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Abstract

We provide evidence on the dynamics in firms’ coafien behaviour in innovation
activities. Our main objective is to analyse iflabbrative agreements are persistent at the
firm level; and, in such a case, to study whattaeemain drivers of this phenomenon. We
also study to what extent such persistence isrdiftefrom persistence in R&D, so that the
former exists on top of the latter. Finally, we ldedh the differentiated persistence pattern of
collaboration agreements for different types oftpens, as well as the possibility of finding
persistence across them. We follow a dynamic apgpraa the analysis of cooperation
persistence: We take into account the unobserveididual heterogeneity and address the
initial conditions problem. We use a representasaeple of Spanish firms for the period

2002-2010.

Keywords: Cooperation in innovation; Innovative Spanish firrRersistence; Technological
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1. Introduction

Empirical contributions to the study of cooperationnnovation have expanded significantly
in the last decades (Tether, 2002; Miotti and Sadtinw2003; Lopez, 2008; Abramovsky et
al., 2009). However, understanding the persistaevite which these agreements are carried
out remains an important and under-researched .tdpimm a management perspective,
cooperating in a persistent way allows firms toagbknow-how knowledge, which involves
information about who knows what and who knows wbato, as well as the social ability to

cooperate and communicate with different partnensdvall, 2004).

The main objective of this paper is to analyseoifaborative agreements in innovation are
persistent at the firm level; and, in such a césestudy what are the main drivers of this
phenomenon. In addition, we assess whether firraparate persistently on top of the widely
documented persistence that is found in R&D addisi(Peters, 2009; Raymond et al. 2010;
Triguero and Cércoles, 2013; Arqué-Castells, 2@I8png others). We also aim at providing
evidence on the extent to which having participatetechnological collaborations with one
type of partner in the past influences currentatmative agreements -- not only with the

same but also with other type of partners.

Knowing which determinants of persistence are pgestehas important policy implications:

If collaboration activities are state dependeniaboration-stimulating policy measures, such
as government support programmes, would be expectealve a deeper effect: They not only
affect current collaboration agreements but alsoli&ely to induce a permanent change in
favour of cooperation. If, on the contrary, peesiste is driven by individual characteristics,

temporary shocks to technological collaboration | wihpidly dissipate, and support



programmes are unlikely to have long-lasting effetit this case, policy should focus more

on policies that try to improve the specific fasttinat drive cooperation in innovation.

We follow a dynamic approach in the analysis of pmration persistence: We take into
account unobserved individual heterogeneity andesddthe initial conditions problem for a
sample of Spanish firms in the period 2002-2010. &arage, we find that a firm that
cooperates in t-1 has a probability of cooperatmg that is around 33 percentage points
higher than that of a firm that did not cooperatehe previous period. We also show that
such persistence is genuine in the sense thatoysnd the persistence that is observed in
R&D. While the highest persistence is found in tase of vertical collaboration, we also
observe that cooperation agreements with reseasbdbagents increase the likelihood of

cooperating in the future with a different typepairtner.

After this introduction, Section 2 proceeds witle ffierature review. Section 3 describes the
database that is used, and Section 4 presentsiie@al model. In Section 5 we present and

discuss our results; and the main conclusionseoptper are presented in Section 6.

2. Literature review and hypothesis

2.1 Persistence in cooperation in innovation actitres

The degree of cooperation persistence of a firnidcbe defined as the positive impact of past

collaborations on present cooperation agreementgrihciple, there are several potential

sources for persistent behaviour (Heckman, 1983iedt, it might be caused by true state

dependence: The decision to innovate through catiparin one period in itself enhances the



probability to cooperate in the subsequent per®econd, firms may have some specific
characteristics that make them prone to coopeflaethe extent that these characteristics

persist over time, they will inevitably induce pstence in cooperation agreements as well.

