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We design a conceptual framework for linking two approaches: absorptive capacity, and spatial knowledge spillovers (KS). Regions produce new knowledge, but only part of it is efficiently adopted in the economy; the share of efficiently adopted technology depends on cognitive capital. Our dataset is based on a panel of European regions over the period 1999-2006, combining data from EUROSTAT and the European Values Study (EVS). We test the hypothesis that insufficient levels of cognitive capital hamper the capability of regions to fully exploit new knowledge. Results show that a lower regional absorptive capacity increases KS towards surrounding areas, hampering the regions' capability to decode and efficiently exploit new knowledge, both locally produced and originating from outside.

Introduction

Since the publication of [START_REF] Cohen | Absorptive capacity: a new perspective on learning and innovation[END_REF] on the firm's absorptive capacity, much research has focused on understanding the key characteristics of firms, regions, and countries that make it easier to understand and decode information coming from outside in an economically-efficient manner.

The concept of absorptive capacity, whose foundations were originally designed in the context of firm theory, can be extended to complex institutions, such as countries and regions. The idea that a proper knowledge base is needed to understand more and better knowledge is not new and can derives from human capital-based growth models. In the present investigation the focus is not simply on the role of human capital in enhancing the 2 growth capabilities of regions, but on the role of the accumulated stock of cognitive capital in the capability of a region to identify and utilize proper knowledge from outside.

In fact, evidence proves examples of regions producing codified knowledge, but unable to fully absorb, decode and exploit it at its full potential. How does this discrepancy come about? What drives this result, and why are physical factors not sufficient to explain regions' growth in efficiency? We believe these answers must be sought in spatial KS and the absorptive capacities of regions.

Therefore, we need a broad framework, in which relevant growth factors are taken into account; in particular, we assume here that knowledge produced in specific regions where regional receptivity is not sufficient spills over to surrounding areas. Hence, patenting an innovation in a region is no longer sufficient to retain its positive fallouts in that region itself. The area must be endowed with the capability to understand technical innovation and decode it in order to produce more efficiently.

In turn, this capability depends on the area's endowment with cognitive capital. Cognitive capital is the set of all local, spatially-bounded characteristics that determine an area's capability to grow. In particular, it encompasses all "soft" components (social, relational, and human capital) that determine a society's quality, and the density and efficiency of its members' interactions. A region's insufficient endowment of cognitive capital may cause locally-produced knowledge to spill over to surrounding competing areas. To provide evidence supporting this proposition, here we develop an innovative econometric model and test it on a sample of 261 European regions.

The paper is structured as follows. In Section 2 we review highlights from the literature on the topic of absorptive capacity and we state our own definition. In Section 3, we present our conceptual and theoretical framework for KS, framing our definition within the existing literature. In Section 4 we explain our measure of KS. In Section 5 we provide empirical results from a modeling experiment. Finally, we draw conclusions and suggest some relevant policy implications.

A framework for absorptive capacity

The basic lesson from the standard literature on absorptive capacity is that it comes from knowledge accumulation. The basis for this statement originates essentially from a cognitive approach. "Research on memory development suggests that accumulated prior knowledge increases both the ability to put new knowledge into memory, what we would refer to as the acquisition of knowledge, and the ability to recall and use it" (Cohen and Levinthal 1990, p. 129). The development of absorptive capacity requires more than a mere exposition to, and familiarization with, the relevant prior knowledge. Learning crucially depends on the intensity of the effort. Moreover, the ability to assimilate information as a • Learning has a cumulative pattern;

• Learning performance is greatest when the object of learning is related to what is already known.

Regions display similar patterns. If prior knowledge is needed for a firm's staff to understand and decode new knowledge, why shouldn't regions behave similarly? Moreover, if exerting a higher effort and being culturally and socially not too distant helps employees in similar firms to understand new knowledge, why shouldn't more aggregate entities such as regions also obey these rules?

A recent attempt to link the firm's behaviour with regional innovation performance is made by Abreu et al. (2008). Two British firm-level datasets are combined to measure the role of the firms' absorptive capacity in driving regional innovation performance. They find that a larger share of R&D employees, the use of new management techniques, and collaborative behaviour are all positively associated with an increase in regional innovation performance. Their study, however, does not have the same scope as ours. In their study, technical, standardized innovation is automatically assumed to lead to growth. However, this is not always true 1 .

