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1. Introduction

The objective of this paper is to analyse the éffef R&D cooperation, exploring the
relationship between cooperation, knowledge geiogratnd economic results. Empirical
analysis is focused on consortia supported by &b Rramework Programme (FP) of the
European Union and, more specifically, our sammpéers to those Spanish firms

participating during the period 1995-2005.

Consortia shaped under the FP have been consintetieel literature to be a clear example
of international R&D cooperation, since they inwlpartners from different nationalities
which invest their own resources in R&D activitiasorder to obtain appropriable results.
Prior studies concluded that the FP has contribtdeduilding and consolidating R&D
networks within the European area (Roediger-Schlagd Barber, 2006; Breschi and
Cusmano, 2006). Nevertheless, empirical evidencaitathe effect of the FP on firms’

economic performance is scarce.

The main obstacles that authors must face whemgryo measure the impact of
participation in the FP are two: 1) how to avoid #elf-selection effect and 2) how to join
data on participation and on economic performancea fperiod long enough to capture the

long-term effect of the FP R&D projects.

Following Barajas and Huergo (2009), our empiriapproach takes into account that
cooperation in this program is the result of twaisiens. First, firms have to decide
whether or not they engage in the consortia. Secivedagency decides to approve or to
reject the project after the evaluation. In thisosel stage, we are considering a selection
equation in order to avoid the self-selection dffétat can produce bias when the
information considered refers only to firms withcapted projects. Afterwards, we analyse
the effect of participating in the FP on technobtadjiand economic results.

The second obstacle has been solved by joiningcomoplementary databases. The first
one, provided by the CDTI (the public organism lraige of monitoring the participation

of Spanish firms within the FP), contains much vaté information about the FP projects
and the participants and allows us to discrimirveen the decision to apply and the
agency selection. Additionally, we use data progtidg the SABI database that consists of



company accounts for over 1,000,000 Spanish firiims allows us to build a control
sample with information on economic variables. Thme compile homogeneous samples

containing information about more than 50,000 filansl for a long-term period.

In contrast to other impact studies of the FP féa¢ures of our database allow us to carry
out the empirical analysis from a more in-depth pretise approach. Previous literature
on the economic impact of the FP has confirmedgtigtive effect on firms’ technological
capabilities, but has not provided evidence abawt significant effect on economic
performance. Our approach, based on the work bypddret al. (1998), believes that
technological capabilities have a direct effectpoaductivity and thus participation in the
FP could also have an indirect effect on this pemémce measure.

Moreover, our database contains information foemaga long enough to capture the long-
term impact of participation in FP consortia. Thu® consider a time lag of five years
from the application year of each project. Otherksacare not able to establish the same
time lag for all the projects or consider a shertt horizon. Finally, previous literature
does not take into account the existing differenae®ng FP instruments. In order to
guarantee the homogeneity of the sample, only 8petargeted Research Projects

(STREPSs) and Integrated Projects are considertteipresent paper.

Following this introduction, Section 2 summarisesomp literature focused on R&D

cooperation impact and, more specifically, on tH& FIn Section 3, we present the
database and the model used to carry out the exalpanalysis contained in Section 4.
Finally, in Section 5, we draw some conclusionsrirthe results, also pointing out key

policy implications.

! Benfratello and Sembenelli (2002) consider a samplirms participating during the period 1992-1994
indistinctly, and analyse their economic resultstfe period 1995-1996. Dekker and Kleinknecht @Q@se
information for firms supported in FP4 and FP5, they have no information about the concrete ydar o
participation. Impact is measured considering safesew products introduced in the market during th
period 2002-2004 for the whole sample.



2. Previous empirical evidence on theimpact of R& D cooper ation

The origin of cooperation impact studies must belared in the framework of the
literature on R&D impact. Following the seminal weiby Solow (1957) and other authors
which incorporated R&D as an endogenous factorhm production function (Romer,
1990; Grossman and Helpman, 1991), many studies tned to quantify the contribution
of technology to the economic growth of a countmygdustry branch or enterprise,
concluding that the private return of R&D investrsems lower than the social one.
Griliches (1992), Mohnen (1996) and Nadiri (1998hfrmed that, on average, the social
rate of return is 50% to 100% higher than the pev@ne. Griliches and Mairesse (1984),
Jaffe (1986) and Verspragen (1995) demonstratedthiose spillover effects associated
with R&D activities are responsible for the incriegsrate of returns when knowledge

flows from one firm or institution to others.

In the 1990s, available data on firms’ innovativhaties open new research paths and
new approaches are proposed. One of the most ntlexeks is the paper by Crepenal.
(1998). Using data from the French Innovation Syrieese authors build a model (CDM
model) which considers that the effect of R&D ommi’ productivity is the result of the
innovation outputs and not directly of the R&D aitfi. Their empirical analysis
concludes that technological results are favourethb R&D intensity and the innovative
dynamic of the activity branch. Moreover, produitiivis positively influenced by the
introduction of innovations in the market when coliing by human resources’

qualification and physical capital.

The basic CDM model includes variables measurimginiternal effort in R&D, but does
not take into account the effect of external spéis. In this respect, cooperation has been
considered by some authors a valid proxy for explgi knowledge generation associated
with those knowledge spillovers. Cinceed al. (2003) argue that cooperation is an
alternative for measuring voluntary access to eseknowledge and also for controlling
the involuntary outgoing spillovers. In fact, a saterable amount of empirical research
corroborates the relationship between the propensitcooperate and the relevance of

spillovers for the innovation process.



Cassiman and Veugelers (2002) find, for the cadgetdian firms, that cooperation seems
to be a suitable strategy for internalising sp#ms/ within formal consortia, since those
firms which consider incoming spillovers to be margortant have a greater probability
of cooperating. Using data from the Community Instcon Survey and based on the
previous work, several studies have been carriedstnessing the relevance of spillovers
as an explanatory factor for R&D cooperation (Aboasky et al. 2009). For the case of
Spanish firms, Lopez (2008) confirms that the phiolitgt of cooperating is positively
influenced by the increasing relevance of incomsapillovers (measured as publicly
available information useful for the firms’ innowat activity) and by the higher
effectiveness of the protection of intellectualgedy rights.

Previous literature analysing the effect of coopena on firms’ performance is

characterised by the heterogeneity of models, olupart, to the relative novelty of this
research area. Most papers are focused on meashergpoperation effect on innovation
output and economic results. Moreover, some algooex the relationship between

cooperation effects and the type of partner salieoyethe company.

One of the first studies analysing the effect adf&ration on economic results was carried
out by Siebert (1996). This author uses a sampl&lgf US joint research ventures
registered from 1985 to 1992 in the NCRA-JRV dasalsgNational Cooperative Research
Act) and confirms that the effect of R&D intensipn profit margin is higher for

cooperating firms than for non-cooperating firmsevlertheless, cooperation does not

affect profit margin.

Thanks to the improvement and international harsedion of innovation statistics in the
1990s (mainly throughout the CIS initiative), resbars were able to measure the impact
of R&D cooperation on new output indicators cloethe firms’ innovative activity. This
information source also allows for distinguishiniffetent kinds of cooperation according
to the type of organisation selected by the compangarry our joint R&D projects.
Researchers introduce explanatory variables catuhe type of cooperation (related to
the type of partner) in empirical models, and meagbeir impact on some innovation
output indicators. Most of the papers find a puesitielationship between cooperation with
universities/research centers and innovation outpasured by the volume of sales due to
new products (LO6f and Heshmati, 2002; Faetsl, 2005; L66f and Brostron, 2008).



