Public support for R&D, knowledge sourcing and firm
innovation: Examining a mediated model with evidence
from the manufacturing industries

Abstract

The aim of this study is to examine how firms realize the benefits associated with
public support for R&D programs. To do so, this research examines whether a public
intervention through R&D subsidies leads companies to enhance their knowledge
sourcing activities. Then, the study assesses whether the policy-induced effect on the
firms’ knowledge sourcing also has a positive impact on their innovative performance.
Using panel data for Spanish manufacturing companies for the period 1998-2005, the
findings provide evidence indicating that public R&D subsides enhance the firms’ R&D
effort and levels of openness adopted in their innovations. In addition, the results show
that, by inducing these changes, public intervention affects firm innovation, as
measured by patent application and new product introduction counts. The implications
of these results for the literature on technology-policy evaluation and innovation
management are discussed.



1. Introduction

Innovation is a challenging process. It requires that firms build problem-solving
capabilities through which solutions to valuable innovation problems can be generated. As
documented by prior studies on innovation management, knowledge sourcing has a
potentially important role in allowing firms to acquire and develop needed problem-solving
capabilities (Katila and Ahuja, 2002; Laursen and Salter, 2006; Rosenkopf and Nerkar, 2001).
However, the formation of these capabilities may be affected by the presence of market and
system failures (Falk, 2007; Gelabert et al., 2009). On the one hand, market failures arise
because innovation is fundamentally a process of knowledge production that suffers from
imperfect appropriability (Arrow, 1962). The fact that firms cannot entirely appropriate the
returns generated by their innovations lead them to underinvest in R&D activities. On the
other hand, system failures emerge because the acquisition of external knowledge needed
for firm innovation is fraught with complexities and contractual problems that may affect the
scope of inter-organizational learning (Gok and Edler, 2012). Because internal and external
R&D provide a basis for sustaining knowledge sourcing, imperfect appropriability and the
costs of external knowledge acquisition may impair firm innovation in substantial ways.
Innovation policy is then justified as an instrument that allows policy makers to mitigate the
negative impact of market and system failures on firms’ knowledge-sourcing behavior.

Considering the presence of market and system failures, the contribution of R&D
subsidies has been evaluated according to presence of additionality effects. The positive
impact of R&D subsidies in terms of additional firms' R&D expenditures are viewed as a form
of input additionality, while the positive effects in terms of further innovation outcomes are
considered as a manifestation of output additionality (David et al., 2000; Klette et al., 2000;
Mairesse and Mohnen, 2010). Recent studies have started to evaluate the presence of
behavioral changes in supported firms induced by R&D assistance programs, or what is
called behavioral additionality (Knockaert et al., 2014; Wanzenbdock et al., 2013).

Despite the progress provided by prior studies, the evaluation of innovation policy



still offers a partial view of the total impact of R&D policy on firm innovation. On the one hand,
input and behavioral additionality conceptualizations focus the attention on the assessment
of /ntermediate effects, such as the creation of technological knowledge or the development
of supported firms’ learning capabilities. Nonetheless, less attention is placed on examining
how these effects shape the innovative performances of assisted firms. In some cases, it is
assumed that the effects of input or behavioral additionality will be eventually translated into
increased innovation outcomes (Falk, 2007). On the other hand, evaluation of output
additionality disregards the process that links public support for R&D and firm innovation.
The characterization of this process is important for distinguishing the effects genuinely
attributable to public intervention from those caused by other factors that also drive firm
innovation.

In this study, we assess the impact of public intervention via R&D subsidies on firm
innovation. Apart from the evaluation of the direct impact associated with public intervention,
we also consider a more subtle indirect effect, which runs through policy-induced changes in
the knowledge sourcing activities of supported companies. Specifically, our focus is on
assessing whether government support for R&D improves the innovation outcome of
companies by enhancing their knowledge sourcing activities, defined here by the #&D effort
of firms and /evels of openness in their innovations. Using panel data for Spanish
manufacturing companies during the period 1998-2005, the study confirms the presence of
intermediate effects like the enhancement of firms’ knowledge sourcing activities that are
attributable to National R&D subsidy programs. Most importantly, the study reports evidence
to indicate that some of these intermediate effects also contribute to increasing the patent
activity of firms and their capacity to make new product introductions. For instance, the
results show that policy-induced increments in firms’ R&D effort and propensity to use
technology and labor markets also translate into increases in their patent applications.
Likewise, reported findings show that R&D subsidies positively affect the number of firms’

new product introductions exclusively by increasing their R&D effort and propensity to form



technology cooperation.

Our research contributes to the literature on technology-policy evaluation in the
following ways. First, in assessing the innovation consequences attributable to input and
behavioral additionality, it provides an integrative and more comprehensive perspective to
evaluate the effects derived from public support for R&D. Some recent studies have begun to
assess the indirect impact of technology policy on firm innovation (Czarnitzki and Licht, 2006;
Hussinger, 2008; Kang and Park, 2012; Lee and Wong, 2009). Our study advances these
contributions by assessing how policy-induced changes on both internal and external
knowledge sourcing activities affect different indicators of innovation outcomes (i.e., patent
and new product introduction counts). In addition, our study is among the first in assessing
the indirect effects of public intervention on firm innovation that run not only through R&D
collaboration deals, but also through other external knowledge sourcing activities, such as
technology markets and labor markets. On the other hand, compared to prior studies, our
evaluation assesses the innovation consequences of indirect effects by using panel data
methods and instrumental variable techniques. In doing so, the study is better able to
account for the presence of widely recognized sources of unobservable heterogeneity, which
may cause biases in the estimation of the impact of public support for R&D on firm
innovation.

2. Conceptual background
2.1 Direct effect of public R&D funding on firms’ innovative performance
Part of the literature on innovation-policy evaluation is focused on assessing the

direct effect of public support for R&D on a firm'’s innovation output, or what is defined as
output additionality. Roper et al. (2004) and Hewitt-Dundas and Roper (2010) identify a
range of mechanisms that link public support for R&D and firms’ innovative performance.
These authors indicate that government R&D programs help supported firms build stocks of
knowledge for their innovation, increase their abilities to conduct future research projects,
form innovative capabilities and develop their human resources. Without identifying which of

the aforementioned mechanisms prevail in explaining the relationship between public
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support for R&D and firms’ innovation, an important stream of works provide evidence
showing the existence of output additionality. Klette et al. (2000) review a set of micro-
econometric studies to assess the impact of alternative policy intervention schemes. The
results show a range of effects, including enhanced patenting capabilities, increased sales,
and employment growth, all of which indicate the existence of output additionality.

More recent evaluation studies confirm the presence of output additionality relating
to direct and indirect R&D policy schemes, namely R&D subsidies and tax credit incentives,
respectively. As regards marketable outputs, Hujer and Radi¢ (2005) examine the impact of
R&D subsidies in the case of Germany, finding evidence of additionality as measured by the
firms’ propensity to make new product/service introductions. In terms of indirect schemes,
Cappelen et al. (2012) confirm that R&D tax-credits raise the propensity of firms to patent
and launch new products in the case of Norway. As regards commercial outputs, Hewitt-
Dundas and Roper (2010) find that public support for Ireland and Northern Ireland increases
firms’ sales relating to upgraded as well as new product introductions. For the case of
indirect mechanisms of public assistance, Bérubé and Mohnen (2009) show that highly
supported firms in Canada, those receiving grants and R&D tax-incentives, have a high
propensity to introduce new products and be more successful in their commercialization
than their non-supported counterparts that receive only R&D tax-incentives.

Despite the relevance of previous findings, technology policy assessment in output
additionality conceives firm innovation as a black-box process, in which the focus is on
determining the link between public intervention and firm innovation, and not on identifying
the channels through which supported firms translate the benefits of public assistance into
innovation outcomes.

2.2 The intermediate effects of public R&D funding

Instead of assessing the effect of public intervention on firms’ innovation outcomes,
other approaches focus the attention on the determination of intermediate effects, such as

growth of privately funded R&D expenditures, creation of technological knowledge, or



development of supported firms’ learning capabilities. Input additionality and behavioral
additionality are two approaches being developed for the assessment of these intermediate
effects. Based on the reasoning of market failure, input additionality establishes that a public
intervention is effective when it causes supported firms to invest at least one additional
monetary unit for every monetary unit granted by public assistant programs. Examination of
the input additionality literature provides ample evidence indicating the presence of crowd-in
effects, according to which public assistant boosts private R&D expenditures (Almus and
Czarnitzki, 2003; Czarnitzki and Lopes-Bento, 2012; Duguet, 2004; Gelabert et al., 2009;
Gonzalez et al., 2005).

Recent studies have started to use a complementary perspective to evaluate the
influence of public intervention on the innovation process itself. Based on the logic of system
failure, the attention is on the presence of behavioral additionality, as firstly defined by
Buisseret el al. (1995), or behavioral changes in supported firms induced by public
assistance. This perspective emerges as a response to the extended recognition among
scholars and policy makers that public intervention not only provides financial resources, but
also produces learning effects that can influence the way firms organize their innovation
activities. For instance, Georghiou et al. (2004) acknowledge that public intervention
generates behavioral additionality when instruments of innovation policy interact with the
strategies and capabilities of supported firms. From this interaction, firms can learn from
knowledge spillovers and from the exposures to the strategies, routines, and capabilities of
those organizations involved in public funded projects.

In terms of identifying intermediate effects caused by input and behavioral
additionality, knowledge acquisition is recognized as one important dimension of the
innovation process that can be affected by public intervention (Falk, 2007; Georghiou et al.,
2004; Kang and Park, 2012). Prior research has proposed several conceptualizations to
assess the impact of technology policy on the knowledge-acquisition behavior of firms.