In [START_REF] Abreu | Spatial patterns of technology diffusion: an empirical analysis using TFP Tinbergen Discussion Paper 04-079[END_REF] country level productivity growth is linked to human capital accumulation. TFP is used as a measure of aggregate technology; its rate of change over time is explained with a model that nests the [START_REF] Nelson | Investment in humans, technological diffusion, and economic growth[END_REF] and [START_REF] Lucas | On the mechanics of economic development[END_REF] models. The authors link up with the literature on direct and indirect effects, which forms the basis of our measure of outward knowledge spillovers (OKS). Although their spatial framework resembles ours, and the TFP concept is used, our approach differs in that, in the present study, spatial econometrics techniques are used to obtain the OKS measure.

The existing literature on absorptive capacity states that the stock of knowledge previously accumulated enhances the capability of complex organizations to understand new knowledge. In our view technical, formalized knowledge does not capture the entire set of norms, customs, uses and attitudes that also constitute a society's knowledge. A more comprehensive definition of regional knowledge and absorptive capacity should include all types of knowledge, including not only technical knowledge, but also a region's attitude towards learning. Cognitive capital is capable of encompassing all these different aspects of regional knowledge. Following [START_REF] Henry | Hope, hopelessness, and coping: a framework for class-distinctive cognitive capital[END_REF], we define cognitive capital as the set of cognitive dispositions of agents towards socio-economic interactions. Thus, in our D1. The knowledge of regions, i.e. a region's absorptive capacity, is the set of psychological and cognitive dispositions of regional agents towards socioeconomic interactions.

Therefore, a region's absorptive capacity is best measured with its endowment of cognitive capital.

A framework for knowledge spillovers

The literature on absorptive capacity can be connected to the research carried out on KS. First, one needs to extend the unit of analysis from the firm to the aggregate level. Next, one may wonder what happens if local absorptive capacity lacks the capability to absorb locally-produced knowledge.

The theory of KS assumes that, although knowledge is a public good, appropriability is imperfect. In Michael Spence's words: "Imperfect appropriability means that a fraction of each firm's research leaks out" (Spence 1984, p. 118).

New knowledge can actually take different forms. It can also be the creative adoption of existing knowledge (for instance, the use of satellite phones by Serbian troops as a device of communication to overcome the destruction of their fixed phone lines by the opponents' coalition); new and more efficient managerial techniques (Toyota's Just-in-time system); the creative and artistic combination of old, traditional materials to impose nonstandardized products on the market (French and Italian fashion companies). Clearly, patents are not the only measure of innovative activities in a country. That is why we resort to a different measure of technological change, i.e. TFP. With TFP we assess whether a region is more efficient in combining physical factors, broadly categorized as capital and labour.

The theory of KS has described how, in the absence of sufficient local absorptive capacity, new knowledge spills over to surrounding areas. But what exactly is a knowledge spillover? Through which mechanisms does knowledge travel? How far does it go? Several definitions of KS have been given in the literature. An appropriate definition was given by [START_REF] Grossman | Innovation and growth in the global economy[END_REF]. They define KS by two main characteristics: "By technological spillovers, we mean that (1) firms can acquire information created by others without paying for that information in a market transaction, and (2) the creators (or current owners) of the information have no effective recourse, under prevailing laws, if other firms utilize information so acquired" (Grossman and Helpman 1992, p. 16). We define KS as follows: D2. Knowledge spillovers represent a non-rival knowledge externality implying the passage of knowledge in a non-marketed form, so that somebody using knowledge created elsewhere or by somebody else cannot be subject to legal procedures.

Measuring KS entails a link between the productivity growth of an organization j and a measure of the innovative activity of another organization i, which has a functional relationship with j. Studies differ on the way knowledge can be carried across borders. Usually this happens by patenting. Patent flows between firms involved in the same vertical relationship [START_REF] Nadiri | Innovations and technological spillovers[END_REF] bring knowledge across firms, and hence across administrative and political boundaries. Alternative knowledge carriers include input-output mechanisms, multinational companies, labour force pooling, and migrations. [START_REF] Jaffe | Technological opportunity and spillovers of R&D: evidence from firms' patents, profits and market value[END_REF][START_REF] Jaffe | Real effects of academic research[END_REF] used patent applications to construct a measure of similarity of research activities, and calculated the external R&D pool available to each firm. For the focus of the present paper, however, patents would be misleading. We would mainly replicate an already established estimation procedure on different data and scale. Besides, patent data reflect only a part of real innovation and knowledge, i.e. what can be technically described on a document and revised by peers.2 Knowledge is a complex phenomenon, assuming different forms and being spread by alternative carriers. [START_REF] Blumentritt | Towards a strategy for knowledge management[END_REF] define knowledge according to four categories, viz. codified, common, social, and embodied knowledge. Patents fall into the category of codified knowledge.

