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Abstract 

Innovation performance seems to rely on efficiently integrating and extending different 

pieces of various types of knowledge emerging from diverse external sources. Different 

research traditions have stressed both formal (FSK) and informal sources of knowledge 

(ISK) as innovation performance drivers. Thus, context-led views such as the innovative 

milieux approach, innovation systems literature and the knowledge spillover view have 

tended to focus on diverse, informal and location-facilitated sources of knowledge. 

Meanwhile, firm-led perspectives such as the innovator networks approach and the open 

innovation model have tended to emphasise formal, proprietary and well-structured 

collaboration agreements. However, regardless of the emphasis put on one or other 

sources of knowledge, the different research traditions seem to agree that both should be 

important for innovation purposes.  

 

We study the combined effect of formal (FSK) and informal sources of knowledge 

(ISK) on European regional innovation performance. Our findings show that the effect 

of both sources of knowledge on innovation performance is not simple and linear. First, 

both sources of knowledge prove to have an interaction effect on innovation 

performance (i.e. the effect of FSK on regional innovation depends on the level of 

access to ISK in the region, and vice versa). Second, while the effect of ISK is linear 

(although different for each region), the effect of the FSK (which are more intensive in 
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monetary costs, time, effort and opportunity costs) has a diminishing returns form, and 

achieves a saturation point at high levels of use of FSK. Our findings also show that the 

balanced access to both types of sources is important and that, for instance, regions with 

limited access to ISK should not expect miraculous effects from high levels of FSK. To 

the best of our knowledge, previous research has not been reported that has empirically 

studied the combined effect of both sources of knowledge at a European regional level.  

 

Keywords: formal sources of knowledge, informal sources of knowledge, European 

regions, innovation performance, contingence, limits 

 

JEL: R10, R11, R12, R58 

 

Topic: D. Entrepreneurship and innovation 
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Sources of knowledge and innovation: An empirical text at a Pan-

European regional level  

 
1. Introduction 

Innovation performance seems to rely on efficiently integrating and extending different 

pieces of various types of knowledge emerging from diverse external sources (Bathelt et 

al., 2004; Rondé and Hussler, 2005). Different research traditions have stressed both 

formal (FSK) and informal sources of knowledge (ISK) as innovation performance 

drivers. Thus, context-led views such as the innovative milieux approach (Aydalot, 

1986; Camagni, 1991), the innovation systems literature (Lundvall, 1992, 2007; Cooke 

et al. 1997; Edquist, 1997; Fritsch and Schwirten, 1999; Fritsch and Slavtchev, 2007) 

and the knowledge spillovers view (Bottazzi and Peri, 2003, Moreno et al., 2005) have 

tended to focus on diverse, informal and location-facilitated sources of knowledge. 

Meanwhile, firm-led perspectives such as the networks of innovators approach (Powell 

and Grodal, 2005), and the open innovation model (Chesbrough, 2003) have tended to 

emphasize formal, proprietary and well-structured collaboration agreements. However, 

regardless of the emphasis put on one or other sources of knowledge, the different 

research traditions seem to agree that both should be important for innovation purposes.  

Both FSK and ISK have different properties. Two of these properties are particularly 

important for this research. First, informal, contextual and location-linked sources of 

knowledge may be captured in a relatively convenient and inexpensive way. In turn, 

FSK may require a long, expensive, hard-to-manage and meticulous process which 

includes: partner search, negotiation, signing of well-studied agreements, and complex 

implementation. Second, FSK and ISK may differ in their capacity to capture the 

diverse types and dimensions of knowledge that need to be combined and extended to 

create new knowledge. Thus, informal, contextual sources of knowledge may be 



 4 

particularly rich in knowledge breadth. In turn, FSK may be strong in terms of 

knowledge depth in specific fields.  

At a European regional level, the effect of the context as an ISK provider has been 

widely studied. In particular, the knowledge spillovers literature has shown that regions 

significantly benefit from the knowledge developed by neighbouring regions. Empirical 

studies have mostly confirmed that knowledge spillovers positively, significantly and 

strongly affect innovative performance of regions (Bottazzi and Peri, 2003; Moreno et 

al., 2005; Rodriguez-Pose and Crescenci, 2008), although non-significant effects have 

been also found (Hauser et al., 2007). However, empirical research addressed to study 

the effect of FSK on innovation, at a European regional level, has not been reported to 

the best of our knowledge. This could be due to scarcity of data.  

The study of the impact of FSK on the innovation performance of regions is of great 

interest from both a conceptual and a policy-making perspective. Thus, while European 

policy-makers are devoting important resources to implement policies intended to drive 

firm-to-firm and firm-to-institutions formal ties, the effect of these policies on the 

innovation performance of European regions has not been tested. We take a step 

forward toward filling this gap. Building on prior literature, we consider two different 

sources of external knowledge: (1) ISK: environmental knowledge flows (also referred 

as untraded sources of knowledge or knowledge spillovers) which are accessible for all 

actors in a specific space (Bottazzi and Peri, 2003); and (2) FSK: proprietary 

cooperation agreements, leading to deliberately pursued knowledge exchanges between 

neighbours and non-neighbours (also so-called traded sources of knowledge).  

Our research is intended to answer three interrelated questions: Have both FSK and ISK 

a positive and significant effect on innovation performance of European regions? Is this 

effect linear or quadratic? Is the effect of FSK contingent with the level of ISK and vice 
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versa? The answers to these questions remain ambiguous and call for clarification. In 

our view, they have important implications for regional policy-making. To the best of 

our knowledge, this research is the first systematic study that addresses these research 

questions at a European regional level.  