Among the most commonly used, we find the notions of scale additionalityand scope



additionality. Public intervention produces scale additionality if supported firms enlarge the
scale of their knowledge-acquisition activities, and scope additionality, if supported firms
increase the coverage of these activities to a broader range of technological fields (Falk,
2007; Georghiou et al., 2004; Wanzenbdck et al., 2013). Recent studies have also started to
evaluate the impact of technology policy in terms of changes in the way supported firms
acquire knowledge from external sources (Afcha, 2011; Busom and Fernandez-Ribas, 2008;
Mohnen and Hoareau, 2003). In this case, the notion of co/laboration additionalityis adopted
to describe the impact of public intervention on the strategies implemented by companies
when they source problem-solving capabilities from collaboration agreements (Roper and
Hewitt-Dundas, 2012).

Policy evaluation on intermediate effects is useful to identify important changes in
the knowledge-sourcing behavior of supported companies. However, the evaluation of
technology policy based on intermediate effects is limited. In the case of input additionality,
the evaluation is mostly based on the acquisition of technological knowledge and not on the
part of the innovation process in which supported firms transform that knowledge into
innovation outcomes. The evaluation based on behavioral additionality recognizes a broad
range of effects, but less attention is still paid to the examination of the link between
behavioral changes and firm innovation. These conceptualizations implicitly assume that
changes in inputs and behaviors are for the better, and consequently, they should translate
into innovation outcomes with potential commercial value (Falk, 2007). Nonetheless, these
approaches disregard the description of the channels by which their involved intermediate
effects enhance innovation outcomes.

2.3 Knowledge sourcing as an intervening mechanism linking public support for R&D
and firm innovation

Given the findings reported by prior studies on technology-policy evaluation, in this
research our aim is to examine whether there is an indirect effect of a public intervention on
the innovation outcomes of supported companies, running through changes in their

knowledge sourcing behavior. Hence, our focus is on determining if knowledge sourcing



activities are mediating mechanisms in the relationship between public support for R&D and
firm innovation. To examine whether knowledge sourcing channels a public intervention
impact into firm innovation, the attention is on analyzing the innovation consequences
caused by induced changes in the R&D adoption behavior of supported firms. In this study,
we characterize the knowledge sourcing of a firm by (i) the R&D effort it chooses, and (ii) the
degree of openness it adopts for its innovation activities.

Our focus on these forms of knowledge sourcing is justified by the following reasons.
On the one hand, a firm’s investment in intramural R&D comprises a prominent mechanism
for achieving knowledge intended to solve underlying problems emerging during the
innovation process (Helfat, 1994; Nerkar, 2003). These investments uncover the effort made
by a firm in searching and implementing solutions to improve the performance of a
technology and/or a product design (Pisano, 2000). On the other hand, firms may acquire
essential knowledge for their innovations from external sources. Because of recent trends in
technology evolution, firms’ innovations requires the use and integration of several
knowledge bases, some of which are embedded in their environment (Lakhani et al., 2013).
As aresult, intramural R&D is no longer enough to achieve a leading-edge in innovation
(Cassiman and Veugelers, 2006). To handle this issue, many firms can develop technology
and product development models that foster the use of external knowledge sources
(Chesbrough, 2006; Laursen and Salter, 2006; Powell et al., 1996). The formation of alliances
along with the use of market-based arrangements are two established mechanisms that
assist firms in obtaining required problem-solving capabilities from external sources (Grant
and Baden-Fuller, 2004; West and Bogers, 2014).

Here, it is anticipated that policy-induced effects on previously described knowledge
sourcing dimensions increase firm innovation given the largely recognized role of these
dimensions in facilitating the development of the problem-solving capabilities a firm requires
for the generation of new technologies and/or product designs (Cassiman and Veugelers,

2006; Katila and Ahuja, 2002; Laursen and Salter, 2006). Next section discusses the potential



effects of public intervention on the knowledge sourcing of firms. Then, the involved
innovative effects are considered.

2.3.1 Public intervention effects running through the firm’'s R&D effort
In line with the findings reported by prior studies on technology-policy evaluation, our

aim is to verify the premise that firms receiving R&D public funding will increase knowledge
sourcing occurring in their intramural R&D activities. Two mechanisms can be used for
explaining this policy-induced effect. First, when firms engage in publicly funded projects,
they gain experience in executing, organizing and managing the involved R&D activities. In
line with the suggestion of Roper et al. (2004), this experience helps supported companies
develop R&D management capabilities, hence favoring the future undertaking of privately
funded R&D activities. This fact holds true because the formation of R&D management
capabilities produces productivity gains that reduce the costs a firm faces in the
organization of subsequent R&D activities. For instance, firms building these capabilities can
determine more easily the target of future R&D projects and evaluate their potential value
than those lacking such capabilities (Clarysse et al., 2009). Second, from the execution of
publicly funded projects, supported firms can generate technological opportunities that lead
to new R&D projects. This comes about because publicly funded R&D provide outputs, such
as new knowledge and problem-solving capabilities that supported firms might use to
develop their on-going projects and/or begin new ventures. For instance, involvement in R&D
grant programs might enable supported firms to identify relevant innovation problems or
discover solutions to some others, opening in this way new avenues for the development of
alternative R&D projects. This fact is consistent with the idea of Lee (2011) that publicly
funded R&D projects generate knowledge spillovers that may enhance the technological
performance of the supported companies’ R&D activities.

If engagements in public R&D granted programs lead firms to increase its R&D effort,
then an interesting policy issue is to examine whether the induced increments in intramural

R&D translate to a superior innovative performance. Since firm innovation is a relevant target



of many public R&D funding programs, it is important to determine if the intermediate effects
associated with public intervention finally brings superior innovation outcomes. In line with
studies on technology and innovation (Katila and Chen, 2008; Pisano, 2000; Rosenkopf and
Nerkar, 2001), we expect that policy-induced efforts in sourcing knowledge from intramural
R&D generate new knowledge that expands the technological space in which firms may find
solutions for their technology and product development process. In doing so, we further
anticipate that new possibilities of knowledge association will materialize, thus favoring
increases in supported firms’ innovation capabilities.

Prior suggestions indicate that R&D subsidy programs may affect firm innovation
indirectly by increasing knowledge sourcing occurring via intramural R&D. Despite its policy
implications, few studies have assessed this indirect effect. Notable exceptions are found in
the following three studies. First, Czarnitzki and Licht (2006) show that participations in
public R&D grant programs in the case of West and East Germany is associated with
increments in the R&D effort of supported companies. Moreover, their study reveals that R&D
expenditures stimulated by public funding further increase the supported firms’ patent
application propensity. Second, Hussinger (2008) reports evidence for a sample of German
manufacturing companies that policy-induced R&D contributes to enhanced new product
sales. Third, for a sample of a biotechnology companies in South Korea, Kang and Park
(2012) find evidence to indicate that governmental support through funding R&D projects
indirectly affects firms’ innovation by boosting internal R&D activities. All these findings
reject the premise that R&D subsidies lead companies to spend inefficiently, for example, by
increasing the wages of R&D personnel without an involved productivity gain. They also
discard the presence of reallocation effects in which supported firms adjust their R&D
portfolio toward technologies that make them less productive in producing innovations.

2.3.2 Public intervention effects running through the openness in firm innovation
Here, it is also suggested that participation in public R&D grant programs can

encourage supported companies to obtain knowledge from external sources. As in the case
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of intramural R&D, the presence of experience effects and technological opportunities
provoked by public R&D grant programs are used for explaining why supported firms may
acquire knowledge from external sources. First, earlier research on technology policy
indicates that, apart from the gained experience in managing the involved R&D activities, the
undertaking of publicly R&D projects also leads supported companies to build stocks of
knowledge (Lee, 2011; Roper et al., 2004). An important implication of this is that the
formation of these stocks also makes supported firms more able to identify, assimilate and
apply external knowledge that is associated with the technological fields comprising such
stocks. This idea is coherent with the conceptualization of absorptive capacity, according to
which the degree of external knowledge utilization is a function of the level of related prior
knowledge a firm accumulates (Cohen and Levinthal, 1990). Preceding arguments suggest
that the openness adopted by a supported firm to source knowledge is created as a
byproduct of its involvement in publicly funded R&D projects. For instance, if a company
receives public funding to develop a R&D project related to the technology “X”, our
suggestion indicates that this firm will be better ready to identify the importance of external
knowledge associated with “X". Because of the formation of absorptive capacity in “X”, it is
anticipated that public intervention would enable this firm to obtain and apply external
knowledge connected to “X” in its own innovations. While the absorptive capacity resulting
from the execution of publicly funded projects reduces the costs of acquiring external
knowledge, it is expected that supported firms are more willing to form alliances and/or to
use market-based contracts to source external knowledge for its innovations.

Second, the exploitation of part of the technological opportunities created by the
execution of publicly R&D projects may require that supported companies acquire
complementary problem-solving capabilities from external sources (Lee and Wong, 2009).
For instance, solutions generated from the execution of public R&D projects can be
subsequently developed by supported companies using resources and complementary

knowledge obtained from other agents, such as universities, research centers and other
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companies. Similarly, identified innovation problems in publicly funded projects might require
the access to technological solutions coming from other organizations, which would lead
supported companies to form links like R&D alliances and market-based agreements to
obtain such solutions. This position is coherent with the premise that being recipient firm of
public R&D support and thus performing public R&D projects may generate new
technological necessities that may lead not only to intensify knowledge sourcing occurring
via intramural R&D, but also to open the knowledge sourcing activities of supported
companies.