Nevertheless, due to the interest in knowing tte irapact of cooperation on economic
performance, and not only on innovation resultsnes@uthors try to go beyond carrying
out more exhaustive research. One of the most paeeérs is the study by Belderbaisal.
(2004). These authors measure the effect of drifesgoes of cooperation on Dutch firms’
performance, captured by two indicators: the growoftiadded value per employee (as an
indicator of labour productivity) and the growth sdles per employee from new-to-the-
market products (as an indicator of “innovativeesgbroductivity”). Available data for the
period 1996-1998 allow them to match informationilmmovative activity (from the CIS)
and financial indicators for more than 2,000 enisgs. They cannot confirm that
cooperation with universities has an effect on tlabproductivity, but instead find a
significant impact on innovative sales growth. Ascth and Schmidt (2008) reinforce the
positive relationship between cooperation with emsities and the new-to-the-market
product innovation. In the same study, these aathtso confirm the effect of cooperation
in process innovation, capturing throughout thiglicator the cost-reduction factor

associated with collaborative R&D.

Another remarkable attempt to demonstrate the enaneffects of R&D cooperation is
the paper by Cinceret al. (2003). These authors analyse the effect of natevnal R&D

cooperation by including not only R&D expenditutyt also R&D cooperation in a
classical productive growth function. This lattedicator is a proxy of available external
know-how (knowledge spillovers) and complements th&ernal innovation effort.

Empirical results confirm the positive impact of R&ntensity on sales growth. However,
only cooperation with more applied objectives (withistomers, suppliers or other

companies) has a positive impact on sales growth.

In general, the literature confirms the existenta @ositive relationship between R&D

cooperation and innovative results, but the efi@ecteconomic performance is not so
evident. Taking into account different types of gertion processes, empirical evidence
seems to corroborate that the more market-orietitedcooperation is, the higher the
probability of finding positive economic effects gBfratello and Sembenelli, 2002;

Cinceraet al, 2003; Belderbost al., 2004).



The impact of cooperation taking place within the FP

The Framework Programme (FP) is the main politicatrument supporting cooperative
R&D within the European Union. It was born in 1984th the aim of coordinating

dispersed R&D activities funded by the European @@sgion. Since then, seven editions
of the FP have been launched, evolving towardseasing budgets, new participation

models and wider research priorities.

Throughout the seven editions, the operative schafntkee FP has been characterised by
several key aspects. Roediger-Schula and Barbdi6)2femark that all projects are
promoted by self-organised consortia, shaped Wgrédifit kinds of partners and located in
different nations (usually, consortia are integilatey firms, public research centres,
universities and users). Moreover, supported ptejbave a limited duration and their
R&D activity is co-financed by grants coming frohetEuropean Commission and private
funds coming from consortia partners. Evaluatior a&election processes have been
traditionally based on scientific excellence andevant socio-economic aspects and

carried out by independent experts in each teclgdbarea.

R&D cooperation within the FP is characterised byne specific features, such as the
participation of universities and research instisuin consortia and the relevance of pre-
competitive research. Thus, we can assume thatr®&jects are close to the public-private
or institutional cooperation model. In fact, as wid show below, literature on FP impact
remarks that the main contribution of this progragnis the improvement of innovation
capabilities and most of the empirical studies @¢ fmd a direct effect on economic

results.

Impact studies carried out in several European tt@sn (the UK, Austria, Finland,
Germany, and Ireland) have reported the same deperelusions regarding firms’
performance: low levels of commercialisation, siigaint generation of new scientific
knowledge, significant acquisition of technical kredge and capabilities; improved
access to technical networks (DTI-Office of Scieacel Technology, 2004). In the same
line, Georghiou et al. (1992) find that the maiméfé for industry is the improvement of

skills. Also Luukkonen (1998) observes that thenpoton of ‘infrastructural’ matters



(such as skills and training of personnel) can teswdered the primary impact of EU

research programmes.

The specifics of the FP regarding economic impaet r@inforced by Benfratello and

Sembenelli (2002). Matching data on 411 participamtEureka and in the FP and balance
sheet information from the AMADEUS database, thaséhors compare the effect of
cooperation taking place in the two different pesgmes. They corroborate the positive
influence of Eureka cooperation on some economi@abkes (labour productivity and

price cost margins), but they cannot find any éffecthe case of FP participants. Authors
explain these results by the differences betweentwo programmes: Eureka is more

market-oriented and the FP is more focused on qngpetitive projects.

Some studies have found different effects regardimms’ characteristics. Thus,
Luukkonen (2000) suggests that commercial and €bort objectives are much more
relevant for small firms, since these companiesrarteable to maintain a large project
portfolio and their innovation activity is based short return periods, allowing them to
finance consecutive R&D projects (European CommissR009). For the case of the
Swedish industry, Arnolet al. (2008) report that the FP impact largely dependshe

activity branch. They analyse four industries andfiem that, when the objectives of the
FP consortia are closer to the market and the ggaation of big companies is more
important, like in ICT or vehicles, the economicpiact is higher. On the contrary, in live
sciences or energy, the most relevant impact of RReis related to the increasing

technological capabilities of SMEs.

Similar results were obtained by Pettal. (2008). They analyse the relationship between
the participation in the FP and the innovative\atstiof enterprises using data from the
Community Innovation Survey and a wide databaspasticipation in FP5 and FP6. They
remark that industrial participants are characteriby higher R&D intensity and better
network advantages. They are more oriented tonatemal markets and have a greater
propensity to patent. Compared with projects faemhby other sources, FP projects are
less market-oriented, have longer development ggricare focused on non-core
technologies of participants and are related toicbassearch activities. From the
organisation perspective, these authors find tiRapfojects must face a lower degree of
flexibility and higher administrative burdens. Acdmg to this empirical evidence, the



authors conclude that the participation of nonepreneurial organisations is increasing
and, consequently, the proportion of results tloatalead directly to industrial innovation

has declined.

Introducing a new perspective, Dekker and Kleinkng2008) take into account the self-
selection of applicants and analyse whether thep&ficipants from the Netherlands,
Germany and France have better performance indgcdiecause they participate or
because they are more innovative. They confirmetkistence of the self-selection bias
associated with participation in the FP and esenrthe impact equation correcting this
aspect. Concerning the FP impact, they considesfparticipating indistinctly in FP4 and
FP5 and analyse the effect on innovative outpugsmesd as logs of sales of innovative
products per employee. These authors cannot coateba positive effect on innovative
results, but they find a positive influence on R&ensity for companies with fewer than

100 employees.

To summarise, empirical evidence on the impachefRP seems to indicate that the main
contribution of this programme to the industry mapants is related to the improvement of
scientific and technological capabilities and natectly to the firms’ economic

performance.