A simplistic view of the research questions might lead us to think that a one-size-fits-all, 

linear effect could fit our research purpose (i.e. a linear relationship between the level of 

FSK and ISK, and the innovation performance of a region, regardless of the region type 

and the level of both sources). This has been the mainstream approach used by prior 

quantitative studies addressed to explain innovation performance of regions. However, a 

more realistic view and consistent with prior conceptual literature needs to consider that 

(1) both FSK and ISK do not act in an isolated way, but interact to create new 

knowledge, and (2) the strength and the form of the effect of both sources of knowledge 

may be different as they have different properties.  

Using data for European regions (at a NUTS2 level) referring to the year 2006, we show 

that: (1) the effect of FSK on innovation is curvilinear and contingent with the level of 

accessibility of the region to ISK; and (2) the effect of ISK on innovation is linear and 

contingent with the level of FSK in the region. Our findings suggest that policy-makers 

should not use a one-size-fits-all approach to promote formal agreements. Regional 

characteristics matter. 

The paper is structured in seven sections. The second section uses the conceptual 

background to propose a model and develops hypotheses. The third section refers to the 

data sources. The fourth section includes the model specification. The fifth section 

describes the metrics used. The sixth section presents the findings of the empirical 

analyses. The final section discusses the results, presents the main conclusions of this 

research, and offers policy-making implications.  
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2. Conceptual background and hypothesis development 

Invoking insights from the background literature, we develop a framework articulating 

the antecedents of regional innovation performance (see Figure 1). This research 

focuses on the effect of FSK and ISK on innovation performance and its interaction 

effect. For control purposes, other crucial variables related to the innovative 

characteristics and learning effort of regions are also considered. More specifically, we 

control for: the presence of knowledge intensive business services, the percentage of 

people who have achieved a tertiary education level, the connectivity of the region 

through broadband, the lifelong learning effort, and the public R&D and businesses 

R&D intensity. The use of these control variables is consistent with previous 

quantitative research efforts undertaken at a European regional level. This research 

tradition has used, as a conceptual basis, the knowledge production function model, 

initially developed by Griliches (1979), according to which new knowledge flow 

depends on innovatory effort made (usually measured via expenditure or staff employed 

in R&D) and a vector that reflects a set of regional characteristics, similar to our control 

variables. 

The subsections below seek to justify the hypotheses underlying the proposed 

framework and the control variables used in this research. 

 (Figure 1) 

ISK as antecedents of innovation performance 

Our unit of analysis is the region. At a regional level, ISK have been usually captured 

through the concept of inter-regional knowledge spillovers. A knowledge spillover is 

understood as a non-rival knowledge market externality by which the innovation 

capacity of an actor positively affects the innovativeness of its neighbours due to 

geographical proximity (Jaffe et al., 1993). The knowledge spillovers perspective has a 
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long tradition and was firstly developed to explain intra-district, intra-milieu or intra-

region effects. According to the Marshall-Arrow-Romer (MAR) view of spillovers, the 

proximity of firms within a common industry is what affects how well knowledge 

transfers among firms (from employee to employee) to facilitate innovation (see 

Marshall, 1890). In contrast, the perspective of Jacobs (Jacobs, 1969) focuses on the 

proximity of firms from different industries. ‗Diverse‘ proximity brings together ideas 

among individuals with different perspectives to foster innovation in an industrially 

diverse environment.  

The idea underlying the knowledge spilllovers concept is a cornerstone of contextual-

led views of regional innovation (Storper, 1995; Malmberg and Maskell, 2002), and 

other recent regional research approaches which focus on interaction and knowledge, 

such as buzz and regional learning. Storper and Venables (2004)‘s concept of buzz 

focuses on non-codified knowledge. They suggest that transmission of tacit (non-

codified) knowledge is dramatically favoured by face-to-face contacts and hence 

embedded in space. Regional learning refers to spontaneous cooperation between actors 

in a region through which they learn (Boekema et al., 2000). Obviously the potential to 

reap knowledge spillovers will be maximised within a region. Nevertheless, an 

important part of all this knowledge will spill over neighbouring regions, as has been 

shown by empirical research in the area (e.g. Bottazzi and Peri, 2003).  

Several quantitative studies have analyzed knowledge spillovers (e.g., Jaffe et al. 1993; 

Bottazzi and Peri, 2003; Moreno et al., 2005; Alcácer and Chung, 2007; Rodrıguez-

Pose and Crescenzi, 2008). Thus, Jaffe et al. (1993) found that patent citations 

(reflecting patent use) tend to come from the same geographic areas in which patents 

were developed. In addition, Alcácer and Chung (2007) found that firms choose to 

locate in regions with high levels of spillovers. The studies by Bottazzi and Peri (2003), 
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Moreno et al. (2005) and Rodrıguez-Pose and Crescenzi (2008) specifically addressed 

the interregional perspective of knowledge spillovers. Their findings show that 

knowledge spillovers seem to exist, but decay with distance. Thus Bottazzi and Peri 

(2003) analyzed 86 European regions between 1977 and 1995 and found a small but 

statistically significant influence over a distance of 300 km from the source region. A 

similar analysis was performed by Moreno et al. (2005) who investigated the innovation 

outcomes of 175 regions in the EU from 1978 to 2001. They found a significant 

influence only if the source is no further than 250 km. Rodrıguez-Pose and Crescenzi 

(2008) likewise studied EU-25 regions in the 1995-2003 period and found significant 

effects of knowledge spillovers on growth to time distances of 180 minutes (200-350 

km driving).  

We therefore propose: 

H1: The access of a region to ISK will have a linear and positive effect on the 

innovation performance of this region. 

