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Abstract 

In this paper we seek to verify the hypothesis that trust and cooperation between 

individuals, and between them and public institutions, can encourage technological 

innovation and the adoption of knowledge. Additionally, we test the extent to which the 

interaction of social capital with human capital and R&D expenditures improve their 

effect on a region’s ability to innovate. Our empirical evidence is taken from the 

Spanish regions and employs a knowledge production function and longitudinal count 

data models. Our results suggest that social capital correlates positively with innovation. 

Further, our analysis reveals a powerful interaction between human and social capital in 

the production of knowledge, whilst the complementarity with R&D efforts would seem 

less clear. 
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1. Introduction 

 

According to the Lisbon Strategy launched by EU members in 2000, it is Europe’s 

intention to be “the most dynamic and competitive knowledge-based economy in the 

world capable of sustainable economic growth with more and better jobs and greater 

social cohesion by 2010”1. This strategy is firmly based on innovation as a motor of 

economic growth and on the learning economy, in order to face the rise of the 

knowledge-based economy and on-going processes of globalisation. In this framework, 

the study of the determinants of the European regions’ ability to innovate needs to be 

central to empirical economic research in order to provide policymakers with suitable 

policy recommendations. Indeed, most of the literature on the determinants of 

innovation includes R&D efforts and human capital. However, similar technological 

input endowments produce dissimilar results across regions, indicating that there must 

be certain factors that have not fully been taken into consideration. Among these, we 

believe that social networks, norms, and trust, i.e., social capital, could enable agents to 

be more effective in achieving their common goals.  

 

In this sense, AUDRETSCH (1998, p. 24) stresses that “political scientists and sociologists 

have long argued that the differences in the culture of a region contribute to differences 

in innovative performance across regions” which, in turn, is a leading force driving 

economic performance, even when knowledge inputs such as R&D and human capital 

are held constant. Additionally, SAXENIAN (1990) points out that it is the 

communication between individuals that facilitates the transmission of knowledge 

across agents, and not just large endowments of human capital and knowledge in a 

given economy. 
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The seminal work by PUTNAM et al. (1993), in which social capital is defined as 

referring to features of social organization, such as trust, norms, and networks that 

facilitate coordination and cooperation for mutual benefit within a society, means a 

turning point in the empirical research in this field. Since that date, several scholars 

have taken these social features into account in producing certain economic outcomes, 

including productivity, economic growth, and institutional performance, among others 

(COLEMAN, 1988; PUTNAM et al., 1993; HELLIWELL, 1996; KNACK and KEEFER, 1997; 

HELLIWELL and PUTNAM, 2000; ZAK and KNACK, 2001; SABATINI, 2005; BEUGELSDIJK 

and VAN SCHAIK, 2005).  

 

In such a setting, the aim of this paper is to analyse the determinants of innovation 

within Spanish regional economies, focusing our attention on an assessment of the 

extent to which certain social and cultural features might enhance innovation, and the 

ways in which this might occur. The idea of social features, like cooperation, trust, civic 

behaviour, etc., as a source of innovation and, in turn, as a source of competitiveness 

and growth, is not new. In fact, a major contribution was made by scholars within the 

literature of Marshallian industrial districts (BECATTINI, 1979; PORTER, 1990, and the 

like), whilst the literature examining regional and national innovation systems 

(LUNDVALL and JOHNSON, 1994; EDQUIST, 1997; PAVITT, 1998; SAXENIAN, 1994) has 

widely stressed the influence of external effects such as formal institutions and informal 

organizations and networks in the innovation processes of a given economy. 

 

Within the empirical framework given by a knowledge production function (KPF), we 

test several hypotheses regarding the possible influence of social capital on innovation 
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(measured here by patent applications) in Spanish regions. First of all, we test the 

hypothesis that the higher the level of social capital, the higher the innovation outcomes 

will be within a given economy. Then, we test whether social capital exerts its influence 

on technological progress through certain complementarities with human capital and 

R&D efforts. Finally, in line with a number of scholars (DURLAUF and FAFCHAMPS, 

2004; LYON, 2005; AKÇOMAK and TER WEEL, 2008; PÉREZ et al., 2005), we examine 

the idea that the influence of social capital on economic outcomes and innovation 

differs depending on the level of development of each economy. 

 

Our main results suggest that there is an interesting, and fairly marked, direct impact of 

social capital on innovation outcomes, while we also detected a strong effect of this 

asset through its interaction with other technological inputs such as R&D efforts and, in 

particular, human capital. Thus, the influence of human capital and R&D efforts on 

innovation increases with growing levels of social capital. Moreover, other additional 

results of interest can be drawn from our empirical research, namely that the influence 

of social capital varies with the level of development of each region. Within high-

income regions, the direct impact of social capital on innovation outcomes is strong, 

while the complementary effect both with human capital and R&D efforts is large and 

significant. However, this is not the case for low-income regions, where the direct 

impact, although fairly important, is smaller than that for high-income regions, whilst 

complementarities between inputs are almost negligible. 

 

An additional contribution of this paper is the use of an interesting, complex databank 

on social capital created by the Valencian Institute for Economic Research (IVIE 

hereafter). Thus, compared with other simpler measures that have been considered up to 
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now in the literature on social capital (crime rates, teenage pregnancies, several 

indicators from the Values Surveys, etc.), the measure used in this paper seeks to 

overcome some of the empirical problems that commonly arise in this field of research 

due to an endemic lack of consensus on its definition and, therefore, a chronic deficit of 

suitable data.  

 

The present paper is organized as follows. Section two reviews the related literature on 

social capital and innovation, sets out the main hypothesis by which social capital and 

its interactions with other innovation inputs may foster knowledge creation, and 

presents our empirical model. Section three describes our database, providing some 

descriptive analysis. Section four highlights our results. Finally, section five concludes.  

 

2. Related literature, theoretical hypothesis and empirical model 

 

2.1. Social capital and innovation 

 

As COLEMAN (1988, p. 98) stresses, social capital includes “a variety of different 

entities, with two elements in common: they all consist of some aspect of social 

structures, and they facilitate certain actions of actors (…), making possible the 

achievement of certain ends that in its absence would not be possible.” Essentially, then, 

social capital may affect innovation by improving the efficiency of a given economy 

through a reduction in transaction costs (MASKELL, 2000). In this framework, we 

presume that there exist several mechanisms whereby such social features –trust, 

networks, shared values, norms, and so on- embedded in social relationships will foster 

creativity and, therefore, the creation of innovation.  
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Seeking to identify the causal nexus between social capital and innovation, DE CLERCQ 

and DAKHLI (2004) are the pioneers in setting up an empirical relationship between 

them at an aggregate level. According to these authors, networks foster innovation 

because they expose individuals to different ideas and provide them with different, as 

well as useful, information sources too. Indeed, social networks enable individuals to 

share certain information to know where they can exploit business opportunities, with a 

high degree of technological content, increasing the number of successful 

entrepreneurship projects.  

 

Another interesting point stressed by KNACK and KEEFER (1997) states that higher 

levels of social capital imply lower monitoring costs related to the misconduct and non-

fulfilment of other partners, so firms can devote more time and money to other useful 

activities, such as innovation. Furthermore, as KAASA et al. (2007) and AKÇOMAK and 

TER WEEL (2007) set out, high levels of trust in a given society imply that its members, 

including investors, are less risk averse. Thus, they can invest more in R&D, which is 

usually considered a risky and uncertain activity, producing more innovation outcomes. 

 

Moreover, trust in a country’s institutions and legal system is also important. Where the 

legal system is reliable, especially as regards the protection of new innovations 

(intellectual property rights), inventors and investors enjoy better incentives to innovate 

and invest in innovation projects, because they know that their results will receive better 

protection (DE CLERCQ  and DAKHLI, 2004).  
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Finally, according to several scholars, the main source of innovation creation may well 

be knowledge flows between individuals, firms and even regions (ROMER, 1986, 1990; 

AUDRETSCH and FELDMAN, 1996; ANSELIN et al., 1997). In this context, social capital 

can foster knowledge flows within a given economy, becoming an important indirect 

source of innovation. As MASKELL (2000) has pointed out, the competitiveness of the 

knowledge-based economy is based not on costs and prices, but on dynamic 

improvements, creating and, particularly, diffusing knowledge more speedily than its 

competitors. According to MASKELL (op. cit.), market failures occur because of 

asymmetric information in the exchange of knowledge between individuals –in the 

same way as between firms, which can only be overcome when market relationships are 

replaced with exchange agreements based on trust.  