Such features can be classified into observablgbuatits, such as firm size or a firm’'s
absorptive capacity, and unobservable attributesh s managerial abilities or the stock of
tacit knowledge, that are typically not observefl.tHese unobserved features present
correlation over time, and are not properly comgblfor in the estimation, past cooperation
activities may appear to affect future cooperatsamply because it picks up the effect of
these persistent unobservable characteristics.i$tkisown in the literature as spurious state
dependence. As a consequence, the unobserveddinaivieterogeneity and the well-known

initial conditions problem have to be addressedragsly.

We can argue in favour of the existence of truéestlependence in cooperation activities
through various mechanisms and processes. Exper@nmollaboration has a positive effect
on subsequent alliance performance mainly becarms tlevelop and establish routines and
procedures that are associated with positive pmdaces and are, therefore, replicated and
perpetuated without drastic changes, which leadsatb dependency in their behaviour and
strategy (Hoang and Rothaermel, 2005; Nieto andtaBaaria, 2007). The idea is that
successful cooperation projects positively affeee tconditions for further cooperation

agreements in subsequent years.

In the same vein, cooperation experience shoulddmsidered as an incremental learning
process. On the one hand, by cooperating firmsiee@ set of capabilities and knowledge

stocks that allow them to benefit by learning frepecific areas of specialisation of their



partners (Dyer and Singh, 1998; Gulati, 1999; Hsedt and Martin, 2000). The ability to
leverage the complementary resources of its partsercessfully depends on the firm’s level

of prior-related knowledge, which partly consistgrevious experience of collaboration.

This learning is related to the concept of “leagnioy interacting”, which points to how
interaction in innovation enhances the relationshifh external partners (Lundvall, 1988,
2004; Jensen et al.,, 2007). Since a firm's abildyrecognise the value of new external
information as well as to assimilate and applyitbmmercial ends is a function of the level
of knowledge, learning in one period will allow farmore efficient accumulation of external
knowledge in subsequent periods (Cohen and Levinite®0). This cumulative nature of

knowledge would induce state dependence in coapeia¢haviours.

On the other hand, experience in networking waloahave an effect on the management of
collaborative agreements. The literature on orgditmal learning shows that firms that
continuously engage in alliances learn from presiexperience, as these firms learn how to
manage these hybrid organizational forms by repgaengaging in thenfLevitt and March,

1988; Powell et al., 1996; Nieto and Santamari@/20

In addition, the more alliance experience thatma thas, the more that it becomes structurally
embedded in an alliance network, which providesiih network-level information on new

partnering opportunities (Granovetter, 1985). Koabrings information with respect to a
firm’s reputation to potential partners, which enb@s their ability to assess the firm’'s
attractiveness. In such a scenario a greater degfrérust between firms that cooperate
continuously may be reached, which is a basic stgufor a successful partnership (Gulati,

1995; Nooteboom, 2004).



Another reason why some firms are expected to b&gpent cooperators in innovation lies in
the fact that cooperation agreements involve dbstismay not be recoverable. Firms need to
incur start-up costs for establishing cooperatitiareces (for instance, costs that are related to
searching, training, and adapting to partners) sordetimes require a relatively large initial
investment. This kind of costs can be considereteast partly, as sunk costs (Sutton, 1991,

Cohen and Klepper, 1996) and entail barriers toyento and exit from cooperation projects.

Firms that are involved in innovation alliances widdbe reluctant to cease cooperating, so as
to increase the probability of recovering theirtiali investments and gain positive results
from such agreements. The presence of importark sosts represents an essential motive
for entering and staying in a specific alliance @as et al., 2011). As is pointed out by
Clausen et al. (2012), technological agreementw/hich knowledge is jointly developed
between firms, interactions between customers ampgbliers, or cooperation with research

institutions may have important sunk costs and rtfeerefore, be more durable.

