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Limits of social capital as a driver of innovation: an empirical analysis in the context of European regions
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Available empirical research referring to different units of analysis supports, in general terms, a linear positive relationship among some components of social capital and innovation. Yet some studies also present controversial results by finding nonsignificant, negative, diminishing returns and quadratic relationships. Building on the social network theory of innovation, this paper shows that the social capital-innovation relationship has an inverted U-shape. This is consistent with recent research that suggests that some sub-constructs of social capital, such as tie strength, involve maintenance and opportunity costs and that social capital has positive effects but also has its limits.

Introduction

The importance of social capital as an antecedent of innovation has received much theoretical attention over recent years [START_REF] Landry R | Does social capital determine innovation? To what extent?[END_REF]. In particular, social network theories of innovation hypothesise a positive and direct relationship between social capital and innovation. Nevertheless, empirical evidence regarding the social capital-innovation relationship is scarce in a regional context. Some interesting exceptions are the contributions of [START_REF] Cushing | When social capital stifles innovation[END_REF], BEUGELSDIJK and VAN SCHAIK, (2005a, 2005b), [START_REF] Fleming | Managing creativity in small worlds[END_REF][START_REF] Fleming | Managing creativity in small worlds[END_REF][START_REF] Hauser | The learning region: the impact of social capital and weak ties on innovation[END_REF] who, generally, find a positive relationship between weak social ties and innovative activity.

A main reason for empirical effort being very limited in this area is the lack of agreement regarding the content of the concept of social capital and the appropriate way of measuring it (BEUGELSDIJK and VAN SCHAIK, 2005a;BARRUTIA and ECHEBARRIA, 2010a). Social capital is a complex construct, which, as was proposed by [START_REF] Nahapiet | Social capital, intellectual capital, and the organisational advantage[END_REF], has a structural, a relational and a cognitive dimension (and various sub-constructs may also exist inside these dimensions).

Regional researchers have focused on the social capital-GDP direct relationship instead of on the more manageable social capital-innovation relationship (e.g. [START_REF] Knack | Does social capital have an economic pay-off?, A cross-country investigation[END_REF][START_REF] Gittell | Community organizing: building social capital as a development strategy[END_REF][START_REF] Putnam R | Bowling Alone: The collapse and revival of American community[END_REF]ZAK and KNACK, 2001;BEUGELSDIJK and SMULDERS, 2003;BEUGELSDIJK and VAN SCHAIK, 2005a and2005b).

This stream of research has made an important contribution to the impact of the various 4 dimensions of social capital on regional performance. In particular, great emphasis has been placed on studying and discussing the diverse impact of bridging and bonding on regional growth. On the contrary, there is a scarcity of empirical research to contrast the social network theories of innovation at a regional level (as exceptions see [START_REF] Hauser | The learning region: the impact of social capital and weak ties on innovation[END_REF][START_REF] Kaasa | Effects of different dimensions of social capital on innovative activity: Evidence from Europe at the regional level[END_REF]. In order to cover this research gap, greater emphasis is needed on empirical studies of the relationship between social capital and innovation. This is the main aim of this paper.

Empirical studies of other analysis units (such as individuals, teams, business units, organizations, small world, and cities and regions) have mostly shown that some proxies of the various dimensions of social capital have a positive (and usually linear) effect on innovation, as has been conceptually suggested (e.g. [START_REF] Cooke | Social capital, firm embeddedness and regional development[END_REF][START_REF] Dakhli | Human capital, social capital, and innovation: a multi-country study[END_REF][START_REF] Landry R | Does social capital determine innovation? To what extent?[END_REF]. Yet, some recent research has found a non-significant (e.g. [START_REF] Smith | Existing knowledge, knowledge creation capability, and the rate of new product introduction in high technology firms[END_REF] or even negative relationship [START_REF] Ahuja | Collaboration networks, structural holes, and innovation: a longitudinal study[END_REF].

It has likewise suggested that social capital has its limits and that the social capitalinnovation relationship might have a diminishing return shape (e.g. [START_REF] Vanhaverbeke | Technological capability building through networking strategies within high-tech industries[END_REF][START_REF] Mcfadyen | Social capital and knowledge creation: diminishing returns of the number and strength of exchange relationships[END_REF] or an inverted U-shape (e.g. [START_REF] Uzzi | Collaboration and creativity: the small world problem[END_REF][START_REF] Leenders R. Th | Virtuality, communication, and new product team creativity: a social network perspective[END_REF]. The main idea behind these findings is that creating new relationships is costly and maintaining existing ties also consumes time, energy and financial resources. As tie strength is increased, there is less time left to seek out new resources that may lead to good ideas to fuel innovation (ZHENG, 2010). This line of reasoning is consistent with the thinking of regional researchers who have emphasized the relevance of weak ties for growth [START_REF] Schneider | Bringing Putnam to the european regions: on the relevance of social capital for economic growth[END_REF]BEUGELSDIJK and SMULDERS, 2003;[START_REF]Cities and the Creative Class[END_REF] and have shown the limits of trust and strong ties. Building on the social network theory of innovation, this paper seeks to contribute insights to this stream of research, by empirically testing the impact of social capital on innovation in the context of NUTS1 European regions. Our results support the existence of a significant direct and positive effect of social capital on patents (as a measure of the innovation outcomes) up to a tipping point. The social capital-innovation relationship therefore shows an inverted U-shape. This finding might be considered to be relatively surprising, but is consistent with the aforementioned recent empirical research, which was mainly carried out at non-geographical levels of analysis. It also suggests that some sub-constructs of social capital, such as tie strength, involve maintenance and opportunity costs, and that social capital has positive effects but also has its limits.

Even though our research question focuses on social capital, we build on social network theories of innovation. We therefore consider social capital as a moderator of the relationship between knowledge/learning effort-related metrics (specifically, research and development (R&D) expenditure, intellectual capital and knowledge spillovers) and innovation outcomes. The first objective of our research is to study the shape of the social capital-innovation relationship in European regions. As a more marginal contribution, our research offers some insights to the bonding/bridging debate.

