding (approximately 30 per cent) consists of additional funds from public and private national and 
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and charity funds (especially in the field of mental and physical health) to international funding organizations such 

as the EU (Framework Programs).  

State-owned research centres 

In addition, a number of institutes operate under a ministerial umbrella, although the number of these 

centres is decreasing. Some of them are directly connected, such as the Research and Documentation Centre of 

the Ministry of Justice (WODC). Some are ministerial agencies, such as the Royal Netherlands Meteorological 

Institute (KNMI) of the Ministry of Transport, Public Works and Water Management. 

 

Technological, societal, and agricultural institutes 

Finally, the Dutch research landscape also consists of Large Technological Institutes (GTIs). This group 

consists of five GTIs which conduct applied research and related activities, such as advising industry and 

government in specific fields. Their two main functions are: 1) they act as centres for technological knowledge to 

fulfill the knowledge needs of government and business enterprises; and 2) they develop technology and make it 

available to government and business enterprises. The following five GTIs are distinguished: Energy Research 

Centre of the Netherlands (ECN); GeoDelft; The Maritime Research Institute Netherlands (MARIN); The National 

Aerospace Labaratory (NLR); and WL/Delft Hydraulics. Next, what are known as the Leading Technological 

Institutes (LTIs) were conceived in 1997 as (virtual) organizations in which companies and knowledge institutes 

participate (public private partnerships). There are four institutes that operate in the separate fields of nutrition, 

metals, polymers, and telematics. Two new institutes that are set up are active in the field of pharmaceuticals, and 

flowers and food. 

In line with the LTIs, the Societal Top Institutes (STIs) have recently been established. The main goal of a 

Societal Top Institute is to combine excellent scientific research with active involvement in the most important 

questions facing society. The STIs are funded by the Ministry of Education, Culture and Science and the NWO. 

Three STIs have been founded: the Netherlands Institute for City Innovation Studies (NICIS); the Hague Institute for 

the Internationalization of Law (HiiL); and the Network for Studies on Pensions, Aging and Retirement (Netspar). 

Finally, the Netherlands has 10 Agricultural research institutes (DLO), working together within the DLO Foundation. 

In the second half of the 1990s, the Foundation became independent of the Ministry Agriculture, Nature 

Management and Food Quality (the DLO Foundation) and merged with Wageningen University into a centre for 

knowledge and research. The DLO Foundation and the university are separate entities, but work together in 

expertise groups. 

 

In an overview, the different institutions and bodies may broadly be depicted as follows (see Figure 4.3). 
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Figure 3 Overview Dutch R&D infrastructure  

Source: Boekholt and Hertog (2005) 
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APPENDIX B 
 

QUESTIONNAIRE 

All closed questions have either one of the following answering possibilities: 
O Only one answer possible 

Multiple answers possible 
 

INNOVATION VOUCHERS 
Innovative performance 
 
First, we present some general questions about the innovative capacity of your firm. 
 
 
1. Did your company develop new products or services in the period 1 January 2006 until 1 January 2010? 
 

O Yes 
O No 
O Don’t know/ no answer 

 
2. Did you company improve existing products or processes in the period 1 January 2006 until 1 January 2010?  
 

O Yes 
O No  
O Don’t know/ no answer 

 
3. Did your company develop new production or service processes in the period 1 January 2006 until 1 January 
2010? 
 

O Yes 
O No 
O Don’t know/ no answer 

 
4. Did your company improve existing production or service processes in the period 1 January 2006 until 1 
January 2010?  
 

O Yes 
O No 
O Don’t know/ no answer 
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5. Can you give an indication of the percentage increase obtained in 2009 from new or improved products/ 
services/ processes in the period 1 January 2006 until 1 January 2010? 
 

O Very high percentage 
O High percentage 
O Average 
O Low percentage 
O Very low percentage 
O None 
O Decrease 
O Don’t know/ no answer 

 
 
INNOVATION VOUCHERS 
Innovation voucher 
 
Here are some questions that are related to the innovation voucher that was requested by your firm. 
 
 
6. Agentschap.NL provides small innovation vouchers (€ 2500) and large innovation vouchers (€ 7500). What 
type of voucher have you applied for? 
 

O Small voucher 
O Large Voucher 
O Both 

 
7. In which year has your firm been awarded an innovation voucher? 
 

2008 
2007 
2006 
Other, namely 

 
8. By what type of knowledge institution did you submit your voucher? 
 

University  
University of applied sciences/ professional education  
College for secondary vocational training 
Public research institutions (TNO, GTI) 
Foreign EU institution similar to previous categories 
Private non-profit research organization 
Research department of a company with at least 60 million euro for R&D expenditures 
Must still use the voucher 
Will not use the voucher 
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9. If you have indicated in the previous question that you have submitted an innovation voucher at one of the 
above mentioned knowledge institutions, how satisfied are you with the cooperation between your firm and 
this knowledge institution? 
 