However, knowledge goes beyond codified schemes. Managerial skills, tacit knowledge, relational and social capital play a crucial role in explaining why certain areas are more productive than others, by shaping their cultural context. This is a new element captured in the present paper. We do not refer to any specific form of knowledge, but instead capture all possible spillover effects of local skills towards surrounding areas. TFP captures all the four categories defined by Blumentritt and Johnston, without losing relevant information.

Once our definition of regional absorptive capacity (D1) and KS (D2) have been given, we can state the main research question (RQ) to be answered in the present study:

RQ. Does lower regional absorptive capacity cause higher knowledge spillovers to surrounding areas?

The literature finds that KS are facilitated by geographic proximity and by the human capital endowment of the areas analyzed. What happens if we reverse the reasoning? KS are determined by geographical proximity, but also by the lack of absorptive capacity, and by the absorptive capacity of surrounding areas. A more comprehensive concept of proximity is here needed. Socio-economic proximity, or cultural and relational proximity make the spatial component of this problem more complex to represent but very interesting to investigate. This is where the concept of cognitive capital enters: as a comprehensive Traditional management science studies find that more human capital leads to a greater capability of firms to understand and decode new knowledge. In this context the abovementioned study by [START_REF] Cohen | Absorptive capacity: a new perspective on learning and innovation[END_REF] is important, as they argue that: "The ability to evaluate and utilize outside knowledge is largely a function of the level of prior related knowledge" (p. 128).

Hence, accumulated prior knowledge actually increases the ability of firms to correctly evaluate new information, assimilate it, and apply it for commercial purposes. Cohen and Levinthal build on psychology studies where individuals are shown to be more able to absorb new skills when better endowed with previous knowledge. The passage from the individual to the organizational level is done through aggregation. Similarly, we believe that, if organizations and companies in a region are better endowed with absorptive capacity, they also have higher chances to decode new knowledge, thus preventing OKS.

Its seems therefore plausible a general framework model of the following nature:

OKS i = f (Innovation i , Innovation i * cognitive capital i , cognitive capital j ), (1) 
where region i is the region analyzed, while regions j, with j≠i, are all other regions. We expect eq. ( 1) to meet the following reasonable expectations:

• A positive sign for the first variable: more innovation in a region provides scope for OKS. This is in line with similar studies on technology and knowledge transfer, which find that higher investment in knowledge production leads to a stronger knowledge spillover to surrounding areas [START_REF] Landry | Determinants of knowledge transfer: evidence from Canadian university researchers in natural sciences and engineering[END_REF]).

• A negative sign for the second variable: more local capacity (in terms of territorial characteristics and capabilities of understanding and translating knowledge) should make it easier for the area to retain the positive effects of local innovation within its boundaries. Cognitive proximity helps economic agents (firms as well as individuals) in mutual understanding. The economic value of new knowledge is thus more likely to be fully exploited locally when societies own high stocks of cognitive capital.

• Empirical estimation of this relationship has been carried out with various linear techniques. This will be done in the remaining part of the paper. In our application, we use the NUTS2 level for European regional data.

The measure of outward knowledge spillovers and the dataset

Measuring outward knowledge spillovers

To test our model a first step is required: finding a good proxy for OKS. Doing so also requires an ex ante definition of knowledge. The definition of the proper measure of knowledge and KS would ideally be based on two broad theoretical quantities, viz. patents and Total Factor Productivity (TFP).

Patents are a common and much utilized measure of technical change. However, they represent a skewed measure, as patenting is mostly carried out in large firms. Hence patent statistics tend to be higher in regions where firm structure is biased towards large size.

TFP is more reliable as a measure of the type of knowledge we consider. As a residual to a production function, it encompasses everything that is not measured by physical factors. As such, its difference over time also captures the change in non-technical efficiency, i.e. creativity, managerial skills, and all the non-technical knowledge factors that might arise from a global time-improvement of general regional knowledge. If spatially-lagged, it can also measure the extent to which regions are influenced by surrounding areas; hence an inverse function of this spatial lag might represent a good measure of OKS. How this new measure is constructed is explained below.