 

Having said this, and contrary to the neoclassical conception of knowledge as a public 

good which is transmitted without costs – especially within the economy of new 

telecommunications, AUDRETSCH and FELDMAN (1996) have pointed out that 

information transmission costs may not vary with distance, as the neoclassical view 

says, but rather knowledge transmission depends upon geographical proximity and the 

frequency of contacts between individuals. Indeed, information is codified and is easily 

transmitted by means of telecommunications, but knowledge is tacit and its 

transmission requires human interactions (AUDRETSCH, 1998; PAVITT, 1998). Whereas 

the latter tradition has assumed that knowledge flows freely within a given economy 

and at a cost between economies, we assume not only that geography matters, but also 

that the quality of human contacts can influence knowledge transmission (both codified 

and tacit knowledge) within a given regional economy. As BRESCHI and LISSONI (2001) 

have stressed, knowledge is better endowed in individuals, who, in turn, know and trust 
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others, who meet frequently, and with whom they can exchange certain kinds of 

economic information. In short, ties between individuals based on a relationship of trust 

ease and accelerate the exchange and search for information (KAASA et al., 2007); and 

trust enhances cooperation between firms and other patenting institutions, which 

favours not only the adoption of new manufacturing procedures, but also the sharing of 

confidential information (DE CLERCQ and DAKHLI, 2004). Given these arguments, the 

first hypothesis we seek to verify here empirically is that social capital really does 

encourage the attainment of higher innovation outputs at the regional level. 

 

2.2. Complementarities between social capital and the inputs of innovation 

 

A second aim of this paper is to verify the extent to which there exists a relationship of 

complementarity between social capital and the rest of the inputs in a knowledge 

production function when determining innovation outcomes. Our underlying theoretical 

hypothesis states that innovation inputs such as human capital and innovative efforts in 

the form of R&D expenses, for instance, might see their influence on the innovation 

results reinforced in societies with a high degree of trust and a broad spread of social 

networks. 

 

Thus, on the one hand, the complementarity hypothesis implies that, aside from the 

direct effect of R&D efforts on innovation outcomes, the effectiveness of these 

expenditures could be reinforced by social capital. Indeed, for a given regional 

economy, higher levels of social capital facilitate a more effective diffusion of 

knowledge which spills over from R&D expenditures in one firm or organization to 

other firms and patenting institutions. As a clear example of how this mechanism 
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operates, we should refer to the capacity of social capital in fostering research 

collaboration projects, networks of inventors, and so on, which have been widely 

identified as a source of knowledge transfer and innovation (SINGH, 2005; MAGGIONI 

and UBERTI, 2008). Thus, the higher the level of social capital in a given region, the 

higher the R&D returns should be on innovation. Further, such complementarity could 

be further reinforced if it yields to a better implementation of public policies and 

programmes, such as the R&D expenditure of the public administration and higher 

education sectors (AKÇOMAK and TER WEEL, 2007). The latter authors, for instance, 

have investigated the role played by social capital and structural European funds on 

innovation activity and economic growth by focusing on Objective 1 regions between 

1990 and 2002. Their investigation suggests that in that period European funding did 

not influence innovation and economic outcomes, whereas social capital did. In seeking 

to identify statistical complementarities between innovation inputs, they reveal that 

regions with higher levels of social capital (among the least developed) were more 

likely to make effective gains from European programmes. Thus, as the authors suggest, 

social capital appears to be an instrument for the effective implementation of 

government programmes.  

 

On the other hand, as DE CLERCQ and DAKHLI (2004) point out, higher levels of social 

capital may enhance opportunities of human capital to promote and value its returns. 

For SCHULLER (2001), there is an established consensus concerning the role of human 

capital on economic outcomes, whilst the success of social capital is not as clear as that 

of the former, due to its novelty and, lamentably, to its vagueness. Nonetheless, this 

author points out several useful tools for analysing the interesting relationship between 

human and social capital in boosting economic outcomes. Thus, social capital has to be 
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understood as a relationship, a property of the group rather than that of the individual. 

As SCHULLER (2001) stresses, individuals and their human capital are not discrete 

entities that exist separately from the rest of the organisation, or from other social units. 

Thus, the value of the abilities and skills of individuals depends upon the social context 

within which they are embedded (Op. cit.). His analysis highlights one important 

conclusion, namely, human capital may include both social and technical skills, but 

social capital encompasses social networks and social values through which these 

human skills are built, deployed and rewarded (SCHULLER, 2001). 

 

Besides, PIAZZA-GEORGI (2002) has claimed that whereas physical capital was the main 

source of economic growth for theorists, human and social capitals, and the interactions 

between them, nowadays serve as the explanation for better economic outcomes. This 

author asserts that there is a clear relationship between social and human capital. Thus, 

although social capital may influence economic performance by reducing transaction 

costs, it might also have an indirect effect through the realization of ability and 

entrepreneurship, reducing the costs of human capital investment. Hence, there exists a 

relationship of complementarity between both forms of capital. Finally, according to the 

EUROPEAN COMMISSION (2003) although human capital may influence economic 

performance, needless to say that the knowledge embedded in human beings is acquired 

in a social process of learning within the family, the school, the workplace, civic social 

networks, and the like. Thus, according to this report, both social and human capitals 

reinforce each other and, in turn, may foster economic growth and other economic 

outcomes2. 
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2.3. The knowledge production function framework 

 

As GRILICHES (1979, 1991a), JAFFE (1989) and FELDMAN (1994) showed, the 

knowledge production function is an interesting tool3 for relating innovation efforts, 

such as R&D expenditures (RD) and human capital (HK), and some social and 

structural features of each region (Z), with an innovation output, namely the number of 

patents (PAT) produced in region i in a time period t:  

 

),,( itititit ZHKRDFPAT   (1) 

 

Specifically, the aforementioned authors proposed a Cobb-Douglas specification on the 

basis of its usefulness, 

 

321 ··


itititit ZHKRDPAT   (2) 

 

It is worth noting that R&D expenditures can include both public and private 

investments, and the inclusion of the human capital variable may allow us to control for 

the ability of certain regions to innovate due to the skills and knowledge embodied in 

individuals and to control for their absorptive capability. Thus, we expect a positive and 

significant parameter both for R&D efforts and human capital. Z is a set of variables 

used to control for differences in the extent to which regions are prone to innovation 

because of certain cultural, social and structural factors. Among these, we included a 

social capital indicator (SK), as we explain below, in order to determine its hypothetical 

impact on innovation outputs, so again we expect a positive and significant coefficient. 

Additionally, we included the share of manufacturing employment (MAN) of each 
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region to control for the relative importance of manufacturing sectors in each economy 

since, as has been widely discussed, industrial activities are more likely to patent their 

results, so a positive and significant sign is also expected.  

 

Moreover, given that working with aggregated data leads to the need for controls for 

various innovation patterns, we included several variables to capture the composition of 

the economic activity in each region, in view of the fact that this can determine the 

effectiveness of innovation in such economies. Specifically, in order to take into 

account MAR-externalities, which are linked to the existence of a pool of specialized 

labour, the location of customers and suppliers, and physical and institutional 

infrastructures, we calculated a specialization index (SpIn) for each region4, which we 

would expect to have a positive sign. We included the population density (POP) of each 

region so as to take into account different regional dimensions as well as agglomeration 

economies, and a time trend, in order to capture changes in our patent equation owing to 

the economic cycle. A time lag of one year was considered for all the explanatory 

variables in order to infer causality from correlation between these and the dependent 

variable. In fact, in the case of R&D expenditures, GRILICHES (1991b) points out that 

firms apply for patents in the early stages of their research, so a one year lag might be 

an appropriate length of time – since the endogenous variable refers to patent 

applications and not patents granted. Hence, the specification we estimate empirically is 

given by  

 

itititit

itititit

tPOPSpInMAN

SKHKRDPAT









·)·ln()·ln()·ln(
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where εit is a random error term.  