3. Empirical model and data

When analysing the impact of any public aid, thelioit question to answer is what the
behaviour of a supported firm would have been ifatl not received this public aid. The
problem is that each firm can only be observedeeith the status of receiving the public
support or not; that is, we cannot directly obsahes additional effect. As is well known,
if aid was granted randomly to firms (or consortiae could estimate the effect of public
aid on (for instance) performance as the differdmetveen the average one in supported
and non-supported firms. However, the evidence shibat aid is not granted randomly.
Therefore, to measure the effect of public aid, veed to estimate or approximate the
counterfactual. That is, we have to take into antdbat the awarding decision by the
public agency probably depends on the same firmcnrsortia) characteristics that

determine performance. The econometric literatasedeveloped several methods in order



to solve these difficulti€és One of the most used alternatives, and the onewtiabe
followed here, is the Heckman selection model, Wwhiavolves estimating what

determines the receipt of the aid (the “selectiqpuagion”).

Nevertheless, the application of this method is fiee of difficulties. Most of the
empirical studies that try to explain the impachational or international aid programmes
have information only about financed projects, #merefore are not able to distinguish
between the firm’s decision to apply for the aiddahe agency selection among the
proposals (see, for example, Blanes and Busom [200w refer to participation in R&D
subsidy programmes). The main disadvantage of lHuk of information is that the
selectivity problem is not fully considered.

However, in our database, we also have data alegdted applications. Taking this into
account, we can express the probability of padittgn in a financed cooperative R&D

project as the following joint probability:

Pr(participatior= 1F Pr(application 1,awa'Fd|x)L:
=Pr(award= |1app|ication & 0 Pr(applicatien x1,

Following a previous paper by Barajas and Huer@®$2, to estimate both probabilities,
the empirical model includes two equations. The flescribes the decision of applying for
an FP cooperation project involving at least onarfggh firm. The second equation refers
to the awarding by the European Commission.

Formally, we can write our model as follows. Liet1,...,N index firms. The equation

which describes the decision to apply for an FRpeoation project (involving at least one

Spanish firm) takes the form:

1 if  y; =x;8, +u; >0
Yy = { Yi 1 ,31 1i 1)

0 otherwise

where y; is a latent dependent variablg, is the set of explanatory variables, is the

vector of coefficients andy; is the error term. The firm applies within the FP ify, is

positive.

2 See a detailed discussion of the different metfotise survey by Aerts, Czarnitzki and Fier (2007).
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Conditional on firmi applying, the agency can award or reject the pabdgain, the
probability of being awarded is formalised in terais binary model:

Y, = {1 if y; =X38,+uy,; >0 @)

0 otherwise
where y,, is the latent dependent variabl®, is the vector of coefficientsy; is the error

term, andxy is the set of explanatory variables which are m&slto be strictly exogenous

or predetermined longer in advance. The proposalhich the Spanish firm participates

is approved ify,, is positive®

Assuming than the error terms of both equations lsancorrelated (with correlation

coefficient equal t@ ), we estimate the system of equations (1) and$2 probit model

with sample selection by maximum likelihood (usitite Heckman procedure for the

binary response variable in Stata).

After the joint estimation of both equations, weog@ed to estimate the impact of the
supported cooperative project in terms of outpute® that the R&D projects supported

through the FP are generally long-term projects éverage duration of a project is around
24 months and before starting the project, the tiaiun phase with the European

Commission could also take several months), it seegasonable to analyse its impact
once the project has formally finished. To do &e, tneasures of output that we include in
our analysis refer to the period t+5 relative te #warding year.

Specifically, in the second step, we analyse hoktigigation of the firm in an FP project
affects the generation of new knowledge. This ipraached by the proportion of
intangible fixed assets over employment, which tarites an indirect measure of
innovation output, given that the knowledge gerestanh the R&D project will usually be
reflected by the volume of intangibles inside timenf(especially in the case of patents and

R&D investments). Therefore, the next equationunmodel is:

k =p y+xd+e 3)

% Notice that more than one Spanish firm can pasiteipn the same proposal, and the same Spanisitdinm
participate in more than one proposal every yeareStablish a clear correspondence between firrds an
projects, in our sample we have only included ammgegt per firm and year.

11



, Wherek. stands for a firm’s intangible fixed assets, gnddenotes the predicted value

for the probability of participating within the F®Ve include the prediction instead of the

dummy for observed participation to take care ef $blectivity problemx, is a vector of

other control variables in equation (3).

In the last step of the model, we estimated theachmf the intangible assets, as an
indicator of knowledge capital, on a firm’s labgaroductivity, as an indicator of economic
success. Therefore, if we find that intangibles affected by participation within the FP,
and that these intangibles increase productivitg, économic impact of the cooperative
project will also be supported by the evidence.aAsnsequence, the last equation in our

model takes the form
g, =TTk + 2z, +V, (4)

, Where g, is labour productivity,k; is knowledge capital (represented by intangible

assets) and; stands for other additional controls in equatidih (Ve take care of the

endogeneity ofk, in this equation by using the predicted values fiegmation (3) in the

estimation.

In equations (3) and (4), dependent variables refgreriod t+5 relative to the awarding
year. As we have explained previously, the R&D @ctg supported by the FP are
generally long-term, and it seems reasonable ttys@@s impact once they have formally

finished and firms have obtained economic returns.

To summarise, in this paper we apply a structuratieh which has the following basic
structure: (i) firms decide whether or not to apfidy a FP cooperation project; (ii) the
proposal is awarded or rejected by the Europeanriesion; (iii) the innovation activities
involved in the cooperative R&D project succeedotiyh the generation of new
knowledge (represented by intangibles); (iv) theioh of this new knowledge to the
production process results in productivity grow8ince we assume a recursive model
structure and do not allow for feedback effects, fobow a three-step estimation
procedure. In the first step, we estimate a maxintikatihood probit model with sample
selection (Equations (1) and (2)). In the secoreb,stwe estimate the knowledge
production function (Equation (3)) (proxied by tsi@ck of intangible fixed assets), using
the predicted value of the probability of participg within the FP to take care of the

12



selectivity problem. In the last step, we estimtite productivity equation, using the
proportion of intangible fixed assets as an indicaf knowledge generation.

We choose this structural model because it captheesnain features of the phenomenon
we want to analyse, but is parsimonious and engtiyidractable with the data we have
available. This recursive structure is, to a cartaitent, similar to the one proposed in the
well-known CDM model (Crepoat al, 1998).

3.1 Database

The database used here is provided by the Centréhé Development of Industrial
Technology (CDTI), which is the public organisatiam charge of monitoring the
participation of Spanish firms within the FP. Si@6 went into effect, the CDTI has been
the organisation in charge of the maintenance asathgement of the information related to
Spanish participation in the FP. As a consequetive, CDTI-PM database includes
information about all the proposdlgventually granted or not, in which at least oparish
firm participated between 1995 and 2005. This mkdovers part of FP4 (1994-1998), all
of FP5 (1999-2002) and part of FP6 (2002-2006).

This information from the CDTI-PM database has beemplemented with the SABI
database that contains the company accounts of timamel, 000,000 Spanish firms between
1995 and 2007. The merger of the CDTI-PM and SA®&bases has been possible because
Spanish firms are identified both in the CDTI-PMdahe SABI databases through their
company tax codes.

