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Abstract

Much has been said about the role that the acquisition of external knowledge plays
on the innovation process of firms, but little is known about the importance of
contextual factors moderating the channels for accessing such external knowledge. The
present paper tries to answer the question of how regional knowledge capacity affects
firms’ innovative performance through external sources of acquisition of knowledge,
namely, R&D cooperation and R&D outsourcing. Making use of a multilevel analysis
due to the hierarchical structure of the dataset, we focus on how the regional level of
knowledge — through the stock of regional patents and regional R&D expenditures —
moderate the effect of firms’ cooperation and outsourcing in innovation activities. We
provide evidence for Spanish manufacturing enterprises in the period 2000-2012.
Although the regional context seems to have a lower importance than that usually found
in the international literature, the regional R&D capability has different effects
depending on the sources of external knowledge, having a more favorable impact in the
case of cooperation than for outsourcing. Finally, we find that those regions in which
the business sector expends more in R&D obtain a higher impact from cooperating
while having a detrimental effect for those firms doing outsourcing. Whereas, those
regions with higher R&D expenditure in government research organizations have an
unfavorable influence on the cooperation strategy while a positive one for outsourcing
strategy.
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1. Introduction

Literature on innovation economics has extensively analyzed how the combination
and recombination of previously unconnected ideas lead to new knowledge production
and subsequent technological innovations (Aghion et al. 1998; Jones, 1995). Knowledge
diffusion in the form of knowledge spillovers is crucial in this literature as a cause of
the geographic agglomeration of firms (Audretsch & Feldman, 1996; Jaffe et al. 1993).
Back to the end of the 19" century, Marshall (1890) already described how firms could
benefit from spatial concentration: taking advantage of input-output relationships within
industries, thanks to labour market pooling, as well as benefiting from positive
knowledge externalities arising from other firms. Almost one century later, endogenous
growth models (Grossman & Helpman, 1991; Lucas, 1988; Romer, 1986, 1990) turned
the emphasis on knowledge spillovers again with the consideration that firms create
new knowledge profiting from the amount of knowledge of the whole society.

As a consequence of the existence of shared agglomeration externalities, and more
specifically for our case, the existence of knowledge spillovers, most geography of
innovation scholars have recapped the role of physical proximity in fostering knowledge
diffusion. It is widely believed that firms sharing the same environmental conditions are
more similar in their innovation performance than firms that do not share the same
environment. Co-location creates an industrial atmosphere (Becattini, 1979) or local
buzz (Storper & Venables, 2004), where ideas flow and knowledge is transferred
continuously through informal linkages and serendipitous encounters.

In contrast to this broadly belief, some scholars have raised the argument that co-
location is not enough for acquiring the local knowledge, but some kind of formal
mechanism such as the involvement in networks is needed (Breschi & Lissoni, 2009).
According to this view, without denying that knowledge spillovers might be a powerful
agglomeration force, formal knowledge exchanges based on market conditions may
play even a higher role as a mechanism of knowledge transfer (Breschi & Lissoni,
2001). Among other mechanisms, we can think of having technological collaboration
agreements or R&D outsourcing, which act as formal, intentional channels through
which knowledge is transferred throughout the space allowing for new recombination of
ideas (Fratesi & Senn, 2009). These formal mechanisms do not restrict to the knowledge
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knowledge hotspots around the world (Bathelt et al. 2004; Owen-Smith & Powell,
2004).

However, far less is known about differences between formal and informal
mechanisms of acquisition of knowledge and its mediation on the innovative
performance at the firm level. Therefore, the novelty of the present study and our
primary research question is to analyze how regional characteristics, and in particular
the generation of knowledge spillovers, may influence the role played by formal
mechanisms for acquisition of external knowledge on firms’ innovative performance. In
other words, we study to what extent the characteristics of the region where the firm is
located can influence the impact exerted by different external sources of knowledge,
namely technological cooperative agreements and knowledge outsourcing, on the
innovative performance of firms.

From a methodological perspective, we will take into account the fact that regional
level characteristics are not automatically reproduced at the firm level because
information on the variance between firms is lost when data at an aggregated regional
level are used (van Oort et al. 2012), what is known as the ecological fallacy. Therefore,
using multilevel modelling allows the micro and the macro levels to be modeled
simultaneously (Hox, 2002) and can be understood as a natural way to assess the
relevance of the context. We use a panel of manufacturing enterprises in Spain starting
from 2000 until 2012 and take into account some characteristics related to the
knowledge generation capacity of the region where the firm is located as well as its
distinction between public and private knowledge, which is another remarkable point in
the present study.

The paper is outlined as follows. In the second section we offer the literature
review and theoretical framework. Section three offers the dataset and describes the
variables, while the methodology is subsequently presented in section four. The main
results are given in the fifth section and the last section concludes.

2. Literature review and theoretical framework

A firm that wants to survive and grow needs to be innovative and adapt to more
dynamic and global markets. Having knowledge to do it is of outmost importance, and
it can be found within the firm but also beyond its boundaries. Indeed, the current
tendency to acquire external knowledge through formal mechanisms such as
cooperation agreements or through outsourcing (OECD, 2008) is gaining weight as

entrepreneurial strategies to become more innovative.
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Most of the papers providing empirical evidence at a micro level reach the
conclusion that external knowledge-sourcing strategies have a positive and significant
impact on innovation performance (Laursen & Salter, 2006; Mihalache et al. 2012;
Nieto & Rodriguez, 2011), whereas as pointed by Dachs et al. (2012, p. 10) studies that
find a negative impact are very scarce. In this sense, the open innovation literature
(Chesbrough, 2003) stressed the necessity for firms to access to such knowledge
external to the firm in order not to be lock-in the internal structure/way of thinking of
the enterprise.

On the one hand, collaborative research with a broad range of external partners
may enable innovating firms to acquire required information from a variety of sources
which could lead to more synergies and intake of complementary knowledge, thus
promoting innovation performance (Belderbos et al. 2006; Laursen & Salter, 2006;
Nieto & Santamaria, 2007; Van Beers & Zand, 2014).

In this sense, collaboration with other organizations is due to the necessity of
solving new kind of problems for which the market does not have a proper solution,
leading to the need of a higher amount of interactions among organizations. This kind of
strategy requires more face to face contacts reducing the likelihood of appropriation of
some specific ideas/projects due to the fact that both enterprises have knowledge of
each other’s projects while building a relationship of trust. At the same time,
collaboration may give access to a more intangible and tacit component of knowledge
and know-how not easy to spill over (Teirlinck & Spithoven, 2013). Previous literature
though, recognized the idea of cooperation having embedded a more complex/technical
knowledge structure which fit with the idea previously stressed related to the
appearance of new type of problems-solving requirements (Dhont-Peltrault & Pfister,
2011; Phene & Tallman, 2014; Teirlinck & Spithoven, 2013).

On the other hand, outsourcing part of the innovation process allows an enterprise
to gain access to a new source of well-prepared labor, as pointed out by Lewin et al.
(2009), as well as to capture external knowledge cheaply. Another relevant advantage of
outsourcing is the widening of the scope of internationalization of the firm, gaining
access to new markets and new knowledge, increasing the efficiency of its internal
capabilities and leading to an improvement in its competitiveness and a positive impact
on its innovation capacity (Cassiman and Veugelers, 2006; Grimpe and Kaiser, 2010;
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outsourcing are expected to be translated into a positive impact on innovation
performance.

In fact, the innovation literature recognizes the importance this kind of acquisition
of knowledge has for the enterprise in general, but specifically for smaller ones which
do not have enough technological and/or financial resources to move geographically
and take advantage of other region’s knowledge and markets (Nieto & Rodriguez,
2011). At the same time, the idea with outsourcing is that an enterprise gain in
productivity and efficiency through an improved re-conduction of its internal resources,
like managerial attention and the focus on core competences in what the firm does best
while taking advantage in what the contracted firm is specialized in.

However, this kind of strategy — outsourcing — may have a higher risk of
appropriation of internal knowledge (Nieto & Rodriguez, 2011) by the contracted firm
so that this could be a reason why the outsource of non-core activities might be more
profitable (Teirlinck & Spithoven, 2013). »2 In this sense, the use of a more
standardized and codified knowledge is embedded on this type of acquisition of
knowledge since the outsource of non-core activities imply a less technical and more
standard dimension of knowledge.

All in all, firms innovate thanks to the combination and recombination of existing
knowledge that goes beyond the limits of their boundaries, accessing to external sources
of knowledge to expand new visions in their production process (Rosenkopf &
Almeida, 2003). However, it is sensible to think that the environment where the firm is
located can be essential to recombine and exploit such knowledge. Indeed, at an
aggregate level, empirical studies in the geography of innovation (Feldman &
Audretsch, 1999; Jaffe et al., 1993) and economic geography literature (Martin &
Ottaviano, 1999) highlight that knowledge produced by a firm is only partially
appropriated by the producer, whereas part of such knowledge spills over to other firms
and institutions. Among the different mechanisms that imply informal exchange of
ideas, and as a consequence, knowledge spillovers, we find those of face-to-face

interactions between employees and frequent meetings (Allen, 1977; Krugman, 1991),

! However, the outsourcing of core activities allows the firm to access to a different kind of
knowledge and new technology that could be relevant for its survival (Teirlinck & Spithoven,
2013).

2 Nevertheless, in the Spanish case, as a member of the European Union, the presence of solid
property laws could guarantee the role played by some mechanisms of protection like patents,
design, trademarks, contractual clauses, etc. (Dhont-Peltrault & Pfister, 2011).
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monitoring of competitors (Porter, 1990), spin-offs (Audretsch & Feldman, 2004) and
trust building (Glaeser et al., 2002), among others.

We can stress two key points here. First, a clear assumption within this literature is
that knowledge spills over easily from its source to other agents, and this is more the
case with physically close actors than with firms located far apart. A second key point is
the informal nature of such knowledge spillovers and the little effort needed to benefit
from them since flows are more or less automatically received when being close in the
space due especially to the public good definition of knowledge.