 

2.4. Count data modelling 

 

An important question at this juncture is the nature of the endogenous variable, which is 

a count variable (nonnegative integers). Thus, a count model specification is preferred 

here to a linear model, which is what has been used most widely to date (HAUSMAN et 

al. 1984; DEL BARRIO-CASTRO and GARCÍA-QUEVEDO, 2005; GUMBAU-ALBERT and 

MAUDOS, 2007). Indeed, unlike the classical regression model, the response variable is 

discrete, with a distribution that places a probability mass at nonnegative integer values 

only. Such count models are nonlinear with properties and special features connected to 

their discreteness and nonlinearity. The basic model for this estimation (CAMERON and 

TRIVEDI, 2005) is a Poisson regression model which assumes that the dependent 

variable follows a Poisson distribution. Nevertheless, such a Poisson model, although 

fairly consistent, assumes equality between the conditional mean and the conditional 

variance of the endogenous variable. However, there are certain symptoms of 

overdispersion present in our dependent variable, i.e., the conditional variance exceeds 

the conditional mean, which has similar consequences to that of the failure of the 

assumption of homoskedasticity in the linear regression model. In this context, 

numerous authors have proposed alternatives to control for this overdispersion, with the 

negative binomial model, which arises from a natural formulation of the heterogeneity 

between observations (GREENE, 2001), being the most typical. Such a model can be 

obtained in many different ways, although the mixture distribution is one of the oldest 

and most widely applied. Moreover, the explanatory variables have been taken in 
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logarithms in order to interpret the associated parameter of each variable as elasticities 

(CAMERON and TRIVEDI, 1998).  

 

To meet our purposes, equation (3) enables us to assess, by the estimation of a model of 

this kind, the direct effect of social capital on innovation. Nevertheless, in order to test 

our second hypothesis, i.e. the complementarity relationship between social capital and 

the innovation inputs, we include interaction terms in the equation, so as to take into 

account these indirect effects through the parameter of each interaction as follows,  

 

itititititit
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3. Data and descriptive analysis 

 

3.1. Social capital indicators and descriptive analysis 

 

Since the definition of social capital remains elusive and particularly vague, just how it 

is measured becomes the most controversial issue in each research study that attempts to 

deal with it. Prior research conducted into social capital has tackled this lack of data by 

introducing certain kinds of environmental proxies, such as crime rates, teenage 

pregnancy, blood donation, and so on, which has served to add to the confusion as to 

just what social capital is, as something different from its outcomes (SABATINI, 2006), 

and so have arisen mounting econometric problems concerning most empirical studies. 
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After PUTNAM et al. (1993) presented their definition (i.e., trust, norms, and networks 

that facilitate coordination and cooperation), much of the literature on social capital has 

employed data from the World/European Values Survey5, in keeping with KNACK and 

KEEFER’s (1997) influential study as these data fitted the earlier definition very well. 

Thus, the empirical literature has tended to focus on one question in this survey, that is: 

‘‘Generally speaking, would you say that most people can be trusted or that you need to 

be very careful in dealing with people?’’. Responses are then aggregated to obtain 

regional or country levels of trust –together with other social capital features. However, 

according to some scholars (GLAESER et al., 2000; SABATINI, 2006), this question and 

the whole survey is not appropriate at the aggregate level, since responses reflect the 

particular position of those being interviewed, and as such its aggregation fails to 

capture certain historical and social circumstances. Moreover, the variation in responses 

might be due to numerous factors, such as “differences in beliefs about the 

trustworthiness of a common set of people; differences in interpretation of who 

comprises ‘‘most people;’’ differences in the interpretation of what it means to be able 

to trust someone; or differences in the ability to elicit trustworthy behaviour from other 

people” (GLAESER et al., 2000; p. 815). Additionally, as KNACK and KEEFER (1997) 

acknowledged, the World/European Values Survey has several mistakes and presents an 

overrepresentation of certain social groups. Furthermore, its statistical representation at 

low levels of aggregation (for instance, at NUTS 2 level for Europe) is not worthwhile.  

 

Here, therefore, our approach we have has opted to use an alternative complex and 

interesting measure proposed by PÉREZ et al. (2005, 2006). Following a recent research 

stream in the analysis of social capital from an economical perspective, different from 

the sociological or political science perspectives (GLAESER and colleagues, 2000, 2001, 
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2002) and following the recommendations by DURLAUF and FAFCHAMPS (2004), who 

stress the lack of explicit modelling of the process by which social capital is created 

within societies, the authors of this dataset aim at proposing a novel measure of the 

stock of social capital, as it was any other kind of capital economically useful –mainly, 

physical capital. From the belief that any capital (and also social capital) is a durable 

asset, which results from a costly process of investment, which depreciates and which is 

valuable because it offers benefits (or services) of some kind for the economy, their 

procedure is based on: 

i. Filling the gap of a methodology for explicitly measuring social capital. 

According to their arguments, economists have not used their theoretical tools to 

approach to the concept of social capital.  

ii. Modelling from a theoretical viewpoint. Their main hypothesis is that social 

capital is an asset that produces other effects, and it is formed by social 

relationships that produce expectations of favourable treatment. Thus, based on 

GLAESER, LAIBSON and SACERDOTE (2002), is proposed an individual’s 

maximization problem where the individual decides the optimal investment in 

social capital, given a subset of assumptions. 

iii.  Following the conceptual methodology developed for the measurement of 

physical capital and physical capital services (OECD, 2001). This methodology 

states that, once the net stock of capital (social capital for our case) have been 

analysed and constructed, we should turn into their productive contribution to 

the economy, i.e., its flows of services.  

Thus, they assume that an individual will invest in social capital (use of time in getting 

related with others and cooperate with them) if he/she observes a positive difference 

between what he/she is going to receive alongside his/her life due to this cooperative 
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behaviour, considered at the present time, and the remuneration for his/her physical 

inputs (capital and labour) plus the cost of cooperating (investment in social capital), 

measured in time worked. Hence, the following maximizing problem is suggested: 
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where )1( Gyit   is the expected income if there were no inequality, being G  a Gini 

index, from which is applied a social rate of discount,  , up to a time t ; )(· itt IsCw  is 

the direct cost attributed to investment in social capital; k  the stock of physical capital 

and r  its returns. Moreover, ititit Isksks  1  would be the condition of accumulation 

of social capital, and )1( d  the survival rate of investment.  

 

At this point, we should bear in mind that, broadly speaking, the capacity of a unit of 

the stock of capital (physical capital, for instance, in the methodology proposed by the 

OECD, 2001) to contribute to the production of output depends on the flows of services 

that the stock can provide. Thus, the productivity of the stock of capital are the benefits 

(the services) of that stock of capital when it is used, in our case therefore, the reduction 

of transaction costs in the economy through networks of relationships, shared values 

and norms, and trust. For the case of social capital, PÉREZ et al. (2006) assume that this 

productivity will depend on the relationships of reciprocal trust of each individual with 

others. If an individual is completely related, social capital makes the maximum 

contribution and the flow of services can be proxied by the stock. Thus, the amount of 

social capital services KS

 

in each region will be a function of the stock of social capital 

ks , the degree of connection of the individuals’ trust networks, c  (regionally proxied by 
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the ratio loans/GDP), and 
tN  the potential population up to which can be extended the 

network of relationships (proxied by employed people).  

 

** ·· ttt kscNKS   (6) 

 

On the other hand, the maximization problem in (5) can be rewritten using a Cobb-

Douglas per-worker product function where labour and physical, human, and social 

capitals are combined to obtain the level of income, and the parameters  ,   and   

can be estimated using national accounts  
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and from (5), (7) and the social capital accumulation condition can be derived the first 

order conditions of each period, which lead to a single index of social capital stock in 

the form of  
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where the optimal amount of the stock of social capital, *

itks , is a compact index which 

can be empirically calculated, and depends positively on income, y , proxied by GDP; 

negatively on inequality, G , proxied by a regional Gini index, because the risk of being 

excluded from the collective gains; negatively on average age of the population, t , 
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because the number of years during which positive payments can be obtained is 

reduced; positively on life expectancy, T , because it increases the years during which 

an individual expects to participate in a social network; negatively on the reserve wage, 

w  (proxied by the ratio aggregated employees remuneration/employment), because the 

part of the remuneration considered favorable treatment (the positive difference in 

equation (5)) is reduced; negatively on the marginal cost of cooperation, )(' IsC , 

proxied by the share of working age population with at least secondary education; on 

the social capital rate of depreciation, d , proxied by the unemployment rate; and the 

discount factor,  , which is assumed to be 4%.  

 

According to these authors, current social capital measures do not result from a process 

of investment, as do other kinds of capitals – namely physical and human capital.  

 

Following DURLAUF and FAFCHAMPS (2004) recommendations, who stress the lack of 

explicit modelling of the process by which social capital is created within societies, the 

authors of the PÉREZ et al. (2005) database developed one of the most rigorous 

approaches to the theoretical economic concept of social capital. Indeed, the social 

capital measure of this database emulates other capital’s estimation methodology, 

including physical capital, since it is based on a model that combines individual trust 

decisions at the micro level, with the aggregate effect of co-operating being connected 

within networks in social relationships (PASTOR and TORTOSA-AUSINA, 2007) focusing 

their analysis on the economic aspects of life (since economic relationships between 

individuals are the most important sources of interaction and trust creation)6.  