The paper is structured in seven sections. The second and third sections review main concepts and develop first hypotheses. The fourth section refers to empirical evidence regarding the social capital-innovation relationship at different units of analysis and provides additional hypotheses to be tested. The fifth section describes the model and the metrics used. The sixth section presents the results of the empirical analyses. The seventh section concludes with a discussion and avenues for further research. There is a variety of inter-related definitions of social capital (see e.g. [START_REF] Lin | Social capital: A theory of social structure and action[END_REF][START_REF] Adler | Social capital: Prospects for a new concept[END_REF][START_REF] Borgatti | The network paradigm in organisational research: a review and typology[END_REF][START_REF] Borgatti | The network paradigm in organisational research: a review and typology[END_REF]ZHENG, 2010 for recent works from different focuses). A comprehensive social capital framework was proposed by [START_REF] Nahapiet | Social capital, intellectual capital, and the organisational advantage[END_REF]. Their framework integrated various components of social capital into three dimensions: the structural dimension, the relational dimension and the cognitive dimension. The structural dimension refers to configurations and patterns of connections between people, addressing properties such as network density, connectivity and hierarchy. In the structural dimension, ZHENG (2010) identifies four major sub-constructs: network size (i.e. the total number of contacts an actor has in its network); structural holes (i.e. unique ties to other actors); tie strength (i.e. a combination of the amount of time, emotional intensity, intimacy and collaboration associated with the tie); and, centrality (i.e large number of contacts, information and power). The structural dimension is closely related to the economic-driven tradition of social capital. From an economic-driven approach, some authors (e.g. [START_REF] Bourdieu | Le capital social. Notes provisoires[END_REF][START_REF]Foundations of social theory[END_REF][START_REF] Lin | Social capital: A theory of social structure and action[END_REF][START_REF] Mcfadyen | Social capital and knowledge creation: diminishing returns of the number and strength of exchange relationships[END_REF] refer to social capital as investment in social relations with expected returns in the marketplace. Within this approach, the Social Capital Interest Group at the University of Michigan (SCIG, 2001) defines social capital as the product of social relations, which depend on expectations of benefit arising from preferential treatment and co-operation between individuals and groups. This approach is mainly derived from rational choice theory and might not appropriately consider the embeddedness of people in their social context [START_REF] Rutten | Regional social capital: embeddedness, innovation networks and regional economic development[END_REF].

Concepts of Social capital and Innovation

Social capital

The relational dimension of social capital incorporates the personal relationships that actors have with their contacts developed through past interactions. In the relational dimension, [START_REF] Nahapiet | Social capital, intellectual capital, and the organisational advantage[END_REF] 1997, 43), norms (i.e. 'what most people do', CIALDINI et al., 1990)), obligations and expectations (i.e. commitment to undertaking some activities in the future). Major concepts in this dimension are respect, friendship, trust, trustworthiness, expectations, norms and obligations, and identification (i.e. sense of being part of a group of people).

The relational dimension of social capital is mainly related to the sociological tradition and to the social network concept. From a sociologically driven approach, social capital can be measured by the amount of trust and reciprocity in a community or between individuals. [START_REF] Putnam R | Making democracy work[END_REF] define social capital as those "features of social organisation, such as trust, norms, and networks that can improve the efficiency of society by facilitating coordinated actions" (p. 167). They focus on the collective value of all social networks and the inclinations that arise from these networks to do things for one other. Social capital-innovation research has mostly focused on trust and norms (ZHENG, 2010). This research measures social capital by using a composite metric that is mainly derived from the sociological tradition and that incorporates trust and, passive and active group membership (BEUGELSDIJK and VAN SCHAIK, 2005a).

The cognitive dimension of social capital implies shared language, codes, narratives and interpretation. [START_REF] Nahapiet | Social capital, intellectual capital, and the organisational advantage[END_REF] state that this is the dimension that has been least considered in social capital and is mainly relegated to the strategy domain.

Innovation

In today's turbulent environment, all organizations are concerned with demands for change -both radical and incremental change [START_REF] Dasgupta | Innovation in organizations: a review of the role of organizational learning and knowledge management[END_REF]. Innovation is a main target of organizations, countries and regions. As [START_REF] Davila | Making innovation work: how to manage it, measure it, and profit from it[END_REF] Knowledge is a main component in many definitions of innovation. For instance, [START_REF] Porter | The new challenge to america's prosperity: findings from the innovation index[END_REF] define innovation as 'the transformation of knowledge into new products, processes, and services' (p. 12). [START_REF] Luecke | Managing creativity and innovation[END_REF] refer to innovation as the successful introduction of a new thing or method and the embodiment, combination, or synthesis of knowledge in original, relevant, valued new products, processes, or services. [START_REF] Dasgupta | Innovation in organizations: a review of the role of organizational learning and knowledge management[END_REF] suggest that sustainable innovation which leads to competitive advantage requires a systemic and effective management approach based on knowledge and learning. The ability to absorb and integrate newly acquired knowledge with existing knowledge leads to the creation of new knowledge and is the key to improvement and innovation. Knowledge creation is an essential part of innovation as any new processes, products and services originate from new ideas. Scope of innovation is relatively constrained in this study. We refer to patentable innovations. 

R&D expenses (a proxy of learning effort and absorptive capacity)

Innovation theories have evolved dramatically over the last 40 years [START_REF] Landry R | Does social capital determine innovation? To what extent?[END_REF] and new theories have added new explanative factors of innovation outcomes.

Nevertheless, a dimension that has been continuously present in these conceptualizations has been the R&D effort (basic research and industrial R&D).

During the 1950s, engineering innovation theories considered innovation as a discrete event resulting from knowledge developed by isolated inventors and isolated researchers and stated that R&D effort was the antecedent of innovation outcomes (new or improved products and processes). Subsequently, technical network theories of innovation recognized that innovation was also a result of multiple interaction processes between firms and other actors. Therefore, according to engineering innovation theories (and also to subsequent innovation theories), an R&D effort is a main antecedent of innovation results. In this research, R&D expenditure is viewed as an investment in absorptive capacity [START_REF] Cohen | Absorptive capacity: a new perspective on learning and innovation[END_REF]) and as a way of obtaining innovation outcomes. [START_REF] Cohen | Absorptive capacity: a new perspective on learning and innovation[END_REF] put it, previous R&D effort generates related knowledge that confers an ability to recognise the value of new information, assimilate it, and apply it to commercial ends. These abilities collectively constitute what they call a firm's absorptive capacity. GIULIANI (2005) suggests that the actors (a skilled worker, a firm, a cluster of a region) need to continuously performs highly innovative R&D in order to achieve an advance level of absorptive capacity.