In this paper, we follow this strand of literature and we want to give a step forward
and analyse how the impact of the capacity the region has to generate new knowledge
and knowledge externalities can mediate certain channels through which knowledge is
acquired from outside the firm. In particular, our main objective is to study the role that
regional knowledge generation may play on the benefit firms gain from formal
mechanisms of acquisition of external knowledge, namely technological cooperation
agreements and knowledge outsourcing. In other words, we plan to analyze whether two
different mechanisms to access external sources of knowledge, cooperation and
outsourcing, may have different benefits depending on the characteristics of the region
where the firm is located, due to the presence of higher or lower knowledge
externalities.

When analysing how the regional component may affect the impact of the formal
channels of acquisition of knowledge, an important point is the explicit differentiation
between tacit and codified/explicit knowledge (Polanyi, 1966). Codified knowledge
may travel frictionless across the space and across agents through, among other things,
information and communication technologies. On the contrary, tacit knowledge, highly
contextual and hard to articulate in articles, patents, or books, is difficult to transfer and
1s better transmitted in the form of face-to-face interactions. In the first case, standard
knowledge can be purchased in markets for technology and little interaction with other
agents is needed. However, when the knowledge to acquire is tacit, the sources tend to
be embodied in people and organizations, so that they cannot be obtained through
market transactions. This implies the necessity of interactive learning (Maskell &
Malmberg, 1999) that would give place to cooperation agreements for which the
characteristics of the context where the firm is located can be of higher relevance than

in the case of standard knowledge that tend to be the case when outsourcing R&D.



Following Malmberg & Maskell (2006), formal and informal mechanisms of
acquisition of knowledge could complement each other. On the one hand, the existence
of neighborhood effects could make local buzz reinforce pipelines due to local
capabilities into particular trajectories and similar experience solving specific kind of
problems allowing a novel recombination/implementation of such knowledge. On the
other hand, knowledge spillovers may signal opportunities for accessing knowledge
external to the firm through a more market oriented type of acquisition due to the
necessity of sharing a more tacit knowledge, while internalizing the appropriation of
such knowledge and building a relationship of trust. Moreover, too much geographical
proximity among firms leads to the combination of redundant information, so that the
interaction with a more formal type of acquisition of external knowledge might be
needed.

Besides, there could be some detrimental effects coming from knowledge
externalities; for instance, enterprises in regions where the knowledge pool is high may
face a ferocious degree of competition, which would lead to the necessity of
incorporating a higher degree of novelty embedded in new acquired technologies. For
those enterprises, in order to approach to leadership in the market, the knowledge
generated by their direct competitors is dangerous as well as the fact of their own
knowledge being spread into the region (Phene & Tallman, 2014). Therefore,
enterprises in a more favorable environment (with lower degree of competition) could
benefit more from their surrounding knowledge as well as keep its own knowledge
safer. In particular, in regions with a higher level of knowledge externalities, and
possibly with a higher level of competition, the negative effects of knowledge spillovers
could overcome the positive ones. In this line, (Grillitsch & Nilsson, 2017) obtain that
firms cooperating in the periphery will get higher profitability of such formal
acquisition of knowledge than those in urban areas.

From a more regional perspective, those firms in regions with a lower share of
knowledge pool need not to be as innovative as their counterparts in richer regions in
order to catch up/converge. For them, an imitation strategy could be far better and more
profitable to gain positions and converge with respect to the most advanced regions.
Furthermore, not only knowledge externalities could reinforce formal acquisitions of
knowledge as highlighted previously, but the other way around: enterprises in those
regions with a lower capacity in terms of knowledge generation have the opportunity of

accessing to technology coming from beyond their regional borders. In such a case,
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those pipelines could reinforce the local buzz due to the inclusion of a new knowledge,
possibly generating a virtuous circle.

Previous literature has mainly focused on the impact of regional characteristics — in
the sense of social and economic aspects like unemployment, crime rate, regional GDP,
etc. — on the innovative performance of the firm (Dautel & Walther, 2014; Naz et al.,
2015; Srholec, 2015). An exception is Lopez-Bazo & Motelloén (2017) who study how
regional aspects have an influence on the internal capacity of enterprises in the case of
Spain. Other authors have recently analyzed the role of the region mainly using patent
citations and how this impacted on cooperative agreements (Grillitsch & Nilsson, 2015;
Phene & Tallman, 2014). However, to the best of the authors’ knowledge, this is the
first attempt of studying the mechanisms by which regional factors — using input/output
proxies for the generation of knowledge — operate at the firm level, modifying the
relationship between the external acquisition of knowledge through R&D cooperation
and outsourcing in the innovative performance.

3. Dataset and variables
3.1 Dataset

The main dataset used for this study is the Spanish Survey on Business Strategies —
ESEE from now on — that consists on an unbalanced panel of manufacturing enterprises
starting from 1990 until 2014 with around 1800 firms surveyed yearly. The reference
population of the dataset comprises manufacturing firms, classified into twenty
industries using the two digit European classification NACE (see table Al in the
Appendix).® As for the regional dataset on the contextual factors affecting innovation,
we use Eurostat at the NUTS 2 level. We decided to use this regional classification as in
the Spanish case these are territorial units representing administrative and policy
authorities.

Our period of analysis starts in the year 2000 and goes until 2012. On the one hand,
this is due to the fact that the ESEE started to cover some of the innovation strategies
used in our study for the first time in the 1998 survey (Santamaria et al. 2009). On the
other hand, some of the contextual variables taken from the Eurostat take place from

2000 until 2012.

3 All enterprises with more than 200 workers are enforced to participate, while those in between
10 and 200 employees are selected through a stratified sampling. More details on the sample,
the quality and validation of the information can be obtained from:
https://www.fundacionsepi.es/investigacion/esee/en/spresentacion.asp
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3.2 Dependent variable

Our dependent variable is the number of product innovations (N/P) which is a
measure of the innovative output rather than patents. In this sense, we follow Feldman
& Audretsch (1999) who recognize that using patents is not a direct measure of an
innovative output since not all innovations are patented, not all patents end in a product,
they present a high component of strategic behavior, as well as they differ greatly in
their economic impact. On top of that, we try to go further in our study compared with
previous literature that mostly focus their interest on the decision to engage on product
innovation (Naz et al. 2015; Srholec, 2010; Wixe, 2016). We think this is more
appropriate due to the fact that an enterprise that performs a higher amount of product
innovations should be in a better position with respect to those that only develop a few
of them.*

Moreover, we have reasons to focus our attention only on product instead of
process innovations. Building on previous evidence, the existence of a higher effect of
the external acquisition of knowledge on product rather than on process innovations
(Bertrand & Mol, 2013; Nieto & Rodriguez, 2011), is mainly due to the type of
knowledge required in each case. For product innovations the knowledge required tends
to be more explicit, while for process innovations organizational closeness among the
enterprises is also required, which is more difficult (Phene et al. 2006).°
3.3 Independent variables
3.3.1 Firm level variables

Our aim is to disentangle the effect that the regional knowledge capacity has on the
number of product innovations of firms through two different strategies of acquisition
of knowledge. Cooperation is a dummy equal to 1 if the enterprise cooperates with at

least one partner® and zero otherwise. The second one (Qutsourcing) is a dummy equal

4 Of course, this also depends on the novelty of the innovation developed, that is, if it has
embedded a more radical component or if on the contrary it is only an incremental innovation.
Unfortunately, this information is unavailable in the dataset.

> We restrict the range of the variable to be in between zero and thirty product innovations,
which account for the 99% of the observations and discard just a 0.1% of enterprises in the
sample. In our opinion, this is a necessary process since (I) outliers can bias the estimations
when dealing with non-linear multilevel models, (II) this seems to be a more appropriate range
for the variable and (III) due to convergence problems in the estimation when dealing with the
entire range of the variable.

® The partners could be universities, suppliers, competitors or customers. A Cronbach alpha
analysis was performed having a value higher than 0.7; therefore, our variable has a high degree
of internal consistency.



to 1 if the enterprise has declared to have a positive external R&D expenditure and zero
in other cases.

To control for other relevant firm characteristics, we compute the log of the
internal R&D expenditures per employee (Internal R&D).” This measure is relevant
since it captures part of the firm’s absorptive capabilities (Cohen & Levinthal, 1990).
To measure the size of the firm (Size), we employ the log of the total number of staff
and its squared term to account for a non-linear relationship.

Another relevant variable in the innovation literature is if the firm belongs to a
multinational corporate group. This variable is a dummy being one in case the firm has
more than 50% of its capital from abroad (Srholec, 2010). Generally, we expect that
being part of a higher group may imply more resources, such as better financial
resources and an innovative environment that could lead to a more profitable knowledge
(Belderbos et al. 2013).

Moreover, the government tends to be an important player on the innovativeness
process. We try to account for a direct effect through the variable R&D government
which is a dummy equal to 1 in case the firm received public funding from a
government — regional, central, or others — for developing R&D and zero otherwise. As
there are some enterprises receiving very few amount of funding, we decided to build
this variable using as a threshold the average amount in all the period. That is, R&D
government is a dummy equal to one in case the enterprise received an amount of
money from any governmental institution higher than the average value.

3.3.2 Regional level variables

Regional statistics provide us with some relevant characteristics about the
innovative capacity of the region which are the same for all firms belonging to a
specific region in a given year, which we will use as a proxy for knowledge spillovers.
On the input side, the variable GERD refers to R&D expenditures; this variable is very
important to account for the regional public and private effort on R&D when explaining
firm’s performance (Sternberg & Arndt, 2001). This variable is also divided into the
regional R&D expenditure of private organizations (GERD business), government
(GERD government), and higher educational sector (GERD HES). In order to account

for the accumulative process characterizing innovation, we employ a measure of the

’ The variables Internal R&D as well as R&D Government have been deflated using the
Consumer Index Price. As the range of Internal R&D is widely opened, we decided to rescale
the variable using logs.
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stock of such knowledge. Thus, we use the perpetual inventory method (as in Peri,
2005) with a geometric mean of the growth rates of R&D spending in the region and a
depreciation rate of five percent. The advantages of using the stock instead of the flow
of R&D expenditures relates to the fact that it accounts for the accumulative process of
innovation as well as it is less affected by punctual shocks.