 



 - 20 - 

From now on, Before further analysis, we need to focus on several features that typify 

the evolution in the Spanish regions’ social capital productivity. The useful work 

undertaken by PÉREZ et al. (2005) provides us with a social capital databank which 

supplies us with temporal, as well as regional, data. Thus, unlike much of the literature 

that estimates knowledge production functions with the inclusion of social capital, 

IVIE’s dataset allows us to perform a panel data model7. As observed in Figure 1, from 

minimum levels of social capital recorded in 1985 up to the present day, this variable 

has undergone a gradual increase, as a result of the rise in well-being within the Spanish 

regions. Despite this increasing trend, however, social capital plummeted abruptly 

during the early nineties, coinciding with the recession suffered by the European 

Monetary System. Nonetheless, a vigorous recovery was recorded during the second 

half of the nineties up to the end of our period of analysis.   

 

[Insert figure 1 about here] 

 

Surprisingly, social capital differences between Spanish regions are more marked than 

for other forms of capital in the Spanish case (PÉREZ et al., 2005). Indeed, as can be 

seen in Figure 2, social capital services are larger in the north-east (the Basque Country, 

Navarre, Cantabria, Aragon, Balearic Islands, and Catalonia) than in the centre, south, 

and west, with the exception, of course, of Madrid. The main reason for such a situation 

is that, from many years on, human capital investments and technological efforts in the 

form of R&D expenditures have been seen as a key mechanism for further innovation 

and growth (‘the engine of growth’, ROMER, 1990). In Spain, those regions which were 

lagging behind in terms of income have undertook an extraordinary effort (jointly with 

the central government) to overcome this gap. Besides, the investment in social capital 
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has not been as extraordinary as human capital or R&D, mainly because the discovering 

of the important role of social capital on the economy is much more recent and, 

especially, because investments in social capital (that is to say, the promotion of 

networks and social relationships, civic engagement, political participation, and so on) 

are very difficult to implement. 

 

[Insert figure 2 about here] 

 

3.2. Variables and databases 

 

ROGERS (1998) defines innovation as the application of new ideas to the products, 

processes or to any other aspect of a firm’s activity, concerning the process of 

commercialising and extracting value from ideas. In such a setting, patents have widely 

been used as a measure of innovation. In spite of their obvious caveats - not all 

inventions are patented and neither do they have the same economic impact,   

(GRILICHES, 1991b), equally not all patents are a commercially exploitable innovation, 

they do present the minimal standards of novelty, originality and potential profits, and 

as such they should be a good proxy for economically profitable ideas (BOTAZZI and 

PERI, 2003). We, therefore, use the information on patent applications provided by the 

European Patent Office (EPO) at the NUTS 2 level8. In our period of analysis, 1989-

2001, Figure 3 shows an increasing trend in the number of patent applications per 

capita, which has become particularly since 1996. However, not all regions have 

contributed equally to the level of patenting activity in Spain. Thus, as can be seen in 

Table 1, two regions (Madrid and Catalonia) accounted for more than 50% of the 

patents applied for in Spain during our period of analysis.  
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[Insert figure 3 about here] 

 

As discussed in the literature, we proxy R&D efforts by means of regional R&D 

expenditure, both private and public – thus also including higher education and public 

administration expenditure. These data are available from the Spanish National 

Statistics Institute (INE) in a regional (NUTS 2) disaggregated level from 1987 to 2001 

at current prices, so the dataset has been appropriately deflated9. Data on human capital 

are provided by IVIE, and the variable was proxied by the percentage of workers with 

further and below-further education over the total number of workers. 

 

[Insert table 1 about here] 

 

A number of interesting features can be observed in Table 1. Once again, the regions of 

Catalonia and Madrid account for more than 50% of R&D expenditure during the whole 

period of analysis. They in turn spent more than 150 € per capita in 2001, a similar level 

of expenditure to that of Navarre and the Basque Country. Thus, as has often been 

noted, Spanish innovative activity –both in terms of inputs and outputs- is strongly 

concentrated. However, since larger cumulative increases in R&D expenses have 

occurred in regions outside those of Madrid and Catalonia, a process of technological 

spread within Spain should become apparent. Finally, as can be seen in Table 1, certain 

regions, such as Madrid, the Basque Country, Navarre, Aragon, Castile and Leon and 

Catalonia present the highest levels of human capital.  
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As for the controls, we calculated our specialization index (SpIn) using data on sectorial 

Gross Added Value from BDMORES databank10 in the following form: 

 

N

Nj

j
i

ij

it
GAV

GAV

GAV

GAV
SpIn  

2

1
 (10) 

 

where i = region, N = nation, and j = economic sector. From the BDMORES databank, 

we have also collected data concerning manufacturing employment (MAN). Data 

describing population and squared kilometres (POP) were also taken from the Spanish 

National Statistics Institute (INE). 

 

4. Results 

 

4.1. Impact of social capital on innovation:  both direct and indirect links 

 

Using the empirical model described above, we present the results of the negative 

binomial model estimations of the effects of social capital on innovation outcomes, 

namely patent applications11. Similarly, we expect significant interactions between 

innovation inputs. It might be argued, as discussed above, that social capital affects 

innovation outcomes primarily, and perhaps exclusively, through interaction with other 

technological inputs. Hence, if the estimated coefficient on the interaction between 

social and human capital is positive, the effect of human capital on innovation will be 

greater, the larger the amount of social capital there is in a given regional economy. 

Similarly, the effect of social capital on innovation will be greater, the larger the amount 
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of human capital there is in the given region. The same would be true for the interaction 

between social capital and R&D efforts.  

 

Our main results are presented in Table 2 –and the tables included thereafter. We 

present our results beginning with the simplest specification, column (i), first without 

including any interaction terms, and then we gradually introduce them. Moreover, we 

performed a Hausman test (HAUSMAN, 1978), and the null hypothesis that individual 

effects are uncorrelated with the independent variables could not be rejected in the 

majority of the regressions of table 2 and 3 (in 87.5% of them), so the generalized least 

squares estimator for the random effects model is consistent and efficient –we did not 

perform the fixed effects model for these 12.5% of tests that reject the null hypothesis, 

in order to allow for comparability between regressions, which is the main aim of our 

study. 

 

The results in column (i) show a positive and significant effect of both R&D efforts and 

human capital on innovation, with elasticities of 32.3% - at the 1% level of significance 

- and 73.6% at the 5% level of significance, respectively. The value of the former is 

consistent with prior research findings, being only slightly higher than the results 

reported in MORENO et al. (2005) -20%- for the European regions, and in line with 

CABRER-BORRÁS and SERRANO-DOMINGO (2007) - 33% - and DEL BARRIO-CASTRO and 

GARCÍA-QUEVEDO (2005) - 40% - for the Spanish regions. Meanwhile, human capital 

elasticity is comparable to the results reported by CABRER-BORRÁS and SERRANO-

DOMINGO (2007) -75% - and GUMBAU-ALBERT and MAUDOS (2007) - 85% - for the 

Spanish case, RONDÉ and HUSSLER (2005) - 60% - for the French regions, or BOTAZZI 

and PERI (2003) -92%- for the European regions. Interestingly, the elasticity of patent 
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applications with respect to social capital is significant, so according to our results, 

social capital exerts a direct influence on innovation outcomes, around 73.7%, in line 

with studies that used the World Values Survey (HAUSER et al., 2007; AKÇOMAK and 

TER WEEL, 2007, 2008), and comparable with the importance of human capital, as has 

been stressed elsewhere (HAUSER et al., 2007). However, we did not expect this large 

elasticity, which is even larger for the case of high-income regions (see table 3). 

Although we are trying to account in our regressions for the single effect of social 

capital on innovation, somehow informal institutions, the estimated parameter could 

well be taking into account differences in formal institutions and institutional quality 

across Spanish regions. Other studies tend to assume that differences in institutional 

quality across regions within the same country should be negligible (e.g. DI LIBERTO, 

2008, for Italy; ABEL and GABE, 2008, for urban America) and they had not an impact 

on the dependent variable. In our empirical analysis, our social capital measure may 

well be capturing the effect of institutional quality as well as the mere effect of social 

capital on innovation. However, as far as we know, reliable data at regional level for the 

case of Spain do not exist, and the investigation regarding this question will be let for 

future research. We would like to thank the referees for pointing out this identification 

problem between formal and informal institutions in our empirical analysis.  