From the SABI database, we have selected a cosdiple that takes into account the
availability of data about the relevant variablesdach firm. Given that Spanish firm size is
smaller than the European average (European Coiomis®)03), we have designed the
sample selection considering a firm to be largenwit® number of workers exceeds 200,
although the threshold in international statist&csisually set at 250. We have chosen all
companies employing more than 200 employees. Femploying between 10 and 200

employees are selected by a random sampling scloereach NACE class (two-digit) level,

* To guarantee the homogeneity of the sample, onciip Targeted Research Projects (STREPs) and
Integrated Projects are considered.
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and represent around 4% of the Spanish Central @omp Directory (CCD), which

comprises all Spanish companies and their localsufihis makes our control sample
representative of the Spanish econdniithough we have information since 1995, the
sample used in the empirical analysis of partiogparefers only to the period 1999 to
2005, given that FP5 started in 1999 and we watake into account experience, if any, in
the previous programme. In addition, as we usddheard values of output measures to
capture long-term relationships, in some estimaéitesnumber of years with complete

information is reduced to 4.

Since our objective is to analyse the impact ofat@ration within the FP on performance
variables, our unity of analysis is the firm. Instlsense, although some firms have applied
in more than one proposal every year, we only c®nsbne project per firm and year. We
have given priority to those supported projectshwiigger subsidies. After that, 1,555
observations have been eliminated, where 142 oasens refer to supported projects. We
have also excluded observations of the extremeesat employment and sales growth
rates. Specifically, we have eliminated valueshia éxtreme percentiles (1 and 99%). In
addition, we dropped negative values for produitjviangibles and intangible fixed
assets. Overall, the final sample consists of dmlamced panel of 56,945 observations,
11,435 companies, and 2,536 proposals.

The CDTI-PM database allows us to analyse speltffithose factors related to agency
selectiofi, while the information from the joint databas@sgd mainly to estimate the firm’s
decision to engage in a cooperative prejackl the impact of participation on the firm’'s

output.

4, Resaults

In this section, we present the results of tharestion of the model depicted in Section 3.
As Equations (1) to (4) point out, we assume arspee model where feedback from

performance variables to the decision of applying & FP cooperation project is not

> Coverage of the data is basically restricted todithat have at least 10 employees (annual avetageye
have also included 615 micro-companies (0.5% ofGE#®, chosen again by means of a random sampling
scheme), given that 219 applicants of cooperatR@i®jects belong to this category.

6 Proposals are evaluated by independent expertsrdamgoto some common criteria. However, such
information is absent from our database.
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allowed. Taking this into account, we follow a ttigtage estimation procedure. In the first
stage, a probit model with sample selection inelgdihe decision to participate in a
cooperative R&D project within the FP and the dieciof awarding by the EC are jointly
estimated consistently by maximum likelihood. Ire teecond stage, we estimate the
generation of new knowledge (Equation (3)), appnoay the innovation output by the
intangible fixed asset and introducing the predicatalue of the probability of participating
within the FP as an explanatory variable. In tts &iage, the productivity growth equation
(4) is estimated by including a proxy of the newowtedge as an explanatory variable;

specifically, we introduce the predicted valuerdaingible fixed assets.

Cooperation within the FP

Tables 1 and 2 show the results of the Heckmanitpesbimation associated with the
probability of participation within the FP. The dirone exhibits the coefficients of the
probit model for the firm’s decision to apply fon &P cooperation project (equation (1)),
while the second one corresponds to the probalafityeing awarded the subsidy by the
EC (Equation (2)). We also report marginal effeictssquare brackets. Notice that the

correlation termp in Table 2 is significant, pointing out the neegs®sf estimating a

selection model for the awarding decision

The explanatory variables included in Equationsafid (2) follow the selection made by
Barajas and Huergo (2009) for a quite similar sa&ffilhe results basically confirm the
evidence obtained in that paper. As for the applyguation, as can be seen in Table 1,
most coefficients are statistically significanthaugh marginal effects are small except for
those variables measuring the FP experience iprdous year. In general, explanatory
variables increase the probability of applying #or FP cooperation project, with the
exception of the liquidity ratio, which has a negatimpact, which is consistent with the
idea that cooperation can be considered a strafegyavoiding financial obstacles
associated with R&D projects for firms with finaacconstraints.

" The Heckman procedure for the binary response baria STATA does not take into account the panel
structure of the data and the information is tr@ate a pool. However, in Barajas and Huergo (200@),
decision to apply has been estimated as a randfaoteprobit model taking into account the panelcttire

of the data and the results are basically the same

8 Find the exact definitions of the variables in Apgix A.
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Table 1: Probability of applying within the FP. Probit estimates.

Coefficient Std. E.
Time dummies
Year 2000 -0.054 [-0.003] 0.038
Year 2001 -0.040 [-0.002] 0.037
Year 2002 -0.280**  [-0.012] 0.041
Year 2003 0.055 [0.003] 0.036
Year 2004 -0.258**  [-0.011] 0.040
Year 2005 -0.233**  [-0.010] 0.041
Prior experience in FP proposals 0.564  [0.047] 0.029
Granted project in previous year 1.545  [0.289] 0.045
Rejected proposal in previous year 1.650 [0.315] 0.030
Exporter 0.125 ***  [0.006] 0.023
Liquidity ratio -0.048 ** [-0.002] 0.020
Intangible fixed assets over employment 0.033 [0.002] 0.008
EBITDA margin 0.232***  [0.012] 0.087
Stock market 0.322**  [0.023] 0.067
Firm’s size dummies (no. of workers)
From 10 to 49 -0.239*  [-0.011] 0.041
From 50 to 99 -0.35%**  [-0.014] 0.044
From 100 to 199 -0.395*  [-0.016] 0.045
More than 200 -0.385*  [-0.018] 0.040
Region
Basque Country 0.30&**  [0.020] 0.037
Catalonia 0.113**  [0.006] 0.030
Madrid 0.119 **  [0.006] 0.030
Valencia 0.112 **  [0.006] 0.042
High-tech services
Post and telecommunications 0.663  [0.055] 0.068
Computer and related activities 0.459  [0.036] 0.039
Research and development 0.583 [0.053] 0.072
High and medium-tech manufacturing
Chemicals and chemical products 0.020 [0.001] 0.049
Machinery and equipment n.e.c. 0.020 [0.001] 0.051
Office machinery and computers 0.485  [0.041] 0.144
Electrical machinery and apparatus n.e.c. 20.05 [0.003] 0.076
Radio, television and communication 0.28F [0.017] 0.076
Medical, precision and optical instruments 568.1 [0.009] 0.096
Motor vehicles, trailers and semi-trailers ™0 [0.004] 0.073
Other transport equipment 0.43%2  [0.034] 0.079
Log of likelihood function -8,190.55
Number of observations 56,945

Marginal effects in square brackets. Std. E.: Estad standard error. Coefficients significant &6*1*, 5%**,
10%*. All regressions include the constant. Dumnggsluded for firms with fewer than 10 employeed #me year
1999. Marginal effects are computed at sample medamrsdummy variables, the marginal effect corresisoto the
change from 0 to 1.
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Table 2: Probability of being awarded. Probit estimates.