While the execution of publicly R&D projects may lead supported firms to source
external knowledge, an important policy issue is to determine whether this policy-induced
effect also involves a superior innovative performance for the supported companies. The
examination of this issue is relevant to assess adequately the scope of public programs in
promoting R&D activities. Here, our suggestion is that programs encouraging firms to source
external knowledge should bring subsequent positive innovative performance effects. The
main reason that sustains this claim is that the use of external knowledge facilitates the
emergence of new possibilities for knowledge recombination (Fleming and Sorenson, 2001,
Rosenkopf and Nerkar, 2001). As widely recognized by studies on technology and innovation,
R&D collaborations and knowledge-acquisitions in technology markets are prominent
mechanisms to acquire new knowledge (Almeida et al., 2003; Grant and Baden-Fuller, 2004;
Mowery et al., 1996; Powell et al., 1996). For instance, the use of alliances and market-based
deals provides firms with mechanisms that enable knowledge transfer and the internalization
of technological opportunities existing in their environments (Gomes-Casseres et al., 2006).
Thus, these arrangements help firms channel external knowledge into the site where their
problem-solving capabilities are placed. In doing so, firms can extend the technological
space from which new knowledge combinations might arise for the solution of relevant
innovation problems (Katila and Chen, 2008). With an extended technological space,

innovation is more likely to occur because firms face more possibilities to recombine
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existing knowledge and solutions, or reconfigure the ways knowledge elements are linked
(Phelps, 2010). An implication of these ideas is that induced-policy changes toward the use
of external knowledge sources strategies might increase the innovative performance of
supported companies. As a result, the evaluation of programs based on the grant of R&D
funding should consider the indirect effect on firm innovation running through an induced
willingness of supported companies to source external knowledge.

Despite being relevant for a suitable evaluation of an innovation policy, very few
studies have assessed the presence of this indirect effect. Notable exceptions are found in
the case of Lee and Wong (2009) and Kang and Park (2012). In the first case, the study uses
mediation analysis to assess the indirect effect of public intervention on supported firms’
product and process innovations, transmitted through the formation of R&D collaborations.
For a sample of manufacturing small-medium size enterprises (SME) for Singapore, the
authors report evidence indicating that supported companies have a strong propensity to
form R&D collaboration deals, and in doing so, public intervention favors product and
process innovation for these companies. In the second case, the study documents the
existence of indirect effects, according to which government support for R&D impacts firms’
patenting propensity by allowing firms’ participation in domestic and downstream alliances.
Taken together, these results indicate that a proper evaluation of the impact of public R&D
grant should consider potential consequences of public intervention in changing not only the
R&D effort of supported firms, but also their external knowledge sourcing behavior. In this
way, technology-policy evaluation could capture a broader range of the effects that are
relevant for enhancing the innovation prospects of recipient companies.

In order to summarize prior ideas, Figure 1 presents the mediated model that
describes the potential role of knowledge sourcing in linking public support from R&D and
firms’ innovative performance. Next sections will explain in more details the data and
methods implemented in the study to assess the direct and indirect effects of public R&D

grants depicted by Figure 1.
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[Insert Fig. 1 here]

3. Empirical analysis
3.1 Data
The analysis in this study makes use of data coming from the Survey of Business

Strategy (ESEE, its Spanish acronym). The ESEE is a firm-year level panel conducted by the
Fundacion Empresa Publica, in collaboration with the Spanish Ministry of Industry. Starting in
1990, the survey gathers detailed information on several dimensions of firms’ business
strategies and includes an average sample of 1,800 manufacturing companies. The ESEE is
an unbalanced panel because some companies stopped providing information for reasons
such as mergers, shutdown or liquidation. To preserve representativeness, new companies
are included in the survey each year. The ESEE provides information on firms operating in all
Spanish manufacturing industries, classified according to the two digit-level NACE industry
classification (Statistical classification of economic activities in the European Community).
The survey is exhaustive for firms with more than 200 employees. For firms having between
10 and 200 employees, a stratified random sample is collected by industry and firm size
intervals.

As relevant information about the use of knowledge-sourcing strategies (e.g., R&D
alliances, technology in-licensing or R&D outsourcing) was incorporated into the survey in
1998, we built a longitudinal sample for the period 1998-2005. Some of the methods used in
the study require no gaps in the within-firm time series’. With this requirement, our sample
comprises observations (firms) with at least two consecutive values for all the variables
under consideration. After taking away observations with missing values, the sample
includes 1,567 firms and 10,118 firm-year observations. In our sample, 11.93% of the
companies received public funds from the Spanish government at least once during the
period 1998-2005.

Table 1 shows the breakdown of the sample by industry type, support status and firm

' In particular, these requirements are imposed on the estimation of the model used here to explain
the firms’ innovative performance.
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size. Industries were classified as low- or high-tech intensive, according to OECD taxonomy
(2005). Table 1 reveals that the probability of being a supported company is larger for high-
tech industries. During the period under consideration, we can observe that high-tech
industries concentrate larger shares of small-to-medium size firms (200 or fewer employees),
while the distribution between small and large companies is more balanced in low-tech
industries.

[Insert Table 1 here]

Our sample covers a period in which the Spanish innovation system had a poor
performance, as suggested by some of the indicators traditionally used to monitor
developments in science and technology (COTEC, 2007). For instance, for the period 1998-
2005, total Spanish expenditure on R&D with respect to gross domestic product (GDP) was
half the European Union average (Vega-Jurado et al., 2009). Additionally, data from the
Community Innovation Survey reveal that the rate of technological cooperation in Spain,
particularly between firms and public institutions such as universities and research centers is
below the European Union average (Busom and Fernandez-Ribas, 2008). On the other hand,
the Spanish innovation system for the period 1998-2005 is characterized by the dominant
role of the public sector in the composition of the national expenditures in R&D. For instance,
in 2003 total public expenditures in R&D were 40.1% in Spain, while this proportion reached
34.7% in the entire European Union (Segarra-Blasco and Arauzo-Carod, 2008). The
contribution of Spanish business sectors to national expenditures in R&D was one of the
lowest among the OECD countries over the 1998-2005 period (COTEC, 2007). Given the
information gathered by the ESSE on direct mechanisms of public intervention, the study is in
a good position to assess potential effects of Spanish R&D subsidy programs on inducing
changes in the innovative behavior of the surveyed companies.

3.2 R&D support for firms in Spain
In this research, the attention is placed on support provided by the Spanish

government via R&D subsidies. Unfortunately, the ESEE does not provide disaggregated
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information to identify specific national programs from which firms can obtain R&D
subsidies. As in the case of other studies on technology-policy evaluation (Busom and
Fernandez-Ribas, 2008; Czarnitzki and Licht, 2006; Gelabert et al., 2009; Hussinger, 2008), the
analysis here is done at an aggregate level by assessing the “average” impact of public
intervention related to R&D subsidies on firm innovation for the period under question. In
particular, the study focuses on R&D subsidies coming mainly from sources like the National
Plan for Scientific Research and Technological Development (National R&D Plan). This plan
has been the most important policy instrument used in Spain for articulating policy actions
intended to improve the technological performance of the country’s innovation system since
1998 (Busom and Fernandez-Ribas, 2008). Thenceforth, the National R&D plan has pursued
several objectives, among which we can highlight the increase of business R&D expenditures
and the number of researchers hired by companies, the promotion of programs for the use of
new technologies, and the raise of firms’ participation in cooperative research projects,
particularly between companies and public institutions, such as universities and research
centers. The Center for the Development of Industrial Technology (CDTI) has been the public
entity responsible for channeling the funding included in the National R&D Plan (Ballesteros
and Rico, 2001). All these programs include mechanisms that range from R&D subsidies,
soft credits, to equity co-investment projects. However, given data limitations, here the focus
is on programs based on R&D subsidies.

The process of public funding allocation through the CDTI is as follows. A public call
is announced and firms decide whether to apply. After evaluating the applications, a group of
proposals is selected for being granted. In a study of the evaluation process followed by the
CDTI, Huergo and Trenado (2010) define the general criteria considered by the agency to
grant R&D support. The following items are considered in the assessment process: (i)
scientific-technical quality of the proposals, (ii) degree of innovation of the projects, (iii)
technical and financial capabilities of the applicant firms to undertake the projects, iv) firms’

abilities to exploit potential outcomes of the projects, (v) potential market value of the
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outcomes derived by the projects, and (vi) fulfillment of encouraging effect. These authors
also uncover the drivers explaining the likelihood of applicant firms to receive support. In
their study, it is indicated that the degree of R&D intensity associated with the project, the
existence of firms’ technical capability for the development of the project, and the export
possibilities involved by the project are the most important factors shaping the grant
decision of the agency (Huergo and Trenado, 2010).

3.3 Variables
3.3.1 Dependent variables
Innovative performance: We measured this multidimensional construct by using two

alternative indicators: patent application counts and new product introduction counts. With
these variables, our objective is to characterize two dimensions of the innovation process
that are of central importance in the impact evaluation of R&D subsidies: (i) the firm's
inventiveness and (ii) the firm’s new product development capabilities (Clarysse et al., 2009;
Czarnitzki et al., 2007; Falk, 2007). On the one hand, prior studies of innovation and
technology often conceive patents as the output from a knowledge-production function,
which describes how firms build new knowledge from R&D activities (Ahuja, 2000; Cincera,
1997; Hausman et al., 1984; Nerkar, 2003; Rothaermel and Alexandre, 2009). On the other
hand, prior studies of organizational learning commonly view new product introductions as a
measure indicating the firm’s abilities to apply sourced knowledge in the generation of
products with the capacity to fulfill emerging or existing customers’ needs (Blundell et al.,
1995; Nerkar and Roberts, 2004; Salomon and Shaver, 2005). In this regard, new product
introductions are viewed as important elements of firm innovation capabilities (Katila and
Ahuja, 2002).