FSK as an antecedent of innovation performance 

As the effects of FSK on regions have been scarcely studied, we build on research 

developed at other levels of analysis, such as teams and organizations. FSK have been 

particularly emphasised by the firm-led research traditions such as the innovation 

network approach and related works (Shan et al., 1994; Ahuja, 2000; De Propris, 2000; 

Powell and Grodal, 2005; Giuliani, 2007), and the open innovation model (Chesbrough, 

2003; Chesbrough and Crowther, 2006).  

The network approach focuses on formal, well selected relationships (research alliances 

or research consortia) among specific actors both in the region and beyond, which 

usually include formal statements on the sharing of tasks, cost, benefits and revenues. It 

stresses motives for engaging in cooperation such as technological complementarities or 
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access to resources and specific knowledge. According to Ahuja (2000), collaboration 

provides three substantive benefits: knowledge sharing, complementarity, and scale. 

First, when firms collaborate to develop a technology, the resultant knowledge is 

available to all partners. Second, collaboration facilitates bringing together diverse skills 

from different firms. Third, collaboration creates economies of scale and scope by 

combining resources and capabilities; and creates critical mass in organisational 

capabilities, people, and finance. Other important incentives for collaboration are risk 

sharing, accessing markets and the pre-emption of competition (Fisher et al., 2009).  

Additional support for a positive relationship between formal relations and innovation 

performance is provided by the open innovation model, which was proposed by 

Chesbrough (2003). He described an innovation paradigm shift from a closed to an open 

model. The closed model is represented by many firms that have historically invested in 

large R&D departments to drive innovation (Chesbrough and Crowther, 2006). In the 

closed innovation paradigm it was thought that successful innovation required control 

(Chesbrough, 2003). The underlying logic of the closed model is that, as firms cannot 

be sure of the quality, availability and capability of others‘ ideas, they should generate 

their own ideas and market them on their own. However, Chesbrough (2003) shows that 

this paradigm has been challenged by newcomers (such as Microsoft, Intel, Cisco or 

Oracle) that overlook traditional closed model-led firms (such as IBM, GE or DuPont) 

by using research discoveries from others. The open innovation model assumes that 

firms can and should use external ideas as well as internal ideas and internal and 

external paths to market (Chesbrough, 2003). Chesbrough et al. (2006, p.1) define open 

innovation as ―... the use of purposive inflows and outflows of knowledge to accelerate 

internal innovation, and expand the markets for external use of innovation, 

respectively.‖ What is being proposed is a more open model, where firms recognise that 



 10 

not all good ideas will come from inside the organisation and not all good ideas created 

within the organisation can be successfully marketed internally (Chesbrough and 

Crowther, 2006). At the heart of this model is the recognition that, today, competitive 

advantage often comes from inbound open innovation, which is the practice of 

leveraging the discoveries of others. While open innovation refers to FSK and ISK, the 

former are stressed. 

Some empirical works have found a positive relationship between FSK and different 

measures of innovation performance. For instance, Shan et al. (1994) and Ahuja (2000) 

found that the number of formal ties of an organization is a predictor of its innovation 

performance measured in terms of patents. Likewise, De Propris (2000) studied 

cooperative agreements among SMEs in the West Midlands region and found a positive 

relationship between cooperation and innovation performance in terms of product and 

process innovations. However, results of empirical studies have nnot alwaysfound a 

positive relationship. Thus, Fisher et al. (2009) studied the effect of European 

cooperative programs, at an organisation level, and could not find a significant effect of 

the implementation of these programs on innovation performance. Likewise, Tomlinson 

(2010) studied UK firms and found a positive effect of vertical cooperative ties, but a 

non-significant effect of horizontal ties.  

Other empirical studies suggest that the positive effect of formal agreements has its 

limits. Thus, Vanhaverbeke et al. (2002) found a quadratic relationship between a firm‘s 

technological alliances and the firm‘s innovation. They attributed the diminishing 

benefits to saturation and overembeddedness. This finding was confirmed at an 

individual level by McFadyen and Cannella‘s (2004) who found 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 
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likely to see a negative return on their publications if they continue to expand their 

networks. They attributed 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. Broekel (2012) studied 270 German labour market 

regions and found an inverted-U shape relationship between regions‘ innovation 

performance and the collaboration intensity among regional organizations (i.e. regions 

with very high collaboration intensities were characterized by lower levels of innovation 

performance than regions with medium intensities). He suggested that the establishment 

and maintenance of cooperative agreements require effort and success is not guaranteed 

as many collaborations fail. Free-riding is also a usual problem in cooperative 

agreements. Hence, whether the benefits of collaboration are realized is contingent with 

the complementarity of the partners‘ resources, aims and working routines. Some 

studies (e.g. Oerlemans et al., 1998; Fritsch, 2004) have specifically denounced the 

overestimation of the importance of FSK for the innovative process. On the basis of 

these results, it has been argued that a diminishing returns relationship between FSK 

and innovation performance could be a more realistic conceptualization than a linear 

relationship (Zheng, 2010). As the number of cooperative agreements increases, there is 

less time and other resources left to seek out new sources that may bring good ideas to 

foster innovation.  

Thus, we expect that: 

H2: The positive effect of additional levels of FSK on innovation performance 

will involve diminishing returns. Potentially a saturation point could be achieved. 

From this point, innovation results decrease as the number of FSK increases. 