O Very satisfied 
O Satisfied 
O Neutral 
O Dissatisfied 
O Very dissatisfied 
O Don’t know/ no answer 

 
10. What is the postal code of the knowledge institute that you submitted your voucher at? 
 
 
 
 
11. Did you cooperate with this knowledge institution before in the past? 
 

O Yes 
O No 

 
 

INNOVATION VOUCHERS 
Cooperation in the context of innovation activities 
 
De following questions are related to general cooperation of your firm in the context of innovation activities. 
 
 
12. Via which of the below sources do you normally acquire knowledge for innovation? 
 

Trade organizations 
Customers 
Own organization/ employees 
Concern/ Umbrella company 
Other companies/ competitors 
Suppliers 
Financial institutions (banks, etc.) 
Private investors 
University 
University of professional education 
Chamber of Commerce 
College for secondary vocational training 
Research institutions (TNO, EIM, etc.) 
Audit firms 
Commercial research firms 
Government (Agentschap.NL, Syntens, etc.) 
Family/ friends 
Internet 
Don’t know/ no answer 
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13. Do you exchange knowledge with other firms or organizations? 
 

O Yes 
O No 
O Don’t know/ no answer 

 
14. To what extent do your employees (including yourself) have contacts with professional networks? 
 
Professional networks are knowledge alliances between organizations and organizations and knowledge 
institutions with knowledge exchange as main goal. 
 

O Daily 
O Weekly 
O Monthly 
O Yearly 
O Irregular 
O Not 
O Don’t know/ no answer 

 
15. Are these networks predominantly local/regional, national or international by nature? 
 

Local/ regional 
National 
International 
Don’t know/ no answer 

 
16. Can you give an indication of the percentage of the turnover in 2009 that is invested in schooling/ training 
for your employees (including yourself)? 
 

O Very high percentage 
O High percentage 
O Average 
O Low percentage 
O Very low percentage 
O Not 
O Don’t know/ no answer 

 
17. Can you give an indication of the percentage of the turnover in 2009 that is invested in social activities for 
your employees (like company outings)? 
 

O Very high percentage 
O High percentage 
O Average 
O Low percentage 
O Very low percentage 
O Not 
O Don’t know/ no answer 

 
 
 
 
 



215 
 

INNOVATION VOUCHERS 
Cooperation with a knowledge institution 
 
The  following questions are more specifically focused on cooperation by your firm with a knowledge institution. 
 
 
18. Which of the following factors have had a significant influence on the choice of a partnership with a 
knowledge institution? 
 
 Important Not important Don’t know/ not 

applicable 
Theoretical orientation of knowledge 
institution 

O  O  O  

Practical knowledge of the knowledge 
institution 

O  O  O  

Flexibility of knowledge institution O  O  O  
Subsidy by the government O  O  O  
Geographical proximity of knowledge 
institution 

O  O  O  

Open culture of knowledge institution O  O  O  
Secrecy O  O  O  
 
 
19. Are there other factors, not mentioned in question 18, that have an important influence on the choice of 
your firm for a partnership with a knowledge institution? 
 
 
 
 
20. Which of the following objectives have been significant for your firm for entering into a partnership with the 
knowledge institution? 
 
 
 Important Not important Don’t know/ not 

applicable 
Cost reduction O  O  O  
Development of new products/ services O  O  O  
Improvement of existing products/ 
services 

O  O  O  

Development of new production-/ 
service processes 

O  O  O  

Entering of new markets O  O  O  
Entering of existing markets O  O  O  
Increasing market share O  O  O  
Increasing network O  O  O  
Health/ safety of customers O  O  O  
Health/ safety of employees O  O  O  
Reduction of environmental effects O  O  O  
Meet requirements O  O  O  
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21. Are there other objectives, not mentioned in question 20, that have had a significant influence on the 
entering into a partnership with a knowledge institution? 
 
 
 
 
22. What have been important bottlenecks for your firm for a successful cooperation with the knowledge 
institution? 
 
 Important Not important Don’t know/ not 

applicable 
Finding a suitable knowledge institution O  O  O  
Formulation of the research question O  O  O  
Communication with the knowledge 
institution 

O  O  O  

Difficulty finding a suitable expert O  O  O  
Organizational bottlenecks O  O  O  
Economic risks too high O  O  O  
It takes too long O  O  O  
Costs too high O  O  O  
Benefits unclear O  O  O  
Lack of professional staff O  O  O  
Secrecy O  O  O  
 
 
23. Are there other bottlenecks, not mentioned in question 22, that have had a significant influence on the 
successfulness of the cooperation with the knowledge institution? 
 