However, we also acknowledge some limitations of these measures. Despite being an
indicator of a firm's inventiveness, patents can be at the same time the outcome of other
strategies, such as preventing possible hold-up problems in the market for technology or
blocking a competitor’s entry (Laursen and Salter, 2006). Furthermore, patent counts may

underestimate a firm's innovation. This holds true because many innovations are only partly
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covered by patent protection, or not covered at all (Griliches, 1991; Klevorick et al., 1995;
Sidhu et al., 2007). On the other hand, although new product introductions reflect a firm’s
innovativeness, it does not necessarily quantify the extent to which such introductions
generate commercial value. For instance, companies may fail in maximizing the fit with their
customers’ needs while developing new products (Schilling and Hill, 1998). In this case, new
product introductions will not be translated into increased sales and the firm’s growth
(Schilling, 2012). Despite this limitation, some studies also suggest that new product
introductions positively correlate with sales growth and market value (Banbury and Mitchell,
1995; Katila and Ahuja, 2002; Scherer, 1983). Given prior limitations, we recognize that our
empirical design measures the potential effects of public intervention on firm innovation
imperfectly.

3.3.2 Mediator variables

R&D effort: To characterize this dimension of the firm’s knowledge-sourcing behavior,
the indicator R&D intensity, measured as firms’ R&D private expenditure divided by firms’
total sales, was built. Here, we assumed that, when a firm increases its R&D effort, it also
modifies important attributes of its knowledge sourcing behavior, such as the scale and/or
scope of its R&D projects. Thus, in the study of the effects derived from R&D subsidies, we
think this variable enables examination of whether public intervention modifies the
knowledge sourcing behavior of supported companies.

Openness in innovatiorn. We assumed that firms open their innovation activities by: (i)
forming technology alliances (Grant and Baden-Fuller, 2004), (ii) acquiring knowledge in the
markets for technology (Arora et al., 2004; Laursen et al., 2010), (iii) hiring qualified
employees (Hess and Rothaermel, 2011), and (iv) using consultant expertise to obtain
information about relevant technologies (Santamaria et al., 2010). The following dummies
variables were considered to indicate the use of the previously described external knowledge
sources activities. The first dummy takes the value of 1 when the firms stated that they

formed R&D alliances in the form of joint ventures or non-equity based agreements. The
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second dummy is equal to 1 when the firms acquired knowledge in the marketplace using
licensing-in or R&D outsourcing deals. The third dummy awards the value of 1 when the firms
claimed they hired employees with experience in R&D in other companies or from public
institutions, such as universities or research centers. The last dummy is equal to 1 when the
firms used consulting services to obtain information about valuable technologies.

3.3.3 Independent variable
Public funding for R&D. our subsidy measure refers to the log of the total amount of

public funding received annually by each firm from R&D subsidy programs like the National
R&D Plan. Although the ESEE allows distinction among regional, national and other programs,
our focus is on funding granted by the Spanish government. Several reasons justify this
choice. First, subsidies granted by these programs constitute the main source of public
funding in Spain (COTEC, 2007). Second, since sources of funding differ from one another in
terms of technology policy objectives, eligibility and selection criteria, and amounts of
funding, the use of an aggregate measure containing several program types may be
problematic (Busom and Fernandez-Ribas, 2008). For instance, aggregation would make it
difficult to distinguish between the effects of public support on both innovative performance
and knowledge-sourcing dimensions from those due to the specific characteristics of each
program. Third, since a firm’s openness to innovation is a requirement commonly imposed
by European agencies to grant R&D support, the inclusion of European funding as a part of
the independent variable could create a problem of endogeneity that would affect the results
of the evaluation policy in the study (Blanes and Busom, 2004).

3.3.4 Control variables

Firm-specific characteristics. First, we accounted for the firm’s predisposition to
explore new technologies because this aspect can determine the scope of its intramural R&D
activities as well as the breadth of its external knowledge-sourcing strategies. Moreover,
companies that are more exploratory are also well positioned to make innovations.
Exploration was measured by the variable, zechnological assessment, which is a dummy

variable that takes the value of 1 when firms asserted that they evaluated alternative
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technologies or perspectives of technological change. Second, we controlled for /irm size
because larger firms may have richer endowments of resources that enable them to exploit
internally- and externally-based R&D activities. As larger firms are less financially constrained,
they are better prepared to assemble resources for innovations. Size was measured as the
log of the number of employees. Third, the access of funding from other sources may be
correlated to the likelihood of receiving funds from the Spanish government. To mitigate
potential biases due to omitting this factor, we considered the variable, other types of
subsidies, measured as the log of the total amount of public funds granted by regional and
other programs. Fourth, we included the variable, process innovation, to control for the
presence of potential complementarities between process and technological innovation and
between process and product innovation. To do so, we used a dummy variable that takes the
value of 1 any time a firm reported it had process innovations. Finally, we introduced the
dummy variable, market structure, which takes the value of 1 when a firm stated that it
operated in a market with less than 10 competitors. In doing so, we account for the effects
that market concentration may have on either boosting or inhibiting a firm’s knowledge-
sourcing activities and its predisposition to innovate.

Industry-specific characteristics’: First, we incorporated into the analysis the variable
industry export intensity, defined as total industrial exports normalized by total industrial
sales. On the one hand, firms in industries with a high level of exports may extend their
search activities to distinct geographic contexts using their internal and external R&D
activities. On the other hand, firms operating in export industries are likely to innovate more
to compete effectively in international markets. Second, we added the variable /ndustrial
technological opportunities. Firms operating in industries with a high level of technological
opportunities face greater incentives to reinforce their knowledge-sourcing strategies as a

way to access such opportunities. The presence of technological opportunities may improve

% All the variables in this section were measured at two-digit NACE level. For each firm, magnitudes
always exclude the corresponding firm-level value. For example, total sales at industry xand for firm /
were calculated as follows: total sales in x —total sales of firm /
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the entire process of technology and product development, affecting a firm’s innovation
capabilities. We measured technological opportunities as total industry R&D expenditures
normalized by total industry sales. To allow for a non-linear relationship between industrial
technological opportunities and firms' innovative performances, on the one hand, and the
knowledge-sourcing dimensions on the other, the square of the measure of technological
opportunities was also included. Finally, we accounted for the appropriability regime
prevailing in each industry. To do so, we followed other studies and built the variable /naustry
appropriability, measured as the ratio of total patents in industry xto total number of
companies with patents in industry x (Beneito, 2003). This measure aims to reflect the fact
that more patents per innovative company indicate that innovation outcomes in industry x
are easy to protect.

3.4 Methods
Given our objective of assessing the indirect effect of R&D subsides on firm

innovation running through knowledge sourcing activities, in this study we applied mediation
analysis. To accomplish this, we proceed as follows. First, we implemented the Baron and
Kenny's (1986) causal-step method for describing the paths through which R&D subsidies
affect the innovation outcomes of supported companies. To define these paths, two sets of
models were estimated, one for examining the determinants of a firm'’s innovative
performance and the other for studying the drivers of the knowledge-sourcing dimensions
under question. From previous models, we verified the presence of an indirect effect by
determining whether (i) public funding for R&D significantly affects knowledge-sourcing
dimensions, and (ii) knowledge-sourcing dimensions determine firms’ innovative
performance. We also verified the presence of a direct effect of public support for R&D on
firms’ innovative performance, once the influence of the mediator variables (i.e., knowledge-
sourcing dimensions) is controlled. Second, we complemented prior analysis by using a
product-coefficient approach (Preacher and Hayes, 2008). In this case, we tested for the

statistical significance of the direct and indirect effects attributable to R&D subsidies.
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It is worthwhile to highlight that the use of mediation analysis has started to grow in
recent research on technology-policy evaluation. For instance, some studies have begun to
examine the presence of behavioral additionality by using mediation analysis for the
identification of intervening mechanisms through which public intervention can affect the
way firms learn or form competences (Autio et al., 2008; Knockaert et al., 2014). Other
studies use mediation analysis to assess whether internal and/or external R&D activities are
valid channels linking public support for R&D and innovation outcomes (Kang and Park, 2012;
Lee and Wong, 2009).

In the estimation of the models used for our analysis, the potential endogeneity of
public support was taken into account. Prior studies on technology-policy evaluation have
identified two sources of endogeneity that are relevant for our study (Almus and Czarnitzki,
2003; Busom, 2000; Czarnitzki and Lopes-Bento, 2012; Gelabert et al., 2009). The first source
arises from se/f-selection of firms in the participation stage. This due to the presence of
observable and unobservable factors that explain not only firms’ incentives to participate in
policy programs for promoting R&D, but also their knowledge-sourcing behavior and
innovative performance®. Consequently, this fact might generate biases due to the presence
of omitted variables that may affect not only participation in R&D funding programs, but also
knowledge sourcing behavior of companies and their innovation outcomes. The second
source of endogeneity arises from the se/ection criteria adopted by the agencies that assign
R&D grants. These agencies can provide support to the more innovative firms or to those
with previous experience in knowledge sourcing (called the picking-the-winner effect) as a
way to show the effectiveness of their public R&D funding programs. This issue might result
in a reverse causal effect going from innovative performances and knowledge-sourcing

behavior to the amount of public R&D subsidies received by supported companies.