Interaction between FSK and ISK 
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A central idea of this research is that the core of the innovative capacity relies on a 

complex interaction of different pieces of various types and dimensions of 

knowledge emerging from diverse sources (Bathelt et al., 2004; Rondé and Hussler, 

2005). In order to innovate, firms and regions need to access these diverse types and 

dimensions of knowledge in an efficient and effective way. Building on prior 

literature, we argue that the joint use of ISK and FSK could be more appropriate to 

capture the diverse types and dimensions of knowledge than intensively using an 

isolated source (as both sources may be particularly stronger to capture some types 

and dimensions of knowledge than others). We draw on the types and dimensions of 

knowledge provided by the knowledge based view of the firm (Galunic and Rodan, 

1998) and the innovation systems literature (Lundvall, 1992, 2007; Lundvall and 

Johnson, 1994).  

The knowledge-based view of the firm highlights the relevance of different 

dimensions of knowledge for innovation performance: breadth (i.e. the amount of 

within-field knowledge possessed by a firm), depth (i.e. the amount of within-field 

knowledge possessed by a firm), specificity (i.e. the extent to which the firm‘s 

knowledge is tailored to the requirements of specific contexts in which it is 

maximally effective but loses its value in other contexts), and tacitness (i.e. the 

extent to which knowledge is not explicit but is rather difficult to codify and 

communicate) (see Galunic and Rodan, 1998). Underlying the innovation system 

view and other context-led views of innovation is the idea that a suitable 

geographical context may provide inexpensive and convenient access to knowledge 

depth, knowledge breadth, tacitness, and specificity (e.g. Cooke et al., 1997). More 

specifically, knowledge breadth for a region could particularly emerge from co-

location in geographical environments in which the innovation capacity of 
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neighbouring regions is high (i.e. environments characterized by the presence of 

knowledge spillovers). As the maintenance cost of informal relations with 

neighbours is relatively low, firms could inexpensively and conveniently hold a 

relatively high number of informal interactions that could contribute knowledge 

breadth (Cooke et al., 1997). Suitable geographical contexts are also strong in terms 

of tacitness (face-to-face contact) and specificity (adaptation to the cultural context). 

Context may be also a source of knowledge depth provided by employees, managers 

and researchers who learn by working for different neighbouring firms and also 

contribute their specialised knowledge to these firms.  

Lundvall and Johnson (1994) suggested that economically relevant knowledge can 

be grouped into four broad types: know-what (knowledge about ‗facts‘ or 

information), know-why (i.e. scientific knowledge), know-who (i.e. knowing who 

knows what and can do what) and know-how (i.e. the capability to do different kinds 

of things on a practical level). According to them, the first two categories (know-

what, know-why), which include very different elements from trivial information to 

the understanding of complex technologies, have certain common features. 

Databases can be precisely described and copied by others, making the geographical 

context not so important. However, know-who (when and where) and know-how 

differ from the kinds of knowledge discussed above. None of them can be easily 

translated into codes that are understandable by other agents. Jensen et al. (2007) 

state that the know-who and know-how types of knowledge are acquired through the 

Doing, Using and Interacting (DUI) mode of learning which is tacit and often highly 

localized.  

Meanwhile, a small number of formal, agreed and specifically sought interactions 

(which involve high maintenance costs) could be suitable to capture knowledge 
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depth and specific know-how. Overall, the capacity of FSK to contribute knowledge 

breadth could be more limited as the number of formal ties a firm can manage is 

relatively scarce. However, formal agreements could be used to create bridging ties 

with geographically distant regions that might contribute new perspectives and ideas 

that could not have been considered before, as has been suggested by small world 

researchers. Small world is characterized by a network structure that has both a high 

level of closure and tie strength in the local territory and a large number of weak 

bridging ties with other areas (Fleming and Marx, 2006; Uzzi and Spiro, 2005). 

Some empirical studies have focused only on particular types and dimensions of 

knowledge. For instance, Hagardon and Sutton (1997) focus knowledge breadth. 

They explain how a design firm uses knowledge breadth to create new products that 

are original combinations of existing knowledge from disparate industries. Designers 

act as information brokers by exploiting their access to a broad range of 

technological solutions. However, other studies have adopted a more comprehensive 

approach. Thus, Prabhu et al. (2005) jointly studied the effect of knowledge depth 

and breadth on innovation and showed that the deeper a firm‘s knowledge in certain 

fields and the broader a firm‘s existing knowledge, the greater is its ability to 

combine knowledge in related fields in a more complex and creative manner.  

We see FSK and ISK as complementary knowledge sources, which are purposively 

used by firms and regions to obtain additional pieces of knowledge. These 

knowledge sources have different properties and may be particularly strong in 

contributing some dimensions and types of knowledge that, when integrated and 

extended, may create new knowledge. Thus, as mentioned above, FSK might be 

strong in contributing knowledge depth and specific know-how, but limited to 

contribute knowledge breadth. Meanwhile, ISK may be particularly strong in terms 
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of knowledge breadth, tacitness, specificity, know-what, know-why, and know-who, 

but sometimes a formal agreement is needed to access knowledge depth. As new 

knowledge creation requires all these dimensions and types of knowledge, and ISK 

and FSK are not perfectly interchangeable (e.g. a specific know-how could be not 

available in the region), the effect of ISK on innovation performance should be 

contingent with the level of FSK and vice versa. In particular, we expect a positive 

interaction effect, consistent with the complexity of new knowledge creation. In 

short, although ISK in appropriate geographical contexts may contribute knowledge 

depth and know-how in an inexpensive, sometimes unsought, and convenient way, 

some needed, specific, in depth know-how could be only obtained through FSK. 

Therefore, the effect of FSK should be heterogeneous between regions. A greater 

effect is expected in geographical contexts that are rich in ‗free‘ knowledge flows 

than in contexts that are poor in knowledge flows and vice versa.  