Coefficient Std. E.
Year of the application
Year 2000 0.064 [0.007] 0.114
Year 2001 0.247* [0.029] 0.109
Year 2002 0.149 [0.017] 0.126
Year 2003 -0.251 [-0.023] 0.219
Year 2004 0.001 [0.000] 0.217
Year 2005 0.016 [0.002] 0.200
Participation of organisms -0.478* [-0.050] 0.168
Size (of consortium) 0.707** [0.075] 0.071
FP budget for the specific programme -0.009 [-0.001] 0.018
Leader nationality
British -0.032 [-0.003] 0.122
Dutch 0.345* [0.048] 0.188
French 0.220* [0.028] 0.127
German 0.361*** [0.051] 0.113
Italian -0.104 [-0.010] 0.130
Spanish 0.312* [0.042] 0.087
Technological area
Aeronautic and aerospace 0.259 [0.034] 0.246
Agro-food 0.261 [0.034] 0.269
Environment and energy 0.024  [0.003] 0.230
ICT 0.129 [0.015] 0.217
Innovation programmes 0.385 [0.055] 0.335
New materials 0.247 [0.032] 0.195
Transports 0.31®* [0.042] 0.130
Geographical distance -1.079* [-0.114] 0.107
Prior experience in granted FP projects 0.743 [0.017] 0.080
Granted project in previous year -0.031 [-0.003] 0.109
Rho 0.089 * 0.046
Log of likelihood function -8,190.55
Number of censored / uncensored obs. 54,409/ 2,536

Marginal effects in square brackets. Std. E.: Estidn standard error. Coefficients significant &t*1*,
5%**, 10%*. All regressions include the constanurbmy excluded for the year 1999. Marginal effects a
computed at sample means. For dummy variablesnéginal effect corresponds to the change from1D to

When we analyse the coefficients of the time vadesbwe observe that firms applied in
smaller proportion in 2002, 2004 and 2005. The bre corresponds to the last year of the
edition of the FP4 and confirms that firms tendtdmit a smaller percentage of proposals
when the current programme edition is finishingylqably due to the lower number of calls
for proposals. The other two dummy variables cqoesd to the FP6 and allow us to
compare both FP5 and FP6. The results are cornsisténthe fact that, in comparison
with FP5, FP6 was less favourable to the technoddgibjectives of Spanish firms, which

consequently applied in smaller proportions.
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As expected, previous experience in FP proposaleases the probability of applying in
future editions and especially when the prior eigrere took place during the previous
year. Since the application process within thed=¥ery costly, companies in consortia that
have been rejected will try to profit from the acuuated knowledge, applying to the
following calls. The probability of engaging in &® project increases about 30 points for
firms with experience in the last year, while itieases almost five points for firms with

experience in previous editions of the FP.

With respect to the rest of the explanatory vadabexporters, firms that are on the stock
market, and companies that present a higher ratwden intangible fixed assets and
employment, are also more likely to apply. The gay® in terms of sales (approached by
EBITDA), as a measure of ex-ante firm market powso present a positive effect. This
result is coherent with the Schumpeterian hypothfsit the less competitive the markets
are, the more incentives for firms to innovate (&mgbarticipate in R&D consortia) since
they are better able to capture innovation bendfitavever, this empirical evidence could
also be supporting the existence of an informal metitive process among proponents in
order to take part in those FP consortia led byntwst reputed organisation. Thus, the

most profitable firms have a higher probabilitybaing selected by consortia coordinators.

The coefficients of the set of size dummies indicat negative impact of size on the
probability of applying. This unexpected result dsnaffected by the fact that our control
sample is biased towards large firms, which aresehoon the basis of a census, while
firms employing between 10 and 200 employees deetee by a random sampling scheme.
Additional work would be necessary to study thisufemore closefY

With respect to the geographical indicators, firtosated in the Basque Country,
Catalonia, Madrid and Valencia show higher probids of submitting an application,
which is consistent with the major concentrationtexfhnological firms in these regions.

The last rows of Table 1 present the coefficieritsndustry dummie¥. Firms that carry

o Barajas and Huergo (2009) present complementamasbns for two sub-samples: small and medium
size enterprises (SME), and large firms. They foambn-linear effect of size which is negative tfree SME
and positive for large firms.

1%\we also include some other industry dummies waltisically significant effects. Specifically, Eclation,
Clothing apparel and footwear and Other businessitées, which include architectural and enginegri
activities and related technical consultancy, stidad noted. An opposite case is the Hotels anduestts
industry, with a lower probability of participating technological projects. In reference to therfggesector,
both FP4 and FP5 had specific programmes for thieldement of sustainable energies, which incretised
occasions for firms to present proposals. The tesué available from the authors upon request.
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out high-tech activities are also more prone toobex proponents. The probability of
engaging in an FP project increases more than Btgpdor companies in the Post and
telecommunications service sector and R&D sectdso Aaffiliation to Computer and

related activities, Office machinery and computewsd the transport equipment industry

increases the probability of applying by about s

Table 2 shows the coefficients corresponding to @kgmation of the equation for the

probability of being awarded aid by the EC. Agaihe results confirm the evidence
provided by Barajas and Huergo (2009). Firstly, gresence of public organisations
within a consortium and the distance among thenpestnegatively affect the viability of

the proposal. Both variables can be reflecting ékistence of coordination costs. With
respect to the participation of non-entrepreneuoi@anisations, these costs could be
associated with the differences in private and ipubboperation routines, especially

concerning the protection of innovation results.

Secondly, the inclusion of a new member in the odnsn increases the probability of
being supported by 7.5 points. In this case, tlgpired technological diversity of the
research equipment seems to exceed the coordimaigirassociated with each additional

partner.

Thirdly, the probability of being supported increaswhen the project belongs to the
Transport aréd, and especially when the proposal is led by a @armrganisation.,
Spanish firms that participate in consortia led dympanies or organisations from
Germany — a very active country within the FP- aitadip earn greater experience, enjoy
better coordination routines, and therefore areenliely to receive aid from the EC.

Previous experience in FP projects has less immpad¢he probability of being supported
than on the probability of applying. It seems cléfaat “learning-by-doing” is a more

relevant factor in explaining the decision to pap@te due to the complexity of the FP
procedures and the need to exploit scope econamies the effort to apply is made and
the consortium is shaped.

1 Most of the total budget of the FPs is allocatethformation and communication technologies. Themef

it seems that the EU gives priority to these teétgioal areas. Our result that only firms whichrgasut FP
programmes in Transport show a greater probalilityeceiving aid can be a consequence of the Eiter
followed to eliminate the firms which have more rthane project. Most of the dropped observations are
projects belonging to ICT, Transport and Aeronaltiechnologies areas.
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Finally, although the temporal dummies which intkcthe year in which the firm applied
are jointly significant, they do not present sigraht coefficients in any year. That is,
according to these results, there are no specifierences in the probability of being
supported in both FP5 and FP6.

I mpact on knowledge accumulation

We next proceed to estimate Equation (3). As alrestdted, to capture the impact of
supported cooperative projects, our measure ofntdojical output is the proportion of
intangible fixed assets over employment. We asstimaé this constitutes an indirect
measure of innovation output, given that the knogéegenerated in the R&D project will
usually be reflected by the volume of intangiblaside the firm, especially if the new
knowledge is protected through patéhtin Table 3, we describe the variables used in the

following econometric analysis.