® For instance, prior studies on technology and innovation show that larger companies and those with
experience in R&D are more likely to undertake knowledge sourcing activities and to face better
innovative performance (Almeida et al., 2003; Cassiman and Veugelers, 2006). At the same time, other
studies show evidence that companies with these attributes have also a higher propensity to
participate in R&D subsidy programs (Blanes and Busom, 2004).
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We attempt to account for the presence of selection biases and reverse causality in
several ways. In line with econometric methods established in the literature on technology-
evaluation policy (Czarnitzki and Lopes-Bento, 2012; Gelabert et al., 2009; Hussinger, 2008),
we took advantages of the panel design of our data using fixed effects specifications to
control for the presence of unobserved sources of heterogeneity. As suggested by Gelabert
et al. (2009), this strategy attenuates biases resulting from self-selection occurring in the
participation stage and from the presence of the picking-the-winner effects*. We also used
instrumental variables (IV) estimators to address remaining sources of endogeneity of public
support. Compared to cross-section matching methods, our approach is not limited to
control exclusively for selection on observable variables. Hence, the use of panel data
methods and IV estimators does not impose the strong assumption that there is no
unobserved factor driving program participation (Czarnitzki and Lopes-Bento, 2012;
Hussinger, 2008).

3.4.1 Models to explain knowledge sourcing dimensions

We used Tobit regression model® and probit regression analysis to examine the policy
-induced effects on internal and external knowledge sourcing, respectively. In both cases, we
followed Papke and Wooldridge (2008) and Wooldridge (2002) to treat the presence of
endogeneity in the context of these models. Specifically, to account for the presence of time-
invariant unobserved heterogeneity, we implemented the method developed by Chamberlain
(1984). In order to allow #ime-constant omitted factorsto be correlated with the covariate
under consideration (the controls previously described), the time average of these covariates
was included in the estimations. Then, to treat the presence of potential correlation between
time-varying omitted factors and our independent variable (public funding for R&D), we used

an instrumental variable estimation approach. The variable foreign capital measured as the

* This is the case because firm fixed effects account for unobserved factors that induce firms’
knowledge sourcing behavior and innovation performance. Since many of these factors also relate to
the firms’ propensity to participate in public R&D funding programs, then the inclusion of fixed effects
mitigates selection biases.

® A Tobit specification is adequate in our context because of the high concentration of observations at
the zero value of the variable R&D effort.
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percentage of foreign participation in the share capital of a firm, was taken as an exclusion
restriction. We posit that this factor should drive the amount of public R&D funds a firm
receives, but not its knowledge-sourcing behavior. As suggested by Gonzalez et al.(2005),
public agencies prefer to support domestic firms rather than affiliates of foreign-owned
companies. Thus, we anticipate a negative relationship between the amount of R&D funding
and the presence of foreign ownership. Moreover, because R&D adoption choices in the case
of subsidiaries of foreign companies are probably taken at the level of their corporate
headquarters, it was anticipated that the variable 7orejgn capita/would not significantly
affect the knowledge-sourcing strategies of these types of companies.

Finally, we implemented a two-step estimator as follows. In the first-stage, we
estimated a pooled Ordinary Least Squares (OLS) regression model in which the public
funding for R&D s regressed on the previously described control variables, the variable
forefgn capita/and the firm-level average of all the covariates (including the time average of
the exclusion restriction). In the second-stage, we estimated a pooled-Tobit model for
explaining R&D effort of firms and pooled probit models for explaining the adoption of
openness in innovation strategies. These knowledge-sourcing dimensions are determined by
the endogenous variable (public funding for R&D), the control variables, the firm-level average
of all the covariates, and the residuals corresponding to the first-stage estimation. According
to the method developed by Rivers and Vuong (1988), the estimated coefficient of the
residuals provides a valid test for the presence of endogeneity in public funds to support R&D.

3.4.2 Models to explain firms’ innovative performance
Given the nature of our dependent variables, we used count data analysis to examine

the innovation consequences attributable to public R&D subsidies. Specifically, we
implemented a count-panel data model with fixed effects and endogenous covariates. This
model was estimated using a Generalized Method of Moments (GMM) estimator with
Wooldridge moment conditions (for more details, see Windmeijer, 2000; Wooldridge, 1997).

The implemented specification is advantageous for several reasons. First, compared to the
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standard fixed-effects estimator in count-panel data developed by Hausman et al. (1984), the
estimator used here provides consistent estimates, even in the presence of non-strict
exogenous covariates (Wooldridge, 1997). Second, the treatment of endogeneity is not
limited to the public support indicator, but can also be extended to other covariates of the
model. By viewing the knowledge-sourcing dimensions as predetermined variables, the
model allows consistent estimates of the effects that such dimensions may have on the firm
innovative performance to be estimated.

4. Results

Table 2 lists the descriptive statistics and bivariate correlations for the variables
under question. Reported results reveal no correlation between our measures of firm
innovative performance, which is consistent with the idea that patent and new product
introduction counts measure different dimensions of the innovation process®. Given the
existence of moderately high correlations for the case of some pairs of variables, the threat
of this issue was assessed by estimating the variance inflation factor (VIF). Furthermore, as
a form to mitigate potential multicollinearity, the measure of industrial technological
opportunity was centered on its mean before creating its squared term. After doing so,
average VIFs for all the covariates were found to be 2.00, with a maximum value of 4.90 in
the case of the models explaining the firm innovative performance, and 1.89, with a
maximum value of 4.71, in the case of the models explaining the knowledge-sourcing
dimensions. In all the cases, the VIFs were below of the conservative ceiling of 5.

[Insert Table 2 here]

4.1 Results from exploring the presence of additionalities
Before assessing the innovation consequences associated with intermediate effects

described above, we examined the presence of additionalities by using a matching approach.
Our aim is to determine the average treatment effect on the treated companies (ATT). This
requires determining the counterfactual situation for the knowledge sourcing and innovation

outcomes that would have been realized if the treatment group (supported companies) had

® We thank one of our reviewers for highlighting this issue.
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not been treated by receiving R&D subsidies. To do so, we implement the propensity score
matching approach proposed by Rosenbaum and Rubin (1983). Once the propensity score
has been estimated, we paired each supported company with a single closest non-supported
company, using the nearest neighbor matching algorithm. The pairs were chosen based on
the similarity in the estimated probabilities of being subsidized. This means that the
propensity score comes from a probit estimation on the dummy indicating whether the firm
received public support or not. For reason of space, we report only the results concerning the
average impact of the National R&D subsidy program’, which is calculated using the ATT.
Table 3 presents the comparison of the averages for internal and external knowledge
sourcing indicators and for innovation outcomes corresponding to supported companies
(treatment group) and non-supported companies (control group).

[Insert Table 3 here]

The results suggest the presence of additionality associated with the public
intervention. In terms of input and behavioral additionality, it is observed that supported
companies have a higher R&D effort and propensity to use external knowledge sourcing
strategies than non-supported companies. In terms of innovation effects, the results show
the presence of output additionality in terms of the patent activity of firms, but not in terms
of new product introduction counts. These findings raise two appealing policy question. First,
is it possible that part of the direct effect of R&D subsidies on the firms’ patent propensity
channels via changes in their knowledge sourcing activities? Second, despite the lack of
output additionality, is it possible that R&D subsidies affect the firms’ new product
introductions only indirectly through changes in their knowledge sourcing activities? In next
section, we present the results of the mediation analysis describe above to assess these
policy issues in more details.

4.2 Results from the causal-step method
First, we proceed to examine whether public intervention via R&D subsidies has an

’ Probit results and test of difference between means after matching for the set of covariates used in
these estimations are available upon request from the authors.
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indirect effect on firm innovation, running through the knowledge sourcing dimensions
previously described. According to the causal-step method, an indirect effect can be claimed
in our study if (i) R&D subsidies have a positive and statistically significant effect on the
internal and external knowledge sourcing of firms, and (ii) knowledge sourcing activities
under consideration have a positive and statistically significant impact on firms' innovative
performances. Results reported by Table 4 and 5 are used here to verify these conditions.

The results reported by Table 4 presents the estimations for the Tobit and probit
models defining the determinants of the firms’ internal and external knowledge sourcing.
Estimates in column 1 confirm that R&D subsidies in Spain positively determine the R&D
effort chosen by firms. This finding is in line with the idea that public R&D grants lead
supported firms to increase their investments in sourcing knowledge through R&D activities.
Columns 2a - 2d report results for the case in which the determinants of each external
knowledge-sourcing strategy are considered. Excluding knowledge sourcing from
consultants’ expertise, the results give support to the premise that R&D subsidies have a
significant effect on increasing firms’ propensity to source external knowledge using
alternative options. In line with previous studies based on input and behavioral additionality
conceptualizations, all these results confirm that public R&D subsidies generate intermediate
effects, according to which firms’ R&D effort and levels of openness in innovation are
increased due to the reception of public R&D subsidies. Notice that these results are
consistent those presented by Table 3, in which a matching estimator was used to assess
the presence of additionalities.

[Insert Table 4 here]

Furthermore, the results of the first stage in column 3 show that the estimated
parameter of 7orejgn capita/has a negative and statistically significant impact on the amount
of public funding for R&D. This partial correlation gives some support to the validity of this
instrument. Moreover, the results in columns 1-2 indicate that reduced-form residuals

derived from the first-stage estimate (column 3) have a statistically significant effect on all
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the mediating indicators, thus justifying the use of instrumental variables.

The following step consists of assessing whether the induced-effects reported by
Table 4 can translate into enhanced innovative performances. Table 5 presents the results
for the count-panel data models defining the determinants of the firms’ innovative
performance, as measured by patent and new product introduction counts, respectively. The
estimates in Table 5 were obtained using £xp£nd, a gauss routine for the non-linear GMM
estimation of exponential models with endogenous covariates (Windmeijer, 2002). With
respect to models determining patent counts, the results correspond to the linear feedback
specification as developed by Blundell et al. (2002). This specification accounts for the
presence of statistically significant first-order autocorrelation detected in unreported
estimates®. When using this specification, a first-order correlation is expected to persist, but
not a second-order correlation. The results in columns 4a and 4b confirm these requirements,
indicating the models are well-specified (Windmeijer, 2002). With respect to models
determining new introduction counts, neither first- nor second-order autocorrelation is
detected, suggesting these models are well specified’.