 
 
 
24. To which of the following innovation-related activities of your firm did the innovation voucher (directly or 
indirectly) contribute in the period 1 January 2006 until 1 january 2010?  
 
 Important Not important Don’t know/ not 

applicable 
Research and development in the firm O  O  O  
Acquisition of external research and 
development 

O  O  O  

Purchase of machinery, tools or 
software 

O  O  O  

Acquisition of external knowledge O  O  O  
Training for innovation activities O  O  O  
Market introduction of innovation O  O  O  
 
 
25. Are there other innovation-related activities, not mentioned in question 24, that the innovation voucher 
contributed (directly or indirectly) to? 
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26. Would your firm participate in an inverted collaboration with a knowledge institution, whereby a knowledge 
institution would use an innovation voucher at request your firm to develop or improve products/ services or 
production/ service processes? 
 

O Surely 
O Perhaps 
O Not 
O Don’t know/ no answer 

 
27. Do you think that such an inverted form of collaboration would be more or less likely to succeed than a 
cooperation whereby a firm contacts a knowledge institution with an innovation question? 
 

O More likely to succeed than the current form of cooperation 
O Less likely to succeed than the current form of cooperation 
O Equal chance to succeed 
O Don’t know/ no answer  

 
28. How likely is it that, in the near future, you will cooperate with the same knowledge institution again where 
you have used your innovation voucher this time? 
 

O Very likely 
O Likely 
O Not very likely 
O Very unlikely 
O Not 
O Don’t know/ no answer 

 
29. If you prefer to cooperate with another knowledge institution in the future, which knowledge institution do 
you prefer (a choice for the same type is of course a possibility)? 
 

University  
University of applied sciences/ professional education  
College for secondary vocational training 
Public research institutions (TNO, GTI) 
Foreign EU institution similar to previous categories 
Private non-profit research organization 
Research department of a company with at least 60 million euro for R&D expenditures 
Don’t know/ no answer 
Other, namely  

 
 
 
INNOVATION VOUCHERS 
Demographic and personal characteristics 
 
Finally, we ask you about a number of demographic and personal characteristics of yourself and your firm. 
 
 
30. What is the postal code of your firm/ headquarters of your firm? 
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31. How many employees does your firm have including management/ owner(s)? 
 
 
 
 
32. In what year is your company founded? 
 
 
 
33. What sector is your firm active in? 
 

O Mineral extraction 
O Food and beverage industry 
O Metal industry 
O Chemical rubber and plastics industry 
O Utilities 
O Construction 
O Car industry 
O Wholesale 
O Catering 
O Transport 
O Communication 
O Financial services 
O Rental and operation of real estate 
O Business services 
O Other services 
O Care 
O Government 
O Other, namely  

 
34. What is your age? 
 
 
 
 
35. What is your highest completed education? 
 

O University 
O University of applied sciences/ professional education 
O HAVO/VWO/HBS 
O Vocational education 
O MAVO/MULO/VMBO 
O Lower vocational education 
O Lower education/ primary education 
O Other, namely 

 
36. What is your job? 
 

O Director/ owner 
O Not-owner/ manager 
O Employee in charge of innovation 
O Other, namely 
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INNOVATION VOUCHERS 
Thank you! 
 

Your contribution is very valuable. We appreciate your cooperation. 
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SAMENVATTING   
 

De invloed van innovatiebronnen en netwerken op de prestatie van het Nederlandse MKB 

 

Doelstellingen van het onderzoek 

 

In deze dissertatie worden drie belangrijke doelstellingen onderscheiden: 1) een discussie van de 

literatuur over nationale en regionale innovatiesystemen; 2) inzicht in de werking van het innovatievoucher 

programma; en 3) een analyse van innovatieprocessen in het MKB, en dan met name de invloed van 

kennisbronnen en netwerken op innovatieprestatie.  

 

Discussie van de literatuur over nationale en regionale innovatiesystemen 

 

Het idee van nationale innovatiesystemen is ontwikkeld in de jaren tachtig om de economische prestaties 

van landen en hun internationale concurrentiepositie te duiden in navolging van het economische succes van post-

Fordistische regio’s van kleine en middelgrote ondernemingen in Italië en Duitsland, met name de regio Emilia-