TFP has also been criticized. 3 It would understate quality improvements, overestimate real productivity improvements, and would include not only productivity gains but also measurement errors, the extent of the black market, noise in the data, and so on.

This last critique is well grounded. However, it is clear that it cannot explain the whole variation in productivity levels. Therefore, TFP must capture at least a significant part of the real gains in productivity.

3 See [START_REF] Hulten | Total factor productivity: a short biography[END_REF] for a comprehensive introduction to this measure. Productivity, in turn, can be explained by a set of determinants. This approach is typically referred to as the "knowledge production function" 5 : it usually entails studying the relationship between R&D inputs and output (measured by some form of benefit from the invention activity such as GDP growth, firm profits or turnover, productivity, or the stock market value of the firm). This approach is only functional for building our measure of OKS.

In this study, TFP actually proxies for generic regional knowledge. In a simple linear framework, if we indicate TFP as Y and the set of its determinants as X, we can write the knowledge production function as:

Y X β ε = + . ( 3 
)
Suppose then that productivity levels are correlated across space. Estimating the β coefficients with least squares would yield biased estimates. Spatial econometrics allows the modeling of spatial processes. This is often done with the spatial lag and the spatial error model; in our case, the spatial lag model is preferred. From a theoretical point of view, it is reasonable to assume that regional productivity depends on productivity in neighbouring regions, and is not just related to unmeasured variables that are common to productivity levels both in the region analysed and in nearby regions. This may be due to an underlying spatial correlation of all variables in the stage of knowledge production, and not just through the contagion effect usually assumed in the spatial error setting. Empirically, while both spatial lag and spatial error models are supported by significant Lagrange Multiplier tests [START_REF] Anselin | GeoDa™ 0.9 user's guide, Spatial Analysis Laboratory[END_REF], the spatial error model displays a slightly higher p-value 4 The log-linear transformation allows us to estimate a Cobb-Douglas production function of the form

1 Y AK L α α - =
. Y is regional GDP in constant 1995 prices; L is regional labour force; K is calculated from the regional Gross Fixed Capital Formation dataset, with the perpetual inventory method. The base year is 1995; we assume a yearly depreciation rate equal to 2.5 per cent. 5 [START_REF] Griliches | Issues in assessing the contribution of research and development to productivity growth[END_REF]; [START_REF] Pakes | Patents and R&D at the firm level: a first look[END_REF]. 3) reads now as follows:

Y WY X ρ β ε = + + , ( 4 
)
where W is the spatial weight matrix, and ρ is the spatial autocorrelation coefficient. The weight matrix in our specification is row standardized; this does not influence parameter estimates, but does change the estimation of direct and indirect effects. Each entry is the inverse of the distance between two regions. The ρ coefficient can be interpreted in a way similar to the time-autocorrelation coefficient in the time series literature. It also displays similar features: in particular, a value of ρ bigger than 1 in absolute terms implies that spatial correlation becomes larger, the longer the distance.

Eq. ( 4) cannot be correctly estimated with least squares: the dependent variable is also on the right-hand side. To obtain an estimable function, we must rearrange the terms in the usual way, i.e. bring the ρWY term to the left-hand side, isolate Y, and premultiply the matrix (I-ρW) -1 to the X matrix and the ε vector.

The (I-ρW) matrix has an interesting interpretation. It is obtained as follows: 

ρ ∧             -            , ( 5 
)
where ρ ∧ is the (estimated) autocorrelation parameter, 6 and w ij represent the inverse distances between European regions. Eq. ( 5) shows that the result of this calculation is an (nXn) matrix. This matrix, after being inverted, transforms each variable in the X matrix into its contribution to the dependent variable to and from each region. In other words, it can be interpreted as a sort of input-output matrix, where each element shows the weight to be assigned to each observation in the vectors stacked in the X matrix in order to obtain inward and outward flows of these elements to the region observed. Suppose, in fact, that the matrix (I-ρW) -1 (which we will denote with the Greek upper-case letter Β from the word meaning "weight") takes on the form: 

      - = Β =       . ( 6 
)
Our estimates of the regional knowledge production function are based on a conceptual framework, laying its foundations in the most recent literature on the topic. Traditionally, regional knowledge production functions relate R&D output (oftentimes measured with TFP) with R&D inputs, including the intensity of investment in R&D (or the level of educated workforce: Abdih and Joutz 2005), and the regional endowment of human capital.