 

The parameter describing the share of manufacturing employment is also positive and 

significant, so more industrialized regions tend to innovate further. In the case of the 

controls, the specialization index is not significant, although it presents the expected 

positive sign –however, the specialization index would be significant at 16% and, what 

is more, it is significant for most of the specifications in subsequent tables, thus 

indicating that highly specialised regions tend to innovate further as well. The time 
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trend shows a positive and significant parameter, whereas population density does not. 

Thus, if we assume that we are correctly controlling for differences across regions in 

terms of innovation due to differences in economic structure across those regions, any 

not explained variability is assumed to be random and is taken into account by the error 

term. 

 

However, as mentioned, social capital might also exert an indirect impact on innovation, 

thereby reinforcing the effect of human capital. In other words, social capital might 

affect innovation outcomes by means of the social valuation of human capital, thus 

acting as an environmental externality which facilitates the achievement of certain ends, 

in this case innovation outcomes, which in its absence would be achieved at greater 

social costs. Taking this idea into consideration, in the second specification we, 

therefore, included the interaction between social and human capital. Although 

innovation inputs are positive and significant, the interaction term is negative. However, 

in order to assess the importance of the interactions between inputs accurately, we 

report total semi-elasticities in equations with interactions terms –thus, adding the 

complementarity effect to the direct effect- following the formulas given in the lower 

panel of Table 2. Thus, if we observe an increasing value of each parameter in the lower 

panel of Table 2 for regression (ii), and the whole parameter is significant as well, we 

will assume that the introduction of the complementarity is relevant and the model is 

correctly specified. With this aim in mind, we tested the joint significance of both 

parameters –the direct effect and its indirect effect through its interaction with human 

capital for which standard errors for the total semi-elasticities were calculated using the 

delta method12 (SERFLING, 1980; WOOLDRIDGE, 2002, p. 44). Here, since the covariance 

of the parameter of each variable and the parameter of their interaction were negative, 
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the total semi-elasticities of each innovation input could well be significant even though 

the initial parameters are not significant. As can be observed in column (ii) of Table 2, 

the total semi-elasticity of patents with respect to social capital remains statistically 

significant at 1%, and around nine points greater than in the first specification. 

Moreover, the total semi-elasticity on innovation with respect to human capital, which 

increases its significance up to 1%, rises from a value of 73.6 to 86%. Such an 

interesting result leads us to corroborate our hypothesis regarding the complementary 

roles between human and social capital, as has been stressed by several authors 

(SCHULLER, 2001; PIAZZA-GEORGI, 2002). Thus, human capital returns on innovation 

could be stronger in a high social capital environment, which reinforces the valuation of 

human capital in a given regional economy.  

 

The specification in column (iii) includes the interaction term between R&D efforts and 

social capital, whereas the interaction term in column (iv) includes both simultaneously. 

Albeit that the significance of all parameters – R&D efforts, human capital and social 

capital – is obvious, the total semi-elasticities and their standard errors were 

recalculated. As a result, both human and social capital show significant values and 

enhanced total semi-elasticities – in particular the former – whilst the total semi-

elasticity of R&D, although always strongly significant, was not enhanced because of 

the addition of the complementary effect with social capital. As a first interpretation of 

this result, we should notice that, instead of a complementary relationship between 

social capital and R&D efforts, it may well be the case that the former causes the later, 

as suggested in the literature (BOTAZZI et al., 2007; SAPIENZA, 2005) and therefore an 

additional specification should be performed and tested using our dataset, as suggested 
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by the referees. However, this is not the aim of the present paper and we will let it for 

future research. 

 

Given this set of results, we can conclude that features such as trust, social networks and 

relationships, shared values and the like, exert an important and strong effect on the 

generation of innovation within a given regional Spanish economy. Moreover, there is 

strong evidence that social capital reinforces the effect of human capital since higher 

levels of social capital may enhance opportunities of human capital to promote and 

value its returns. However, this is not the case for R&D given that social capital does 

not seem to enhance the effectiveness of R&D expenditure. In short, we forwarded the 

hypothesis that social capital would also reinforce R&D returns on innovation, since it 

could enhance R&D expenditures that spill over into other patenting organizations, but 

at first sight the empirical evidence does not indicate this. Therefore, we chose to verify 

the hypothesis that social capital will exert its influence through public R&D 

expenditures alone, and not through private expenditures. In this instance, we should 

obtain a significant complementary relationship between social capital and public R&D, 

but not with business R&D. 

 

[Insert Table 2 about here] 

 

The first four columns of Table 3 show the regression results when entering business 

and public R&D efforts separately. By doing so, we were able to explore whether there 

was an additional effect of social capital resulting from an improvement in the 

effectiveness of public investments and expenditures, in contrast with that produced by 

private investments. First of all, our estimations show a more marked effect of human 
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capital on innovation outcomes through its direct influence than is shown in the first 

specification in Table 2, and the same is true for social capital. Thus, both human and 

social capitals are significant factors when explaining patenting activities. Interestingly, 

the effect of public R&D efforts is strongly significant, whereas that of business R&D is 

not. This is consistent with the previous literature, as can be seen in DEL BARRIO-

CASTRO and GARCÍA-QUEVEDO (2005) and CABRER-BORRÁS and SERRANO-DOMINGO 

(2007) for the Spanish case, where only public R&D is reported as exerting a significant 

influence on the generation of innovation outcomes. This scenario might be attributable 

to the efforts made by the public administrations of those European countries (such as 

Spain) that lag somewhat behind the leaders, efforts that are aimed at reducing the 

technological gap between the core and the periphery of Europe (RODRIGUEZ-POSE, 

2001). In these countries, public investments are the driving force behind technological 

innovation.  

 

Our main conclusions following the introduction of these interactions are similar to 

those in Table 2, although a number of slight differences are worth noting. Firstly, the 

strengthening in the effect of human capital on innovation when the interaction term 

with social capital is included is again marked –around 11 points- and the same is also 

true for social capital. By contrast, and more interesting for our purposes here, the effect 

of the interactions with the R&D efforts of business and public administrations are not 

very marked. Here again, we find that the total semi-elasticity of public R&D is 

strongly significant whereas that of business R&D is not. However, the interaction of 

public R&D with social capital does not seem to increase the returns obtained with such 

R&D, as we hypothesized above. Therefore, we find no evidence in favour of social 

capital as an instrument for a more effective implementation of public R&D expenses. 
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However, the effect of social capital when interactions with R&D efforts are included 

rises by around three points. Thus, our earlier suggestions regarding the complementary 

impact between public R&D and social capital can only be partially accepted in the case 

of the Spanish regions. 

 

[Insert Table 3 about here] 

 

4.2. Regional heterogeneity in the effect of social capital 

 

Here, we are interested in determining whether the impact of social capital is related to 

the level of development achieved in a given economy. Two hypotheses have been 

forwarded in this respect. First, according to several scholars (LYON, 2005; AKÇOMAK 

and TER WEEL, 2009), social capital may act as a substitute for the lack of those inputs 

that foster innovation and other economic outcomes. Thus, in certain economies, with 

low levels of R&D expenditure and a certain lack of human skills, social capital might 

have a greater impact than in more developed economies with better endowments of 

innovative efforts and human capital. Second, some other authors (PÉREZ et al., 2005) 

have highlighted that the potential gains from a reduction in transaction costs due to 

better social capital endowments should be more significant in developed regions, 

technically and technologically complex, where uncertainty and strategic interaction are 

higher, so there exist greater incentives to trust others. With the aim of verifying which 

hypothesis holds for the Spanish case, our empirical strategy involved dividing our 

sample into two sub-samples, containing high-income and low-income regions 

respectively (Table 3, columns v to xii). By doing so, we were able to test these 

hypotheses, and at the same time, by including both public and private R&D efforts in 
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our regressions, we were able to explore more thoroughly whether there is any 

complementary effect between social capital and certain types of R&D expenditures, or 

whether we have to reject definitively our assumption above.  

 

Thus, the sample was divided according to the per capita Gross Added Value, in such a 

way that those regions with a per capita GAV above the national mean were included in 

the high-income sample13. According to Table 3, a marked effect of social capital on 

innovation outcomes is observed both in high-income and low-income regions. 

Nevertheless, the value of its elasticity is almost two times greater in the former than in 

the latter, initially corroborating the hypothesis that relates better social capital returns 

with more developed regions.  