On the output side of innovation, we propose to use regional patents® (Regional
patents) which had been found as an important regional characteristic when explaining
firm-level product innovation (Lederman, 2010). This variable is measured as the stock
of the number of patents generated in a region using the perpetual inventory method. On
one hand, this is a more direct way of measuring the regional generation of knowledge,
as it is the case that patents are mostly generated with a commercial purpose embedding
a degree of novelty. On the other hand, patents are an important channels through which
knowledge spillovers can be traced while having a spatial/regional boundedness.

Finally, in order to control for the size, the wealth of the region as well as its
educational level, we employ the GDP per capita in purchased power parity at constant
prices of 2005 plus the percentage of people with age among 25-64 with tertiary
education. In addition, we take into account a technological sectoral classification (see
table Al in the appendix) following the Eurostat guidelines and time dummies in order
to capture any external shock. All variables in the model were lagged one period in
order to lessen simultaneity problems, while the main regional variables in our analysis
— GERD and Regional Patents — were centered with respect to their yearly grand mean
to improve the interpretability and the convergence of the model.

4. Methodology

The use of a hierarchical approach allows for modelling the macro and micro
aspects under study. Even though it has been used for some time in other economic
fields such as health and educational economics (see for example Raftopoulou, 2017), it
is quite recent that researchers on the innovation literature has realized of the
importance of accounting for spatial differences on top of spatial econometrics (Corrado
& Fingleton, 2012). This way, we expect to take into account the effect of those
regional characteristics affecting/moderating our measure of innovative performance of

the firm through the acquisition of knowledge. Apart from the empirical reasons

8 Regarding knowledge spillovers, we recognize what Krugman (1991) argued about the
impossibility of measuring knowledge flows. However, as Jaffe et al. (1993) point out,
knowledge flows can sometimes be traced through patented inventions and new product
introductions (see also Feldman & Audretsch, 1999).

11



highlighted in the literature section, there are some theoretical reasons in favor of
considering the use of the multilevel model, also known as Hierarchical or mixed
models.

With respect to these theoretical reasons, the use of standard estimations — OLS —
does not take into account the dependence of those firm observations under the same
region ending in a smaller standard error which leads to artificially higher significance
of the parameters (Hox, 2002). They are usually assumed to be independent under this
kind of estimation, whereas firms within the same region are more likely to be more
similar among them than those in different regions. This is due to the fact that they are
more exposed to the same regional effects and/or regional infrastructure in the sense of
regional strategies, shocks, or policies than firms in other regions (Corrado & Fingleton,
2012). Second, the use of the multilevel approach allows us to model variances instead
of means as in the case of standard OLS regressions. The latter is important in the sense
of dividing the total effect into firm-level effects and regional effects through the
random intercepts accounting for the unobserved heterogeneity (van Oort et al., 2012).
Third, the ecological fallacy stresses that the study of individual relationships — firms in
our case — cannot be analyzed using aggregated data, which at the end can lead to
erroneous conclusions

In this paper we study the benefit that the region obtains through the acquisition of
knowledge on the performance of the enterprise. As the number of regions is not too
high — 17 groups — we are aware of a possible bias in our estimates, specifically, in the
case of the standard error of the regional variance (Maas & Hox, 2005). Previous
research on the topic making use of multilevel modelling with such amount of regions
can be found in Lopez-Bazo & Motellon (2017), also with 17 groups, and Srholec
(2015) with 15 groups. Following Stegmueller (2013), the random intercept is the best
case scenario when the amount of the highest level group is in between 15 and 20. In
such a case, the bias of the macro effects as well as the confidence interval are virtually
inexistent. This justifies the use of random intercept model instead of random slope
model. Moreover, in order to determine those regional characteristics affecting the
innovation performance of firms, we plan to use cross interactions between our firm and
regional characteristics. In this sense, we follow Snijders & Bosker (2012) who stressed
the latter as a more appropriated strategy than using random slopes when having

theoretical/empirical reasons as in our case in the literature section. Moreover, adding
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random slopes to the model for extending the analysis can bias the estimates; instead,
we claim that using random intercept leads to a more robust model.

One of the assumptions of the multilevel model is the absence of correlation among
the explicative variable and the random effects, with the no fulfillment of the latter
leading to inconsistent estimations (Rabe-Hesketh & Skrondal, 2012). Contrary to
previous studies on the topic making use of multilevel methodology, we correct this
possible endogeneity relying on Mundlak (1978) and divide the time varying
explanatory variables at the firm level into between and within effects using the mean of
those variables (Snijders & Bosker, 2012). With this, we guarantee the absence of
endogeneity among the firm level variables and the firms’ random effects.’

Besides, the Hausman test adds no information in our case in order to choose
between the fixed effect and the random effect estimation since we are accessing to the
same within effect as in the fixed effect estimation.!® On the one hand, due to the poor
within variabilities of our set of variables (see table A2 and A3 in the appendix) we
think it is more appropriated to use random effects on top of fixed effects that only
exploit within variabilities. On the other hand, with the fixed effect estimation it is not
possible to model the effect of the regional context on the firm level performance as it is
in the multilevel model. Thus, it is not possible to do inferences about time invariant
variables as well as for higher-level variances (Bell & Jones, 2015).

Another important issue is that given the nature of our dependent variable, which is
a count variable with non-negative integer, a normal distribution is not satisfactory due
to the skewness of the variable and, consequently, a Poisson model is usually preferred.
However, as the Poisson distribution is very restrictive in the sense that it assumes that
the mean is equal to the variance, we decided to use the Negative Binomial model that
allows for overdispersion, being the latter the most preferable and robust (Snijders &
Bosker, 2012. chapter 17). Moreover, Bell et al., (2016) stressed that when dealing with

count level models such as the Poisson and the negative binomial, the multilevel

9 We also tested the endogeneity among the highest-level group variables and the regional
random effects using the means of its time varying variables. We obtain that it is not
significant, pointing to the absence of problem of this type of level-3 endogeneity (results upon
request from the authors).

10 Doing a Wald test to the means of the firm level variable is asymptotically equivalent to a
Hausman test (Rabe-Hesketh & Skrondal, 2012). Moreover, other researchers stressed the
misconception of many studies at the time to choose between the fixed effect and random effect
estimation based on this test (Bell & Jones, 2015).
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random effect augmented with the between-within effects is the best choice to produce
within effects with the lower bias due to omitted higher-level variables.!!
4.1 Model specification

The structure of our specification is hierarchical since firms are nested in regions.
However, as we are dealing with a panel dataset, time is in fact our first level of analysis
(see Rabe-Hesketh & Skrondal, 2012), that is, the hierarchy is the following: individual
observations (time-firms) are nested on firms, and firms are nested on regions. In order
to account for this scheme, we first perform a time varying firm-level equation where
subscript i refers to the firm, j refers to the region and t refers to time (see equation 1).
Then, the firm-region as well as region-level group is captured by equations 2 to 5.

Combining all the equations leads to equation 6, which is our main focus.

2 M (1)
lOQ[E(YijtlxijtrXij'thuuljnuoij)] =log (Mije) = Boij + Z B1jXijem + Z B2jXijtm

m=1 m=3
K 2
Boij = ooj + Z Yo1Xijie + Hoij Hoij~Normal(0, 5,5y
=1
N (3)
Qooj = Yoot Z Y10Zjen T Maj #1j~Normal(0, ;)
n=1

! “4)
B1j = Yoro + Z Y11Zjtn
n=1

B2j = Yoor ®)

K M 2 N 2 1 (6)
log Mijt) =Yoo + Z YorXijk + Z YoorXijem T Z Yo10Xijem + Z Y10Zjen + Z Z Y11 XijemZjen + Uaj F Hoij
k=1 m=3 m=1 n=1

m=1n=1

where Y;;; refers to our dependent variable, X; ., refers to the time varying firm-level
characteristics where (m = 1, ..., M) are the set of these variables, X;, are the time
invariant firm characteristics where (k = 1, ..., K) are the set of these variables, Z;.,,
will proxy for regional variables where (n = 1, ..., N) are the set of these variables and
U1j + Ug;j are the random part of the model accounting for the error term of the region
and the firm. Summarizing, we are estimating a multilevel negative binomial random
effect model with two random intercepts, one for the firm and another for the region.
The variance of the residual p;; + p14; is assumed to have a normal distribution with
zero mean and independent of the residual error.

5. Results

5.1 Descriptive analysis

11 This is extremely important in our case since the low amount of highest-level units in the
sample restrict us to use only a small set of highest-level controls.
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Table 1 provides summary statistics of the main regional variables by regions for
the starting and final year of analysis. It shows that those regions with the highest stock
of R&D are Madrid and Catalonia through all the period, whereas those with the lowest
stock are La Rioja and Balearic Islands. Similarly, those regions with the highest stock
of patents are Catalonia and Madrid, whereas those having the lowest stock of patents
are Cantabria and La Rioja in 2000, and Extremadura and La Rioja in 2012.

[Insert table 1 around here]

Interesting differences can be extracted when comparing those firms that develop one of
the two strategies of acquisition of external knowledge or not, that is, cooperation and
outsourcing (see Table 2). Regarding those that cooperate, we observe that the average
internal expenditure on R&D per employee is around fourteen times higher than those
that do not. They develop more number of product innovations, have four times more
workers, and receive one hundred times more governmental R&D support. In addition,
the number of cooperative firms doing outsourcing is ten times higher in size than those
not cooperating. A similar conclusion can be extracted when looking to those
enterprises doing outsourcing and comparing with respect to those not doing
outsourcing. In summary, those firms doing cooperation and/or outsourcing seem to be
more innovative and have more resources than those other innovative and non-
innovative enterprises that do not cooperate or outsource R&D.