So we propose: H1: The higher the Gross Domestic Product (GDP) expenditure on R&D, the more successful the innovation outcome will be. Social capital is a recent yet significant addition to the list of innovation-inducing factors (ZHENG, 2010). Social network theories also echo that the focus of innovation is no longer the individual or the firm, but the network in which a firm is embedded, which shifts attention to social capital [START_REF] Powell | Interorganizational collaboration and the locus of innovation: networks of learning in biotechnology[END_REF]. Knowledge is viewed as an intrinsic part of the surrounding social, political and economic context, and knowledge creation occurs through the integration of resources [START_REF] Collinson | Knowledge networks for innovation in small Scottish software firms[END_REF]BARRUTIA andECHEBARRIA, 2007, 2011). Knowledge is here embodied in networks and communities, and social capital becomes an essential ingredient for understanding innovation. Therefore, a high level of social capital is viewed as having a positive effect on regional innovation [START_REF] Storper | The resurgence of regional economies, ten years later: the region as a nexus of untraded interdependencies[END_REF]. It has been argued that social capital prompts the efficiency and effectiveness of the innovation process. According to MASKELL (2001), social capital helps reduce malfeasance, induces the volunteering of reliable information, causes agreements to be honoured, enables employees to share tacit information, and places negotiators on the same wavelength. Efficiency, then, is mainly improved by reducing transaction costs (between firms, and between firms and other actors) and the costs of managing the innovation process. Greater effectiveness is achieved as a greater (suitable and reliable) quantity and quality of knowledge is accessed. Knowledge can more easily be transferred and utilised within a community made up of firms that understand the same language and share norms and codes [START_REF] Maskell | Knowledge creation and diffusion in geographic clusters[END_REF]. On the contrary, a low level of social capital implies lack of coordination, duplications of effort, and costly contractual dispute [START_REF] Fountain | Innovation, social capital, and the new economy[END_REF].

Social capital

Regional literature has singularly focused on social capital, although some authors have also recently suggested that the importance of local networks should not be overstated (WATERS and SMITH, 2008). Regional economies are viewed as synergy-laden systems (SCOTT and STORPER, 2003). As such, regions are an essential dimension of the innovation process. The spatial proximity of large numbers of firms locked into dense networks of interaction provides the essential conditions for many-sided exchanges of information to occur (SCOTT and STORPER, 2003).

Furthermore, firms come together in both formal and informal organisations that help to streamline their interactions and accelerate information transfers, to build trust and reputation effects, and to promote their joint interests [START_REF] Becattini | The Marshallian industrial district as a socio-economic notion[END_REF][START_REF] Asheim | Industrial districts: The contributions of Marshall and beyond[END_REF][START_REF] De Propris | Mapping local production systems in the UK: methodology and application[END_REF][START_REF] Echebarria | The ISC Framework: modelling drivers for the degree of Local Agenda 21 implantation in Western Europe[END_REF]) inside regional (eco)-systems of innovation [START_REF] Hamdouch | Knowledge infrastructure, innovation dynamics and knowledge creation/diffusion/accumulation processes: a comparative institutional perspective[END_REF]. Literature shows that social capital and learning have a positive relationship as social capital directly affects the combine-and-exchange process and provides relatively easy access to network resources [START_REF] Nahapiet | Social capital, intellectual capital, and the organisational advantage[END_REF][START_REF] Mcfadyen | Social capital and knowledge creation: diminishing returns of the number and strength of exchange relationships[END_REF]. In the regional arena, regional social capital is viewed as a driver and catalyst of knowledge creation and dissemination. In terms of the influential distinction of POLANYI (1967), knowledge may be tacit and codified. Polanyi's main argument is that the more tacit the knowledge, the harder it is to actually transfer. Codified knowledge is easily transferable in information and can be transmitted through information technologies and infrastructures over long distances and across organisational boundaries. Tacit knowledge, however, cannot be easily transferred as it has not been stated in an explicit form and its transfer is extremely sensitive to social context. Therefore, it is commonly argued that the transfer of tacit knowledge within a region requires face-to-face contact and social capital (SCOTT and STORPER, 2003).

Previous literature suggests that social capital and intellectual capital are complementary and it is the co-evolution of social capital and intellectual capital that underpins organizational advantage. Social capital helps obtain new intellectual capital 12 and, at the same time, intellectual capital forms the basis from which social system and interactions are formed and takes advantage of social capital [START_REF] Adler | Social capital: Prospects for a new concept[END_REF][START_REF] Nahapiet | Social capital, intellectual capital, and the organisational advantage[END_REF].

So we propose: H2: The higher the social capital, the more successful the innovation outcomes will be.

Knowledge and learning

A key new insight into social network theories is that knowledge plays an increasingly more crucial role in fostering innovation [START_REF] Landry R | Does social capital determine innovation? To what extent?[END_REF]. Previuos literature indicates that the availability of knowledge is a key explanatory variable in innovation and, consequently, in the success of a company or a geographical space (see e.g. [START_REF] Romer | Increasing returns and long-run growth[END_REF][START_REF] Romer | Endogenous technological change[END_REF]JOHANSSEN et al., 2001;BARRUTIA and ECHEBARRIA, 2010b). The underlying idea is that knowledge plays an increasingly crucial role in prompting innovation, due to: (1) the continuous expansion of the amount of technical knowledge accumulated over time, and (2) the use of communication technologies that mean knowledge is available on a worldwide scale very rapidly [START_REF] Landry R | Does social capital determine innovation? To what extent?[END_REF].

Yet knowledge is a non-rival (several people can use it at the same time) and, in the medium/long run, a non-excludable good [START_REF] Edwards | Regional and urban economics and economic development: theory and methods[END_REF]. This is why learningeconomy scholars focus on learning. They affirm that it is the capacity to learn continuously that determines success [START_REF] Lundvall B-A | National systems of innovation: towards a theory of innovation and interactive learning[END_REF][START_REF] Lundvall B-A | The social dimension of the learning economy[END_REF]. Previous knowledge matters, as a key input in producing current knowledge is past knowledge [START_REF] Romer | Increasing returns and long-run growth[END_REF][START_REF] Romer | Endogenous technological change[END_REF][START_REF] Cohen | Absorptive capacity: a new perspective on learning and innovation[END_REF]. From an isolated perspective, the knowledge and learning capability of a social entity, be it individual, team, organization or a geographical area, is referred to as intellectual capital (NAHAPIET and GHOSHAL, [START_REF] Nonaka | A dynamic theory of organizational knowledge creation[END_REF] suggests that organizations that are able to stimulate and improve the knowledge of their employees are in a better position to innovate. So, we propose: H3: The higher the intellectual capital, the more successful the innovation outcomes will be.

Social capital-intellectual capital interaction

Social capital and intellectual capital has been treated largely as independent predictors in social capital-innovation studies [START_REF] Mcfadyen | Social capital and knowledge creation: diminishing returns of the number and strength of exchange relationships[END_REF][START_REF] Smith | Existing knowledge, knowledge creation capability, and the rate of new product introduction in high technology firms[END_REF]. Nevertheless, recent studies have suggested an interaction effect (ZHENG, 2010).

For instance, with regard to structural holes, knowledge workers' diversity of knowledge and experiences might compensate for the lack of information diversity that comes from a lack of structural holes. In the same line, [START_REF] Vanhaverbeke | Technological capability building through networking strategies within high-tech industries[END_REF]'s study suggests that the existing technological capital of a firm interacts with a dimension of social capital (its network size) in influencing innovation. In PERRY-SMITH's ( 2006) study, where non-redundancy and background heterogeneity are modelled together, non-redundancy turns out to be non-significant. ZHENG (2010) suggests that future studies need to fill in the empirical gap in verifying this claim in innovation research.