Romagna, en het onderzoek hierover in de richting van economische geografie en ruimtelijke innovatie. Met de 

verdere ontwikkeling van de literatuur in de vorm van regionale innovatiesystemen in het eerste decennium van 

de eenentwintigste eeuw werd de rol van regionale leerprocessen en instellingen in een evolutionair kader 

geplaatst. Netwerken vormen de kern van het concept van regionale innovatiesystemen en verschillen van de 

clusters in het werk van Porter, in zoverre dat de netwerken worden gerealiseerd door middel van samenwerking 

in plaats van concurrentie, zich buiten het bedrijf bevinden, en de actieve in plaats van de passieve betrokkenheid 

van bedrijven vereisen. In politieke kringen heeft de literatuur over de clusters alsmede de literatuur over de NIS 

en RIS geleid tot een lawine van beleidsinitiatieven. De sterke aantrekkingskracht van de cluster literatuur, mede 

beïnvloed door de successen die werden behaald in de clusters in delen van de Verenigde Staten, zoals Californië 

en New England, en de opkomst van de triple-helix aanpak hebben geleid tot een ongekende nadruk op 

gecodificeerde kennisuitwisseling tussen formele organisatorische en institutionele structuren, en de relaties 

tussen technologische bedrijven en ondernemende universiteiten met als belangrijke doelstelling de vertaling van 

wetenschappelijke kennis naar innovatieve producten en processen. Vrij snel daarna gevolgd door een sterkere 

nadruk op meer impliciete kennis en de interacties en relaties tussen gecodificeerde en impliciete kennis, 

kenmerken die vooral centraal staan in de literatuur over regionale innovatiesystemen. 
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De werking van het innovatievoucher programma 

 

Om de complexe bemiddelende rol van het bestuur te begrijpen bij het sturen van netwerkactiviteiten 

vervult de nationale innovatie subsidieregeling, het zogenaamde 'innovatievouchers programma’ dat in 2004 werd 

geïntroduceerd door het Innovatieplatform om de kennisoverdracht tussen het MKB en publieke 

kennisinstellingen te bevorderen, een belangrijke rol. In de afgelopen jaren is het belangrijkste doel van Nederland 

geweest om de Nederlandse kenniseconomie te verbeteren. Met dit doel is in september 2003 het 

Innovatieplatform geïnstalleerd met de voornaamste taak om een uitgebreide en samenhangende visie op de 

Nederlandse kenniseconomie te ontwikkelen en plannen op te stellen om een impuls te geven aan innovatie om 

zodoende de groei van de productiviteit en de economische ontwikkeling in Nederland te verbeteren. Het 

Nederlandse Innovatieplatform bestond tot 2010 en had als voornaamste doel om de op kennis gebaseerde 

economie een permanente plaats te geven op de overheids- en sociale agenda. Het was een gezamenlijk lichaam 

bestaande uit de overheid, bedrijven en wetenschappers, en bracht partijen bij elkaar, stelde veelbelovende 

beleidsrichtingen voor, en genereerde ondersteuning. Het had een belangrijke invloed op het kennis- en 

innovatiebeleid van de overheid en andere entiteiten. Een van de belangrijkste doelstellingen van het 

Innovatieplatform was het stimuleren van samenwerking voor innovatie. Het innovatievoucher programma was 

een van de vele initiatieven van het Platform. De regeling is opgezet in 2004 als een pilot en ging in 2006 officieel 

van start. Dit onderzoek richt zich specifiek op de gebruikers van de innovatievouchers, omdat de bedrijven die 

deelnemen aan het programma waardevolle informatie kunnen verschaffen over de kennisnetwerken en het 

leergedrag van innovatieve kleine en middelgrote ondernemingen.  

Analyse van de invloed van kennisbronnen en netwerken op innovatieprestatie van het MKB 

 

Tenslotte heeft dit proefschrift als doel om het proces van innovatie in het Nederlandse MKB te 

analyseren. Er is een groeiende consensus dat innovatie en ondernemerschap drijvende krachten zijn achter 

regionale economische groei, de groei van de levensstandaard, en de groei van de internationale 

concurrentiepositie. Echter, niet alle ondernemers dragen in dezelfde mate bij aan innovatie. De belangrijkste 

bijdragen komen van de snel groeiende bedrijven, en niet van nieuwe bedrijven in het algemeen. Slechts een zeer 

klein deel van de ondernemers lijkt zich bezig te houden met technologische innovatie, wat betekent dat ook maar 

een zeer klein deel van de ondernemers in Nederland gebruik maakt van de kennis en kunde van 

kennisinstellingen. Desalniettemin wordt er sterk ingezet op kennisuitwisseling tussen kennisinstellingen zoals 

universiteiten en het MKB door beleidsmakers. Centrale vraag van deze dissertatie is daarom of een dergelijke 

beleidssturing realistisch is, en of economische groei door het MKB eventueel ook op andere manieren bevorderd 

kan worden. In dit proefschrift staan kennisnetwerken van kleine en middelgrote ondernemingen centraal, omdat 

er vanuit wordt gegaan dat kleine en middelgrote ondernemingen beperkte toegang hebben tot (financieel en 