We control for the level of financial development in a region (Guiso et al. 2004, King and[START_REF] King | Finance and growth: Schumpeter might be right[END_REF]) and the quality of its institutions (Morgan 1997). 7 This conceptual framework leads to the following functional form:

, 0 1 , 2 , 3 , 4 , , r t r t r t r t r t r t TFP HRST H FD INST WTFP β β β β β ρ = + + + + + . ( 7 
)
where HRST stands for Human Resources in Science and Technology, H for Human Capital, measured as the percentage of people holding a degree from an upper secondary education institution (ISCED system), Financial Development (measured as the share of people in the workforce employed in finance and banking) and Quality of Institutions (measured as the percentage of arable land). All variables are measured in natural logs for each region r at time t. Estimates are carried out by means of maximum likelihood. The results of the estimates are shown in Table 1.

INSERT TABLE 1 ABOUT HERE

Pre-multiplying each vector, for instance "HRST", by Β yields an input-output matrix, where entries in each column represent the contribution of each region's TFP to the allocation of human resources to science and technology in other regions, and vice versa; and the entries in the rows represent contributions of HRST in each region to the analysed region's TFP.

Hence, we can operate both row and column sums to inspect, respectively, TFP outward and inward spillovers. It suffices to premultiply the TFP vector by the Β matrix to obtain a weighted sum of TFP spillovers to surrounding regions. In other words, we can assess the average OKS of the i-th region which contributes to the surrounding regions' productivity, or the extent to which each region's productivity spills over to its neighbours.

We might interpret this new approach in terms of economic value. While paper track (i.e. patents) KS imply the passage of standardized knowledge, productivity spillovers imply the creative resonance process through which people of neighbouring regions, by commuting to the workplace where better work processes can be learnt, by trading, reverse engineering and buying semi-manufactured products from commercial partners, can learn and add economic value to he knowledge embedded in economic processes.

The dataset

Data cover a sample of 261 European NUTS2 regions. The dataset has been collected from two main sources:

1. EUROSTAT (regional GDP, population, labour force, gross fixed capital formation);

2. EVS, a comprehensive survey of Europeans and their beliefs about broad life categories, including trust, religion, politics, and society.

The dataset comprises the following variables (Table 2 8 ):

INSERT TABLE 2 ABOUT HERE

This study uses the concept of cognitive capital as a novel way to model spatial cognitive impacts. Regions are endowed with a set of spatially-bounded resources, which contribute to their capability to understand, decode, and creatively adopt new technologies. These resources, both hard (physical and human capital, infrastructure) and soft (social and relational capital, knowledge transfer mechanisms, governance), define the notion of cognitive capital. Regions with insufficient levels of cognitive capital are less prone to use new knowledge in an efficient manner. This causes higher KS to surrounding areas.

Our ex ante choice of the determinants of OKS can be related to the literature on economic growth. Traditional neoclassical economics has often focused on the role of factor accumulation in explaining long-run economic performance [START_REF] Solow | A contribution to the theory of economic growth[END_REF][START_REF] Mankiw | A contribution to the empirics of economic growth[END_REF]. The literature on human capital has only recently stressed the role of soft elements in explaining how efficiently hard components (capital, labour, land, and infrastructure) are combined. More recently, endogenous growth theorists have found a way to incorporate externalities in constant returns to scale growth models. Theoretically speaking, these externalities are conceived as the mechanisms which magnify the effects of factor accumulation. Practically, they have been identified, from among many cases, in aggregate human capital [START_REF] Lucas | On the mechanics of economic development[END_REF] and R&D [START_REF] Romer | Endogenous technological change[END_REF].

We believe these to be only partial explanations of the emergence of increasing returns.

Cognitive elements in a broad sense also play a major role in explaining economic mechanisms. In this research, we focus on the role of governance, R&D transfer agencies, relational capital, management of collective goods, and district economies in shaping the 8 The PCA is performed on indicators of cognitive capital listed in chances that regions have to retain the positive effects of new knowledge within their own boundaries.