So we propose:

H4: The higher the interaction social capital-intellectual capital effect, the more successful the innovation outcomes will be.

Knowledge spillovers

European patents show spatial autocorrelation [START_REF] Moreno R | Spatial spillovers and innovation activity in European regions[END_REF]. According to [START_REF] Bottazzi | Innovation and spillover in regions: evidence from european patent data[END_REF], spatial autocorrelation may be a result of local diffusion of non-codified knowledge, embodied in people and spreading via personal contacts (i.e. ). This concept of knowledge spillovers is consistent with recent approaches that focus on interaction and knowledge, such as buzz, learning regions and regional learning. STORPER and VENABLES (2004)'s concept of buzz focuses on noncodified knowledge. They suggest that transmission of non-codified knowledge is dramatically favoured by face-to-face contacts and hence embedded in space. The concept of learning regions [START_REF] Morgan | The learning region: institutions, innovation and regional renewal[END_REF][START_REF] Cooke | The associational economy: firms, regions and innovation[END_REF][START_REF] Hassink | The dilemmas of interregional institutional learning[END_REF][START_REF] Cooke | Knowledge economies: clusters, learning and cooperative advantage[END_REF] refers to networks driven by policy-making that serve as regional development tools, in which, according to HASSINK ( 2005): (1) the main actors are strongly but flexibly connected with each other and ( 2) are open to both intraregional and interregional learning processes. Regional learning refers to more spontaneous cooperation between actors in a region through which they learn [START_REF] Boekema | Introduction to learning regions: A new issue for analysis[END_REF]. The potential to reap knowledge spillovers will thus be maximised within a region. Nevertheless, some of all this knowledge will spill over neighbouring regions.

Recent research has focused on the effect of knowledge spillovers between European regions. Results show that knowledge spillovers seem to exist, but decay with distance.

Thus [START_REF] Bottazzi | Innovation and spillover in regions: evidence from european patent data[END_REF] analyze 86 European regions between 1977 and1995 and find a small but statistically significant influence over a distance of 300 km from the source region. A similar analysis is performed by [START_REF] Moreno R | Spatial spillovers and innovation activity in European regions[END_REF] region, the more successful the innovation outcomes of this region will be.

Empirical research about social capital and innovation

Studies that address the effect of the different dimensions of social capital and innovation have, in general terms, supported a positive relationship between social capital and innovation, but conflicting evidence has also been found. ZHENG (2010) argues that network size affects innovation by the availability of a large and probably diverse volume of information and resources. It helps the formation of new ideas and the potential availability of innovation resources. Empirical research regarding network size has led to some controversial results. Network size has shown a linear positive impact on innovation at an organizational level [START_REF] Shan | Interfirm cooperation and startup innovation in the biotechnology industry[END_REF][START_REF] Smith | Existing knowledge, knowledge creation capability, and the rate of new product introduction in high technology firms[END_REF]. Broadway musical industry and find an inverted U-shape relationship. At a regional level, [START_REF] Fleming | Managing creativity in small worlds[END_REF] find a positive relationship between increasing bridging ties and patents. Likewise at a city level, [START_REF] Cushing | When social capital stifles innovation[END_REF] find a positive relationship between weak social ties and innovative activity. In their study, cities are compared based on their tolerance towards gays and bohemians (a proxy for structural holes and sparse network), and cities that ranked high on these two indexes are found to also rank high on innovative activities. Based upon focus group work, FLORIDA (2003) suggests that the 'creative class' (i.e. people engaged in work whose function is to 'create meaningful new forms') prefers weak ties. Participants acknowledge the importance of community, but they preferred 'quasi-anonymity'. He concludes that social structures that historically embraced closeness may now appear restricting and invasive and that where strong ties among people were once important, weak ties are now more effective. Likewise, HAUSER et al. (2007) find that the impact of social capital on regional innovation processes is significant. However, they also find that not all dimensions of social capital exhibit the same explanatory power. Specifically, the 'associational activity' dimension represents the strongest driving force for patenting activity. They conclude that their finding contributes empirical evidence for the significance of weak ties in innovative processes.

Overall, tie strength has also shown a positive impact on innovation at an organizational level [START_REF] Rowley | Redundant governance structures: an analysis of structural and relational embeddedness in the steel and semiconductor industries[END_REF][START_REF] Dakhli | Human capital, social capital, and innovation: a multi-country study[END_REF][START_REF] Smith | Existing knowledge, knowledge creation capability, and the rate of new product introduction in high technology firms[END_REF]. Strong ties have a positive influence on innovation by helping to establish trust and cohesion inside the network (ZHENG, 2010). Nevertheless non-significant, diminishing and inverted U- (2003) and [START_REF] Mcfadyen | Social capital and knowledge creation: diminishing returns of the number and strength of exchange relationships[END_REF]'s data draw a quadratic relationship at a team and individual level respectively. [START_REF] Mcfadyen | Social capital and knowledge creation: diminishing returns of the number and strength of exchange relationships[END_REF] suggest that peak knowledge creation for biomedical researchers occurs with about 1.56 collaborations with the same co-author over a five-year period. More interactions seem to bring diminishing benefits. These results are due to the fact that tie strength involves maintenance and opportunity costs. [START_REF] Leenders R. Th | Virtuality, communication, and new product team creativity: a social network perspective[END_REF] also found an inverted Ushape of the relationship between tie strength inside a team and team creativity. They suggest that a very low or very high level of interaction frequency impedes team creativity, while creativity is the highest when interaction frequency is moderate .

Overall, trust is shown to be a contributing factor to innovation. It has shown a positive impact on innovation at an organizational level (DAKHLI and de CLERCQ, 2004;[START_REF] Landry R | Does social capital determine innovation? To what extent?[END_REF][START_REF] Lee | Knowledge management enablers, process, and organizational performance: an integrative view and empirical examination[END_REF][START_REF] Cooke | Social capital, firm embeddedness and regional development[END_REF], and at a business unit level (TSAI and GHOSAL, 1998). For instance, [START_REF] Cooke | Social capital, firm embeddedness and regional development[END_REF] find that innovative firms tend to make greater use of collaboration and information exchange, to be involved in higher trust relationships, and to make greater use of non-local networks. DAKHLI and CLERCQ ( 2004)'s research find positive effect of trust and associational activity on innovation. However, in their study regarding European regions, HAUSER et al. (2007) interestingly find a non-significant relationship between trust and patents.