225 
 

menselijk) kapitaal voor onderzoek en ontwikkeling en zodoende sterk afhankelijk zijn van externe bronnen. In 

zowel onderzoeks- als beleidskringen krijgen kennisnetwerken van kleine en middelgrote ondernemingen steeds 

meer aandacht als zijnde de motor van innovatie en economische groei, maar er is nog veel onbekend over hun 

functioneren. Om een dieper begrip van kennisnetwerken te krijgen, moet het kennisuitwisselings- en 

interactieaspect van innovatie worden ontrafeld. Hiervoor is specifieke informatie nodig die nog niet op grote 

schaal beschikbaar is in grote databases zoals die van Eurostat, hoewel de Community Innovation Survey duidelijke 

vooruitgang heeft geboekt op dit gebied. Om innovatie door kleine en middelgrote bedrijven beter te begrijpen, 

maakt dit proefschrift gebruik van gegevens uit een enquête die in de zomer van 2010 is uitgevoerd onder 2053 

innovatievoucher gebruikers in Nederland.  

 

 

Overzicht van de belangrijkste bevindingen en discussie van de onderzoeksvragen 

 

Dit proefschrift gaat uit van de veronderstelling dat er innovatiesystemen bestaan die worden gevormd 

door kennis genererende en exploiterende subsystemen welke door middel van interactie aan mondiale, 

nationale, en andere regionale systemen verbonden zijn. In het bijzonder de studie van innovatieprocessen in het 

MKB vereist een specifiek richtinggevend kader dat zich richt op dergelijke netwerken, externe partners en 

samenwerking met anderen. Bij gebrek aan financieel en menselijk kapitaal vertrouwt het MKB namelijk meer op 

relationeel dan financieel (in de vorm van R&D investeringen) kapitaal. Hun proces van innovatie is dus meer 

gericht op externe prikkels en specifieke routines. Als gevolg daarvan is hun absorptievermogen ook minder 

afhankelijk van meer geformaliseerde vormen van opname capaciteit, zoals R&D uitgaven. In hoofdstuk 2 van deze 

dissertatie komen de verschillende partijen die actief zijn in een innovatiesysteem aan de orde, omdat zij volgens 

deze theorie grotendeels verantwoordelijk zijn voor de kennisontwikkeling in een land of regio. Volgens de theorie 

beschikken agenten over informatie die verre van volledig is. Soms leren ze van hun gedrag en corrigeren het, 

soms dwalen ze. Leren kost tijd en middelen, met als gevolg dat een innovatiesysteem nooit zomaar ontstaat, 

hetzij door middel van marktwerking of door middel van stimuleringsmaatregelen van de overheid. Ook zijn de 

systemen open. Zij ontvangen mensen, middelen, regelgeving en informatie van het bredere economische systeem 

waarvan zij deel uitmaken.  

In hoofdstuk 3 staat vraag 3 centraal: wordt sectorspecifieke innovatie gevormd door de kenmerken van 

de nationale en regionale systemen van innovatie? De resultaten van de analyse  tonen samenhang met de 

resultaten van een grotere set van evolutionaire studies die beweren dat verschillende sectoren de neiging hebben 

om verschillende technologische trajecten te volgen. Werkgelegenheid in hightech diensten wordt positief 

beïnvloed door, in het bijzonder, hoger onderwijs en R&D investeringen, terwijl de werkgelegenheid in de industrie 

is gerelateerd aan hoge uitgaven voor innovatie in het bedrijf. Uit een vergelijking van landen blijkt verder dat de 

publieke R&D uitgaven met name effectief zijn voor ontwikkelingslanden, terwijl hogere groei landen zich meer 
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moeten richten op innovatie output, bijvoorbeeld intellectueel eigendom. Deze resultaten wijzen op een sterkere 

focus op micro-economische factoren in plaats van macro-economische kenmerken om regionale groeiverschillen 

te verklaren. Tegelijkertijd wijzen de resultaten van hoofdstuk 3 op de verschillen in groeiniveau in verschillende 

Europese landen, en onderstrepen dus ook het unieke karakter van nationale innovatiesystemen en het relatieve 

risico van het kopiëren van succesvolle innovatiesystemen van andere regio's. Hoofdstuk 3 verwijst verder naar de 

literatuur over grensoverschrijdende regionale innovatiesystemen die beargumenteerd dat de exclusieve focus van 

het concept van regionale innovatiesystemen op regio's in een nationale context in toenemende mate 

ontoereikend is en geeft voorbeelden van grensoverschrijdende regio’s die op Europees niveau te onderscheiden 

zijn. 

In hoofdstuk 4 wordt de rol van de kennisinstellingen bij innovatie in Nederland volgens de mening van 22 

deskundigen uit het bedrijfsleven, de academische wereld en de overheid geanalyseerd. In Nederland, evenals in 

andere landen, wordt innovatie in toenemende mate geassocieerd met de successen van Silicon Valley en 

universitaire spin-off bedrijven in de jaren negentig. Volgens beleidsmakers moet Nederland om innovatiever te 

worden zich meer richten op valorisatie van onderzoek via octrooien en spin-offs. Om het tempo van dit proces 

van verandering te versnellen, worden verschillende beleidsprogramma's ontwikkeld die valorisatie stimuleren. 