[Insert tables 2 and 3 around here]
5.2 Main results

Table 4 contains seven different estimations analyzing how firm and regional
characteristics affect the number of product innovations. Our first specification (column
1) shows the specification when only firm characteristics — level-1 as well as level-2,
that is, time varying and time invariant firm characteristics — explain the variability of
our dependent variable. The most important results are that the variance of the firm as
well as the variance of the region are highly significant, being the first one bigger than
the second one. This is in line to what recent literature has found, that is, that regional
characteristics are important for the innovativeness of firms, but firm characteristics are
more important when explaining its innovative performance. This result guarantees that
we are taking into account the existence of a certain correlation among the observations
for a given firm as well as the correlation among all firms pertaining to a given region.
Regarding the latter, it is clear that the use of a simple Poisson or negative binomial

estimation would bias our results, which points to the use of the multilevel
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methodology. Another interesting result is that the overdispersion of our dependent,
which can be evaluated with the In(alpha) parameter in all of our estimations. Therefore,
the negative binomial estimation is the most reasonable one in our case.

[Insert table 4 around here]

This first specification illustrates that all the controls present the expected sign. For
instance, Internal R&D has a positive and significant impact on the number of product
innovations, validating the necessity of more internal capabilities not only to develop,
but also to understand and implement external knowledge (Cohen & Levinthal, 1990).
Regarding the size of the firm, we found evidence of a negative non-linear relationship,
pointing to a more advantaged position of bigger enterprises until a certain threshold for
which the biggest companies take not profit on the expected number of innovations. In
addition, the impact of receiving public funding and of belonging to an international
group are not significant.

Our two main independent variables, that is, cooperation and outsourcing, present
a positive and highly significant effect on the number of product innovations. This
result follows what previous literature had been stressing, which is related with the idea
of the external acquisition of knowledge is especially relevant for the innovative
performance of the firm (Nieto & Rodriguez, 2011; Nieto & Santamaria, 2007). On the
one hand, cooperation allows the enterprise to take advantage of a more
complex/technical relationship that could facilitate the entrance to a new market. The
latter has to do with new ideas, competences and knowledge that are not easily
transferable. On the other hand, outsourcing could be the best option if the firm wants to
reduce management costs while focusing in core activities and taking advantage of the
specific knowledge of the external enterprise, which at the end could explain the
standardization concept (Dhont-Peltrault & Pfister, 2011).

Lastly, the technological sectorial variables put in a more advantaged position
those firms pertaining to the Low-tech sectors while the Wald test for the time and
means fixed effects stress that all of them are jointly significant. With this, we guarantee
that our firm level results are causal effects in the sense that they are not driven by being
correlated with the enterprises random effects, something found in all of our
specifications. Another important result when looking to all our different specifications
in table 4 is that the direction as well as the magnitude of the parameters at the firm

level barely change. Finally, the regional variance is reduced in columns 2 to 7, in
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comparison with the baseline specification in column one. This reflects that our model
has accounted for part of the regional variability in each step.

To start analyzing the major hypothesis of the paper, we employ the specifications
2 to 7 taking into account different measures of the absorptive capacity of regions.'? In
particular, specifications in columns two and three!3, explain the effect that the regional
stock of patents has on the firm-level number of product innovations. It can be noted the
importance the external acquisition of knowledge has for the firm, as can be seen in the
parameters of cooperation and outsourcing which are positive and highly significant for
those firms in a region with the yearly national average of the stock of patents. The
variable measuring the regional stock of patents is not significant, being the same for
the regional controls GDP per capita and Tertiary education. This seems to point to the
fact that being surrounded by more innovative firms — measured by the stock of patents
— as well as being in a richer region or having a higher pool of educated people in a
given region, does not seems to have a significant impact.

However, when we look to the indirect effect that the regional environment may
have on the impact that firms obtain from the cooperation and/or outsourcing in
innovation activities, we obtain a different perspective. For instance, being in a region
with more knowledge capacity is more beneficial for those enterprises that cooperate,
something clear by the sign and significance of the interaction parameter between
cooperation and the stock of regional patents. While it is not beneficial for those firms
doing outsourcing. The explanation for this may come from the type of knowledge
embedded in each strategy, which in the case of cooperation is more technical and tacit.
This would imply that firms might obtain a higher benefit from the knowledge pool
present in the region in order to be able to gather a higher impact from the cooperation
agreements they carry out. While for outsourcing the knowledge embedded is less

complex and more standard (D’ Agostino et al. 2013; Dhont-Peltrault & Pfister, 2011)

12 Although not presented in the paper, we performed an alternative model with only the firm’s
characteristics and the interactions of the strategies of acquisition of knowledge with each
regional dummy. The reasoning for doing this relies on the expectation of a different regional
impact depending on the two sources of external knowledge. The computation of an F-Test for
the interactions between cooperation and regional dummies as well as between outsourcing and
regional dummies leads to significant values for such crossing. This is taken as an indication of
a differential pattern of the acquisition of external knowledge strategies depending on the region
where the firm is located, which advocates for the use of interactions as will be done
subsequently in the paper.

3 Due to a high correlation between GDP per capita and Tertiary education, we decided not to
include both control at the time while using each separately (see table A4 in the appendix).
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and would not take advantage of the knowledge spilling from other firms within the
region with a higher knowledge capacity as in the case of a region with a lower
knowledge pool.

Indeed, cooperation needs personal contacts, and dedicating internal resources for
developing new solutions to a given problem. Following this, a firm in a region with
more knowledge capacities has more resources to find new solutions that only can be
made through personal contact and sharing experiences. On the contrary, the
outsourcing strategy uses the knowledge created by others — that is present in the market
—to solve the enterprise’s necessities. As this kind of knowledge is more transferable
across organizations than tacit knowledge, it is easier to any firm to take advantage of
such knowledge through the outsourcing solution specifically if the level of
innovativeness of the business environment found in the region is lower.

Results in the specification of columns 4 and 5 take into account another way of
measuring the capacity the region has for generating knowledge externalities through
the regional stock of R&D expenditure and controlling again by GDP per capita
(column 4) and Tertiary education (column 5). Firm-level controls remain as in
previous specifications and the variable stock of GERD 1is positive but is not significant
— only marginally significant when controlling for tertiary education — while the
controls GDP per capita and Tertiary education behave as in the previous
specifications. Moreover, cooperation and outsourcing remain almost the same in
magnitude with respect to specification 2 and 3 being positive and highly significant.

Summarizing, even though we find a similar pattern of cooperation and
outsourcing irrespective if the knowledge capacity of the region is measured as an
output — stock of regional patents — or as an input — stock of R&D expenditure — it is
clear that for the latter it is not significant.

In order to understand what is happening in the case of the regional stock of R&D
expenditure as well as in the study of those reasons behind the higher profitability of
outsourcing in a region with a lower stock of knowledge generation, we divide the
variable Stock of GERD and into the regional stock of R&D expenditures of business,
government, and higher educational sectors separately. This division reflects the
different types of knowledge embedded in each kind of R&D expenditure more basic in
the case of universities and centers of research and more applied in the case of business.
The analysis is done in columns 6 and 7. The cooperation and outsourcing parameters

remain the same in magnitude and significance as in specifications two to five.
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Regarding the regional stock of R&D expenditures of the business and government
sectors, they are not significant, while the parameter for the higher education sector is
positive, and significant in specification 6, a result coherent with the parameter of
regional stock of R&D in column 5.

However, when crossing the stock of R&D disaggregated with cooperation, we
observe that those firms cooperating in regions in which there is a higher magnitude of
stock of business R&D are in a better position. On the contrary, those enterprises in a
region with a higher governmental stock of knowledge, even though the effect of
cooperation is positive, it has a lower and more detrimental impact; whereas
cooperating in a region with a higher stock of regional university R&D does not seem to
have a significant effect. Therefore, this point to the fact that the positive effect —
although not significant — found in the specifications four and five between cooperative
firms in regions with higher knowledge pool is in fact due to the amount of R&D
expended by private organizations in those regions. Even more, it seems that the non-
significance of the cross product between cooperation and stock of GERD in
specifications four and five could be due to the different directions in such a cross
product when splitting GERD into the public/private definition cancelling the effect.

We do the same to study the reasons behind the detrimental impact found in
specifications two to five in the case of enterprises doing outsourcing when the regions
has a higher amount of stock of knowledge. We observe that such unfavorable effect
could be due to the negative relation between outsourcing and the amount of regional
stock of R&D done by private business in those regions. A first explanation of this
results is that enterprises in regions where the knowledge pool is low face a lower
degree of competition, so that they take more profits from a less complex and more
standard type of knowledge with respect to those firms in a more ferocious environment
with the necessity of a higher degree of novelty embedded in the incoming technology.
Second, doing outsourcing — and assuming that the knowledge is generated in the region
as well as coming from other regions due to a more codified and standard type of
knowledge — when the region has a lower amount of knowledge externalities could have
a virtuous circle effect. The reasoning for this comes from the fact that the technology
that a firm from such a region could outsource will be spread to other firms in the region
thanks to knowledge spillovers, and given that firms in those regions face a lower
degree of competition this could have a reinforcement effect. Third, from a more

regional perspective, those regions with a lower share of knowledge pool need not to be
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as innovative as richer regions to converge, since an imitation strategy could fit better
for firms in those poorer regions. That is, it is more easily done by means of an
outsourcing strategy allowing a faster convergence to the more advanced regions.

At this point, it is important to notice that an alternative explanation for this result
could be related to the fact that enterprises in those regions with a lower capacity of
knowledge generation are in fact compensating the lack of knowledge spillovers by
doing more R&D outsourcing as in Grillitsch & Nilsson (2015) for the case of firms
cooperating in peripheral regions. However, a simple descriptive analysis shows that in
fact, there is the same amount of regions with a lower stock of knowledge — measured
by our both proxies — and having a high degree of regional outsourcing than having a
low degree of regional outsourcing. Therefore, this does not seem to be the reason
behind.