Norms have also shown a positive relationship with innovation outcomes at an organizational level [START_REF] Dakhli | Human capital, social capital, and innovation: a multi-country study[END_REF][START_REF] Smith | Existing knowledge, knowledge creation capability, and the rate of new product introduction in high technology firms[END_REF].

The results of these investigations link with the interesting debate that is taking place within regional literature (and other related fields) around the impact of tie strength in regional GDP, i. , 2000). Bonding social capital is linked to family or primary friendship relationships. Bridging social capital is linked with weak ties and can be generalised to people who are strangers. ZHENG (2010) echoes the bonding vs. bridging debate, suggesting that tie strength involves maintenance costs, and so a quadratic or diminishing returns relationship between tie strength and innovation is worth further attention.

So we propose three H2 variants:

H2a: The social capital-innovation relationship will be direct, linear and positive.

H2b: The social capital-innovation relationship will be direct, positive and with diminishing returns.

H2c: The social capital-innovation relationship will be direct and have an inverted U-shape.

Data and metrics

The main objective of this research is to empirically validate social network theories of innovation in the context of the European regions, by focusing on social capital, R&D effort and knowledge spillovers as the main drivers of innovation. The variable 'presence of hi-tech sectors' is also considered as a control variable. Table 1 includes a summarized description of the variables used in this research.

(Insert Table 1) Variable 'R&D expenditure in Purchasing Power Standards (PPS) as a percentage of GDP' is proposed to proxy learning effort and absorptive capacity. The underlying concept, which is sometimes misunderstood, "comprises creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man [sic], culture and society and the use of this stock of knowledge to devise new applications" (OECD, 2002, p.63). This is a simple and robust metric, which measures 19 the relative real effort in terms of actual cost expended for the generation of new marketable knowledge or learning. Furthermore, it is a structural metric that, within the European context, moves slowly and with a generally upward trend and, therefore, makes it possible to proxy the knowledge that has accumulated within a particular geographical area and its absorptive capacity.

There is no consensus on how to measure social capital. Previous literature has concentrated on describing the concept of social capital and its implications. Following a sociologically driven approach, and using data from the European Value Studies (EVS) (see www.europeanvalues.nl), a regional measure of social capital has been proposed: the BEUGELSDIJK and VAN SCHAIK (2005a)'s social capital index, which uses the Eurostat NUTS1 definition of regions. These authors' index considers indicators of trust, and active and passive group membership (respondents who are members of a particular association but do not perform voluntary work for that body).

An experience-related variable is used to proxy intellectual capital: the stock of human resources in science and technology as a percentage of the population in the age group 25-64. As was suggested by NONAKA (1994), after studying innovation at an organizations level, what matters is the practice, the doing, the embodiment of knowledge. He suggests that the creation of organizational knowledge begins with subjective tacit knowledge, that flow of information which individuals have created and proven in their own committed, effective, embodied actions.

To measure knowledge spillovers, the longitude and latitude of the centroid of each region is incorporated into the dataset and a matrix generated based on the Euclidean distances between regions. Median and maximum distances are respectively 9.5 and 39.4. A threshold distance of 3 is then defined, such that pairs with distances less than 3 are considered as neighbours and pairs with distances greater than 3 are not. This threshold distance is consistent with the results of previous research that limits the effect of knowledge spillovers to neighbouring regions. On the basis of the Euclidian distances between regions, knowledge spillovers are calculated as explained in Table 1.

The outcome variable considered is the number of patent applications to the European Patent Office (EPO) per million inhabitants. Eurostat summarizes the main weaknesses that are usually attributed to this metric: (1) not all inventions are patented and not all patents have the same value; (2) the value distribution of patents is skewed as many patents have no industrial application; (3) inventions that are protected by other means or inventions, whose value does not warrant the costs of patenting, are not patented; (4) the propensity to patent differs across countries and industries; and (5) changes in patent law and regulations result in lower comparability over time. Despite these limitations the number of patent applications is the best metric available to measure innovation as has been suggested by [START_REF] Griliches | R&D and productivity: econometric results and measurement Issues[END_REF] and [START_REF] Trajtenberg | Economic Analysis of product Innovation[END_REF], among others. Specifically, the number of patents seems to be a good proxy for measuring the most relevant innovation outcomes, as it includes the most radical and long term profitimpacting innovations (i.e. innovations that are new to the firm and the world). Most investigations use the number of patents granted as the innovation outcome (see for example, [START_REF] Shan | Interfirm cooperation and startup innovation in the biotechnology industry[END_REF][START_REF] Ahuja | Collaboration networks, structural holes, and innovation: a longitudinal study[END_REF][START_REF] Vanhaverbeke | Technological capability building through networking strategies within high-tech industries[END_REF]. Previous literature suggests that the propensity to patent depends on the sector. For instance, ARUNDEL and KABLA (1998) found that 80% of innovations were patented in the pharmaceutical sector while the figure for the textile sector only stands at 8%. Therefore, the presence of Hi-tech sectors in the region is included as a control variable. and (5) High-Tech sectors presence (H-T i ). The outcome variable is patents per million of inhabitants (P i ). Models to be tested are:

Models to be tested and Empirical Results

Models

(1) Linear model:

P i = α + β 1 R&D i + β 2 SC i + β 3 IC i +β 4 H-T i +β 5 (SC i *IC i ) +β 6 KS i + ε i
(2) Diminishing returns model:

P i = α+ β 1 R&D i + β 2 [(SC i ) ½ or log (SC i )] + β 3 IC i +β 4 H-T i +β 5 (SC i *IC i ) +β 6 KS i + ε i
(3) Inverted U-shape model:

P i = α+ β 1 R&D i + β 2 SC i + β 3 (SC i ) 2 + β 4 IC i +β 5 H-T i +β 6 (SC i *IC i ) +β 7 KS i + ε i

Empirical Results

The Stata 10 statistical software was used to analyse the data. Preliminary analysis identified a high correlation between the 'human resources in science and technology' variable and the Hi-tech sectors presence control variable (0.623), that indicated possible problems when being used together in regression. Other variables showed also high correlation (see table 2). Additionally, we checked for normality and linearity and appreciated that social capital-patents relationship seemed to be non-linear. So, it seemed obviously appropriate to test for diminishing returns or an inverted U-shape relationship.

(Insert Table 2) After preliminary regressions were developed, the Breusch-Pagan/Cook-Weisberg test for heteroscedasticity showed lack of homocedasticity (chi2 (1) = 34.36, Prob.>chi2 = 0.0000). This diagnostic was confirmed after plotting the residuals versus the fitted (predicted) values. Consequently, we used robust regressions and report robust standard 22 errors (Huber-White sandwich estimators). Such robust standard errors can deal with concerns about failure to meet regression assumptions, such as heteroscedasticity, or some observations that exhibit large residuals, leverage or influence [START_REF] Chen | Regression with Stata[END_REF].