Valorisatie wordt ook een buzz-woord in de media en op marketing gebied. De sociale- en geesteswetenschappen 

lijken slachtoffer te worden van dit beleid, omdat ze niet meteen in staat zijn om hun systemen, die over het 

algemeen meer academisch zijn en minder geschikt zijn voor valorisatie, te veranderen. In politieke kringen wordt 

om die reden de vraag gesteld of de sociale- en geesteswetenschappen wel bereid of in staat zijn om meer 

'marktgericht' te gaan werken. De interviews die zijn gebruikt in dit hoofdstuk zijn uitgevoerd op basis van dit 

debat. Uit de kwalitatieve analyse van de semigestructureerde interviews met deze deskundigen blijkt dat het 

vooral de onderzoeks- en universitaire experts (hier: de sociale- en geesteswetenschappen) zijn die een grotere 

maatschappelijke rol voor de universiteiten willen stimuleren, terwijl de experts die niets zien in een dergelijke 

verandering, en die voorspellen dat de sociale- en geesteswetenschappen louter academisch blijven, voornamelijk 

in overheids- en particuliere instellingen werken. Het onderzoek toont zodoende aan dat ten tijde van het 

onderzoek met name beleidsmakers sceptisch zijn over het succes van kennisvalorisatie, en indirect over hun eigen 

initiatieven, en dat commercialisering van de meer academische disciplines niet onmogelijk is, maar vooral een 

kwestie van een lange adem. 

Een van de initiatieven van de Nederlandse regering om valorisatie te verbeteren was het 

'innovatievoucher subsidieprogramma'. Het MKB zou niet voldoende profiteren van de kennis die wordt 

geproduceerd in universiteiten en andere kennisinstellingen, terwijl de kennisinstellingen onvoldoende in staat 

waren om hun onderzoek te ‘vermarkten’. Dit werd het uitgangspunt van het programma. De 'innovatievoucher' 

was er vooral op gericht om kleine en middelgrote ondernemingen te stimuleren om ook kennisinstellingen 

gebruiken als een bron van innovatie. Het programma leverde in die hoedanigheid het ideale bronmateriaal voor 

de studie van innovatieprocessen in kleine en middelgrote bedrijven. In de zomer van 2010 werden 2254 kleine en 



227 
 

middelgrote ondernemingen ondervraagd over hun prestaties op innovatiegebied, hun ervaringen met het 

'innovatievoucher subsidieprogramma', en hun samenwerkings- en netwerkgedrag. Hoofdstuk 5 geeft een 

overzicht van de belangrijkste resultaten, en toont aan dat de kleine en middelgrote bedrijven die het meest 

geprofiteerd hebben van het programma, namelijk microbedrijven, in toenemende mate hun weg naar de 

kennisinstellingen weten te vinden. De regering heeft het programma niettemin beëindigd, omdat onder andere 

eerdere evaluaties concludeerden dat vooral de kleine en middelgrote ondernemingen die al innovatief waren 

gebruik maakten van de vouchers. Deze studie stelt dat het brede toepassingsgebied van het instrument en het 

gebrek aan toelatingseisen het succes van het instrument negatief beïnvloed hebben. De doelstellingen van de 

voucherregeling waren te ruim geformuleerd. Een betere focus en formulering van doelstellingen had het 

programma veel goed kunnen doen. Hoofdstuk 5 stelt dat processen van ‘trial-en-error’ en constante monitoring 

beleidsprogramma’s aanzienlijk kunnen verbeteren, en belangrijke bronnen van informatie kunnen zijn voor de 

formulering van nieuwe programma’s. Dit sluit aan bij de ideeën uit de literatuur over innovatiesystemen dat  

leren tijd en middelen kost en een innovatiesysteem nooit zomaar ontstaat, hetzij door middel van marktwerking 

of door middel van stimuleringsmaatregelen van de overheid. 