Empirical results

KS are expected to depend on regional innovation inputs. The higher the expenditure and commitment to R&D, the higher the chances that produced knowledge spills over its positive effects to surrounding areas. Thus, for instance, regions bordering Oberbayern or Stuttgart in Germany are expected to gain from their neighbours being committed to R&D. Their proximity represents a positive externality and translates into higher productivity even in neighbouring regions. This variable is expected to have the strongest effect on outward spillovers.

A specific role is played by cognitive elements. New knowledge, although locally produced, might not be understood by local agents in the real economy [START_REF] Capello | Territorial capital and regional growth: increasing returns in knowledge use[END_REF]. Lack of human and social capital, in particular of its trust component, might be detrimental to the efficient understanding and exploitation of this knowledge (La [START_REF] Porta | Trust in large organizations[END_REF]. Thinness of social networks provide disincentives to the fluid transfer of knowledge, and limit the capability of regions to fully achieve their long-run growth potential [START_REF] Beugelsdijk | Social capital and growth in European regions: an empirical test[END_REF]. Lack of R&D transcoding agencies might hamper the likelihood that knowledge is fully exploited, even by firms who did not take part in the knowledge production process [START_REF] Camagni | Regional specificities: towards a theory of territorial capital, in Modelling regional scenarios for the enlarged Europe: European competitiveness and global strategies[END_REF]. This can be summarized by a generalized lack of cognitive capital. Local insufficient endowment of cognitive capital might cause increased OKS. By the same token, a high endowment of cognitive capital might help regions to retain the positive effects of R&D activity in the local economy. This effect is expected to be of a smaller magnitude than that of R&D expenditure.

Cognitive capital might also work as a force contrary to the local retention of knowledge: if neighbouring regions have a higher endowment of cognitive capital, provided that space imposes less impedance to knowledge transfer, they might be more capable of understanding and decoding new local knowledge. Hence, neighbours' cognitive capital is expected to exert a positive influence (pull effect) on OKS.

Our KS measure is a weighted sum of the region's relative TFP contributions to and from its neighbours. As such, it can also take on negative values; therefore, we can represent the relative net balance of inward and OKS. If the variable is negative, the region should be a net knowledge recipient. Figure 1 represents this measure for the last available year (2006).

The map shows OKS divided into five subclasses. The first category with values above zero is shown in light grey. Grey regions are net knowledge exporters: this shows some spatial patterns, with peripheral regions tending to "import" knowledge from outside, and Nordic regions and the Pentagon area 9 being net producers.

INSERT FIGURE 1 ABOUT HERE

Least squares estimates

We are now ready to test our main hypothesis. Does higher cognitive capital lead to lower OKS? The tested equation is a simple linear functional form:

, , , , , , & * 
& r t r t r t r t j t r t OKS R D CC R D CC α β γ δ ε = + + + + , (8) 
where r =(1…261), j=(all regions: j≠r), t= (1999,…,2006).

OKS are measured as described above; R&D intensity is measured by the number of patent applications to the EPO per 1,000 inhabitants; cognitive capital is proxied by the PCA-built measure indicated in Table 2; and cognitive capital in neighbouring regions is measured by its spatial lags. The results of this first test are shown in Table 3.

INSERT TABLE 3 ABOUT HERE

In Model 1 the constant term is included, while in Model 2 it is not. Estimates meet our theoretical expectations. Both the R&D intensity and spatially-lagged cognitive capital elements are positive, while the interaction between local cognitive capital and R&D intensity is negative. Results suggest that R&D intensity and external cognitive capital exert a pull effect on OKS, while the higher the endowment of local cognitive capital, the lower OKS are. The significance of the R&D intensity term varies with the exclusion of the constant term, which is also rejected in the larger model. Thus, it is possible that large nonlinearities may determine the optimality of dropping the constant term from the regression.

The inclusion of fixed effects does not improve estimation precision: this is probably caused by the correct accounting for region-specific effects (which have been captured by cognitive capital elements in the regression). An alternative interpretation might be that most of the variance in the sample is cross-sectional. In this case, most cross-sectional variance would be wiped out by regional dummies, resulting in poor panel estimates.

Further use of spatial econometric techniques is not necessary. By construction, our measure of OKS removes spatial autocorrelation patterns in the data: hence all usual tests for the presence of spatial autocorrelation in the dependent variable have a negative outcome. This reinforces the interpretation of the lack of significance of regional fixed effects: most of the cross-sectional variation is captured by the measure of KS.