The firms’ technological capabilities are represenby their intangible fixed assets, given
the intangible character of R&P The difference of means test confirms that theraye

of this variable in the sample is higher for pap@nts within the FP than for non-
participants. The proportion of intangibles over ptmgment is slightly lower for
participants. On the contrary, the percentagerajitde fixed assets per employee is higher
for supported firms. Participants seem to be maooelyrctive, although the difference is

small.

In addition, we consider a set of geographical digsrno be explanatory variables, as the
more technological Spanish firms tend to locatespecific regions. As we can see, for
participants, the percentage of companies locateMadrid, Catalonia and the Basque
Country fegions with R&D intensities above the nationalrage), is higher than for non-

participants.

We also take into account whether the firm’s attiviorresponds to a high-tech service

sector or a high or medium-tech manufacturing seaocording to the OCDE

12 Most previous empirical evidence approaches the keowledge by other technological outputs as
product and process innovations, or sales genefajedew products. However, this information is not
available in our database.

13 Spanish accounting rules allow for the capital@atof R&D expenditures under certain conditions
(mainly when there are reasonable expectationsaoketable results).
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classification. The frequencies in Table 3 refi@dtigh presence of these activities among

participants, especially in high-tech services.

Table 3: Features of the participants. Descriptive statistics

Means of quantitative variables: Total sample | Participants | Non-participants
Intangible Fixed Assets (€) 3,120.05 7,362.01 3891
Intangible Fixed Assets over Employment (€ 13.93 191 13.94
Tangible Fixed Assets (€) 22,272.04 108,593/5 218D
Tangible Fixed Assets over Employment (€) 76.49 387 76.15
Productivity (sales over employment) (€) 247.17 .288 247.02
Firm size (n° of employees) 355.41 877.41 351.93
Frequencies of binary variables: Total sample | Participants | Non-participants
Stock market 1.25 6.87 1.21
Exporter 49.81 66.76 49.70
Basque Country 7.51 15.93 7.45
Catalonia 24.62 27.20 24.61
Madrid 23.56 32.42 23.50
Valencia 9.67 6.87 9.69

High and medium-tech manufacturing 17.07 25.55 17.0
High-tech services 5.88 15.66 5.82

A firm’s export activity is captured through a bigarariable that takes the value one if the
firm is an exporter during the period. As we cae seTable 3, the percentage of exporters

among participants is 16 points higher than amangapplicants.

As an additional control variable, we include anditomy variable that reflects whether the
firm is listed on the stock market. This kind ofngoany is usually financially more
consolidated and international funds could be &#sctive to it. However, firms on the
stock market tend to show more formalised qualitycpdures and therefore could have
more systematic collaboration routines. In our damgtock market companies are more

frequent among participants.

The empirical results are reported in Table 4. \8&ume that all explanatory variables are
strictly exogenous and the estimation is carriedbyuOLS using a random effect model
for panel data. We have included some controlaées in the specification like time,
size, export activity, industries (to capture soseetor-specific effects as technological
opportunities) and regional (to control for the centration effect in some Spanish areas)

dummies.
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The coefficients reported in this table are serasttities because the dependent variable
iIs measured in logarithms. Specifically, as all larptory variables are dummies, they
show the variation rate in unitary terms of intdgifixed assets per employee when the

explanatory variable changes from 0 to 1.

Due to the pre-competitive orientation of FP prtgeave assume that their results will
have effects in the long term. In this sense, @peddent variable refers to the period,

wheret is the awarding ye&

Table 4: Intangible fixed assets per employee (t+5)

() 2
Coefficient Std. E.| Coefficient Std. H.

FP participant (observed) 0.083 0.061
FP participant (predicted) 0.394 ** 0.172
Stock market 1.174*  0.182 1.169** 0.181
Exporter 0.156***  0.030 0.154**  0.030
Firm size dummies (n°. of workers)

From 10 to 49 -0.104*  0.048 | -0.104** 0.048

From 50 to 99 -0.20¢**  0.052 | -0.201*** 0.052

From 100 to 199 -0.279** 0.053 | -0.280*** 0.053

More than 200 -0.358** 0.053 | -0.358*** 0.053
Region

Basque Country 0.057 0.058 0.052 0.058

Catalonia 0.246**  0.039 0.245**  0.039

Madrid 0.117**  0.039 0.116** 0.039

Valencia 0.030 0.049 0.029 0.049
High and medium-tech manufacturing 0.078 0.041 0.072* 0.041
High-tech services 0.318* 0.070 0.314** 0.070
Sigma of u 1.210 1.209
Rho 0.868 0.867
Number of observations 23,089 23,089

Std. E.: Estimated standard error. Coefficientsifitant at: 1%***, 5%**, 10%*. All regressions irade
the constant and temporal dummies. Dummy excludefirims with fewer than 10 workers.

We are interested in comparing the effect of ptedicparticipation versus observed
participation. In Table 4, the first column corresds to the model in which we included
the dummy for observed participation (yes /no)rasxplanatory variable, while in column
(2), this variable is substituted by the predictabtained in the previous step (estimations

of Equations (1) and (2)). It should be remarkeat ttaking the selection problem into

4 Most empirical evidence also recognises the neenidasure effects using a long-term perspective (see
Benfratello and Sembenelli, 2002; Dekker et al0®0
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account is relevant: whereas the coefficient faesbed participation is not significant, the
predicted probability of participation positivelyffects our technological output.
Specifically, being a firm that cooperates in anifR€reases the ratio of intangible fixed
active over employment almost 40%. This resulbisancordance with those presented by
Dekkeret al (2008).

With respect to the control variables, industry dues are highly significant. Firms

belonging to high-tech manufacturing and servigesmedium-tech manufacturing have a
higher potential of generating technological ouspuiThe level of intangible fixed assets
per employee increases 7% in manufacturing and thare31% in services. As expected,
we find regional differences in terms of technotagioutput. Firms located in Madrid and

Catalonia present a bigger level of intangible &sse

We obtain a negative effect of the size dummiesstMwevious empirical evidence for
Spanish manufacturing provides a positive relahgnsbetween firm size and the
probability of being engaged in technological at#g and obtaining product or process
innovations, stressing the capacity of large fitmexploit economies of scale. However, a
negative relationship is found in terms of innogatintensity: large firms present a lower

proportion of resources in R&D with respect to derdirms.

Finally, being a company listed on the stock madkebeing an exporter also positively
affects the generation of new knowledge. Speclficdlrms operating in international
markets register an increment of 15% in the ratfoimtangible fixed assets over

employment.

I mpact on labour productivity

The variable used to analyse the impact of coojerain economic performance is labour
productivity, measured as the ratio between totess and number of employees.
Estimations of the productivity equation (4) arewh in Table 5. Again, the estimation is

carried out by OLS using a random effect modepfamel data.

The coefficients reported in Table 5 are elas@sitor semi-elasticities, since the dependent
variable is the logarithms of sales per employeeaddition to control variables referring

to size, industry, year, and firm location, we haweluded a proxy of physical capital
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intensity in the model, measured throughout theiabée “tangible fixed asset per
employee”. Finally, to capture the effect of knosde accumulation on productivity, we
have included the predicted value of “intangibleefl assets over employment” from

Equation (3).