 

Similarly, in Table 3 (high-income regions, column v), significant parameters for public 

R&D efforts are observed. Whereas business R&D efforts were non-significant, the 

parameter of public R&D efforts was strengthened when the interaction between this 

input and social capital was included –around a seven-point gain. Thus, finally, a highly 

marked complementary role between social capital and public R&D efforts was found 

in high-income regions. This expenditure type includes, among others, the spending of 

public autonomous bodies, and the expenditure of public firms and universities. It 

would seem, then, that public expenses devoted to R&D would be better implemented if 

certain social features (in this instance, chiefly trust and networks) were high and, for 

example, more collaborative scientific projects were to be carried out –which is an 

essential source of knowledge diffusion and creation. In general, according to this 

finding, it might be thought that an improvement in knowledge transmission between 

research institutions and individuals and firms occurs in high-income regions. 
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On the contrary, in low-income regions (Table 3, columns ix to xii), although public 

R&D efforts exert an influence on innovation outcomes as well, we only found a slight 

complementarity effect, since the influence of social capital on innovation outcomes is 

only increased by around two points, while public R&D expenses remain the same. 

 

In the case of the human capital in high-income regions, which is strongly significant 

and high, the interaction between social and human capital reinforces the explanatory 

power of the latter in a marked fashion. In the low-income regions, human capital is 

similarly strongly significant and high, though unlike the rich regions, the interaction 

between this input and social capital does not enhance the explanatory power of human 

capital. This result suggests that in more developed regions, the potential gains from the 

presence of higher levels of social capital are greater than in less developed regions. 

Therefore, human capital returns on innovation would be reinforced by the existence of 

higher levels of social capital in the former regions. This is not the case, however, for 

low-income regions, where the potential gains for human capital of the existence of 

social capital are not so great.  

 

In short, interesting conclusions can be drawn from an analysis of Table 3 (columns v to 

xii). First of all, social capital fosters innovation and knowledge diffusion directly, both 

in high- and low-income regions, although its direct impact is greater in the former. 

However, within high-income regions, an interesting complementary effect between 

social capital and public R&D efforts is observed, while a strong complementary effect 

of social capital in interaction with human capital is also recorded. In other words, the 
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effect of human capital and public R&D efforts is reinforced in highly developed 

regions, which at the same time present the highest levels of social capital.  

 

By contrast, within low-income regions, neither the interactions between public R&D 

efforts and social capital nor between human and social capital reinforce the impact of 

these technological inputs on innovation due to the existence of complementarities. 

Thus, within poor regions, social capital may play an important direct effect and a 

negligible complementary effect with the rest of the inputs. Nevertheless, when a region 

reaches a minimum threshold of development, social capital has a greater direct impact 

and may obtain better technological outputs thanks to its relationship with human 

capital and public R&D efforts.  

 

5. Concluding remarks 

 

In this paper we have set out to analyse the role played by certain social features within 

a given Spanish regional economy, such as its level of trust, its social networks and the 

strength of its social ties, its shared values and norms, and the like, in the process of 

knowledge creation within those regional economies. Specifically, we have estimated a 

knowledge production function with the inclusion of social capital as a source of 

innovation. As a proxy for social capital, we have considered an interesting and 

complex measure that seeks to overcome some of the problems that characterize social 

capital empirical research. What is more, the main features of this dataset –chiefly, its 

level of disaggregation and time range- and the characteristics of the dependent variable 

(a non-negative integer) have enabled us to carry out a negative binomial regression 
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within a panel data model at the NUTS2 level of regional disaggregation, adding 

consistency to our findings.  

 

According to our empirical approach, we observe that such social features exert a direct 

influence on innovation outcomes in the Spanish regions. Moreover, we have analysed 

other mechanisms through which social capital may foster knowledge creation. By 

introducing interaction terms between social capital and human capital, and between 

social capital and R&D efforts, we can conclude that such innovation inputs could see 

their influence on the innovation output reinforced in societies with a high degree of 

trust and a broad spread of social networks. In fact, we have obtained strong evidence of 

the complementarity of the former, since social capital fosters human capital returns on 

innovation, but our evidence of the latter is negligible. These results might have 

important policy implications, since they would reject those policy streams that focus 

their efforts on individuals in order to obtain certain economic outcomes, but which 

tend to neglect collective learning and relational development. 

 

Likewise, we have tried to understand the low or almost inexistent complementary 

effect between R&D expenses and social capital, by introducing business and public 

R&D efforts separately so as to analyse the potentially different impact of social capital 

on innovation through different types of R&D. Specifically, we have forwarded the 

hypothesis that, since sometimes the Government is not able to organize the efficient 

delivery of public goods and services, and by extension, public investments and 

expenditures, social capital may be an instrument for their effective implementation 

(DURLAUF and FAFCHAMPS, 2004; AKÇOMAK and TER WEEL, 2007). However, there 

seem to be no grounds to support our suggestions, since the interaction between public 
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R&D and social capital does not appear to increase the returns obtained with such R&D, 

as we had hypothesized. 

 

With the aim of taking a step forward in the analysis of the impact of social capital on 

innovation, we have tested the hypothesis that social capital may have different effects 

depending on the level of development of each region, and specifically, in terms of the 

different impact of each kind of R&D efforts in each group of regions. We have 

analysed whether in less developed economies social capital might act as a substitute for 

certain technological inputs or whether social capital might play a more prominent role 

in more highly developed regions due to their larger technical and technological 

complexity. Our findings suggest that social capital fosters innovation and knowledge 

diffusion directly, both in high-income and low-income regions. However, the 

complementarities between social capital and the remaining factors are strong in high-

income regions, but insignificant in their low-income counterparts. Thus, our findings 

support the hypothesis that states that social capital plays a greater role, both directly 

and indirectly, in high-income regions because of their greater technical and 

technological complexity compared with that of low-income regions, and that this 

improves social capital returns on innovation. However, the direct effect of both R&D 

efforts and human capital is higher in low-income regions, suggesting the existence of 

decreasing returns to the accumulation of such inputs (this result is in line with LÓPEZ-

BAZO and MORENO, 2007, for the Spanish case), which is not the case for the 

accumulation of social capital –although its direct effect is also high in low-income 

regions. Thus, from a policy implications viewpoint, low-income regions must focus 

their efforts on investing and fostering the accumulation of R&D, and human and social 

capital, which will lead to higher innovation outcomes and, therefore, growth which, in 
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turn, will allow them to overcome the minimum level of development from which 

complementarities between technological inputs arise.   

 

To sum up, this paper has shown that social capital can be a decisive factor in the 

creation and diffusion of knowledge, both directly and by improving the effectiveness 

of other technological inputs including R&D efforts and, above all, human capital. 

Thus, this social externality embodied in human relationships would seem to facilitate 

the achievement of certain ends, which in its absence would not be possible, such as the 

creation, acquisition and diffusion of useful knowledge.  

 

However, our study is not without its limitations. First, our measure of innovation 

(number of patent applications), aside from the aforementioned caveats, might suffer a 

spurious correlation with social capital. Indeed, social capital may have an impact on 

innovation creation and diffusion by enhancing not codified (or explicit) knowledge 

(such as patents), but rather tacit knowledge. Thus, further research is needed to identify 

a better tacit knowledge proxy. But, given the high and significant coefficient found, we 

can assume that the enhanced creation and diffusion of tacit knowledge may indeed 

affect the creation and diffusion of codified knowledge. Second, we have not taken into 

account several dimensions of social capital. As PUTNAM (2000) argues, bonding social 

capital involves strong and redundant ties, albeit more reliable ones that might carry 

superfluous information. Meanwhile, bridging social capital entails less reliable ties that 

carry non-redundant information, which usually link people from different backgrounds 

and sources of knowledge. Here again, additional research is needed in order to 

overcome this situation and to identify the differential impact of these social capitals on 

innovation. 
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Figure 1. Social capital services evolution in 1995 constant €. Spain. 