[Insert Table 5 here]

The results in columns 4a and 5a provide evidence supporting the presence of a
direct effect of public R&D subsidies on firm innovation, which is consistent with the
presence of output additionality in terms of both patent and new product introduction counts.
To assess for the presence of indirect effects, we verified whether knowledge sourcing
activities shape firm innovation. Estimates in columns 4b and 5b show that the R&D effort of
firms has a positive significant effect on both measures of firm innovative performance.
These results give strong support to the idea that intramural R&D is a mechanism by which

firms obtain knowledge required for generating innovations. The implication of this result is

® Results for the models of patent counts without the lag of the dependent variable are available upon
request from the authors.

° Consistent with this fact, further experimentation with other specifications shows that the lag in new
product introduction counts fails to be statistically significant. Thus, no innovation persistent effects
are detected in this case.
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that, by leading supported firms to increase their R&D effort, public intervention in Spain also
contributes to enhancing their innovation outcomes. Thus, evidence exists indicating that
R&D subsidies affect firm innovation indirectly, via increments in the R&D effort of
companies.

With regard to the effects of external knowledge-sourcing strategies, the results show
that the use of consultants’ expertise and the acquisition of knowledge via hiring R&D
employees positively affect both dimensions of firms’ innovative performance. We also note
that technology cooperation is particularly relevant for inducing product innovation, while
knowledge acquisitions in technology markets for inducing technological innovation.
Previous results are in line with the idea that knowledge coming from external sources helps
companies to enhance their innovations. Nonetheless, our findings also uncover that
technology cooperation reduces the firm’s patent propensity whereas knowledge
acquisitions through technology markets negatively affect the firm’s product innovation
introductions. Given the relevance of these negative effects, their implications are analyzed
in more detailed below in the discussion and conclusion section. From these results, it can
be claimed that knowledge acquisitions via the hiring of R&D personnel are valid channels to
realize the benefits of R&D subsidies on firm innovation. Technology cooperation translates
the positive effects of R&D subsidies only for the case of new product introductions, while
the positive mediating role of market-based deals only applies for the case of patent counts.
Consultants’ expertise fails to channel the impact of R&D subsidies towards enhanced
innovation outcomes given the results of Table 4, which show that R&D subsidies do not lead
companies to source knowledge through this strategy.  Finally, we also verify if the direct
effects attributable to the presence of output additionality reported in columns 4a and 5a
hold once the influence of knowledge sourcing dimensions is controlled. With respect to
patents, the results of column 4b show that the direct effect of R&D subsidies keeps positive
and statistically significant, revealing that the presence of output additionality remains even

after accounting for the intervening role of knowledge sourcing. This finding implies that
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public R&D subsidies affect a firm’s patent activity via a direct effect and via indirect effects,
which are channeled through three conduits: (i) an increased R&D effort, (ii) an enhanced
propensity to hiring R&D personnel, and (iii) augmented possibilities to use technology
markets. With respect to new product introductions, the results of column 5b uncover that
the direct effect of public R&D subsidies vanishes once the influence of knowledge sourcing
is accounted. This result is consistent with the idea that the effect R&D subsidies on firms'’
propensity to make new product introductions actually is included in the indirect effect going
through their knowledge sourcing activities. An implication of this finding is that R&D
subsidies affect the new product introductions of supported firms only indirectly through
three channels: (i) an enhanced R&D effort, (ii) an increased propensity to form technology
cooperation, and (iii) augmented prospects for hiring R&D personnel.

In the estimation of models in Table 5, lagged values of the covariates measured at
firm level were used as valid instruments (see the note following Table 5 for more details).
The results also include the Sargan test for over-identifying restrictions, which confirms the
validity of the instruments used in the estimations for all cases.

4.3 Results from the product coefficient method
To further probe the intervening role of firms’ knowledge-sourcing activities, the

product coefficient approach was adopted to estimate the direct and indirect effects of R&D
subsidies (Preacher and Hayes, 2004). According to this method, the indirect effect of Xon V

mediated by M;and M:is calculated by 5.0 where q, is the estimated effect of Xon M,

while B, stands for the estimated effect of M;on V. Estimates for g, and B, were obtained from
pooled-probit and pooled regression analysis, depending on the nature of the dependent
variable. Estimations were conducted by using the Stata routine for Binary Mediation
Analysis. From these estimations, we computed point estimates for the indirect and direct
effects, along with the corresponding standard errors and test statistics. Then, we generated

bootstrap standard errors and 95% confidence intervals for the population of indirect and
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direct effects'. A given effect is viewed as statistically significant if the corresponding
confidence interval does not contain a zero. When a zero is included, an insignificance effect
is claimed.

Table 6 reports the indirect and direct effects estimated for the case of each measure
of innovative performance. In terms of patents, the results confirm that the direct effect of
R&D subsidies is positive and statistically significant, which is consistent with the presence
of output additionality. In addition, there is evidence indicating the presence of the indirect
effect of R&D subsidies running through the firms’ R&D effort and from knowledge
acquisitions occurring via technology markets, the hiring of R&D personnel and consultants’
expertise. The indirect effect going through the firms’ R&D effort is remarkably strong,
compared to those going through the external knowledge sourcing activities. The results
also confirm R&D subsidies have a negative indirect effect running through technology
cooperation. For this case, the direct effect seems substantial being approximately 78% of
the total effect attributable to public R&D subsidies. In contrast, the indirect effects running
by internal and external knowledge sourcing strategies represent nearly 22% of the total
effect produced by the public intervention.

In terms of new product introductions, the results confirm the absence of a direct
effect, given that the 95% confidence interval for the direct effect includes a zero. This
reveals that R&D subsidies only affect firms’ propensity to make new product introductions
exclusively through inducing increments in the knowledge sourcing activities of supported
companies. The results indicate that the indirect effects transmitted via the firms' R&D effort
and the use of technology cooperation deals predominate to enhance new product
introductions. Compared to the results reported from the casual step method, some
differences exist regarding the mediating role of the external knowledge sourcing strategies.
According to the product coefficient approach, the indirect effects running via technology

markets is positive and statistically significant, while that running through labor markets fails

"% For instance, compared to the Sobel test, this strategy is advantageous because it does not impose
any assumption on the distribution of the indirect effects (Preacher and Hayes, 2008).
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to be statistically significant, as indicated by the inclusion of a zero in the 95% confidence
interval.
[Insert Table 6 here]

5. Discussion and conclusions
This study assesses the impact of public intervention through R&D subsidies on firm

innovation. In the evaluation of this policy scheme, the focus has been on assessing whether
the induced changes in the knowledge sourcing of supported companies contribute to
enhancing their innovation outcomes. In particular, the knowledge sourcing of firm has been
defined by (i) the R&D effort it chooses, and (ii) the degree of openness it applies for its
innovations. By using panel data for Spanish manufacturing companies during the period
1998-2005, the study is among the first in determining if the impact of R&D subsidies on
increasing companies’ R&D effort and levels of openness in innovation further translates into
enhanced innovation outcomes, measured as patent applications and new product counts.
The results of the study strongly support the premise that the intermediate effects of
public R&D subsidies on the knowledge sourcing of firms also contribute to enhancing their
innovation outcomes. In terms of patent counts, the study shows that public support via R&D
subsidies has a direct effect, which is in line with previous studies on output additionality
(Cappelen et al., 2012; Czarnitzki and Licht, 2006). A more subtle indirect effect is found,
which runs largely through an enhancement of the R&D effort of the recipient companies. A
smaller indirect effect also exists, going from the public intervention to patent counts via the
use of technology and labor markets. Weaker evidence also indicates that the use of
consultants’ expertise mediates the link between public R&D subsides and firms' patent
activity. These results show that a part of the total impact of R&D subsidies on boosting the
patent activities of supported firms corresponds to indirect effects running through
increments in their internal and external knowledge sourcing activities. In terms of new
product introduction counts, the study shows the absence of output additionality, once the

effect of the knowledge sourcing dimensions under consideration are controlled. This finding
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has important implications for the evaluation of R&D subsidies. It indicates that public R&D
subsidies affect firms’ capacity to make new product introductions only indirectly by
inducing increments in their internal and external knowledge sourcing activities. More
specifically, public intervention via R&D subsidies brings new product introductions by
increasing firms’ R&D effort and use of technology cooperation. Weaker evidence also is
reported that policy-induced increments in the use of consultants’ expertise contribute to
enhancing the new product counts of supported firms. Results with respect to the presence
of intermediate effects running through technology and labor markets are not conclusive in
this case.

One important contribution of our study is to show that the classical effects of public
intervention on input and behavior additionality also have an impact on firms’ innovative
performances. Our results are in line with those reported by Czarnitzki and Licht (2006) and
Hussinger (2008) that public intervention has a direct effect on firms’ innovations and an
indirect effect that transmits through policy-induced increases in the firms’ R&D. However,
our research extends these contributions by evaluating not only the indirect effects running
via the R&D effort of firms, but also those being transmitted by external knowledge sourcing
strategies, such as technology cooperation, technology markets and the hiring of R&D
personnel. Our finding also complement those reported by Kang and Park (2012) that R&D
resources and inter-firm alliances mediate the link between government R&D support and
firms innovation. Our study advances this contribution by evaluating the impact of public
support for R&D on alternative dimensions of firm innovation (i.e., patent and new product
counts). As indicated by our results, the intensity of the direct and indirect effects may
depend on the innovation outcome being analyzed. While patents are an intermediate output
within the innovation process, it is expected that the direct effects of R&D resources and
collaboration links on the patenting activity of firms are stronger, compared to those
affecting more marketable indicators like new product introductions. Finally, our results

confirm the results of Lee and Wong (2009) that R&D collaboration is a linking mechanism
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translating the effect of government support for R&D into an enhanced propensity of firms to
make new product innovations. Nonetheless, our research offers a more integrative
evaluation perspective, in which the indirect effect transmitted via policy-induced increments
in firms’ intramural R&D activities is also considered.