Volgens de literatuur is een overgang van een zwakker geïntegreerd systeem naar een meer 

innovatiegedreven systeem een uitdaging, en vraagt het om algemene maatregelen en - gezien de lange periode 

waarin een dergelijke transformatie plaatsvindt –een 'geduldig’ beleidssysteem. In Hoofdstuk 6 wordt, op basis van 

de steekproef uit hoofdstuk 5, bevestiging gevonden voor deze redenering. Hoofdstuk 6 richt zich voornamelijk op 

de manier waarop het MKB leert van kennisbronnen en kennisuitwisseling en hoe dit hun innovatieprestaties 

beïnvloedt. Deze kennisbronnen worden als volgt onderscheiden: een subsysteem bestaande uit marktpartijen, 

een subsysteem bestaande uit kennisinstellingen, een subsysteem bestaande uit (semi-) overheidsinstellingen, en 

een subsysteem bestaande uit financiële instellingen. Idealiter vindt tussen deze subsystemen intensieve 

kennisuitwisseling plaats. In mindere mate hebben externe partijen ook invloed op een innovatiesysteem. De 

analyse bevestigt de aanzienlijke kennisuitwisseling tussen marktpartijen in Nederland, maar, nog belangrijker, ook 

de relatie tussen bedrijven en kennisinstellingen blijkt significant, mits de kennisuitwisseling plaatsvindt met 

behulp van internationale netwerken. Deze kennisuitwisseling tussen bedrijven en kennisinstellingen door de 

bedrijven uit de steekproef heeft (nog) niet geleid tot hoge prestaties op innovatiegebied, wat kan verwijzen naar 

de recentelijke overgang van het innovatiesysteem in Nederland naar een meer marktgestuurd systeem waarin 

valorisatie centraal staat. Nadruk ligt op de versterking van de wetenschappelijke bekwaamheid van de regio. In 

toenemende mate worden dichte netwerken van organisaties ter ondersteuning van de commercialisering van 

wetenschappelijke kennis, zoals academische spin-off centra, geformeerd in Nederland. Dit vereist ook nieuwe 

financieringsmodellen, instellingen, organisaties en beleidsmodellen zoals cluster- en netwerkbenaderingen. De 

resultaten van deze studie laten zien dat er op dat gebied nog steeds een onderontwikkeling is van de uitwisseling 

en interactie die mogelijk is tussen de verschillende innovatiesubsystemen in Nederland.  
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Tenslotte wordt in hoofdstuk 7 onderzocht of er bronnen van innovatie zijn die, meer specifiek, invloed 

hebben op innovatieproductie en commercialisering van innovatie. Door het bestuderen van de innovatiestrategie 

van innovatieve bedrijven door middel van hun innovatiebronnen, innovatieproductie, innovatieprestaties en 

commercialiseringbronnen, toont deze studie aan dat het verkennen van (technologische) vernieuwing of 

verbetering in samenwerking met instellingen zoals universiteiten en onderzoeksinstellingen van belang is voor 

succesvolle innovatie in het MKB. In deze studie lijken met name de samenwerking met universiteiten en 

internationale kennisnetwerken de MKB horizon te verbreden en (radicale) innovatiemogelijkheden te stimuleren. 

Het model laat echter ook zien dat de contacten met concurrenten van belang zijn voor goede verkoopprestaties. 

Beleidsmakers, maar ook onderzoekers, lijken niet voldoende bewust te zijn van het belang van de handhaving van 

een goed evenwicht tussen de exploratie en de exploitatie voor het MKB. Zoende kan een subsidieprogramma als 

de 'innovatievouchers' met scepsis door het MKB worden ontvangen, omdat het een onderzoeksnetwerk aanprijst 

als dé oplossing voor succesvolle innovatie, terwijl veel kleine en middelgrote ondernemingen zich al te goed 

bewust zijn dat een exploitatienetwerk even belangrijk is - iets wat niet altijd voldoende onderkend lijkt door 

beleidsmakers. 

 

 

Belangrijkste uitkomsten en aanbevelingen 

 

De literatuur over nationale en regionale innovatiesystemen 

 

Deze studie heeft aangetoond dat kennisuitwisseling met kennisinstellingen vooral plaatsvindt in de exploratiefase 

van het innovatieproces, maar dat dit niet automatisch leidt tot goede verkoopprestaties. Hiervoor lijken vooral 

contacten met andere bedrijven van belang. In de  literatuur over regionale innovatiesystemen lijkt zodoende 

vooral een grote nadruk te liggen op netwerken, sociale en institutionele interacties, en de bijbehorende 

collectieve kennisuitwisseling in de exploratie fase van het innovatieproces, in plaats van in zowel de exploratie- als 

de exploitatiefase. Om zich te onderscheiden van de clusterliteratuur lijkt de studie van innovatiesystemen zich 

voornamelijk op exploitatienetwerken te hebben gericht. In werkelijkheid lijken bedrijven meer gevarieerde 

netwerken nodig te hebben om succesvol te zijn in beide fasen.  