When studying the effect that regional knowledge coming from the government has
on R&D outsourcing, it is clear that this type of knowledge is playing a highly
significant and positive role as can be seen from specifications 6 and 7. However, take
into account that those regions with a lower stock of business knowledge tend to be
those that present a higher share of knowledge made by governmental organizations
with respect to the one made by private organizations. Therefore, it may be the case that
the government could be compensating the lower amount of knowledge externalities in
those regions. Therefore, the possible explanation might not have to do with the type of
knowledge developed by governmental institutions while just because those
improvements are on the less developed regions in the sense of knowledge generation
capacity.

5.3 Robustness section

In the present study, we are using an unbalance panel possibly leading to attrition
problems. We correct for this using information present in the survey collecting the
reasons why an enterprise leave, leading to the assumption that missing values are
random (Snijders & Bosker, 2012).!* Table A5 in the appendix control for this and
show that the model does not change qualitatively and barely change quantitatively for
our main results with respect to those in table 4. Moreover, other growth rates for our

measure of stock of knowledge are tested. We use a 15% depreciation rate as in Rahko

4 We include a categorical variable with the following categories: it has splitted; it has acquired
other firms; it has born after a split process; it is a result of a merger process; it has changed the
trademarks and legal form; without change.
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(2016)"° and as can be seen from table A6 in the appendix, results behave with the same
pattern just with a small quantitative change due to the greater importance given to
today's knowledge when increasing the depreciation’s rate.

Finally, we have taken Wooldridge’s (2010. chapter 3) advice, and independent of
the multicollinearity between our two main regional variables — GERD and Patents — we
included jointly in the model in order not to confound their relation with our dependent
variable. Table A7 show that in fact this seems not to be an important issue since the
pattern behave the same qualitatively and barely change quantitatively.

6. Conclusion

The study of the effect of regional characteristics on the firms” innovation
performance is not a recent topic of research but is only in recent times that researchers
have realized of the importance of the hierarchical structure of the data when working
with macro and micro levels simultaneously.

The present study analyzes how regional characteristics in the sense of the regional
knowledge base affect the number of product innovations at the firm-level. This impact
is studied through two different strategies of external acquisition of knowledge —
cooperation and outsourcing — and as far as the authors know, this is the first attempt
studying this effect. In line with very recent studies, we perform the analysis taking into
account the multilevel structure of the data in the estimation, while having the
advantage of a panel dataset structure.'® The evidence provided in this paper refers to
Spanish manufacturing enterprises in the period 2000 to 2012.

The empirical evidence points to a higher relevance of firm’s characteristics than
regional ones, something in line with recent studies in the field (Backman, 2014; Lopez-
Bazo & Motellon, 2017; Naz et al., 2015; van Oort et al., 2012). However, the regional
context explains part of the variability in our dependent variable and has to be
accounted for.

Another interesting result in line with previous literature is the positive and
significant effect that cooperation and outsourcing have on the innovative performance
of the firm. However, as it is our main objective in the paper, this effect could be

moderated by some external factor. In this study, we claim that the capacity the region

'S We also use a 10% as in Peri (2005) and results behave the same (results upon request of the
authors).
16 To the best of our knowledge, only two studies incorporate the panel structure of the data in

the analysis on related topics making use of a multilevel model (Acosta et al., 2012; Naz et al.,
2015).

21



has for generating new knowledge is also relevant on this relationship between the
acquisition of external to the firm knowledge and the number of product innovations. In
this sense, we find evidence of a reinforcement effect between being in a region with a
higher capacity in terms of knowledge creation and cooperate technologically with other
organizations. Besides, we find that enterprises that mostly acquire external knowledge
through the outsourcing strategy have a higher return when they are installed in a region
with a lower knowledge capability.

This could be due in part to the type of knowledge embedded in each strategy that
at the end depends on the necessity of the firm. That is, for those enterprises
cooperating, it could be more profitable being in a more developed region in the sense
of accessing to a higher knowledge pool, because the type of knowledge needed tend to
be more tacit and implies a higher technical requirement. Cooperation involves a higher
amount of personal contact and new approaches to solving new problems. While in the
case of outsourcing, the knowledge needed is more standard with a lower technical
component. Following the latter, the type of solution needed by the enterprise might be
different having a higher requirement for implementing non-core activities for which
personal contact is less relevant.

In order to shed more light on this, one of the novelty of the present study is that
we disaggregate regional R&D expenditures on those made by private firms,
government, and higher educational centers. The results give support to the idea
presented, that is, the differential effect of the regional knowledge capacity on the two
strategies. On the one hand, the evidence points to a higher effect of the regional context
when the firm is developing a cooperative strategy mostly due to the regional
knowledge capability of private organizations. On the contrary, this cooperative impact
is less beneficial for those firms in regions where the government present the highest
amount of R&D. On the other hand, firms in regions where private knowledge pool is
lower as well as being higher the share of the one created by governmental
organizations relative to the one of the business sector, are the ones having
reinforcement effect on the outsourcing strategy. Therefore, the outsourcing strategy is
important for Spanish firms, but it has a decisive relevance for those enterprises in a
region with lower knowledge externalities.

The results of this study have some important implications. First, the Spanish
government should not enforce the pursue of the winning or one-size-fit-all type of

policy. Innovative performance of firms is likely to differ in terms of knowledge
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requirements, problem-solving, managerial capabilities and learning potential (Lucena,
2011; Teirlinck & Spithoven, 2013) for which the chosen solution requires an specific
strategy of knowledge acquisition that fits with the necessities of the enterprise. Second,
there are regional differences like cognitive or institutional trajectories that need to be
taken into account when developing such a policy (Asheim, Boschma, & Cooke, 2011).
In this sense, the type of necessities and problem-solving dimension of the firm is
highly relevant, having a different contextual profitability depending on the knowledge
capacity the region has.

In Spain, the government has paid too much attention on the public-private
relationship being one of the most important objectives in terms of public policy (Vega-
Jurado et al., 2009). However, in light of our results, in order to increase the innovative
performance of firms, policy makers should focus on strengthening the relationship
among organizations through a more formal or market oriented type of acquisition of
knowledge by encouraging and promoting knowledge transmission among relevant
actors.

Limitations and future research

Our study has some limitations that should be taken into consideration in future
research. First, a possible endogeneity problem due to the higher-level variables may
arise. However, this problem is relaxed thanks to the use of time lagged variables as
well as by the fact that multilevel random effects augmented with the between-within
effects are used. Indeed, this is the best choice to produce within effects with the lower
bias due to omitted higher-level variables (Bell et al., 2016). Second, some enterprises
might have an impact on regional performance; yet, this is not probably the case since
our territorial units are very big and represent administrative authorities where a single
firm is not sufficiently important to affect regional performance.

As in most of previous studies, the present research assumes that spatial sorting is
exogenous to the firm. Therefore, the interpretation of the model must to account for the
fact that location choice is not affecting the impact of our regional externalities
measures. However, even though panel data may help to control for this, we do not have
information for the location of enterprises before the beginning of the survey. Finally,
another interesting point is to study the external validity of our results, in the sense of to
what extent the results can be extrapolated to other economies.
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Table 1. Descriptive statistics of the regional variables in the analysis for the years 2000 and 2012

Year 2000 Year 2012
. . GERD GERD Regional GDP per Tertiary GERD GERD GERD Regional GDP per Tertiary

Regions GERD GERD business government HES patents capita education GERD business government HES patents capita education
Andalusia 7,739 1,578 743.0 2,793 121.7 16,57 18.80 16,419 5,103 3,093 6,795 679.8 16,817 26.50
Aragon 1,815 1,088 152.9 377.4 102.2 23,45 23.80 3,622 2,068 623.7 818.8 629.2 24,470 35.10
Asturias 994.7 765.9 124.6 704.9 29.22 18,816 21.70 2,265 1,181 349.2 1,062 161.7 20,140 35.90
Balearic Isl. 330.0 25.55 34.38 396.5 22.92 28,084 17.60 928.0 145.5 257.0 591.8 91.98 23,564 24.80
Canary Isl. 1,271 135.1 423.6 772.5 18.60 21,905 18.40 2,851 540.0 856.7 1,485 93.52 19,234 26
Cantabria 413.1 48.29 47.52 170.5 0.499 20,923 23.40 1,210 372.8 219.3 526.8 86.99 20,643 36.10
Castile Leon 1,811 706.4 212.8 1,661 124.7 20,22 23.40 6,077 3,253 600.5 2,643 382.8 21,348 34
Castile La Mancha 1,319 650.5 1149 424.6 23.29 17,412 15.50 2,520 1,289 3255 844.5 170.9 18,025 25.30
Catalonia 13,616 14,330 642.8 4,104 3,135 27,241 23.50 32,847 23,233 4,300 8,193 5,982 26,282 32.80
Valencia 5,969 1,516 391.5 2,548 973.0 21,344 20.10 11,931 4,187 1,319 5,600 1,518 19,435 30.10
Extremadura 602.1 68.73 47.30 218.4 4.008 14,182 16.20 1,458 240.4 349.1 729.5 25.02 15,407 23.70
Galicia 2,550 485.1 462.6 1,555 22.40 17,412 18.70 5,771 2,232 920.0 2,614 304.1 19,636 31.30
Madrid 23,746 9,229 5,790 3,521 1,136 29,909 31.40 44,133 22,682 11,267 7,293 2,974 30,915 44.50
Murcia 809.5 3414 160.4 478.0 27.50 18,676 20.80 2,341 960.2 435.8 1,040 179.6 18,327 26.30
Navarre 820.9 4313 5.874 398.8 87.46 28,505 29.90 3,311 2,190 217.9 910.5 513.8 27,592 40.20
Basque Country 4,627 3,901 99.87 1,436 698.0 27,382 32 12,906 10,180 585.5 2,563 1,580 29,404 46
La Rioja 202.3 133.1 11.46 112.0 1.505 24,995 22.90 730.0 430.3 136.0 189.5 62.98 24,067 34.30

Note: GERD (total, business, government and HES) and Regional patents are measured in stock while Tertiary education is the percentage of people with an undergraduate, master or PhD. Yearly and regional values.