Our results are consistent with different choices of the weight matrix. In particular, the first and second coefficient tend to have the same sign and significance when distance is defined 9 The area comprising London, Paris, Milan, Munich and Hamburg. according to a queen and rook contiguity criterion, a threshold criterion with respectively, a 500, 1500, and 3,000 kilometre threshold, and a nearest neighbour criterion, k, being set at, respectively, 4, 30, and 50. Thus, we can safely rely on the consistency of our construction: geographical distance does play a major role in our framework, but is not sufficient per se to explain OKS. On the contrary, the coefficient associated with the interaction term remains remarkably stable. Consistency is not perfect, though. The significance of the third coefficient varies with different definitions of distance, which might suggest the need for further inspection of this topic. In particular, we could assess which is the threshold beyond which external cognitive capital fails to exert a pull effect on each region.

Identification strategy: instrumental variables estimates

The direction of causality among variables in the main empirical model (eq. 7) may be reversed. Not only cognitive capital in the region producing knowledge helps the region in retaining its positive effects: also, it may be that the flow of knowledge may induce a high endowment of cognitive capital. In order to rule out this possibility, we resort on instrumental variables.

Following [START_REF] Guiso | Does culture affect economic outcomes?[END_REF], we believe cultural characteristics to be deeply embedded in a society, and strongly persistent over time. As the capacity to absorb new knowledge depends, according to our conceptual framework, on the set of cognitive skills (mutual trust, relational capital, sense of belonging) that are strongly space-specific and pertain to the cultural domain, we base our second set of analysis on this a priori.

As endogeneity may affect the second and third independent variable in our testable equation (viz. the interaction term and the spatially lagged value of the cognitive capital measure), we look for instruments which are correlated with these two terms but orthogonal to the knowledge spillover measure. Our choice of instruments focuses on a set of timelagged cultural characteristics: in other words, we look for the roots of the differentials in cognitive capital levels in European regions, by inspecting the level of trust, sense of belonging, and relational capital ten years before our analysis. Fortunately the EVS also entails a second wave dating back to the year 1990. We selected four variables which should be correlated with the levels of cognitive capital in 2000, but not with the knowledge spillover measure:

1. The level of trust;

2. The self-stated interest in fellow region citizens;

3. The citizens' subjective justification of tax evasion; . The average regional interest in political issues. 10 By nature, parameter estimates tend to be on average higher in absolute terms with the IV estimator with respect to least squares estimates. Using four instruments to correct for endogeneity of two original variables, we obtain overidentified estimated parameters.

The results of the 2SLS estimation are presented in Table 4.

INSERT TABLE 4 ABOUT HERE

While all signs and order of magnitude of the estimated coefficients are retained, 2SLS estimates confirm a relatively higher estimated coefficient for all three parameters of interest. Investment in R&D exerts a higher push effect on KS, which is partially (and significantly) offset by a high local endowment of cognitive capital. Neighbouring regions endowed with cognitive capital exert a significant and positive attraction effect on locally produced knowledge, increasing KS. A joint Wald test on the overall significance of the model cannot be rejected at all conventional levels. Finally, a higher level of fit also supports the choice of this estimator.

Conclusions and policy implications

This paper has aimed to provide a bridge between two different, but complementary, approaches: absorptive capacity, and KS.

By identifying a new measure of KS we tested the assumption that local cognitive capital, which according to our conceptual framework properly measures absorptive capacity at the regional level, helps in retaining locally the positive effects of knowledge creation. The relatively low endowment of cognitive capital is found to be associated with higher OKS. Time processes are found to be insignificant in the dataset, but this last result may crucially depend on the short time span we can observe.

This last observation introduces a crucial issue in our conclusions. We find that the evidence demonstrating the role of cognitive capital (including cognitive proximity, relational capital, and a wise management of collective goods) in exploiting knowledge is strong. However, from the policy maker's perspective this may not be sufficient. If cognitive capital, and in particular those elements pertaining to the trust and governance domains, only accumulates at a slow pace, investment in such capital may require a longrun perspective which may be at odds with the short-run political cycle. 
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  capital properly measures a region's absorptive capacity. We state it as follows (D1):