 Source: IVIE 

 

 

Figure 2. Regional distribution of social capital services per head. Spain. 
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Figure 3. Spanish evolution of patent applications (1989-2001) 
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Table 1. Description of main variables in the analysis 
 Patents 1989-2001 Social capital 1989-2001 R&D expenditures 1989-2001 Human capital 1989-2001 

  Regional 

distribution 

Per capita 

social capital 

2001 

Social 

capital 

growth 

R&D per 

capita 2001 

Regional 

distribution 

R&D pc 

growth 

Human 

capital 

2001 

Human 

capital 

growth 

Andalusia AN 5.34 239.78 1.92 55.21 9.05 6.53 17.67 4.14 

Aragon AR 3.42 366.05 2.32 87.11 2.41 5.43 20.61 4.82 

Asturias AS 1.19 287.14 0.91 67.97 1.60 6.52 17.69 4.57 

Balearic 

Islands 
BA 0.84 356.93 1.90 32.69 0.49 10.41 14.22 3.40 

The Canary 

Islands 
CN 1.10 291.71 1.81 57.29 1.99 11.87 15.22 1.88 

Cantabria CB 0.53 335.85 3.23 64.71 0.80 4.76 15.53 2.41 

Castile and 

Leon 
CL 2.55 312.76 1.98 89.04 4.04 7.87 19.55 5.04 

Castile-la 

Mancha 
CM 1.14 280.44 1,76 30.73 1.38 9.45 15.77 5.36 

Catalonia CT 37.90 379.77 1.62 153.86 20.98 5.90 19.45 4.21 

Comunity of 

Valencia 
CV 10.21 309.41 2.42 82.01 6.30 9.44 17.52 4.92 

Extremadura EX 0.36 228.91 1.97 46.37 0.79 9.40 17.00 4.65 

Galicia GA 1.59 290.23 0.93 65.27 3.13 11.15 15.27 6.57 

Madrid MD 22.04 418.05 2.44 280.49 35.16 2.95 30.29 4.35 

Murcia MC 1.09 273.01 2.83 62.49 1.49 6.27 18.25 4.95 

Navarre NA 3.08 407.40 3.29 145.62 1.63 11.80 24.02 4.71 

The Basque 

Country 
BC 7.33 412.40 3.16 195.02 8.46 6.39 23.55 3.87 

La Rioja RI 0.29 322.82 2.31 60.52 0.31 14.41 18.38 4.09 

Total  100 325.23 1.99 113.89 100 5.63 19.94 4.53 

Note: Growth rates are calculated as accumulative annual growth rates 

Source: Own calculations from different datasets 
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Table 2. Regression results for the negative binomial model with random effects. 

Dependent variable: number of patents 
 (i) (ii) (iii) (iv) 

Constant -9.468*** -13.528*** -13.832*** -14.195*** 

 (0.860) (2.625) (3.376) (3.361) 

ln (RD)  0.324*** 0.272** 0.685** 0.395 

 (0.106) (0.111) (0.292) (0.403) 

ln (HK) 0.737** 2.248** 0.731** 1.982 

 (0.297) (0.964) (0.296) (1.276) 

ln (SK) 0.738*** 1.425*** 1.438*** 1.525*** 

 (0.167) (0.449) (0.547) (0.548) 

ln(SK)*ln(HK)  -0.229*  -0.189 

  (0.139)  (0.187) 

ln(SK)*ln(RD)   -0.059 -0.018 

   (0.044) (0.058) 

ln(MAN) 0.764*** 0.725*** 0.785*** 0.738*** 

 (0.151) (0.150) (0.153) (0.156) 

ln (SpIn) 0.312 0.269 0.344 0.286 

 (0.224) (0.222) (0.227) (0.229) 

ln (POP) 0.085 0.120 0.122 0.125 

 (0.101) (0.101) (0.106) (0.103) 

Time trend 0.071*** 0.077*** 0.075*** 0.077*** 

  (0.013) (0.013) (0.013) (0.013) 

Total semi-elasticity with respect to     

     

RD  0.324*** 0.272** 0.326*** 0.282** 

[βRD + βRD SK ln(SK)] (0.106) (0.111) (0.107) (0.115) 

     

HK 0.737** 0.860*** 0.731** 0.836*** 

[βHK + βHK·SK ln(SK)] (0.297) (0.305) (0.296) (0.313) 

     

SK 0.738*** 0.821*** 0.771*** 0.817*** 

[βSK + βRDSK ln(RD) + βHK·SK ln(HK)] (0.167) (0.173) (0.168) (0.173) 

          

Sample size 221 221 221 221 

Log-likelihood -646.841 -645.474 -645.929 -645.424 

Wald test 1324.830 1304.990 1305.540 1302.670 

p-value 0.0000 0.0000 0.0000 0.0000 

Panel vs. Pooled     

Chi2 151.56 154.26 104.80 91.81 

p-value 0.000 0.000 0.000 0.000 

Lagrange Multiplier test for SAC     

LM -0.066 -0.066 -0.066 -0.066 

p-value 0.476 0.472 0.472 0.476 

Hausman test     

Chi2 5.62 4.54 4.37 4.16 

p-value 0.5849 0.8049 0.8227 0.9006 

Notes: Random effects model with several levels of significance: 1%***; 5%**; 10%*. Standard errors are presented 

in italics and parenthesis below each associated parameter. The average values to calculate the semi-elasticities are: 

lnR&D=11.23; lnHK=2.64; lnSK=6.05. We have calculated the total semi-elasticites following the formulas given in 

this table (see second panel of the table). Lagrange multiplier tests for the panel data regression assuming the 

existence of significant random effects (BALTAGI et al., 2003) are reported too in order to check for spatial 

autocorrelation in the residuals of the maximum likelihood estimations. This test statistic should be asymptotically 

distributed as a N(0,1) under the null. The null hypothesis of no spatial autocorrelation cannot be rejected, so our 

model takes already account of any spatial process in the data. This test show similar results for the regressions of 

table 3 –not reported. 

 



Table 3. Regression results for the negative binomial model with random effects. Dependent variable: number of patents 
 Business - Private  High-income regions  Low-income regions 

 (i) (ii) (iii) (iv)  (v) (vi) (vii) (viii)  (ix) (x) (xi) (xii) 

Constant -10.053*** -13.865*** -13.651*** -14.599***  -8.596*** -11.906*** -7.200 -8.521**  -9.886*** -8.337* -8.941 -9.250 

 (0.917) (2.669) (3.246) (3.332)  (1.566) (4.145) (6.503) (4.292)  (1.375) (4.480) (7.353) (6.911) 

ln (RD) business -0.019 -0.033 -0.035 -0.180  -0.039 -0.054 0.619 0.497  0.004 0.06 0.427 0.553 

 (0.071) (0.070) (0.396) (0.412)  (0.131) (0.131) (0.669) (0.648)  (0.083) (0.083) (0.627) (0.654) 

ln (RD) public 0.332*** 0.304*** 0.660 0.533  0.317** 0.301** -0.463 -0.892  0.356** 0.355** -0.122 0.176 

 (0.088) (0.091) (0.473) (0.484)  (0.130) (0.134) (1.026) (0.609)  (0.152) (0.152) (0.946) (0.990) 

ln (HK) 0.786*** 2.192** 0.802*** 2.118*  0.770* 1.981 0.724* 3.226*  0.865** 0.280 0.871** -0.724 

 (0.287) (0.962) (0.289) (1.225)  (0.431) (1.459) (0.443) (1.675)  (0.427) (1.672) (0.441) (2.258) 

ln (SK) 0.829*** 1.462*** 1.396*** 1.560***  1.357*** 1.857*** 1.366* 1.636**  0.735*** 0.484 0.624 0.630 

 (0.158) (0.441) (0.514) (0.528)  (0.234) (0.621) (0.826) (0.635)  (0.218) (0.727) (1.107) (1.039) 

ln(SK)*ln(HK)  -0.214  -0.20***   -0.180  -0.347   0.093  0.266 

  (0.139)  (0.181)   (0.207)  (0.229)   (0.257)  (0.368) 

ln(SK)*ln(RD) business   0.002 0.023***    -0.114 -0.109    -0.069 -0.089 

   (0.063) (0.065)    (0.116) (0.104)    (0.101) (0.105) 

ln(SK)*ln(RD) public   -0.054 -0.03***    0.133 0.211**    0.075 0.028 

   (0.074) (0.075)    (0.185) (0.096)    (0.148) (0.154) 

ln(MAN) 0.980*** 0.942*** 0.989*** 0.948***  0.652** 0.595* 0.670** 0.690***  0.693*** 0.695*** 0.659*** 0.642*** 

 (0.174) (0.173) (0.173) (0.174)  (0.335) (0.339) (0.320) (0.265)  (0.212) (0.211) (0.220) (0.215) 

ln (SpIn) 0.478** 0.431** 0.474** 0.412*  1.131*** 1.009** 1.547* 1.857***  0.013 0.011 -0.023 -0.092 

 (0.219) (0.219) (0.227) (0.228)  (0.421) (0.442) (0.920) (0.439)  (0.334) (0.332) (0.351) (0.348) 

ln (POP) 0.071 0.101 0.098 0.099 
 

-0.429** -0.381** -0.562 
-

0.694*** 

 
0.146 0.148 0.141 0.144 

 (0.095) (0.096) (0.100) (0.097)  (0.180) (0.187) (0.373) (0.150)  (0.105) (0.104) (0.107) (0.103) 

Time trend 0.067*** 0.073*** 0.071*** 0.073***  0.048** 0.054*** 0.043 0.035*  0.077*** 0.075*** 0.077*** 0.072*** 