 

Deze dissertatie heeft aangetoond dat verschillende innovatiebronnen van toegevoegde waarde kunnen zijn in de 

verschillende fases van innovatieprestatie. Daarnaast toont deze studie aan dat internationale netwerken 

innovatie bevorderen in de exploratiefase. Toekomstige innovatieonderzoek onderzoek moet een duidelijker 

onderscheid maken tussen de kennisuitwisseling en interactie in de exploratie en de exploitatiefase van bedrijven 

om een duidelijker beeld te kunnen schetsen van de leerprocessen in beide fases. De invloed van internationale 

netwerken in de exploratiefase toont verder aan dat regionale innovatiesystemen zich over de landsgrenzen heen 
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uitbreiden en dat het in een bredere context plaatsen van nationale en regionale innovatiesystemen, een 

ontwikkeling die in de literatuur langzaam vorm begint te krijgen, een goede ontwikkeling is. 

 

Het innovatievoucher programma 

 

Deze studie stelt dat het brede toepassingsgebied van het instrument en het gebrek aan toelatingseisen het succes 

van het instrument negatief beïnvloed hebben. De doelstellingen van het innovatievoucher programma waren te 

ruim geformuleerd. De doelstelling om, enerzijds, de toegang van het MKB tot de kennis die binnen (publieke) 

kennisinstellingen aanwezig is te verbeteren, en, anderzijds, duurzame kennisrelaties tussen het MKB en 

onderzoeksinstellingen verder aan te moedigen, heeft twee soorten kleine en middelgrote ondernemingen 

aangetrokken: bedrijven die nauwelijks aan innovatie deden, en bedrijven die buitengewoon innovatief waren. Het 

bleek onmogelijk om te voldoen aan de behoeften van beide groepen. Daarnaast was een derde doelstelling van 

het programma om kennisinstellingen te stimuleren om kennis beter af te stemmen op vragen uit de markt.  

 

Een betere focus en formulering van doelstellingen had het programma veel goed kunnen doen. Hoofdstuk 5 stelt 

dat processen van ‘trial-en-error’ en constante monitoring beleidsprogramma’s aanzienlijk kunnen verbeteren en 

belangrijke bronnen van informatie kunnen zijn voor de formulering van nieuwe programma’s. Dit sluit aan bij de 

ideeën uit de literatuur over innovatiesystemen dat  leren tijd en middelen kost, en een innovatiesysteem nooit 

zomaar ontstaat, enkel en alleen door middel van marktwerking of door middel van stimuleringsmaatregelen van 

de overheid. 

 

De invloed van kennisbronnen en netwerken op innovatieprestatie van het MKB 

 

Een belangrijk kenmerk van de onderzoekspopulatie die gebruikt is voor dit onderzoek is dat er twee groepen van 

succesvolle kleine en middelgrote bedrijven te onderscheiden zijn: de bedrijven die succesvol zijn in de 

ontwikkeling van radicale innovatie, en de bedrijven die zich primair richten op de markt en andere marktpartijen. 

Voor innovatieve bedrijven kunnen de uitkomsten van het onderzoek een stimulans zijn om de contacten met 

andere marktpartijen te verbeteren. Voor minder innovatieve bedrijven bewijst deze studie dat contact met 

universiteiten en andere kennisinstellingen innovatie(productie) inderdaad kan verbeteren, iets waar nog wel eens 

aan getwijfeld werd door bedrijven die gebruik maakten van de innovatievouchers. Het grote aantal 

microbedrijven dat gebruik maakte van de innovatievouchers bevestigt verder het gebrek aan financiële middelen 

van veel kleine en startende bedrijven en de noodzaak van ondersteuning van deze bedrijven door de markt en de 

overheid. 
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Toekomstig onderzoek moet uitwijzen of deze kenmerken karakteristiek zijn voor Nederland in het algemeen en of 

de resultaten vergelijkbaar zijn met andere landen. Ook zal toekomstig onderzoek moeten uitwijzen wat voor soort 

bedrijven moeite hebben met de commercialisering van hun innovaties. De dataset die is gebruikt voor deze 

dissertatie biedt geen uitsluitsel. Zijn het bijvoorbeeld voornamelijk universitaire spin-off bedrijven of is het een 

bredere groep bedrijven? Zijn het voornamelijk microbedrijven of hebben middelgrote bedrijven ook problemen 

om hun innovatie te commercialiseren? Hier ligt ook een belangrijke uitdaging voor beleidsmakers. Zij kunnen 

ondersteuning bieden bij de commercialisering van innovaties in het MKB, bijvoorbeeld door de bevordering van 

samenwerking tussen bedrijven onderling, kennisinstellingen en financiële instellingen in clusters of netwerken.  

 

Tenslotte wijst de significante invloed van internationale netwerken in de exploratiefase op een verdergaande 

globalisering van de Nederlandse economie (of regionalisering van de internationale economie). Voor innovatieve 

bedrijven kan dit een stimulans zijn om (verder) te bouwen aan internationale netwerken. Toekomstig onderzoek 

naar de aard en invloed van dergelijke netwerken is nodig om beleidsprogramma’s die dergelijke netwerken 

kunnen stimuleren beter vorm te geven. 