Another important contribution of our research is that it challenges the implicit
assumption on studies of technology-policy evaluation that the intermediate effects
attributable to input and behavioral additionality are for the better. For instance, our study
uncovers negative indirect effects of R&D subsidies on the patent activity and new product
introductions of supported companies, which are attributable to increments in technology
cooperation and knowledge acquisitions in technology markets, respectively. In the case of
technology cooperation, the fear of partners to leak strategic information to others during the
invention process might lead them to restrict their interactions (Arora et al., 2004; Laursen
and Salter, 2006). This fact would impede knowledge sharing within technology cooperation,
thus affecting the production of knowledge in terms of patents. In the case knowledge
sourced from technology markets, it seems that it contributes more to solving technical and
engineering problems within the technology and product development process than to
improving the introduction of new products. Altogether, these findings highlight the
importance of making technology policy evaluation not only by considering the input and
behavioral additionality derived from public interventions, but also by including the innovation
consequences associated with these intermediate effects.

5.1 Implications
The findings of this study have relevance for both innovation policy and innovation

management. As regards innovation policy, this study shows that the effectiveness of public
intervention in enhancing firm innovation depends critically on the induced effect of the
intervention on the knowledge sourcing of recipient firms. Thus, programs that improve the
acquisition of external problem-solving capabilities (within and outside firms’ organizational

boundaries) may result in further innovations. For instance, policies that improve the
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efficiency of the markets for technology (e.g., developing intellectual property right systems),
promote cooperation (e.g., founding of R&D consortia) or enable mobility of knowledge
workers among private and public institutions may help firms enhance the degree of
openness of their innovation. In doing so, these policies also contribute to extending the
technological space from which firms draw solutions for their innovation problems, thus
favoring the generation of technology and product innovations. Similarly, polices permitting
firms to develop their human resources (e.g., technical training programs) may facilitate the
undertaking of knowledge sourcing through in-house R&D and then grasp the potential
benefits of public intervention. These suggestions inform innovation policy makers by
indicating that important complementarities may exist between alternative policy
instruments. For instance, the contribution of R&D subsidies to promoting firm innovation
may increase if policies promoting the use of open innovation models in firms are also
applied. An implication of this fact is that innovation policy combining several schemes may
correct not only market failures (underinvestment in R&D), but also system failures (lack of
connectivity across organizations). In addition, our results indicate that the objectives of
public intervention also gain relevance. When the final goal is to enhance firms’ inventiveness,
programs that stimulate technology cooperation could be counterproductive. Public
intervention aimed at improving the appropriability regime faced by supported firms might
reduce the fear of leakages of strategy information during R&D collaborations, thus favoring
the presence of positive innovation effects in terms of patent counts.

As regards innovation management, this study shows that knowledge sourcing
allows supported companies to harness the resources received from R&D funding programs.
An implication of this fact is that supported firms’ strategies that improve knowledge-
sourcing will also contribute to grasping the potential benefits of public intervention. This
idea is in line with the work of Wong and He (2003), who show that public R&D support is
more effective when firms create an internal culture for innovation. Likewise, strategies

stimulating the use of open innovation models, namely, the use of information technologies,
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cross-functional teams, and incentives based on open-orientated metrics, may further lead
firms to leverage their knowledge-sourcing activities, thus favoring the realization of the
benefits of public support for R&D.

5.2 Limitations and extensions

The results of this study are subject to some limitations and, at the same time, open
new directions for future research. First, given data restrictions, the study infers firms'
knowledge-sourcing behavior by using the observable results associated with such behavior.
This prevents examination of specific behaviors in knowledge sourcing that are induced by
public intervention. In terms of the Gok and Edler (2012) approach of behavior additionality,
our operationalization of knowledge sourcing remains simple and only encompasses the
scale, scope and openness dimensions of supported firms’ R&D behavior. Thus, it is
recognized that more research is needed to identify specific behavior patterns in knowledge
sourcing that arise from public intervention. Second, we have sustained that the presence of
“experience effects” and “technological opportunities” associated with publicly funded R&D
projects are mechanisms that drive public intervention to shape the knowledge-sourcing
behavior of supported firms, but we have not measured them directly. In line with Clarysse et
al. (2009), future research should attempt to measure these latent variables that favor
behavioral changes in the knowledge-sourcing activities of supported companies. Third,
despite the use of panel data techniques, the study does not treat the issue of the time scale
needed to observe the effects of public intervention. Hence, long-term effects induced by
R&D grants are not entirely considered. Additional research is required to identify the time
span needed to observe the indirect effects of R&D grants on firm innovation that include
knowledge sourcing. Fourth, although our mediated model provides an integrative approach
to assess the impact of intermediate effects of public intervention on innovation outcomes,
our model remains incomplete because it does not consider resulting effects on variables
measuring commercial success, such as revenues for out-licensing, sales growth, or market

value. Future research is needed to complete the link between firm innovative performance
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and other dimensions of firm performance.
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Table 1. Percentage of Firms by Type of Industry, Size and Support Status

Year Low-intensive tech 'industri.es: High-intensive tech iqdustrigs i
< 200 Workers With subsidies < 200 Workers With subsidies
1998 48.6 19.5 85.7 20.8
1999 48.9 18.1 85.3 27.7
2000 48.6 21.3 87.4 21.3
2001 50.0 17.9 88.4 24.4
2002 49.9 15.3 90.2 25.0
2003 50.6 15.3 89.2 20.3
2004 50.8 9.2 89.4 24.6
2005 51.0 12.3 90.1 12.3
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Table 2. Descriptive Statistics and Pairwise Correlations

Variables Mean SD Min Max 1 2 3 4 5 6 7 8 9 10 11 12
1 Patent applications 0.42 4.68 0 158 1.00
2 New product introductions 1.81 11.74 0 423 0.00 1.00
3 Technology cooperation 0.29 0.45 0 1 0.10 0.08 1.00
4 Labor markets 0.26 0.44 0 1 0.10 0.06 0.49 1.00
5 Markets for technology 0.25 0.43 0 1 0.12 0.08 0.59 0.39 1.00
6 Consultants’ expertise 0.21 0.41 0 1 0.11 0.06 044 036 0.37 1.00
7 R&D effort 0.45 1.63 0 50.91 0.22 0.09 034 025 027 0.6 1.00
8 Public funding for R&D 93.64 1'926'8 0 98330 006 000 008 008 008 002 020 1.00
9 Technological assessment 0.32 0.47 0 1 0.09 0.07 050 042 036 060 0.23 0.07 1.00
10 Firm size 205'4 555.39 2 12939 0.10 003 029 030 030 020 015 035 022 1.00
11 Other type of subsidies 16.07 170.17 0 5'135'7 0.01 0.01 014 014 0.15 0.09 0.17 023 0.12 043 1.00
12 Process innovation 0.70 0.46 0 1 -0.06 -0.09 -0.33 -0.29 -0.26 -0.27 -0.13 -0.03 -0.32 -0.16 -0.09 1.00
13 Industry export intensity 2844 1390 291 66.16 0.01 001 016 017 016 0.07 0.11 0.06 0.11 0.15 0.11 0.01
14 Market structure 0.56 0.50 0 1 0.00 0.02 0.19 0.17 020 0.12 006 0.03 0.16 0.14 0.06 0.00
15 Ind. tech opportunities® 0.63 0.82 0.01 746 004 000 016 018 0.17 0.05 021 0.11 0.10 0.08 0.15 0.04
16 Ind. tech opportunities 1.06 405 0.00 5571 0.02 000 010 013 0.11 0.03 0.13 0.09 0.07 0.08 0.15 0.02
squared”®
17 Industry appropriability® 3.05 1.34 0 6.13 0.07 000 0.14 0.12 012 0.04 014 0.00 006 0.03 0.02 0.07
18 Foreign capital 16.95 36.27 0 100 0.00 0.04 028 029 032 011 0.08 006 018 0.28 0.07 0.00
Variables 13 14 15 16 17 18
13 Industry export intensity 1.00
14 Market structure -0.10 1.00
15 Ind. tech opportunities” -0.12 0.02 1.00
16 Ind. tech opportunities -0.04 033 0.06 1.00
squared”
17 Industry appropriability® -0.03 026 0.05 091 1.00
18 Foreign capital -006 028 0.03 0.25 0.05 1.00

Notes. § log values; ¥ mean centered variables; * correlations are significant at p<0.07.
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Table 3. Impact of National R&D Subsidies on Internal and External Knowledge Sources and on Innovative Outcomes

Variable Treated Controls Difference S.E. T-stat
R&D effort 2.71 1.99 0.72 0.26 2.75%*
Technology cooperation 0.97 0.87 0.10 0.03 2.94%**
Labor markets 0.87 0.78 0.10 0.04 2.27**
Markets for technology 0.78 0.69 0.09 0.05 2.03**
Consultants’ expertise 0.63 0.57 0.06 0.05 1.33
Number of patents 3.63 2.26 1.37 1.08 1.27
New product introductions 4.01 3.02 0.99 1.09 0.91

Notes. (i) Matching and average treatment effects were performed following Leuven and Sianesi (2003) psmatch2 Stata module.
(i) The following variables were used in the probit model estimation that serves a base for the matching: Regional subsidies