  spatially-bounded elements, it encompasses all local, qualitative characteristics, from social to human capital, that determine the capability of a region in decoding knowledge.
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  A positive sign for surrounding areas' endowments of cognitive capital: this is in line with what the absorptive capacity literature suggests. In a way, this last expectation is the reverse of the previous point: when neighbouring regions own large stocks of cognitive capital, they tend to exert a pull effect on locally produced knowledge. Their socio-economic soil is more fertile and ready to reap the positive effects of externally produced knowledge, through commuting patterns, input output formal and informal exchange of new ideas. Finally, this last sign is expected to be positive for one more reason. KS happen through several different channels, one of which is trade: through reverse engineering, firms can acquire technology embedded in traded goods[START_REF] Macgarvie | The determinants of international knowledge diffusion as measured by patent citations[END_REF][START_REF] Padilla-Pérez | A regional approach to study technology transfer through foreign direct investment: the electronics industry in two Mexican regions[END_REF]. Trade is a negative function of geographical, technological, and cognitive distance: thus, when neighbouring regions own a consistent stock of cognitive capital, they are better suited to understand and exploit externally-produced knowledge.
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  The innovative component of this database is our measure of OKS. Industrial economists traditionally identify patent citations as the best measure for technological transfer. TFP shows instead the efficiency with which physical factors are combined. It measures not only the outcome of the R&D production process, but also improvements in managerial and organizational techniques, creativity, growth of tacit knowledge, and all non-technical change factors that contribute to improved economic efficiency.
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	We calculate TFP as the residual in an OLS regression over the function:	
	ln( ) y	=	α	ln( ) k	,	(2)
	where lower-case letters indicate labour-intensive variables. 4 The calculated TFP vector is
	affected by spatial autocorrelation: the Moran's I global autocorrelation index equals 0.43
	(pseudo p-value equal to 0.001) for 2006.	
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Table 2

 2 
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. The vector of cognitive capital is identified with the first PCA vector; it explains 40% of total variance. Details on the performed PCA are available upon request.
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Table 1 : results of the estimates of the knowledge production function (eq. 7)

 1 

	Abreu, M., Grinevich, V, Kitson, M, Savona M, (2008) Absorptive capacity and regional patterns of
	innovation DIUS RR-08-11.
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Notes: * = significant at the 90% level; ** = significant at the 95% level; *** = significant at the 99% level; Standard errors are shown in brackets.
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Table 2 : variables in the dataset Variable Raw data Source

 2 

		Submitted Manuscript	Page 20 of 22
		Y: regional GDP in constant prices EUROSTAT
	Outward knowledge spillovers	K: stock of capital estimated with the perpetual inventory method	EUROSTAT
		L: regional labor force	EUROSTAT
	R&D intensity	Patent applications to the European Patent Office per 1,000 inhabitants	EUROSTAT
		Principal Components Analysis (PCA) on five elements measuring	EUROSTAT;
	Cognitive capital	the set of norms, customs, uses,	
		psychological dispositions towards socio-economic interactions.	EVS.
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Table 3 -OLS estimates of equation (8)

 3 
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	Dep. variable: outward knowledge spillovers	OLS estimates
		(1)	(2)
	R&D intensity	0.026 (0.02)	0.030* (0.016)
	Cognitive capital*R&D intensity	-0.021*** -0.022*** (0.007) (0.006)
	Cognitive capital in neighboring regions	0.034* 0.035*** (0.02) (0.02)
	Constant term	0.001 (0.004)	-
	R 2	0.07	0.08
	Joint F test	5.79	5.95
	Local Moran's I	-0.0041*** (0.001)	
	Number of obs.	1756	1756

Notes: * = significant at the 90% level; ** = significant at the 95% level; *** = significant at the 99% level; Standard errors are shown in brackets.
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Table 4 -Instrumental variables estimates of equation (8)

 4 Notes: * = significant at the 90% level; ** = significant at the 95% level; *** = significant at the 99% level

	Dep. variable: outward knowledge spillovers	Instrumental variables estimates (1) (2)
	R&D intensity	0.12* (0.06)	0.09*** (0.029)
	Cognitive capital*R&D intensity	-0.07*** (0.022)	-0.07*** (0.017)
	Cognitive capital in neighboring regions	0.02* (0.011)	0.04** (0.019)
	Constant term	-0.004 (0.009)	-
	R 2	0.12	0.13
	Wald χ 2 (3) test	20.18***	21.27***
	Number of obs.	1756	1756
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[START_REF] Griliches | Patent statistics as economic indicators: a survey[END_REF].
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In general, the rich literature of the learning region explains in detail the role of institutions in shaping regional productivity patterns, as well as the underlying microfoundations of such a relationship.
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