 (0.012) (0.013) (0.013) (0.013)  (0.019) (0.020) (0.029) (0.018)  (0.021) (0.022) (0.022) (0.023) 

Total semi-elasticity with respect to               

               

RD business -0.019 -0.033 -0.020 -0.035  -0.039 -0.054 -0.069 -0.159  0.004 0.006 0.008 0.014 

[βRDbus + βRDbusSK ln(SK)] (0.071) (0.070) (0.071) (0.071)  (0.131) (0.131) (0.155) (0.126)  (0.083) (0.083) (0.083) (0.083) 

               

RD public 0.332*** 0.304*** 0.334*** 0.312***  0.317** 0.301** 0.344** 0.387***  0.356** 0.355** 0.335** 0.345** 

[βRDp.a. + βRDp.a.SK ln(SK)] (0.088) (0.091) (0.091) (0.093)  (0.130) (0.134) (0.173) (0.125)  (0.152) (0.152) (0.156) (0.155) 

               

HK 0.786*** 0.895*** 0.803*** 0.906***  0.770* 0.891** 0.724* 1.127**  0.865** 0.842** 0.871** 0.885*** 

[βHK + βHK·SK ln(SK)] (0.287) (0.295) (0.289) (0.302)  (0.431) (0.449) (0.443) (0.477)  (0.427) (0.429) (0.441) (0.436) 

               

SK 0.829*** 0.898*** 0.849*** 0.887***  1.357*** 1.357*** 1.556*** 1.745***  0.735*** 0.720*** 0.753*** 0.736*** 

[βSK + βRDSK ln(RD) + βHK·SK ln(HK)] (0.158) (0.162) (0.160) (0.162)  (0.234) (0.231) (0.409) (0.231)  (0.218) ((0.221) (0.223) (0.219) 

Sample size 221 221 221 221  91 91 91 91  130 130 130 130 

Log-likelihood -643.948 -642.771 -643.261 -642.653  -298.866 -298.486 -298.322 -296.010  -334.896 -334.831 -334.665 -334.411 

Hausman test               

Chi2 10.900 25.117 0.710 0.270  2.920 7.120 3.200 19.940  3.900 3.530 2.610 11.490 

Prob.:  0.207 0.031 1.000 1.000  0.940 0.625 0.976 0.046  0.866 0.940 0.989 0.403 

Notes: Random effects model with several levels of significance: 1%***; 5%**; 10%*. Standard errors are presented in italics and parenthesis below each associated parameter. The average values to 

calculate the semi-elasticities are: lnRDbus=10.13; lnRDpub.=10.61;lnHK=2.63; lnSK=6.05. For high-income regions are: lnRDbus=10.69; lnRDpub.=10.54;lnHK=2.77; lnSK=6.04. And for low-income 

regions are: lnRDbus=9.73; lnRDpub.=10.65;lnHK=2.54; lnSK=6.06. 

 



 

                                                 
1 http://ec.europa.eu/growthandjobs/faqs/background/index_en.htm 

2 At this point we should mention the study by Coleman (1988), which was a pioneering in analyzing the relationship 

between social and human capital. However, his work was focused on the impact of different dimensions of social 

capital in the creation of human capital in the next generation, and not the effect of social capital on the returns on 

innovation of human capital, and vice-versa. Besides, another interesting study from an historical viewpoint is that by 

Goldin and Katz (1999), which explores, among other things, why social capital was important in the expansion of 

the secondary school education in the US at the beginning of the XXth century. 

3 Contrary to previous studies (GRILICHES, 1979; HAUSMAN et al., 1984), the studies by GRILICHES (1991a) or JAFFE 

(1989) shifted the unit of analysis of the KPF from the firm level to the aggregate level (region, country). This shift-

focus was especially interesting for estimation purposes, since it took better into account the effects of spillovers and 

externalities between firms and their effect on further innovation. 

4 The specialization index has been built with Gross Added Value (GAV) data and takes the form of  
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where i = region, N = nation, and j = economic sector. 

5 The World/European Values Survey was designed to enable a cross-national comparison of values and norms on a 

wide variety of topics and to monitor changes in values and attitudes across the globe. This data collection contains 

the survey data from the four waves of the World Values Survey and European Values Survey, carried out in 1981-

1984, 1990-1993, 1995-1997 and 1999-2004. Broad topics covered in the integrated file include perception of life, 

family, work, traditional values, personal finances, religion and morals, the economy, politics and society, the 

environment, allocation of resources, contemporary social issues, national identity, and technology and its impact on 

society. The European coordination centre is located in Tilburg University, The Netherlands, whilst the Survey was 

extended globally by Ronald Inglehart from the University of Michigan (US). 

6 For a detailed explanation of this dataset and its modelling, see PÉREZ et al. (2005 and 2006), and for interesting 

empirical implementations of it, see PÉREZ et al. (2006), and PASTOR and TORTOSA-AUSINA, (2007). 

7 As BALTAGI (2005) summarizes, panel data allow one to control for individual heterogeneity, whilst cross-section 

and time-series studies do not, taking into account regional time-invariant characteristics within the considered 

period. Moreover, longitudinal studies “give more information data, more variability, less collinearity among the 

variables, more degrees of freedom and more efficiency” (BALTAGI, 2005; p. 5) providing less biased, and more 

consistent estimations of the relationships between innovative inputs and their output, which might be considered an 

important gap in the previous literature on this topic. 
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8 According to some scholars, the difference between patent applications and granted patents is not noteworthy –

neither in absolute quantities nor in terms of weights between regions and economic branches.  

9 Although our preferred aggregation level of analysis would have been the Spanish province (corresponding to 

NUTS3), given that it is both an appropriate unit of analysis within innovation and knowledge diffusion literature 

(RONDÉ and HUSSLER, 2005; ANSELIN et al., 1997; ACS et al., 2002), our analysis will be performed at the NUTS2 

level due to a lack of available data on R&D expenditure. 

10 BDMORES database is provided by the Spanish Ministry of Economy at the following website: 

http://www.sgpg.pap.meh.es/SGPG/Cln_Principal/Presupuestos/Documentacion/Basesdatosestudiosregionales.htm 

11 At this point we should bear in mind that spatial autocorrelation (SAC) may well arise when treating with regional 

aggregated data. Whether this possible SAC exists and it is not controlled for, this would lead to an omitted variables 

problem, which would make inconsistent our estimations. Thus, we have performed Moran’s I test and Geary’s C test 

for all the years of the sample (as far as we know, any univariate test for longitudinal data exists). Using different 

definitions of contiguity, we concluded that the null hypothesis of no SAC cannot be rejected –results can be 

provided upon request from the authors. Moreover, for the case of table 2 we performed Lagrange Multiplier tests for 

SAC for longitudinal estimation residuals in the presence of significant random effects (see BALTAGI et al., 2003). 

Again, the null hypothesis of no spatial autocorrelation cannot be rejected, so we can conclude that, if any spatial 

process was in our data, the explanatory variables included in the model have taken it into account. However, we 

should bear in mind that both the Moran’s I, the Geary’s C and the Lagrange Multiplier test are developed in the basis 

of large N, while our dataset contains only 17 spatial units. Thus, it may well be the case that these tests are failing in 

detecting the possible presence of SAC. Additionally, we have checked for any kind of spatial heterogeneity in our 

data, by including a dummy for those regions located in the North-East side of the country (the Basque Country, 

Navarre, Aragon, Catalonia, La Rioja, C. of Valencia, Murcia, and Balearic Islands). This dummy is strongly 

significant, so our data may well show a separate spatial pattern. However, this dummy is not significant anymore 

when the sample is splitted up into high- and low-income regions, so we should assume that our methodology already 

takes account of this spatial heterogeneity (results can be provided upon request from the authors). We would like to 

thank two anonymous referees for pointing out the possible existence of misspecification due to SAC or spatial 

heterogeneity. 

12 The delta method is just a numerical procedure, widely applied in econometrics, to approach the value of the 

standard error for a nonlinear combination of the parameters –in our case, a sum of coefficients. Basically, it expands 

a differentiable function of a random variable about its mean, with a first-order Taylor approximation, and then takes 

the variance. 
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13 The high-income region sample includes Aragon, Balearic Islands, Catalonia, Madrid, Navarre, the Basque 

Country and La Rioja, whilst the low-income region sample includes Andalusia, Asturias, the Canary Islands, 

Cantabria, Castile and Leon, Castile-La Mancha, Community of Valencia, Extremadura, Galicia and Murcia.  

 

 