While most studies on cooperation strategies ilovation have examined their determinants
and the consequences on the firm’s performancesimgle point in time, the dynamics of
such cooperative behaviour has been relativelyrgghd=-rom our knowledge, Belderbos et al.
(2012) and Jacob et al. (2013) are the only effastexplore the persistent character of
alliance strategies although with very specificealtives. Whereas the first study uses a data
set on innovative Dutch firms to analyse the p&raie of and interrelation between
horizontal and vertical technology alliances, teeahd study examines to what extent prior

engagement in international alliances with partrfeven developed countries increases the



propensity to form technology alliances with partnthat are based in emerging economies,

and vice-versa.

In view of the scarcity of previous evidence on pegsistence of cooperation in innovation,
and based on the above-mentioned arguments in rfadfotrue state dependence for such

activity, we put forward the following hypothesis:

Hypothesis 1: Prior cooperation in innovation activities raises the likelihood of subsequent

cooperation.

2.2 |Is persistence in cooperation in innovation germne or due to persistent R&D?

The issue of persistence in cooperation in innowais relevant since it determines how
systematically firms gain access to external kndg#eand innovation resources through the
strategy of cooperation with other firms or resbaiostitutions. One can think that

cooperation persistence in innovation can be reélaighe traditional issue of whether or not,

and to what extent, R&D is persistent.

Indeed, if firms carry out R&D persistently becatisey consider it to be a valuable input for
their competitiveness, they are also likely to stpmasistence in other activities that lead them
to engage in innovation. Apart from investing iteimal and external R&D, a firm can rely
on a combination of different strategies to engagmnovation, such as buying licenses or
through cooperative agreements. All of them canebwloyed to acquire and internalize
technological knowledge: the “firm’s innovation atgy” (in the words of Veugelers and

Cassiman, 1999).



However, the determinants of the different straiedo innovate can differ from each other.
Indeed, some determinants of cooperation in innowatefer to the ability of the firm to

capture external knowledge from information sourtted are situated in the public domain,
which are not among the determinants of carrying R&D. As a consequence, if the
motivations for cooperation in innovation activiti@nd for carrying out R&D are partly

different, their degree of persistence can alsditierent.

In addition, some arguments in favour of the pé&sisnature of cooperation in innovation are
specific and different from the arguments for pgesice in R&D. For instance, the drivers
that are related to the experience that is gainedanaging collaborative agreements and the
firm’s reputation with potential partners, as waglthe “learning by interacting” argument, are
specific to persistence in cooperation, whereag #ne not directly related to persistent R&D

investments.

In addition, the continuity of a cooperation agreatndepends not only on the firm itself, but
also on the decision by the counterparty as to kéreb continue with such alliance, which
can make this category of activities less contisuthan are R&D activities. In addition,

cooperation activities are risky not only becausénaovation activities are inherently risky

but also because partners can take opportunistiaviimurs that cannot be anticipated. This
can make some cooperative agreements of a shaor@iah than R&D activities that depend
exclusively on the firm's own decisions. These angats form the basis for the next

hypothesis:



Hypothesis 2: Persistence in cooperation in innovation is expected to be different from

persistencein R&D.

2.3 Persistence with different types of cooperativeartners and across them

Different forms of cooperation may exhibit diffetedegrees of persistence, depending on the
resource deficiency of the firm. Firms may consitiher specialised resources and capabilities
that are owned by suppliers and customers, compgtiand research institutions and how
they may differentially contribute in providing cgphementarity (Belderbos et al., 2012). And

this differential complementarity may imply differtetime persistence.

On the other hand, because partner types diffetheir risk profiles, differences in

cooperation persistence may arise. For instandbooation with competitors may be less
persistent because the fear of helping a rivaltaedack of trust may cause this strategy to
cease, given the increased risk of opportunistiabeur (Nieto and Santamaria, 2007). In
contrast, cooperation with universities and redeadrstitutes allows low-risk access to
specialist knowledge so that it would be easierfitml long-term strategic research
collaboration with such institutions (Archibugi am@bco, 2004; Veugelers and Cassiman,

2005; Arranz and Arroyabe, 2008; Woerter, 2012).