Table 2. Descriptive statistics for the whole sample and dividing between those enterprises cooperating and not cooperating

Full Sample Non Cooperative Firms Cooperative Firms
VARIABLES mean sd N min max mean sd N min max mean sd N min max
NIP 2.196 17.87 43,445 0 950 0.984 10.29 19,557 0 500 3.666 20.40 8,992 0 900
Cooperation (dummy) 0.319 0.466 28,931 0 1
Outsourcing (dummy) 0.218 0.413 44,125 0 1 0.059 0.236 19,706 0 1 0.605 0.489 9,188 0 1
Internal R&D 986.3 3,217 30,738 0 110,769 190.2 1,358 19,685 0 54,383 2,717 4,972 9,140 0 110,769
Size 2473 786.8 44,238 1 25,363 113.0 388.8 19,716 1 12,311 489.1 1,128 9,215 5 15,003
R&D government (dummy) 0.067 0.251 30,849 0 1 0.005 0.072 19,716 0 1 0.205 0.403 9,213 0 1
Foreign (dummy) 0.170 0.375 44,184 0 1 0.104 0.306 19,707 0 1 0.292 0.455 9,206 0 1

Table 3. Descriptive statistics for enterprises doing outsourcing and not doing outsourcing

No R&D Outsourcing R&D Outsourcing

VARIABLES mean sd N min max mean sd N min max
NIP 1.627 15.93 34,036 0 950 4.25 23.48 9,325 0 900
Cooperation (dummy) 0.164 0.37 22,172 0 1 0.827 0.378 6,722 0 1
Internal R&D (dummy) 419.4 2,001 23,637 0 110,769 2,875 5,183 7,096 0 73,057
Size 154.2 491.3 34,514 1 17,412 576.3 1,348 9,611 2 25,363
R&D government (dummy) 0.015 0.12 23,711 0 1 0.244 0.43 7,101 0 1
Foreign (dummy) 0.135 0.342 34,475 0 1 0.291 0.454 9,597 0 1
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Table 4. Effect of the acquisition of knowledge on the number of product innovations

(1) 2) (3) (C)) (%) (6) (7
VARIABLES NIP NIP NIP NIP NIP NIP NIP
Cooperation 1.307%%%  1.290%**  ]292%%*%  ]303%** ] 305%kk ] 285%**k ] 286%**
(0.087) (0.057) (0.058) (0.082) (0.083) (0.055) (0.055)
Outsourcing 1.217** 1.246%%* 1 245%%% ] 7Hkk [ 2DGk*Ek ] D35%kE ] D3GHHk
(0.093) (0.069) (0.068) (0.082) (0.082) (0.064) (0.064)
Internal R&D 1.044%%** 1.043%%* 1.043%%* 1.044%%* 1.044%%*%* 1.043%*%%* 1.043%#%**
(0.009) (0.009) (0.009) (0.009) (0.009) (0.009) (0.009)
Size 2.140%** 2 141%*%* D 150%*%* D 146%*F* 2 15T7Fk* D |51Fk* D |55%**
(0.308) (0.306) (0.305) (0.309) (0.310) (0.309) (0.308)
Size ? 0.960%**  (0.960***  (0.959%**  (.960***  (.959%**  (.960***  (.959%**
(0.012) (0.012) (0.012) (0.012) (0.012) (0.012) (0.012)
R&D government 1.082 1.081 1.081 1.083 1.084 1.081 1.080
(0.077) (0.077) (0.077) (0.076) (0.076) (0.075) (0.076)
Foreign 1.154 1.162 1.162 1.158 1.158 1.167 1.163
(0.222) (0.225) (0.226) (0.225) (0.226) (0.225) (0.225)
High tech 0.885 0.877 0.883 0.874 0.880 0.876 0.885
(0.089) (0.091) (0.089) (0.090) (0.089) (0.089) (0.087)
Medium-High tech 0.871 0.867 0.873 0.865 0.870 0.859 0.870
(0.122) (0.123) (0.124) (0.121) (0.122) (0.121) (0.122)
Medium-Low tech 0.619%%*  (0.620%**  0.622%*%*  (.618***  0.621%*%*  (0.616***  (.620%**
(0.063) (0.063) (0.064) (0.063) (0.064) (0.064) (0.065)
Regional stock of patents 1.053 1.065*
(0.042) (0.037)
Cooperation . * Regional stock of patents 1.064%** 1.063%**
(0.016) (0.016)
Outsourcing ..;* Regional stock of patents 0.937***  (0.936%**
(0.021) (0.021)
Stock GERD (; 1.008 1.011*
(0.007) (0.006)
Cooperation ;* Stock GERD 1.004 1.004
(0.005) (0.005)
Outsourcing .;* Stock GERD 0.994 0.994
(0.006) (0.006)
Stock GERD business . 0.974 0.995
(0.027) (0.027)
Cooperation . * Stock GERD business 1.027%*%* 1.027***
(0.005) (0.005)
Outsourcing ;* Stock GERD business 0.980***  (),980***
(0.007) (0.007)
Stock GERD government 0.973 0.975
(0.025) (0.037)
Cooperation ;* Stock GERD government 0.963***  (),962%**
(0.007) (0.007)
Outsourcing ; * Stock GERD government 1.015%** 1.014%**
(0.005) (0.005)
Stock GERD HES 1.156%* 1.105
(0.082) (0.077)
Cooperation ;* Stock GERD HES 0.978 0.977
(0.026) (0.026)
Outsourcing .;* Stock GERD HES ¢, 1.025 1.024
(0.038) (0.038)
GDP per capita 1.000 1.000 1.000*
(0.000) (0.000) (0.000)
Tertiary education 0.988 0.985 0.993
(0.012) (0.011) (0.015)
Constant 0.007%%*  0.002***  0.004%**  (0.002***  0.005%**  0,002%*%*  (.004%**
(0.003) (0.001) (0.003) (0.001) (0.003) (0.001) (0.003)
Random Part of the Model
In(alpha) 0A77*%%  QATT**E  QATTRRE QATTREE QATTERE (ATERFE (0477
(0.111) (0.111) (0.111) (0.111) (0.110) (0.111) (0.111)
Variance (Region) 0.109 0.096 0.081 0.096 0.076 0.048 0.053
Variance (Firm-Region) 4.511 4.501 4.503 4.504 4.506 4.494 4.497
Observations 21,031 21,031 21,031 21,031 21,031 21,031 21,031
Number of groups 17 17 17 17 17 17 17
Likelihood ratio test Firm random intercept 441 6%** 4390%** 4393%%% 4355% %% 4358%** 4258%** 4273% %
Likelihood ratio test Region random intercept ~ 19.15%**  14.12%¥* 14, 12%%* ][4 79%%*  ](.27%%* 3.394%* 4.156%*
Wald Test Mean values (Mundlak) 1213%** 1199%*** 1159%*** 1167*** 1111%** 1183%** 1167***
Wald Test Time dummies 674.9%**  TT4.5%**  4]15.7*FF*  B0S5.3***  409.9%*F*  915.4***  406.7***

Robust SE in parentheses. *** p<0.01, ** p<0.05, * p<0.l. Incidence rate ratios. Means and time fixed effects included. The null hypothesis for the
likelihood ratio tests does not follow a y? distribution because it is not on the boundary of the parameter space. We corrected for this following Rabe-Hesketh
& Skrondal (2012. pp. 88-89). Our main regional variables are yearly grand mean centered.
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Appendix

Table Al

Sector Denomination NACE Rev.1 NACE Rev.2
Low-Tech

1 Meat products 151 101

2 Food and tobacco 152 to 158+160 102 to 109, 120

3 Beverage 159 110

4 Textiles and clothing 171 to 177 and 181 to 131 to 133, 139, 141 to 143

183

5 Leather, fur and footwear 191 to 193 151 +152

6 Timber 201 to 205 161 +162

7 Paper 211+212 171+ 172

8 Printing (before Printing and Edition) 221t0223 181 + 182

19 Furniture 361 310

20 Other manufacturing 362 to 366, 371 to 372 321 to 325, 329
Medium Low-tech

10 Plastic and rubber products 251 to 252 221+222

11 Nonmetal mineral products 261 to 268 231 t0 237,239

12 Basic metal products 271 to 275 241 to 245

13 Fabricated metal products 281 to 287 251 to 257, 259
Medium High-tech

14 Machinery and equipment 291 to 297 281 to 284, 289

16 Electric materials and accessories 311to316y321a323 271 t0 275,279

17 Vehicles and accessories 341 to 343 291 to 293

18 Other transport equipment 351 to 355 301 to 304, 309
High-tech

9 Chemicals and pharmaceuticals 241 to 247 201 to 206, 211 + 212
(before Chemical products)

15 Computer products, electronics and optical 300 + (331 to 335) 261 to 268

Source: ESEE and Eurostat. http://www.fundacionsepi.es/investigacion/esee/en/svariables/disponibles.asp

Table A2. Descriptive statistics of the regional variables in the empirical analysis

VARIABLES mean sd min max Observations
Stock GERD Overall 6313 9146 202.3 44133 N 221
Between 9039 437.7 33652 n 17
Within 2530 -3593 16794 T 13
Stock GERD business Overall 3336 5571 25.55 23233 N 221
Between 5528 83.54 18682 n 17
Within 1463 -3413 10040 T 13
Stock GERD government Overall 980.2 2020 5.874 11267 N 221
Between 1994 57.74 8392 n 17
Within 566.7 -1622 3855 T 13
Stock GERD HES Overall 1898 1963 112 8193 N 221
Between 1916 146 6039 n 17
Within 618.5 -37.57 4082 T 13
Stock Regional patents Overall 638.2 1165 0.499 5982 N 221
Between 1158 15.58 4610 n 17
Within 297.2 -836.5 2010 T 13
GDP per capita Overall 24272 4861 14182 35607 N 221
Between 4749 16446 32846 n 17
Within 1518 20478 27429 T 13
Tertiary education Overall 27.87 6.574 15.50 46 N 221
Between 5.806 20.72 39.70 n 17
Within 3.367 20.17 35.28 T 13