By means of these estimations, we analyse whetaeicipation within the FP has not
only an indirect effect but also a direct effect fims’ economic success. As we have
demonstrated in the previous section, the predigexbability of being awarded aid
enhances the ratio of intangible fixed assets.dffwd a positive relationship between this
proxy of technological output and the level of protivity, the indirect economic impact
of cooperation on productivity would be confirmétlwe find that FP participation also
has a significant effect on productivity, an aduhtl direct effect of cooperation on

economic performance would be corroborated.

In the first column of Table 5, we present the oled results, considering neither the
observed nor the predicted participation to be axaory variables. Under these
conditions, the impact of the predicted value eitdngible fixed assets per employee” on
productivity is clearly significant, reflecting afférence in favor of innovative firms.

Specifically, if the ratio of intangible assets togtes, it causes productivity to grow more
than 12% (see Table 5). As firms participating i ffresent higher technological outputs,

this result supports an indirect effect of coogerabn this performance variable.

In columns (2) and (3), the specification also udels the dummy for observed and
predicted participation, respectively. As can benseboth of them are not significant.
Therefore, it seems that cooperation in FP doeshawé a direct effect on performance
variables. This result is in concordance with thpsesented by Benfratello and Sembenelli
(2002). Using a different methodology, they do fiad significant differences in the

labour productivity of firms that have participated FP 3 and FP 4. In a similar way,
Dekker et al (2008) confirm that innovative output — sales ohavative product per

employee- is not enhanced by participation in thé P in France, Germany and The

Netherlands.

Additionally, there are no changes in the coeffitseof the rest of variables. Capital-

intensive firms — approached by the ratio “tangilited assets per employee” — are also
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more productive. As in previous empirical evidenegporting firms are also more

efficient than non-exporting firms.

Table5: Labour productivity (t+5)

1) 2) 3)
Coefficient Std. E.| Coefficient Std. E. Coefficient Std. E.
FP participant (observed) 0.010 0.032
FP participant (predicted) 0.044 0.070
Intangible Fixed Assets per employee 0.121**  (0.009 0.120** 0.012 0.120**  0.012
(predicted) (t+5)
Tangible Fixed Assets per employee (t+5b) 0.386 0.005 0.336*** 0.014 0.336***  0.014
Stock market -0.110 0.089 | -0.111 0.168| -0.111 0.168
Exporter 0.381** 0.022 0.381** 0.025 0.381**  0.025
Firm size dummies (n° of workers)
From 10 to 49 0.07%* 0.024 0.079*  0.036 0.079** 0.036
From 50 to 99 0.097* 0.027 0.097*  0.038 0.097** 0.038
From 100 to 199 0.122* 0.028 0.122** 0.039 0.122**  0.039
More than 200 0.13¢** 0.028 0.130*** 0.039 0.130**  0.039
Region
Basque Country 0.178* 0.042 0.176** 0.039 0.175 *** 0.039
Catalonia 0.195** 0.028 0.195**  0.030 0.195*=*  0.030
Madrid 0.344*** 0.028 0.344** 0.031 0.344**  0.031
Valencia 0.016 0.037 0.016 0.040 0.016 0.040
High and medium-tech manufacturing 0.182 0.029 0.152** 0.028 0.152**  (0.028
High-tech services -0.09%  0.047 | -0.094**  0.046 | -0.094** 0.046
Sigma of u 0.889 0.889 0.889
Rho 0.894 0.894 0.894
Number of observations 22,985 22,985 22,985

Std. E.: Estimated standard error. Coefficientsifitant at: 1%***, 5%**, 10%*. All regressions iade

the constant and temporal dummies. Dummy excludetiris with less than 10 workers.

With respect to the size dummies, we find a positimear relationship between firm size

and productivity. We also obtain geographicalet#ghces in terms of productivity. Firms

located in Catalonia, the Basque Country and Masholwv a higher productivity than the

rest of the firms. As expected, firms from highkteand medium-tech manufacturing

industries present larger levels of productivitypwéver, the opposite happens with firms

in high-tech services.

Finally, as a robustness check we estimate the imggeg the growth rate of labour

productivity as a dependent variable in Equatiod®(4n this case, intangible fixed assets

per employee are also included in growth ratesdquoaton (3). The results confirm the

15> See the results of the estimates for Equationar(@)(4) in Tables B.1 and B.2 of Appendix B.
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positive impact of cooperation within the FP on téehnological capacity of firms and the
indirect effect of participating in the FP on labqaroductivity through intangible fixed

assets.

5. Conclusions

The objective of this paper is to analyse the ¢$fexf R&D cooperation on economic
performance. Empirical analysis is focused on cdrssupported by the R&D Framework
Programme (FP) of the European Union and, more ifsgly, on Spanish firms

participating during the period 1995-2005.

In general, literature confirms the existence opasitive relationship between R&D

cooperation and innovative results, but the efi@etteconomic performance is not so
evident. Taking into account different types of pertion processes, empirical evidence
seems to corroborate that the more market-orietibed cooperation, the higher the
probability of finding positive economic effects dBfratello and Sembenelli, 2002;

Cinceraet al, 2003; Belderbost al., 2004).

Previous empirical analyses agree about the pestifect of the cooperation carried out
within the FP on variables related to technologicababilities (Georghioet al., 1992;
Luukkonen, 1998; Arnolett al.,2008; Poltet al, 2008; Dekker and Kleinknecht, 2008),
but evidence about the effect on economic perfoo@as scarce. Considering the specific
features of the FP (ambitious projects; consotieped by different types of organisations
located in different countries; long-term periodee-competitive orientation in most of the
cases), it is obvious that the economic effecthid kind of project should be analysed
from a different perspective.

In this respect, one of the main contributionsha present paper is the application of a
recursive model structure to capture the relatigndietween cooperation, knowledge
generation and economic results. The model hadolleving basic structure: (i) firms
decide whether or not to apply for a FP cooperapiaject; (ii) the proposal is awarded or
rejected by the European Commission; (iii) the watmn activities involved in the

cooperative R&D project succeed through the gereraif new knowledge (represented
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by intangibles); (iv) the addition of this new knledge to the production process causes

productivity growth.

With respect to participation within the FP, theuks confirm the evidence obtained in a
previous paper by Barajas and Huergo (2009) albheutéterminants of applying in the FP
and being awarded aid by the European Commissianeder, we have corroborated that
the self-selection bias exists and, thus, we hasttmated the impact equation by
alternatively using the predicted and the obsepetbability. Going one step further, we
have confirmed that the predicted probability oftiggpating in the FP has a positive

impact on firms’ technological capabilities. Spesfly, five years after the project is

awarded aid, the ratio of intangible fixed asset @mployment increases almost 40%.