Five observations may be considered as outliers or influential observations. Specifically, the regions of Baden-Wurttemberg, Bayern and Zuid Nederland produced 524, 410 and 612 patents per million of inhabitants, respectively, being the mean of patents 120 and the standard deviation 122. On the other hand, the regions of Oost Nederland and West Nederland presented a social capital index of 100 and 91, respectively, with the mean of the index 36 and the standard deviation 19. We tested hypothesis 1 to 6 by using 54 and 49 observations respectively. The three different models proposed above were tested. Two variants of the diminishing return model were tested. One of them considered a log transformation of social capital and the other a square root transformation.

(Insert Table 3)

The main results are reported in Tables 3, 4 and 5. In Table 3, Specifications 1 to 8 compare the three baseline models (which include R&D and social capital as dependent variables) and show that the inverted U-shape model obtains the best results by using 54 and 49 regions respectively. The model and the social capital and R&D expenses variables are highly significant, and the adjusted R-square is the largest of the three models (0.4209 and 0.4081 with 49 and 54 observations respectively). Conclusions are similar whether or not 54 regions are used. However, the coefficients and the tipping point are clearly affected by the presence of these singular observations (see Table 3 andFigures 1 and2). (Insert Figures 1 and2 4, Specifications 1 to 13 include the results obtained after incorporating the remaining variables to the diminishing return and the inverted U-shape models. Both models are tested as the difference is small in the adjusted R-square between them in the baseline specifications. The square root transformation of social capital is used as it offers better results than the log transformation in the baseline model. 49 observations are considered.

(Insert Tables 4 and5)

After including the remaining variables, results confirm that the best model is the inverted U-shape model. The adjusted R-square is higher in the U-shape models than in the diminishing return models and the social capital variable and its transformation, square social capital, are consistently significant at a 5% level. On the contrary, the behaviour of the variable square root of social capital, included in the diminishing return model, is less consistent. The inverted U-shaped relationship between social capital and the outcome variable is robust with respect to the inclusion/exclusion of other variables. Specifications 1 and 2 show that intellectual capital seems to add new and useful information. This variable is significant at a 5% level and its incorporation improves the adjusted R-square. On the contrary, Specifications 3 and 4 show that the variable created to incorporate the effect of the 'social capital-intellectual capital interaction' is not significant and does not improve the predictive power of the model. Specifications 5 and 6 incorporate the control variable, employees of hi-tech sectors. This variable slightly improves the adjusted R-square. However, intellectual capital and employees on hi-tech sectors are non significant in these specifications.

In the remaining specifications, the behaviour of R&D is robust. However, intellectual capital is not significant when the variable knowledge spillovers and intellectual capital 5 shows the variance inflation factor (VIF) of the variables considered in the 13 specifications presented in Table 4. After including other variables, the intellectual capital VIFs range from 2.23 to 3.01. Specifications 7 and 8 show the effect of the control variable, employees in hi-tech sectors, when the variable intellectual capital is removed. This variable improves the adjusted R-square slightly, but it is not significant. We used the residuals of the regressions included in Specifications 1 to 13 to calculate Moran's I (see Table 4). Moran's I is a traditional measure of spatial autocorrelation.

The results show that, prior to including the variable knowledge spillovers (Specifications 1 to 8), we can not reject the null hypothesis that there is zero spatial autocorrelation present in the residuals at alpha equal to 0.05. Specifications 9 to 13 include the results obtained after incorporating this variable. The proxy for knowledge spillovers consistently improves the adjusted R-square, is significant, and eliminates the residual spatial autocorrelation between neighbouring regions. The model included in Specification 13 offers the largest adjusted R-square (0.4945) and its predictors are significant. It is a parsimonious model in which the independent variables are the main traditional predictor of patents (R&D effort), social capital and knowledge spillovers.

Table 4 also includes the tipping point in the different regressions. In Specification 13 the tipping point occurs at a social capital level of 38.84.

Therefore, hypotheses linked with the main research question of this investigation could not be rejected. Social capital is shown consistently to have a significant effect on patents. This effect has an inverted U-Shape (hypothesis 2c). Likewise, R&D effort and knowledge spillovers are shown to be robust and relevant predictors of patents (hypotheses 1 and 5). Yet, hypothesis regarding interaction effect have to be rejected (hypothesis 4). Intellectual capital is also shown to have an impact on patents, but this 25 variable shares information with other variables such as R&D, the control variable (employees on hi-tech sectors) and knowledge spillovers and its behaviour is shown to be less robust (hypothesis 3). A main component of R&D expenses is the R&D remuneration of employees that work in R&D activities (i.e. R&D expenses incorporate information regarding intellectual capital). As we consider knowledge spillovers to be a result of people interactions (mainly R&D employees), the intellectual capital of the neighbouring regions is used to proxy knowledge spillovers.

Final Discussion and conclusions

The main research question refers to the relationship between social capital and innovation outcomes. A sociologically-driven metric is used to measure social capital and empirically contrast the impact of social capital on innovation outcomes. It indicates predictive validity to explain innovation outcomes. But the research results also show that social capital has its limits. Specifically, the social capital-innovation relationship in the context of NUTS1 European regions is seen to have an inverted Ushape. This finding might be considered as relatively surprising, but is consistent with recent empirical research carried out mainly at non-geographical levels of analysis. This suggests that some sub-constructs of social capital, such as tie strength or trust, involve maintenance and opportunity costs and that social capital has positive effects, but also has its limits. The underlying idea is that human relations are time consuming and time is not an unlimited resource. If the priority is to build social capital, other targets could be neglected.

These conclusions are also implicit in bridging-bonding debate in regional literature.

The bridging-bonding debate focuses, in essence, on two ideas: (1) the cost and limits of bonding and, on the contrary, (2) 'the strength of weak ties' [START_REF] Granovetter | The strength of weak ties[END_REF] to [START_REF] Schneider | Bringing Putnam to the european regions: on the relevance of social capital for economic growth[END_REF], when extending Putnam's research to Europe, indicates that: in regions where horizontal social networks seem well developed, (1) growth rates exceeding the average are experienced, and (2) trust in compatriots does not seem to support economic performance. BEUGELSDIJK and SMULDERS (2003) also show that bridging social capital is empirically good for growth, while strong emphasis on family ties is negatively related to growth. Likewise, [START_REF] Safford | Why the garden club couldn't save Youngstown: the transformation of the rust belt[END_REF] highlights that the structure of social relationships facilitate interaction-and mobilization-across social, political and economic divisions is more important than network density. When studies more closely related to this research (those using data from EVS) are analysed in detail, previous results can be seen to likewise reveal some limitations of social capital as a predictor of growth and innovation. Specifically, this research uses BEUGELSDIJK and VAN SCHAIK (2005a)'s social capital index. They study the social capital-GDP relationship and find a significant positive effect. Nevertheless, BEUGELSDIJK and VAN SCHAIK (2005b) use the indicators integrated in its index separately in another study and find that although active membership of associations implied an increase in GDP, trust and passive group membership did not. [START_REF] Hauser | The learning region: the impact of social capital and weak ties on innovation[END_REF] likewise use different constructs to measure social capital and only associational activity is shown to be a significant predictor of innovation (at 0.5% level). Friendship ties and trust are not significant. Nevertheless, these studies do not analyse (or at least do not report) an inverted U-shape relationship.