33



Table A3. Descriptive statistics of the firm level variables in the empirical analysis

VARIABLES mean sd min max Observations
Cooperation (dummy) Overall 0.319 0.466 0 1 N 27248
Between 0.402 0 1 n 4035
Within 0.254 -0.614 1.253 T 6.753
Outsourcing (dummy) Overall 0.218 0.413 0 1 N 42448
Between 0.327 0 1 n 5297
Within 0.261 -0.739 1.174 T 8.014
log (Internal R&D) Overall 2.235 3.432 0 11.62 N 29066
Between 3.069 0 10.71 n 4186
Within 1.644 -6.700 10.79 T 6.944
log (Size) Overall 4.250 1.494 0.693 10.14 N 42555
Between 1.375 0.693 9.548 n 5304
Within 0.299 -1.389 6.626 T 8.023
R&D Government (dummy) Overall 0.068 0.251 0 1 N 29166
Between 0.188 0 1 n 4188
Within 0.169 -0.870 1.005 T 6.964
Foreign (dummy) Overall 0.171 0.377 0 1 N 42501
Between 0.329 0 1 n 5302
Within 0.142 -0.785 1.128 T 8.016
Table A4. Correlation matrix of the variables in the empirical analysis
@ 2) 3) “) (5) 6) O] ®) © (10) an 12y (a3
(1) Cooperation 1
(2) Outsourcing 0.611 1
(3) log (Internal R&D) 0.711 0.575 1
(4) log (Size) 0494 0440 0477 1
(5) R&D Government 0.376 0.396 0.446 0.322 1
(6) Foreign 0231 0174 0216 0446  0.094 1
(7) Stock of GERD 0002  -0.007 0046  -0.000  -0.019  0.070 1
(8) Stock of GERD business 0062 0042 0115 0061  0.005 0.115 0904 1
(9) Stock of GERD 20.048  -0.048 0021  -0.041  -0030 0031 0.886  0.366 1
government
(10) Stock of GERD HES ©0.002  -0015 0032 -0.024 -0045 0030 0848 0821  0.590 1
(11) Stock of Regional patents 0083 0059 0132 0072 0005 0.109 0713 0915 0326  0.803 1
(12) GDP per capita 0066 0063 0115 0071 0067 0.118 0671 0704 0574 0384 0529 1
(13) Tertiary education 0.049 0.056 0.085 0.032 0.091 0.056 0.410  0.369 0.436 0.110 0.157 0.746 1
Table AS. Assuming missing at random
) @ 3 “ &) Q] O]
VARIABLES NIP NIP NIP NIP NIP NIP NIP
Cooperation 1.307***  1.290%%* 1. 2091%** [ 303*** ]305%¥** ].285%%* ]285%**
(0.088) (0.057) (0.058) (0.083) (0.084) (0.054)  (0.054)
Outsourcing 1.224%%*% ] 253%%% ] 25D%** ] D34kHk ] D3DwkE ] DADHHE ] D43k
(0.094) (0.068) (0.068) (0.083) (0.082) (0.064)  (0.064)
Internal R&D 1.044%%*  1,043%%%  1.043%%%  ].044%%%  1.044%**  ].043%** ].043%**
(0.009) (0.009) (0.009) (0.009) (0.009) (0.009)  (0.009)
Size ¢, 2.191%%*  2192%%* 2 200*** 2. 197*** D 207Fk* 2202%** D2206%**
(0.316) (0.315) (0.313) (0.318) (0.318) (0.318)  (0.317)
Size 2 4 0.960***  0.960%**  0.960***  0.960***  0.960*** 0.960*** (.959%**
(0.012) (0.012) (0.012) (0.012) (0.012) 0.012)  (0.012)
R&D government 1.089 1.088 1.088 1.090 1.091 1.088 1.087
(0.076) (0.076) (0.076) (0.075) (0.075) (0.074)  (0.075)
Foreign ¢ 1.157 1.164 1.164 1.160 1.160 1.169 1.166
(0.223) (0.225) (0.226) (0.226) (0.226) (0.226)  (0.225)
High tech 0.885 0.876 0.883 0.874 0.879 0.876 0.885
(0.088) (0.089) (0.088) (0.089) (0.088) (0.087)  (0.086)
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Medium-High tech 0.871 0.868 0.873 0.866 0.871 0.860 0.870
(0.122) (0.123) (0.123) (0.121) (0.121) (0.121) (0.121)
Medium-Low tech 0.618***  (0.619***% (0.621*** (.618*** (0.621**%* 0.616%** (.620%**
(0.063) (0.062) (0.063) (0.063) (0.064) (0.064) (0.065)
2.CAMBIO 1.117 1.113 1.111 1.109 1.105 1.123 1.118
(0.371) (0.367) (0.366) (0.367) (0.365) (0.372) (0.364)
3.CAMBIO 0.450* 0.450* 0.447* 0.454* 0.452* 0.449* 0.446*
(0.209) (0.206) (0.206) (0.209) (0.209) (0.209) (0.206)
4.CAMBIO 1.615 1.614 1.604 1.614 1.601 1.611 1.603
(0.796) (0.785) (0.782) (0.790) (0.785) (0.793) (0.785)
5.CAMBIO 0.943 0.947 0.946 0.943 0.942 0.945 0.946
(0.310) (0.308) (0.308) (0.308) (0.307) (0.310) (0.305)
6.CAMBIO 1.036 1.039 1.036 1.036 1.033 1.035 1.034
(0.306) (0.303) (0.303) (0.303) (0.303) (0.303) (0.298)
Regional stock of patents 1.051 1.063*
(0.042) (0.036)
Cooperation ; * Regional stock of patents . 1.064%** 1.063%**
(0.015) (0.016)
Outsourcing . * Regional stock of patents 0.938%** () 937***
(0.021) (0.021)
Stock GERD 1.008 1.011*
(0.007) (0.006)
Cooperation * Stock GERD 1.004 1.004
(0.005) (0.005)
Outsourcing ;* Stock GERD 0.994 0.994
(0.006) (0.006)
Stock GERD business 0.974 0.994
(0.027) (0.027)
Cooperation .; * Stock GERD business | 1.027%*% 1,027%**
(0.005) (0.004)
Outsourcing ;* Stock GERD business . 0.981%** (),98(***
(0.007) (0.007)
Stock GERD government 0.973 0.975
(0.025) (0.036)
Cooperation ;* Stock GERD government 0.963*** (0,961 ***
(0.007) (0.007)
Outsourcing ; * Stock GERD government 1.016%** 1.0]15%**
(0.005) (0.005)
Stock GERD HES 1.156** 1.106
(0.082) (0.077)
Cooperation .;* Stock GERD HES 0.978 0.977
(0.024) (0.025)
Outsourcing ;* Stock GERD HES ¢, 1.024 1.023
(0.038) (0.038)
GDP per capita 1.000 1.000 1.000*
(0.000) (0.000) (0.000)
Tertiary education 0.989 0.986 0.993
(0.012) (0.011) (0.015)
Constant 0.006%**  0.002***  0.004*** 0.002%** 0.005%*%* 0.002%*%* (.004***
(0.003) (0.001) (0.003) (0.001) (0.003) (0.001) (0.003)
Random part of the model
In(alpha) 0.476%%*%  (0.475%*%% (. 475%**%  (476%** 0.476%*%* 0476%*%* (476%**
(0.111) (0.111) (0.111) (0.111) (0.111) (0.111) (0.111)
Variance (Region) 0.110 0.097 0.082 0.097 0.078 0.049 0.053
Variance (Firm-Region) 4.508 4.499 4.501 4.502 4.504 4.491 4.495
Observations 21,031 21,031 21,031 21,031 21,031 21,031 21,031
Number of groups 17 17 17 17 17 17 17
Likelihood ratio test Firm random intercept 4423%*%  A3QHkkx A3QQAk AJSTREEK A35QkEk 4D 5Qkk  4DT ANk
Likelihood ratio test Region random intercept ~ 19.24*** 14 22%%%  [422%%* 14 92%**  [(.39%**  3.439** 4 199%*
Wald Test Mean values (Mundlak) L121%%%  [104%%*  1071***%  1076***  [029%**  [082%**  [Q70%**
Wald Test Time dummies T25.5%%* DT Q¥Hk 433 TREE RE(.SHFK*  4]6%k* QT 9FEk 4D JHEk

Robust SE in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Incidence rate ratios. Means and time fixed effects included. The null hypothesis for the
likelihood ratio tests does not follow a y? distribution because it is not on the boundary of the parameter space. We corrected for this following Rabe-
Hesketh & Skrondal (2012. pp. 88-89). Our main regional variables are yearly grand mean centered.
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Table A6. Using a depreciation rate of 15%