We therefore propose: 

H3: The positive effect of FSK on innovation performance will be higher as the 

potential access of the region to ISK enhances and vice versa.  

Control variables 

Control variables include variables that could be important to determine regions 

innovation performance, but that have been broadly studied by prior literature. We build 

on Lundvall (1992, 2007), as a conceptual basis, and on previous empirical research on 

innovation performance of regions. Control variables are divided into two categories: 

R&D intensity, and knowledge and learning. However, as explained below, we consider 

that R&D intensity could also be viewed as a proxy of the knowledge and learning 

effort of the regions and both categories could then be integrated. 

R&D intensity 
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One dimension that has been continuously present in these research works is R&D 

intensity (i.e. basic research and industrial R&D as a percentage of firm income or the 

Gross Domestic Product of a region). 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 concept, then, tries to capture the regional effort in terms of actual cost expended 

for the generation of new marketable knowledge or learning. Furthermore, as 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. R&D 

intensity has usually been considered a major antecedent of innovation performance in 

empirical research into regions (see, e.g., Moreno et al., 2005; Hauser et al., 2007; 

Rodriguez-Pose and Crescenci, 2008; Barrutia and Echebarria, 2010; Buesa et al., 

2010). 

Knowledge and learning 

Lundvall (1992) views knowledge as the most fundamental resource and learning as the 

most important process in the contemporary economy. The ability to absorb and 

integrate new learning-driven knowledge with existing knowledge is what leads to the 

creation of linkages that might never have been considered before. People can 

contribute knowledge in regional innovation processes as employees and as consumers. 

Van de Vrande et al. (2009) suggest that work has become more knowledge-based and 

less rigidly defined and that, in this context, employees can be involved in innovation 

processes in multiple ways (firms can, for instance, take up their employees‘ 

suggestions or encourage them to take initiatives beyond organisational boundaries). 
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The informal and formal ties of employees with the employees of other organisations 

are also crucial to gain an understanding as to how new products are created and 

commercialised (Chesbrough et al., 2006; Van de Vrande et al., 2009). Customer 

involvement in firm innovation is also an increasing practice favoured by new 

communication and information technologies (von Hippel, 2005). It has been argued 

that firms should induce consumers to participate in the development of new products in 

person or through virtual consumer communities (Blazevic and Lievens, 2008).  

Therefore, variables measuring the capacity and involvement of the citizens of the 

region need to be included in this research. In particular, aggregate knowledge and 

learning effort of citizens are considered to be predictors of innovation performance. 

Following Lundvall (1992), we understand knowledge as the state or fact of knowing 

(i.e. expertise, and skills acquired by a person through experience or education). It is 

considered as a ‗stock‘ variable that has been generated step by step through a long 

process and that is linked to the concept of human capital, which is understood as the 

knowledge people possess and is viewed as an important source of competitive 

advantage to individuals, organisations, and societies (Coleman, 1988). Learning, 

meanwhile, is understood as the process of obtaining new knowledge in order to solve 

specific (innovation-related) problems based upon existing premises (Nonaka, 1994). It 

is a ‗flow‘ variable. Human capital and learning reinforce each other. Previous research 

has shown that those who are better educated and have more extensive work experience 

tend to invest more time, energy, and resources into honing their skills and are better 

able to secure higher benefits for themselves, while they are also better able to 

contribute to the overall well-being of society (Becker, 1964; Gradstein and Justman, 

2000).  
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Some previous literature focuses on knowledge as an antecedent of innovation. It has 

been argued that the availability of knowledge is a key explanatory variable in 

innovation and, consequently, in the success of a firm or a geographical space (see, e.g., 

Romer, 1986; Johanssen et al., 2001). The underlying idea is that knowledge plays an 

increasingly crucial role in prompting innovation, owing to: (1) the continuous 

expansion of the amount of technical knowledge accumulating over time, and (2) the 

use of communication technologies that make knowledge very rapidly available on a 

worldwide scale (Landry et al., 2002). But some state that knowledge is a non-rival 

good (several people can use it at the same time) and, in the medium/long run, non-

excludable (Edwards, 2007). This is why learning economy scholars focus on learning. 

They affirm that it is the capacity to learn continuously that determines success 

(Lundvall, 1992). They consider that previous knowledge matters, because a key input 

in producing current knowledge is past knowledge (Romer, 1986; Cohen and Levinthal, 

1990). However, because knowledge has a quasi-public character, to obtain a 

competitive advantage it is necessary to (continuously) create new knowledge through 

learning. As a consequence, we see learning as a ‗flow‘ factor that directly affects the 

innovation performance of regions.  

3. Data  

As in previous studies addressed to explain innovation performance of European 

regions, the data source is Eurostat. As an exception, our proxy to capture ISK, 

knowledge spillovers, was specifically calculated for the purposes of this research. 

The model was tested using a database for the year 2006 (last available). We used 

transformed data from the 2009 Regional Innovation Scoreboard. An advantage of 

these data is that they are rescaled between 0 and 1 (see Hollanders et al., 2009). 

These data were later centered in order to test the interaction and quadratic effects as 
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has been suggested (Aiken and West, 1991). One main difference between this 

research and previous studies in this area is that we use an indicator from the 

Community Innovation Survey (CIS) to measure formal sources of knowledge. By 

using CIS we are able, for the first time, to consider cooperative agreements in a 

causal model designed to explain regional innovation performance. Unfortunately, 

CIS data are poorer than data from other Eurostat sources and include many missing 

data. As a consequence, although we have 201 data items for some indicators, the 

final number of complete observations used for testing the full model is 102 (see 

table 5).  