(0,1 dummy), Subsidies for other organisms (0,1 dummy), R&D expenditures in t-1 (in Euros), National public subsidies in t-1 (0,1
dummy), Technology cooperation in t-1 (0,7 dummy), Technology markets in t-1 (0,1 dummy), Labor markets in t-1(0,1 dummy),
Markets for technology in t-1 (0,17 dummy), Consultants’ expertise in t-1(0,7 dummy), Firm size in t-1 (number of employees in
logs), Process innovation in t-1 (0,1 dummy), Foreign capital in t-1 (ratio), Industry export intensity (ratio), Low-tech industry (0,1
dummy), Medium-low-tech industry (0,1 dummy), Medium-high-tech industry (0,1 dummy), year dummies. (iii) After completing
the matching, differences in the average of the variables used in the probit model were not statistically significant at
conventional level. This is viewed as a signal indicating the matching was completed correctly. (iv) Significant at * p< 0.1, ** p<

0.05, *** p< 0.01.
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Table 4. Regression Results for Knowledge-Sourcing Dimensions

R&D Technology Labor  Markets for Consultants’ Public
effort cooperation  markets technology expertise funding for
Independent variable R&D
Tobit Probit oLs
(1) (2a) (2b) (20 (2d) (©)]
. 0.028%** 0.064* 0.067*** 0.047* 0.012
Public funds for R&D (0.010) (0.033) (0.019) (0.025) (0.019) -
Technological assessment 0.066* 0.162%** 0.036 -0.044 0.177%x* 0.003
(0.035) (0.054) (0.055) (0.056) (0.053) (0.047)
Firm size 0.166* 0.114 -0.061 0.109 -0.050 -0.041
(0.087) (0.100) (0.125) (0.093) (0.124) (0.044)
Other types of subsidies -0.007 -0.009 0.024 0.043 0.025 -0.000
(0.010) (0.027) (0.021) (0.027) (0.019) (0.037)
Process innovation -0.014 -0.077* -0.147%%x -0.038 0.018 0.023
(0.027) (0.041) (0.048) (0.047) (0.047) (0.033)
Market structure -0.012 0.002 -0.057 0.002 -0.077 -0.019
(0.042) (0.062) (0.062) (0.060) (0.065) (0.036)
Industry export intensity -0.002 0.002 -0.000 0.009%* -0.003 0.002
(0.002) (0.004) (0.004) (0.004) (0.005) (0.002)
Industrial technological opportunities 0.094 "0.065 "0.016 *0.079 "0.078 -0.009
(0.049) (0.095) (0.089) (0.092) (0.097) (0.072)
Industrial technological opportunities -0.017* 0.017 0.008 0.005 0.000 0.000
squared (0.010) (0.020) (0.021) (0.018) (0.017) (0.017)
Industry appropriability 0.023* 0.013 -0.016 -0.005 -0.038 0.001
(0.013) (0.021) (0.022) (0.022) (0.024) (0.012)
Forei . ~ ~ _ _ _ -0.050*
oreign capital (0.030)
Arectorocica t 0.634%*x 1.135%%* 0.729%x* 0.723%*x 1.745%%x 0.313%**
echnological assessmen (0.091) (0.118) (0.106) (0.115) (0.115) (0.081)
A o -0.001 0.230%* 0.445%%% 0.226** 0.201 0.156%**
Firm size (0.090) (0.104) (0.127) (0.098) (0.127) (0.054)
A B 0.177%** 0.585%** 0.059 0.492%** -0.036 0.699%**
Other types of subsidies (0.033) (0.105) (0.050) (0.079) (0.042) (0.074)
A o -0.474%%% -0.799%* -0.269%* -0.343%%* -0.576%** -0.155
Process innovation (0.088) (0.128) (0.123) (0.126) (0.126) (0.103)
Andustry export intensity 0.004 -0.003 0.005 -0.007 0.001 -0.006*
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(0.003) (0.005) (0.005) (0.005) (0.005) (0.003)

A 0.107 0.009 0.112 0.163 0.053 -0.085
Market structure (0.080) (0.111) (0.100) (0.111) (0.106) (0.065)
Ao , - 0.658% 0.759%k 0.333%* 0.594%** -0.083 0.312%
Industrial technological opportunities (0.097) (0.1 55) (0.1 37) (0.1 52) (0.1 52) (0.1 39)
A ) . y -0.154*** -0.183%** -0.055* -0.1712%** 0.020 -0.039
Industrial technological opportunities squared (0023) (0.039) (0033) (0.037) (0034) (0.043)
A o -0.013 -0.031 0.040 -0.009 0.090* 0.028
Industry appropriability (0.032) (0.050) (0.041) (0.049) (0.050) (0.045)
Acore . -0.005 0.037* 0.048*** 0.087*** -0.066*** 0.031
Foreign capital (0.015) (0.021) (0.018) (0.021) (0.021) (0.038)
Residuals 0.065*** 0.304x** 0.065*** 0.088*** 0.032* _
(0.011) (0.049) (0.018) (0.028) (0.019)
Constant -1.255%** -1.904x** -2.852%** -2.396*** -2.000*** -0.220
(0.169) (0.231) (0.211) (0.249) (0.222) (0.163)
F-statistic 32.82%** - - - - 10.05%**
Wald x* - 857.07** 1040.77*** 657.10%** 912.15%** -
Pseudo R-squared 0.3011 0.4263 0.3313 0.3709 0.3293 -
R-squared - - - - - 0.3233

Notes. (i) All models are estimated with firm fixed effects by instrumental variables as explained in the text. (i) The terms Agariable)
stand for the firm-level mean of the corresponding variable. These terms are included in in the specifications to account for the
presence of firm fixed-effects (iii) The term Residuals refers to the errors of the first-stage estimation reported by the model in
column 3. (iv) Explanatory and control variables are measured at #7. (v) Time dummies are included in all the models. (vi)
Standard errors, in parentheses, are clustered by firm so they are robust to heteroscedasticity and serial correlation, (vii)
Significant at: * p< 0.1, ** p< 0.05, *** p< 0.01.
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Table 5. Regression Results for Firms’ Innovative Performance

New product
. Number of n . -
Independent variable umber of patents introductions
(4a) (4b) (5a) (5b)
- *kk - *kk
Lag in the number of patents %01 ggz) (()62836) - -
Technological assessment 0167 -0.463" 0.212% 0.213"
9 (0.033) (0.012) (0.025) (0.013)
Firm size 0.900%** 0.780%** 0.346%%* 0.400%**
(0.060) (0.030) (0.048) (0.032)
. 0.026* 0.272%%* -0.007 -0.0271%%*
Other types of subsidies (0.015) (0.008) (0.008) (0.004)
Process innovation 0.107*** 0.374*** 0.000 -0.259***
(0.023) (0.011) (0.030) (0.015)
Market structure 1.327%** 0.595%** -0.036 -0.220%**
(0.106) (0.012) (0.048) (0.016)
Industry export intensit 0.017 0.01 7% ~0.004 0017
yexp y (0.004) (0.003) (0.004) (0.002)
Industrial technological opportunities (202(2):53;;* (2038%;* (8?28) (8835%
Industrial technological opportunities -0.038 -0.0671%** -0.064** -0.053***
squared (0.041) (0.012) (0.025) (0.007)
Industry appropriability 0.282%** 0.123*** 0.125%** 0.026***
(0.038) (0.008) (0.016) (0.007)
0.366%** -0.001 0.030%* 0.007
Public funds for R&D (0.034) (0.008) (0.009) (0.006)
0.981%%* 0.090%**
RED effort (0.022) (0.008)
- *kk *kk
Technology cooperation - (()65838) - 0(02%27)
0.276*** 0.309***
Labor markets (0.024) (0.014)
*%k% - *%k%
Markets for technology - 0('06 %Z 4) - (261 839)
*%% *kk
Consultants’ expertise - 1('5‘3150) - 0('(%% 6)
Test for serial correlation
First-order correlation -2.181** -2.7371%* 0.239 0.680
Second-order correlation -1.191 -1.164 -1.540 -1.160
Over-identification test
Sargan test 86.637 132.4375 98.0432 214.7790
Pvalue 0.1315 0.3761 0.2637 0.3056

Notes. (i) Parameters are two-step GMM estimators using Wooldridge moment conditions.
Estimations assume that firm-level explanatory variables should be taken as predetermined.
Therefore, past values of these variables are used as valid instruments. (ii) Lag values of the
dependent variable are also used as instruments in the models of columns 5 and 6. A maximum
of six lags for each predetermined variable was implemented in each of the specifications. (iii)
Time dummies are considered in all models. In the case of dynamic specifications (columns 4a
and 4b), time dummies are included as instruments. (iv) The measure of public funds for R&D,
along with all the control variables, is measured at time #-2. The variables for A& effortand
openness in innovatfon are measured at time #-7. Robust standard errors in parentheses. (v)
Significant at: * p< 0.1, ** p< 0.05, *** p< 0.01.

47



Table 6. Results Bootstrap Test (Open Innovation Strategies and R&D Effort)

Dependent Effects Bootstrap  Confidence interval (95%)
variable Origen Size standard error Lower limit  Upper limit
R&D effort 0.049 0.009 0.034 0.067
Cooperation -0.018 0.006 -0.300 -0.006
Patent Labor markets 0.005 0.002 0.001 0.010
applications Tech markets 0.009 0.003 0.004 0.016
Consultants 0.004 0.002 0.002 0.007
Direct effect 0.177 0.034 0.121 0.248
R&D effort 0.034 0.007 0.020 0.049
Cooperation 0.044 0.009 0.029 0.065
New product Labor markets 0.001 0.003 -0.004 0.006
introductions Tech markets 0.008 0.004 0.001 0.016
Consultants 0.004 0.002 0.001 0.008
Direct effect 0.011 0.020 -0.026 0.052

Notes. Number of bootstraps samples for bias corrected bootstrap confidence intervals is
equal to 1,000.
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