1 2) 3) ) (5) (6) @]
VARIABLES NIP NIP NIP NIP NIP NIP NIP
Cooperation 1.307%%% [ 291%%*% ] 202%** ] 303%k* ] 304%** ] 287*** ]289%**
(0.087) (0.059) (0.059) (0.080) (0.081) (0.055) (0.055)
Outsourcing 1.217*%  1.244%%% [ 243%%% ] Q%% ] pp7k*k ] D3G*** ] 235%**
(0.093) (0.068) (0.067) (0.080) (0.079) (0.068) (0.067)
Internal R&D 1.044%%% ], 043%%* [ 043%%* ] 043%%% ] 044%%% [ ,043%%%k ] ,043%%*
(0.009) (0.009) (0.009) (0.009) (0.009) (0.009) (0.009)
Size 2.140%%* 2 141%%* D [50%%*k D [48*H*k D [5**k D [47¥Hk D [3HHk
(0.308) (0.306) (0.304) (0.311) (0.311) (0.308) (0.313)
Size ? 0.960%%*  0.960%**  (0.959***  (0.960*** (.959*** (.960*** (.96]***
(0.012) (0.012) (0.012) (0.012) (0.012) (0.012) (0.012)
R&D government ¢ 1.082 1.081 1.082 1.082 1.084 1.080 1.081
(0.077) (0.077) (0.077) (0.076) (0.076) (0.076) (0.076)
Foreign ¢, 1.154 1.161 1.162 1.159 1.159 1.167 1.164
(0.222) (0.225) (0.226) (0.226) (0.226) (0.226) (0.226)
High tech 0.885 0.878 0.885 0.873 0.879 0.875 0.889
(0.089) (0.091) (0.090) (0.091) (0.090) (0.088) (0.088)
Medium-High tech 0.871 0.868 0.874 0.865 0.870 0.859 0.842
(0.122) (0.123) (0.124) (0.122) (0.122) (0.122) (0.122)
Medium-Low tech 0.619%**  0.620%** (0.622*** (.618*** 0.621*** 0.616*** (.614***
(0.063) (0.063) (0.064) (0.063) (0.064) (0.063) (0.067)
Regional stock of patents (. 1.071 1.102
(0.089) (0.075)
Cooperation . * Regional stock of patents 1.127%%%  ],123%*%*
(0.032) (0.033)
Outsourcing . * Regional stock of patents . 0.887%** (0,884 %**
(0.040) (0.039)
Stock GERD 1.016 1.021**
(0.013) (0.010)
Cooperation ;* Stock GERD 1.010 1.009
(0.010) (0.010)
Outsourcing .1* Stock GERD 0.988 0.987
(0.011) (0.011)
Stock GERD business 0.947 0.955
(0.056) (0.033)
Cooperation . * Stock GERD business 1.062%** 1,062%**
(0.009) (0.009)
Outsourcing . * Stock GERD business 0.966**  0.964%*
(0.015) (0.016)
Stock GERD government 0.978 1.006
(0.077) (0.034)
Cooperation .;* Stock GERD government 0.901%** (.898%**
(0.020) (0.018)
Outsourcing ; * Stock GERD government 1.035%* 1.033%*
(0.016) (0.016)
Stock GERD HES 1.305%%  1.301%**
(0.138) (0.132)
Cooperation . * Stock GERD HES 0.973 0.971
(0.037) (0.038)
Outsourcing . * Stock GERD HES 1.021 1.024
(0.067) (0.070)
GDP per capita 1.000 1.000 1.000
(0.000) (0.000) (0.000)
Tertiary education 0.988 0.985 0.995
(0.012) (0.011) (0.011)
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Constant 0.007*** 0.002%**  0.004***  0.002***  0.005%** 0.002*** (.004***
(0.003) (0.001) (0.003) (0.001) (0.003)  (0.001)  (0.003)
Random part of the model
In(alpha) 0.477***  0.476%**  0.476***  0.477***  0.477**%* 0.477*** (.478%**
(0.111) (0.111) (0.110) (0.110) (0.110)  (0.111)  (0.111)
Variance (Region) 0.109 0.100 0.085 0.096 0.076 0.045 3.4le-16
Variance (Firm-Region) 4511 4.502 4.504 4.504 4.506 4.494 4.525
Observations 21,031 21,031 21,031 21,031 21,031 21,031 21,031
Number of groups 17 17 17 17 17 17 17
Likelihood ratio test Firm random intercept 4416%%*  439]%**  4304%*%  A35G*** AFE0FF* 4250%F*k 4)75%*E
Likelihood ratio test Region random intercept ~ 19.15%**  14.79***  14.79%**  14,63***  [0.39%*%* 3.234*%*  2.54e-05
pvalue Likelihood ratio region 1.21e-05 0.000120 0.000120 0.000131  0.00127  0.0721 0.996
Wald Test Mean values 1213%**  [209%**  [168%**  [169%**  [114%*%*  [204%**  [(Q79%**
Wald Test Time dummies 674.9%**  JO5.6%** 453 QEH*  RRkE* 39| 7Rk QB D¥HE 435 pHE*

Robust SE in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Incidence rate ratios. Means and time fixed effects included. The null hypothesis for the
likelihood ratio tests does not follow a y? distribution because it is not on the boundary of the parameter space. We corrected for this following Rabe-
Hesketh & Skrondal (2012. pp. 88-89). Our main regional variables are yearly grand mean centered.

Table A7. Including jointly both measures of regional knowledge generation

1 (2) (3) “) (%) (6) @)
VARIABLES NIP NIP NIP NIP NIP NIP NIP
Cooperation 1.307%%%  1.200%**  ].292%*k* ] 304%** ] 305%k* ] 285%%k* ] 286%**
(0.087) (0.057) (0.058) (0.082) (0.083) (0.056) (0.055)
Outsourcing 1.217%%  1.246%%%  1.245%*k% [ 2D7*%% ] 226%** ] 235%k* ] 23G***
(0.093) (0.069) (0.068) (0.082) (0.082) (0.064) (0.064)
Internal R&D ; 1.044%%* 1 043%**% ] 043%*%* ] .044%*%  1,044%** ], 043%%* ] (043%**
(0.009) (0.009) (0.009) (0.009) (0.009) (0.009) (0.009)
Size 2.140%%* 2 143%%% D [55%kk D [43kkk D [54%kk D [4@%Kk D |55k
(0.308) (0.307) (0.307) (0.309) (0.309) (0.312) (0.309)
Size % 0.960%%*  (0.960***  (0.959%** (0.960*** (.960*** 0.960%** (.959%***
(0.012) (0.012) (0.012) (0.012) (0.012) (0.013) (0.012)
R&D government 1.082 1.081 1.082 1.082 1.083 1.081 1.080
(0.077) (0.077) (0.077) (0.076) (0.076) (0.075) (0.076)
Foreign 1.154 1.162 1.162 1.158 1.158 1.167 1.163
(0.222) (0.226) (0.226) (0.225) (0.226) (0.225) (0.225)
High tech 0.885 0.876 0.881 0.874 0.880 0.876 0.885
(0.089) (0.091) (0.090) (0.090) (0.089) (0.089) (0.087)
Medium-High tech 0.871 0.867 0.872 0.865 0.870 0.858 0.870
(0.122) (0.122) (0.123) (0.121) (0.122) (0.122) (0.123)
Medium-Low tech 0.619%**  (0.620%**  0.622%*%* (.618*** 0.621%** (0.616*** (.620%**
(0.063) (0.063) (0.064) (0.063) (0.064) (0.063) (0.064)
Regional stock of patents 1.034 1.018 1.042 1.024 1.035 0.997
(0.055) (0.040) (0.055) (0.040) (0.129) (0.120)
Cooperation ; * Regional stock of patents . 1.064%**  1.063%**
(0.016) (0.016)
Outsourcing ;* Regional stock of patents 0.937***  (.936%**
(0.021) (0.021)
Stock GERD 1.003 1.008 1.003 1.008
(0.010) (0.008) (0.010) (0.007)
Cooperation * Stock GERD 1.004 1.004
(0.005) (0.005)
Outsourcing ;* Stock GERD 0.994 0.994
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(0.006) (0.006)
Stock GERD business 0.966 0.995
(0.048) (0.047)
Cooperation ; * Stock GERD business 1.027%**  1.027%**
(0.005) (0.004)
Outsourcing ;* Stock GERD business . 0.980%** (.980***
(0.007) (0.007)
Stock GERD government 0.981 0.974
(0.053) (0.061)
Cooperation (;* Stock GERD government 0.963%**  (,962%**
(0.007) (0.007)
Outsourcing ; * Stock GERD government 1.015%**  1.014%**
(0.005) (0.005)
Stock GERD HES 1.148** 1.105
(0.078) (0.073)
Cooperation ;* Stock GERD HES 0.977 0.977
(0.025) (0.025)
Outsourcing ;* Stock GERD HES 1.025 1.024
(0.038) (0.038)
GDP per capita 1.000 1.000 1.000*
(0.000) (0.000) (0.000)
Tertiary education 0.986 0.986 0.993
(0.012) (0.012) (0.015)
Constant 0.007**%* 0.002***  0.005%** (0.002*** 0.005%** 0.002%** (.004***
(0.003) (0.001) (0.003) (0.001) (0.003) (0.001) (0.003)
Random part of the model
In(alpha) 0.477%%*  0.476***  0.477%%*  (0477***% (.477***  .477%%*  (.477***
(0.111) (0.110) 0.111) 0.111) (0.111) (0.111) (0.111)
Variance (Region) 0.110 0.094 0.075 0.094 0.075 0.046 0.053
Variance (Firm-Region) 4.511 4.501 4.503 4.503 4.506 4.493 4.497
Observations 21,031 21,031 21,031 21,031 21,031 21,031 21,031
Number of groups 17 17 17 17 17 17 17
Likelihood ratio test Firm random intercept 4416**%  4368%*k*  43T3kEE AJSAREkR AFSREAE ADA(R*E 4D46%**
Likelihood ratio test Region random intercept ~ 19.15%%%  [3.24%%%  [324%%* 3 [7*%** 10.02***  2.578*%  3.730%*
Wald Test Mean values 1213%**  [28%%*  ]086***  1103***  1062***  [139%** ]][9***
Wald Test Time dummies 674.9%%% 846, 8%**  409.2%%*  B(7.6%*** 395 1%kk 939 gk () gk

Robust SE in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Incidence rate ratios. Means and time fixed effects included. The null hypothesis for the
likelihood ratio tests does not follow a y? distribution because it is not on the boundary of the parameter space. We corrected for this following
Rabe-Hesketh & Skrondal (2012. pp. 88-89). Our main regional variables are yearly grand mean centered.

38