4. Model specification 

We used OLS estimators to test the proposed model. Model specification followed 

Aiken and West (1991) recommendations. To test the hypotheses we needed to 

define a curvilinear ‗FSK‘ relationship with ‗innovation performance‘ (IP), a linear 

‗ISK‘ relationship with ‗IP‘ and a curvilinear ‗FSK‘ by linear ‗ISK‘ relationship with 

‗IP‘. Control variables were also included as determinants of ‗IP.‘ In particular, the 

presence of knowledge intensive business services (KIBS), the percentage of people 

who have achieved a tertiary education level (TE), the broadband access (Bb), the 

lifelong learning effort (LL), the public R&D intensity (P R&D), and the businesses 

R&D intensity (B R&D). 

Our model specification was as follows: 

IPi = 1+ 11 (FSKi) 12 (FSKi
2) + 13 (ISKi) + 14 (FSKi * ISKi) + 15 (FSKi

2 * ISKi) + 

16 (KIBS) + 17 (TE) + 18 (LL) + 19 (P R&Di) + 1.10 (B R&Di) + 1i 

5. Measures 

Table 1 summarises and describes the indicators used in this research. 

(Table 1) 
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Outcome variable: Innovation performance  

IP: The outcome variable considered is the number of patent applications to the 

European Patent Office (EPO) per million inhabitants. The number of patent 

applications is the best metric available to measure innovation as Trajtenberg (1990) 

and Griliches (1995), among others, suggested. Some scholars have for long implicitly 

or explicitly argued that patent counts reflect more variations in the propensity to patent 

than variations in innovative performance (e.g. Scherer, 1983; Brenner and Broekel, 

2011). However, de Rassenfosse et al. (2009) show that cross-country variations in the 

number of patents per researcher signal differences in research productivity and 

conclude that the empirical evidence suggests that patents provide a fairly reliable 

measure of innovative activity. 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 profit-impacting 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, e.g., Shan et al., 1994, Ahuja, 2000; Maggioni et al., 2010). In 

particular, most regional researchers use patents as a measure of innovation 

performance (see, e.g., Hauser et al., 2007; Rodriguez-Pose and Crescenci, 2008, Buesa 

et al., 2010; Broekel, 2012).  

Explanatory variables 

FSK: Formal agreements are understood in this research as the process of innovating by 

achieving cooperation agreements on innovation activities with other firms and 

institutions. More specifically, formal agreements are measured as the percentage of 

innovative SMEs that have cooperation agreements regarding innovation activities with 

other enterprises or institutions. 
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ISK: To measure knowledge spillovers, the longitude and latitude of the centroid of 

each region was incorporated into the dataset and a matrix generated based on the 

Euclidean distances between the 201 regions (a matrix was generated). A threshold 

distance of 3 was then defined, such that pairs with distances less than 3 were 

considered as neighbours and pairs with distances greater than 3 were 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 were calculated as explained in Table 1.  

Control variables 

Knowledge (human capital) proxies: Human capital refers to the amount of knowledge 

embodied in people. Human capital is acquired by training and by working experience 

(Nonaka, 1994). Two proxies for human capital are considered in this research by two 

Eurostat indicators: TE: percentage of people in the region with some form of 

postsecondary education; and KIBS: percentage of persons employed in knowledge-

intensive services sectors These indicators have been used in previous research works 

that have studied innovation performance of regions. For instance, Rodriguez-Pose and 

Crescenci (2008) included regional educational achievements as an indicator of their 

―social filter‖ factor. Buesa et al. (2010) considered the percentage of persons employed 

in knowledge-intensive services sectors as an indicator of their ―regional environment‖ 

factor. 

Learning effort proxies: Learning effort concerns the flow of intellectual activity 

directed towards acquiring new information and knowledge, undertaken by people in 

the region. To proxy this concept we use two indicators that measure effort to acquire 

new knowledge through classroom training and Internet browsing from Eurostat. LL: 

the percentage of people involved in life-long learning in the region; and Bb: the 
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percentage of households with broadband access. The life-long learning indicator has 

been used in previous research referred to regions (see Rodriguez-Pose and Crescenci, 

2008). Prior research has also argued that the level and quality of vocational training 

may foster a country‘s productivity and economic growth (Prais, 1995). The use of 

indicators regarding Internet diffusion is more recent (see e.g., Buesa et al., 2010). The 

relevance of information and communication technology for explaining innovation 

performance is increasingly emphasised by researchers (see, e.g., von Hippel, 2005). 

R&D: Previous research has usually considered R&D intensity as a predictor of 

regional innovation performance. However, the variables used to measure R&D 

intensity, and the way they are included in the knowledge production function, differ 

between research works. Some authors use R&D expenses in terms relative to GPD or 

number of inhabitants (e.g. Moreno et al., 2005; Rodriguez-Pose and Crescenci, 2008). 

Other authors also consider R&D intensity in terms of employees involved in R&D (e.g. 

Hauser et al., 2007; Buesa et al., 2010). It is not frequent to differentiate between private 

and public expenses (as an exception see, e.g., Buesa et al., 2010). However, we believe 

that is important to distinguish between these metrics as they could have different 

impacts on innovation. Therefore, we consider two variables: P R&D (Public R&D 

intensity) and B R&D (Businees R&D intensity), measured as R&D expenditure in 

Purchasing Power Standards, in the public and business sectors respectively, as a 

percentage of Gross Domestic Product.  