When jointly considered, the above arguments and findings suggest that when measures are built on proxies related with strong ties and trust, the inverted U-shape seems to be more appropriated than the linear relationship, particularly given the potential costs of strengthening social ties. It seems reasonable to consider that the benefit of increasing tie strength and trust initially grows as previously weak social ties are strengthened and 27 the regional actors have easier access to resources and knowledge. However, the benefit does not go up indefinitely. A tipping point exists where there is nothing to gain from additional interaction with certain people or organizations. Furthermore, as tie strength is increased, there is less time left for other research activities and opportunity costs increase. Therefore, an inverted U-shape relationship seems to be more realistic modelling than a linear relationship.

R&D effort is shown to be a relevant predictor of innovation outcomes. However, investment effort in R&D is not in itself enough to achieve innovation outcomes in regions with low levels of social capital. R&D input should be accompanied by an effort to prompt social capital. Some Italian regions (such as Sicilia or Ambruzzo-Molise) are good examples of the low impact of R&D investment input on innovation outcomes, due to the almost or total absence of social capital. Likewise, emphasis on a step-bystep absorptive capacity might be considered as bad news for some EU politicians (and also some countries and regions politicians) who searching for shortcuts in the race for R&D expenditure. EU politicians should consider that even if the R&D spending levels of USA or Japan are achieved, that innovation outcomes may also be lower due to the absorptive capacity concept. In addition, excessive speed might run the risk of precipitating wrong decisions. Investment rankings, which are very popular in political circles, should therefore be used with care. This research confirms the importance of proximity for the transmission of knowledge. The results highlight that knowledge flowing from neighbouring regions improves regional innovation outcomes.

The results of this research might be influenced by the use of NUTS1 level of aggregation. Results could be tighter at a lower degree of aggregation. NUTS1 seems to imply that there is a need to create some artificial debatable conglomerates. Moreover, average data could hide important disparities between NUTS2 regions. And, as [START_REF] Lorenzen | Social capital and localised learning: proximity and place in technological and institutional dynamics[END_REF], for instance, social capital seems to be formed on small scales. Unfortunately, social capital data at a NUTS2 level are not available. The patents granted in a region cover an important part of the whole innovation market-led effort and the results of the region and propensity to patent are increasing. Nevertheless, we are aware that some forms of innovation are not included in this research.

The index of social capital used in this research considers some components of social capital. It is not a fully comprehensive measure of social capital as it does not include all relational, structural and cognitive dimensions of social capital. Concrete proposals to measure social capital from a multidimensional perspective are scarce. And when these metrics have been developed, they have been based on the adaptation of secondary sources (for instance, BJORNSKOV, 2006, uses the World Values Survey; BEUGELSDIJK and VAN SCHAIK, 2005a, andHAUSER et al., 2007, use 

  who investigate the innovation outcomes of 175 regions in the EU from 1978 to 2001. They find a significant influence only if the source is no further than 250 km. RODRIGUEZ-POSE and CRESCENZI (2008) likewise study EU-25 regions in the 1995-2003 period and find significant effects of knowledge spillovers on growth to time distances of 180 minutes (200-350 km driving).So we propose: higher the intellectual capital of the neighbouring regions of a specific

  However,[START_REF] Vanhaverbeke | Technological capability building through networking strategies within high-tech industries[END_REF] find a quadratic relationship between a firm's technological alliances and its innovation outcomes. They attribute the diminishing returns to saturation and overembeddedness. At an individual level,[START_REF] Mcfadyen | Social capital and knowledge creation: diminishing returns of the number and strength of exchange relationships[END_REF] study model finds a diminishing returns relationship between network size and innovation. Their findings suggest that, when a biomedical researcher's co-authors exceed 93 (over the previous five years), they are likely to see a negative return on their publications if they continue to expand their networks. They attribute this diminishing benefit of network size to a potential opportunity cost associated with maintaining and expanding an actor's social network, such as time, money and energy.The effect of structural holes is to provide exposure to information and power and influence on the actor(ZHENG, 2010). Impact of structural holes (bridging) have also led to some controversial results. At an organizational level, some research work has obtained positive results[START_REF] Hargadon | Technology brokering and innovation in a product development firm[END_REF] BARRUTIA and ECHEBARRIA, On the contrary, SMITH et al. (2005) find a non-significant relationship and AHUJA (2000) obtains a negative effect. Interestingly,[START_REF] Uzzi | Collaboration and creativity: the small world problem[END_REF] study the

  shape results have also been obtained.Interestingly, LANDRY et al. (2002) find a non-tie strength with radicalness of innovation. And, LENDERS et al.

  e. bonding (exclusive, closed social capital with strong ties) and bridging (inclusive, open social capital characterised by weak ties) (GITELL and VIDAL,

  the factors that may affect patents for region in five categories as explanatory variables: (1) R&D on PPS as a percentage of GDP (R&D i ); (2) Social Capital (in advance, SC i ); (3) Intellectual Capital (IC i ); (4) Knowledge spillovers (KS i );

  )

  in the regression. Table

  the European Values Study and KAASA, 2009, the database of the ESS-European Social Survey). An ad-hoc scale of measurement should be developed in keeping with the academic concepts of social capital. The comprehensive framework proposed by NAHAPIET and GHOSHAL (1998) might be used as a theoretical foundation to develop the different constructs that make up social capital and the set of items to measure them. Definitive conclusions regarding the social capital-innovation relationship cannot be obtained until we have more comprehensive and robust metrics.

  . and SMITH, H. L. (2008) Social networks in high-technology local economies: the cases of Oxfordshire and Cambridgeshire, European Urban and Regional Studies 15, 21-37. ZAK P. J. and KNACK S. (2001) Trust and growth, Economic Journal 111, 295-321. ZHENG W. (2010) A social capital perspective of innovation from individuals to nations: Where is empirical literature directing us?, International Journal of Management Reviews 12, 151-183.