The variable used to analyse the impact of cooperain economic performance is labour
productivity, measured as the ratio between satek eamployment. The impact of the
predicted value of “intangible fixed assets ovempyment” on productivity is clearly
significant. Specifically, if the ratio of “intanigie fixed assets over employment”
duplicates, it causes productivity to grow morenti2% five years after awarding aid to
the project. This result supports an indirect dffet participating in the FP on firms’

performance, captured throughout labour produgtivit

From the aforementioned evidence, we can draw smnelusions regarding the interest
of policy makers. The key idea supported by thalstis the existence of a positive
relationship between participation in FP consodiad firms’ economic performance.
Nevertheless, this effect is not as direct as heopublic programmes, such as Eureka
(Benfratello and Sembenelli, 2002). In this respegs necessary to take into account that
the evaluation criteria followed in the FP refersstientific and technological excellence,
coordination abilities of the consortium, Europ@aided value (in terms of critical mass of
resources mobilised and contribution to Communitgliges) and potential for
disseminating the knowledge and achieving innowatiS. Therefore, results must be

assessed according to these criteria.

'8 Rules for Participation in the Sixth FP (Regulat{&C) No 2321/2002, Article 10). These criteria guite
similar to the ones of FP5.
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Obviously, the ideal situation is to attain all $ecobjectives, but the fact is that the market
is not always the immediate recipient of reseaedults, especially if we are talking about
border research. Thus, the direct impact of thesé&dins to be related to the improvement
in innovative capabilities that, to a large extemg intangible assets, which are difficult to
measure. Considering intangible assets introduacedaccounting, our work has
demonstrated that participation in the FP has #ipesmpact. The issue from the point of
view of policy makers is how to capture the impacthe rest of the intangible assets,
following objective and efficient criteria. Nowadaysurveys and interviews seem to be the
best option in order to complement the analysiBnaincial information, since accounting
systems are only valid instruments for evaluatimme intangible assets, such as

capitalised R&D expenditure, patents and software.

The second conclusion is that the economic impathe FP should be evaluated from a
long-term perspective once the specific projectinsshed and the market dynamic has
allowed firms to introduce innovations. Otherwidejpact assessments could being

ignoring a relevant contribution on firms’ perfornta.
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Appendix A: Definition of variables

EBITDA margin Earnings Before Interest, Taxes, Beption and Amortization divided by sales.
Exporter Company exports during the period.
Firm size Firm’'s number of employees in the cursarar (<10, 10-49, 50-99, 100-199, 200+)

FP budget for the specific programme Percentagieeatiotal FP budget allocated to each specific amoge.

Geographical distance Percentage of partners frorthBirn Europe, Eastern Europe and non-European
countries in the total number of partners. The @atage is multiplied by 2 or 3 if the
partners are, respectively, from 2 or 3 of theafwmntioned geographical areas.

Granted project in the previous year At least dinth@ Spanish firms involved in the consortium Eépated in a granted
project the previous year.

High-tech services Company belongs to the high-sechices (NACE2 codes 64, 72, 73).

High and medium-tech manufacturing  Company beldogsy high or medium-tech manufacturing sectolQRE?2 codes
24, 29, 30, 31, 32, 33, 34, 35).

Intangible fixed assets per employee Ratio betvistamgible fixed assets and total employment incilveent year (in
logs.)

Labour productivity Sales per employee (in logs.)

Leader nationality The leader of the consortiurgBistish, Dutch, French, German, Italian, Spanish).

Liquidity ratio Shareholders’ funds in non-currdiabilities in the current year

Participation of organisations Ratio between thealer of non-entrepreneurial organisations anddted humber of

consortium members in the proposal.

Prior experience in FP proposals The Spanish fpppliad to the FP in the edition previous to therent one.

Prior experience in FP granted projects At leas¢ @f the Spanish firms involved in the consortiumrtigipated in a
cooperative project financed during the FP edificevious to the current one.

Region Firm is located in (the Basque Country, @aia, Madrid, Valencia).

Rejected proposal in the previous year At leastadribe Spanish firms involved in the consortiuntiggpated in a rejected
project during the previous year.

Size of the consortium Total number of membersn@irpublic organisations or other institutionsjhia
consortium (in logs).

Stock market Company is listed on the stock market.

Tangible fixed assets per employee Ratio betwemgilite fixed assets and total employment in theaniryear (in logs.)

Technological area Project is related to (ICT, meaterials, environment and energy, transport, &opd;

aeronautic and aerospace, innovation programmes).
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Appendix B: Complementary estimates

TableB.1: Growth of intangible fixed assets per employee (t+5)

@ 2
Coefficient Std. E.| Coefficient Std. H.

FP participant (observed) 0.094 0.065
FP participant (predicted) 0.355 0.158
Stock market 0.037 0.042 0.034 0.042
Exporter -0.011 0.008 | -0.012 0.008
Firm size dummies (n°. of workers)

From 10 to 49 0.040 0.028 0.041 0.028

From 50 to 99 0.034 0.028 0.035 0.028

From 100 to 199 0.022 0.027 0.022 0.027

More than 200 0.023 0.027 0.023 0.027
Region

Basque Country -0.038* 0.016 | -0.041* 0.016

Catalonia -0.034***  0.010 | -0.034*** 0.010

Madrid -0.038** 0.010 | -0.039*** 0.010

Valencia 0.007 0.013 0.007 0.013
High and medium-tech manufacturing -0.003 0.010 | -0.004 0.010
High-tech services -0.033 0.017 | -0.036** 0.018
Sigma of u 0.027 0.029
Rho 0.002 0.003
Number of observations 22,277 22,277

Std. E.: Estimated standard error. Coefficientsificant at: 1%***, 5%**, 10%*. All regressions ilade
the constant and temporal dummies. Dummy excludetiris with fewer than 10 workers.
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TableB.2: Labour productivity growth (t+5)

@ 2 3
Coefficient Std. E.| Coefficient Std. [E. Coefficient Std. E.
FP participant (observed) -0.006 0.037
FP participant (predicted) -0.015 0.080
Growth of intangible fixed assets per
employee, predicted (t+5) 0.375 *** 0.113 0.381** 0.116 0.389** 0.144
Growth of tangible fixed assets per
employee (t+5) 0.446 ***  0.026 0.446** 0.026 0.446**  0.026
Stock market -0.081 0.056 | -0.081 0.056| -0.081 0.056
Exporter 0.003 0.007 0.003 0.007 0.003 0.007
Firm size dummies (n° of workers)
From 10 to 49 0.025 0.030 0.025 0.030 0.025 0.030
From 50 to 99 0.024 0.030 0.023 0.030 0.023 0.030
From 100 to 199 0.044 0.029 0.043 0.029 0.043 0.029
More than 200 0.036 0.029 0.035 0.029 0.035 0.029
Region
Basque Country 0.044* 0.014 0.045** 0.014 0.045***  0.015
Catalonia 0.017* 0.009 0.017* 0.009 0.017* 0.010
Madrid 0.039**  0.010 0.039*** 0.010 0.040**  0.011
Valencia 0.008 0.013 0.008 0.013 0.007 0.013
High and medium-tech manufacturing 0.034 0.008 0.014* 0.008 0.014* 0.008
High-tech services 0.038* 0.016 0.039 * 0.016 0.039 ** 0.016
Sigma of u 0.177 0.177 0.177
Rho 0.168 0.168 0.168
Number of observations 22,137 22,137 22,137

Std. E.: Estimated standard error. Coefficientsificant at: 1%***, 5%**, 10%*. All regressions ilade
the constant. Dummy excluded for firms with fewrairt 10 workers.
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