6. Findings 

Stata 11 statistical software was used to analyse the data. Table 2 contains means, 

standard deviations, and correlations for the study indicators. As expected, all 

explanatory variables are shown to be significantly correlated with innovation 
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performance, with the correlation between business R&D expenditure and the outcome 

variable being particularly strong, which is consistent with prior studies. 

(Table 2) 

Table 3 summarises the OLS model estimation results. Estimation followed a 

hierarchical approach, where a linear regression using all explanatory variables was 

considered as a first step (specification 1). Then non-significant variables were 

parsimoniously removed (see specifications 2 and 3). Finally, the significant predictors 

were used to test the proposed curvilinear model (specification 4).  

(Table 3) 

Overall, the data support the model. Hypotheses 1, 2, and 3 are supported. ISK have a 

positive and linear effect on innovation performance (Hypothesis 1; = .289 p < .01; 

specification 4). As expected, FSK have a positive, but quadratic (diminishing returns) 

effect on innovation performance (as shown by the negative coefficient of FSK2; 

Hypotheses 2; = -.351 p < .05; specification 4). A saturation point is found at high 

levels of FSK (+1.5 standard deviations). The quadratic relationship between FSK and 

innovation performance varies in form as a function of the level of ISK in the region (as 

shown by the coefficient of (FSK2 * ISK); Hypotheses 3; = -.1.508 p < .10; 

specification 4). Likewise, the linear relationship between ISK and innovation 

performance varies in form as a function of the level of FSK in the region (as shown by 

the coefficient of (FSK * ISK); Hypotheses 3; = .968 p < .05; specification 4). Hence, 

as expected, the effect of formal agreements seems to be more important for regions that 

rate high in terms of knowledge spillovers.  

Figures 2 and 3 depict innovation performance as a function of FSK at low (- 1SD), 

medium (0), and high (+ 1SD) levels of ISK and vice versa. As shown in Figure 2, the 

effect of additional levels of FSK depends on the level of ISK in the region. The effect 
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of FSK is stronger (weaker) in regions that have high (limited) access to ISK. This 

effect shows diminishing returns, and a saturation point is found at high levels of FSK. 

As shown in Figure 3, the effect of additional levels of ISK depends on the level of FSK 

in the region. The effect of ISK is stronger (weaker) in regions that have high (limited) 

access to FSK. This effect has a linear form. An interesting and surprising interaction 

effect occurs at very low levels of ISK and FSK respectively. Very low-levels of ISK 

produce more innovation outcomes when are combined with very low levels of FSK 

rather than when are combined with high levels of FSK, which suggests that balanced 

FSK and ISK improve innovation performance.  

(Figures 2 and 3) 

7. Discussion and Conclusions 

Diverse research traditions have differently stressed FSK and ISK as innovation 

performance drivers of organizations and regions. Thus, context-led views have focused 

on informal, location-linked sources of knowledge. On the contrary, firm-led 

perspectives have emphasized formal cooperation agreements. This research is 

addressed to study the combined effect of these sources of knowledge at a pan-

European regional level. Prior research has shown that location-related ISK have an 

effect on innovation performance at a pan-European regional level. However, the effect 

of FSK on innovation performance of European regions has not been integrated in this 

research stream. We believe that research efforts intended to study the relationship 

between FSK and innovation performance are important as European policy-makers are 

devoting important resources to promoting cooperative R&D projects among research 

entities from academia and industry, and research institutes (e.g. the cooperative R&D 

projects funded by the 5th, 6th and 7th European Framework Programmes for Research, 

Technological Development and Demonstration). From an academic perspective, as the 
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effect of FSK and ISK is differently stressed by firm-led and context-led innovation 

approaches, and empirical research shows ambiguous results, our study could inform 

research debates on this topic. 

Our findings show that the effect of FSK on innovation performance has its limits and is 

not homogeneous between regions, but contingent with the level of ISK available in 

each region. Overall, we find that the positive effect of an additional unit of FSK on 

innovation performance is stronger in regions accessing to high levels of ISK than in 

regions that have limited access to ISK. A saturation point is found at high levels of 

formal agreements. These findings could be considered as controversial as FSK seem to 

act differently depending on their specific level and the regional context. Thus, they 

show to have a tonic effect in regions up to the saturation point and a poison pill effect 

above the saturation point, which is achieved at very high levels of FSK. However, as 

explained in the sections devoted to develop the research hypotheses, previous research 

works support these findings. Diminishing returns and saturation can be explained by 

the important costs and efforts involved in capturing knowledge from formal and 

informal sources of knowledge, and the difficulties to achieve successful results. While 

location-related ISK tend to be inexpensive and convenient, cooperative agreements 

may consume a great deal of firm resources and involve opportunity costs that may 

have perverse effects on the innovative performance of regions.  

Overall, our findings seem to offer more support to theories that stress the contextual 

conditions to explain innovation (e.g. the innovative milieux approach, the knowledge 

spillovers view and the national and regional innovation systems literature). Firm-led 

perspectives (such as the networks of innovators approach and the open innovation 

model) find a nuanced support.  
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The results of this research have important implications for regional innovation policy. 

They can help policy makers to select the appropriate level and tool of intervention to 

promote regional innovativeness. Our research findings suggest that an appropriate 

policy intended to promote cooperative agreements should not be applied horizontally 

across all regions, but pay closer attention to the different level of access of regions to 

ISK. Programs promoting cooperation could be particularly harnessed (up to a certain 

limit) by regions with high levels of ISK. However, policies addressed to create the 

basic conditions for innovation could be more appropriate in peripheral regions. As our 

findings show, at very low levels of ISK, additional and unbalanced levels of FSK seem 

to act as a poison pill (i.e. involve more opportunity costs than additional outcomes). 