  Figure 1. Patents vs. social capital (54 regions)
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Table 3 . Determinants of innovation: results of the baseline models*

 3 Standardized coefficients (beta) are reported for variables; p values are reported in brackets (robust std. errors); *** significant at 1%; ** at 5%; *at 10% 1 VIF = Variance Inflation Factor

					Regional Studies				Page 42 of 44
	Specification	(1)	(2)	(3)	(4)	(5)	(6)	(7)	(8)
		Linear	Dimin.	Dimin.	Inverted	Linear	Dimin.	Dimin.	Inverted
			return (SC 1/2 )	return (Log)	U-shape		return (SC 1/2 )	return (Log)	U-shape
	Variables		Sample size = 54			Sample size = 49	
	Social capital	0.104			0.531**	0.233**			0.911***
	(SC)	(0.167)			(0.010)	(0.030)			(0.006)
	SC 2				-.433***				-.689**
					(0.008)				(0.027)
	SC 1/2 (or		0.121*	0.126*			0.251***	0.236**	
	Log)		(0.070)	(0.062)			(0.009)	(0.015)	
	R&D	0.602***	0.588***	0.589***	0.550***	0.517***	0.508***	0.522***	0.488***
		(0.000)	(0.001)	(0.001)	(0.001)	(0.000)	(0.000)	(0.000)	(0.000)
	Constant	-41.35	-88.64**	-88.64**	-79.67**	-13.98	-41.95**	-61.73**	-54.17**
		(0.111)	(0.022)	(0.015)	(0.013)	(0.377)	(0.043)	(0.038)	(0.020)
	F-statistic	11.34***	12.89***	13.31***	8.42***	17.94***	20.19***	18.83***	13.78***
	R-squared	0.4217	0.4259	0.4255	0.4416	0.4259	0.4328	0.4282	0.4571
	Adj. R-sq.	0.3990	0.4033	0.4030	0.4081	0.4010	0.4081	0.4033	0.4209
	Mean VIF 1	1.16	1.21	1.20	6.99	1.23	1.23	1.23	10.99
	SC VIF (SC 1/2 /Log)	1.16	1.21	1.20	10.27	1.23	1.23	1.23	16.22
	SC 2 VIF				9.41				15.49
	R&D VIF	1.16	1.21	1.20	1.30	1.23	1.23	1.23	1.25
	Turning point				58.07				44.62
	Conf. Int.				(28.4, 87.7)				(31.7, 57.6)

*http://mc.manuscriptcentral.com/cres Email: regional.studies@fm.ru.nl

Table 4 . Determinants of innovation: results of the full models*

 4 n = 49; standardized coefficients (beta) are reported for variables; p values are reported in brackets (robust std. errors); variables R&D and IC were centered (specifications 3 and 4).

						Regional Studies						
	Specification	(1)	(2)	(3)	(4)	(5)	(6)	(7)	(8)	(9)	(10)	(11)	(12)	(13)
	Social capital (SC)		0.782		0.809		0.803		0.906		0.826		0.809	0.844
			(0.021)		(0.017)		(0.023)		(0.009)		(0.026)		(0.023)	(0.014)
	SC 2		-.634		-.644		-.640		-.682		-.711		-.709	-.734
			(0.037)		(0.034)		(0.040)		(0.030)		(0.031)		(0.026)	(0.020)
	SC 1/2	0.170		0.190		0.181		0.246		0.141		0.130		
		(0.113)		(0.075)		(0.094)		(0.019)		(0.175)		(0.211)		
	R&D	0.348	0.338	0.306	0.291	0.274	0.252	0.358	0.331	0.337	0.322	0.404	0.392	0.438
		(0.008)	(0.010)	(0.022)	(0.029)	(0.064)	(0.085)	(0.013)	(0.020)	(0.022)	(0.026)	(0.001)	(0.001)	(0.000)
	Employees on	0.293	0.270	0.300	0.294	0.242	0.231			0.086	0.057	0.123	0.097	
	R&D (IC)	(0.043)	(0.050)	(0.037)	(0.037)	(0.107)	(0.113)			(0.603)	(0.712)	(0.463)	(0.546)	
	Employees in					0.154	0.162	0.227	0.233	0.133	0,137			
	High-tech sectors					(0.386)	(0.344)	(0.19)	(0.161)	(0.441)	(0.404)			
	R&D* IC			0.064	0.062									
				(0.614)	(0.625)									
	Knowledge									0.237	0.260	0.247	0.272	0.314
	spillovers									(0.062)	(0.039)	(0.047)	(0.027)	(0.006)
	Constant	-89.31	-105.7	42.47	23.64	-100.6	-116.8	-70.75	-84.40	-73.16	-94.73	-62.23	-84.43	
		(0.007)	(0.004)	(0.154)	(0.403)	(0.002)	(0.003)	(0.002)	(0.004)	(0.035)	(0.025)	(0.063)	(0.030)	
	Moran's I	2.448	2.221	2.582	2.358	2.369	2.091	2.514	2.196	1.068	0.624	1.115	0.717	0.410
		(0.007)	(0.013)	(0.005)	(0.001)	(0.009)	(0.018)	(0.006)	(0.014)	(0.143)	(0.266)	(0.132)	(0.237)	(0.341)

* http://mc.manuscriptcentral.com/cres Email: regional.studies@fm.ru.nl

Table 5 . Variance inflation factors (VIF) of the specifications included in Table 4
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	Specification	(1)	(2)	(3)	(4)	(5)	(6)	(7)	(8)	(9)	(10)	(11)	(12)	(13)
	Mean VIF	1.74	8.90	1.85	7.58	1.98	7.68	1.69	8.89	2.13	6.87	1.98	7.69	8.47
	SC VIF (or SC 1/2 ) 1.38	16.42	2.43	16.19	1.39	16.46	1.23	16.02	1.44	16.47	1.43	16.44	16.07
	SC 2 VIF	n.a.	15.35	n.a.	15.38	n.a.	15.35	n.a.	15.28	n.a.	15.48	n.a.	15.48	15.30
	R&D VIF 1.83	1.84	2.02	2.44	2.30	2.33	1.82	2.07	2.42	2.45	1.92	1.93	1.28
	IC VIF 2.01	2.00	1.52	2.02	2.23	2.23	n.a.	n.a.	2.99	3.01	2.83	2.85	n.a.
	H-T VIF	n.a.	n.a.	n.a.	n.a.	2.02	2.03	1.82	1.82	2.03	2.04	n.a.	n.a.	n.a.
	R&D*IC VIF	n.a.	n.a.	1.42	1.4	n.a.	n.a.	n.a.	n.a.	n.a.	n.a.	n.a.	n.a.	n.a.
	Spillovers VIF	n.a.	n.a.	n.a.	n.a.	n.a.	n.a.	n.a.	n.a.	1.76	1.78	1.75	1.77	1.24
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