Whatever the case, policies intended to promote very high levels of FSK are not 

supported by our findings, as derived from the diminishing return of additional units of 

FSK and the saturation point found. 
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Note: * positive linear effect; ** curvilinear effect; *** positive interaction effect 
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Table 1: Description of variables 
Outcome variable 
IP: Innovation 
performance 

 

Number of patents applied for at the European Patent Office 
(EPO), by year of filing divided by total population (Assigned 
according to the address of the inventor).  

Explanatory variables 
FSK: Formal sources of 
knowledge 

SMEs with innovation cooperation activities / Total number of 
SMEs *100 (Including any cooperation agreements on innovation 
activities with other enterprises or institutions) 

ISK: Informal sources of 
knowledge (knowledge 
spillovers) 

Knowledge spillovers obtained from the neighbouring regions 
(Euclidean distance <= 3) 

jIP
n

1

d

1
ISK

n

1j rj
r  

where: 
ISKr= knowledge spillover effect on region r; drj= Euclidean 
distance between r and j = square root of [(longituder - 
longitudej)

2 + (latituder - latitudej)
2]; n = number of neighbouring 

regions; IPj= Number of patents applied for at the European 
Patent Office (EPO) in the region j  

Control variables 

KIBS: Employment in 
knowledge intensive 
services 

Number of persons employed in the knowledge-intensive 
services sectors / Total workforce * 100 

TE: Population with 
tertiary education 

Number of persons with some form of postsecondary education 
/ Population between 25 and 64 years * 100 

LL: Participation in life-long 
learning 

Number of persons involved in life-long learning / Population 
between 25 and 64 years. Life-long learning is defined as 
participation in any type of education or training course during 
the four weeks prior to the survey 

Bb: Broadband access by 
households 

Number of households with broadband access /  
Total number of households 

P R&D: Public R&D 
expenditures  

R&D expenditures in the government sector and the higher 
education sector / Gross Domestic Product * 100 

B R&D: Firms R&D 
expenditures  

R&D expenditures in the business sector / Gross Domestic 
Product * 100 

Sources: (1) Knowledge spillovers are specifically calculated for this research; (2) Remainder variables from Eurostat. 
Rescaled data from European Innovation Scoreboard and the Regional Innovation Scoreboard (RIS-2009) 
(Hollanders et al., 2009). Data regarding formal sources of knowledge are from the Community Innovation Survey. 

 

 



 33 

 

 

Table 2. Descriptive statistics and correlations (2006) 

      Correlations 

  Obs. Mean S. E. IP KIBS TE Bb LL P R&D B R&D ISK FSK 

IP 193 .416 .221 1          

KIBS 201 .439 .171 .4607* 1         

TE 198 .409 .200 .3640* .2509* 1        

Bb 192 .461 .207 .5686* .3422* .5534* 1       

LL 199 .463 .210 .4771* .4227* .6351* .7619* 1      

P R&D 198 .492 .191 .3783* .1703* .5151* .3170* .4547* 1     

B R&D 201 .484 .189 .8230* .4162* .4043* .4807* .5128* .4749* 1    

ISK 201 .378 .215 .7434* .8165* .2801* .4324* .4449* .2557* .6081* 1   

FSK 112 .428 .201 .5178* .4636* .3087* .2459* .4076* .4332* .5609* .5327* 1 
Notes: *significant at p < .05; Obs = Observations; S.E. = Standard error; IP = Innovation performance; KIBS = Employment in knowledge intensive 
services; TE = Tertiary education; Bb = Broadband access by households; LL = Participation in life-long learning; P R&D = Public R&D 
expenditures; B R&D = Business R&D expenditures; ISK = Knowledge spillovers; FSK = Formal sources of knowledge.  
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Table 3. OLS estimation for Hypotheses Testing 
  Specification 1 Specification 2 Specification 3 Specification 4 

  
(R-sq =.8566; Adj  R-sq =. 
8440; p = .000) 

(R-sq =.8556; Adj  R-sq =. 
8465; p = .000) 

(R-sq =.8531; Adj  R-sq =. 
8454; p = .000) 

(R-sq =.8664; Adj  R-sq =. 
8550; p = .000) 

 Coef. P value Coef. P value Coef. P value Coef. P value 

Patents         

Employment in knowledge int. serv. (KIBS) .074 .225 .077 .196     
Tertiary education .099* .060 .120** .015 .151*** .000 .174*** .000 

Broadband access .212** .002 .210*** .000 .227*** .000 .184*** .001 
Lifelong learning .022 .696       

Public R&D .022 .742       
Business R&D .385*** .000 .387*** .000 .405*** .000 .361*** .000 

Knowledge spillovers (ISK) .247*** .000 .252*** .000 .248*** .000 .289*** .000 
Formal sources (FSK) .071 .133 .083* .076 .081* .082 .231*** .001 

(ISK) * (FSK)       .968*** .003 

(FSK)2       -.351** .049 
(FSK)2 * (ISK)       -1.508* .052 

 Constant -.073*** .000 -.072*** .000 -.075*** .000 -.080 .000 

*** p < .01; ** p < .05; *p < .10; Coef. = Coefficient.  
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Figure 2. Innovation performance as a function of the level of use of formal sources 

of knowledge (FSK) at low (-1 SD), medium (0), and high (+1 SD) levels of informal 

sources of knowledge (ISK) (SD = Standard Deviation) 
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Figure 3. Innovation performance as a function of the level of informal sources of 

knowledge (ISK) at low (-1 SD), medium (0), and high (+1 SD) levels of formal 

sources of knowledge (FSK) (SD = Standard Deviation) 
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