Risks in customer alliances are also relativelyitkoh when compared with competitors and
are expected to be outweighed by the strategicevalaccess to information with respect to
specific customer needs and the higher chancesitéli market approval and future

commercial accomplishment. In this way, customéarate strategies can exhibit a higher

degree of persistence, which could be attributethéostrategic importance of customers as
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collaboration partners through the whole innovatmncess: early stages to access novel
ideas; co-creation; and later phases to gain ma&etptance and wider diffusion. All of

these arguments lead us to posit the next hypathesi

Hypothesis 3: Different types of cooperation partnerships have different persistence levels.
Soecifically, cooperation with competitorsis likely to be the least persistent strategy, whereas
cooperation with research ingtitutions and vertical cooperation are likely to present the

highest persistence.

In addition, the literature on organizational leaghdiscusses how firms that repeatedly
cooperate learn how to manage cooperation agresnigntrepeatedly engaging in them
(Levitt and March, 1988). This experience of coagien activities is not restricted to the fact
of cooperating with the same type of partner (i@mpetitors, clients, suppliers, or
universities and research centers). Firms with e&pee in technological cooperation
agreements that are gained through long-standifajiaieships are likely to join other
partners, even if they are of a different natuemtthe previous ones, just because they have
learned to develop and establish routines, poliaesl procedures that are based on their

previous experiences.

Initially, since collaboration with research ingtibns is seen as an inexpensive and low-risk
source of specialist knowledge, which is generfdused on the most basic R&D, this type
of cooperation may provide the basis and toolddoning future agreements with other types
of collaboration partner. Certainly, in subsequstdges, the firm may need to initiate
cooperation alliances with customers or suppliersatiapt their processes to this new

technology.
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By contrast, since the objectives of vertical dofleations often differ from those of
horizontal collaborations and there exists the o$kundesirable knowledge spillovers and
free-ridership, especially in the case of collabiorawith competitors (Ahuja, 2000), these
types of agreements would not seem to influenceifsigntly the future decisions to join

partners of a different nature. Therefore, we fdateuour final hypothesis:

Hypothesis 4. Research collaboration with clients, suppliers, and competitors tends to be
most often influenced by the knowledge that is gained through prior collaboration with

research institutions.

3. Dataset, variables and descriptive analysis

3.1Dataset and variables

We use the Technological Innovation Panel (PITEThe data come from successive waves
of the Spanish Innovation Survey that is conductedry year by the Spanish Statistical
Institute, which in turn is based on the Commuimtyovation Survey. Given the specific aim
of this study and because the questions about catipe are asked in a three-year period
(i.e., the survey asks whether or not the firm @vafed in the period between t-2 and t), we
consider four waves of the PITEC: 2004 (wave 200Q42; 2006 (wave 2004-2006); 2008

(wave 2006-2008); and 2010 (wave 2008-2010). We tlmwer the period 2002-2010.

! This database is produced jointly by the Spanistiodal Statistics Institute, the Spanish Foundafior

Science and Technology and the Cotec Foundatigm: Aitono.fecyt.es/PITEC/Paginas/por_que.aspx).

12



A cleaning process has been carried out, and boletfirms that belong to the industrial and
service sectors, with at least 10 employees anitiysales have been taken into accdunt.
addition, since we are interested in the persigt@icooperation in innovation activities, our
analysis is restricted to firms that engage in Vatwe activities for which technology
collaboration is relevant.We distinguish two panel data sets: The first dsga is an
unbalanced panel that comprises all firms thatpaesent in at least two consecutive waves;
the second data set is a balanced sub-sampleatorly firms that are present in all of the

waves are included. Table 1 shows some charaatergdtthe two data sets.

[Insert Table 1 around here]

In each PITEC survey, for a three-year period, fitre is asked if it had any cooperation
agreement with other firms or institutions with pest to its innovation activities. Based on
this question, we define our dependent variableaniperation as an indicator variable that

takes the value 1 if the firm decided to coopesate zero otherwisé.

2 Firms that report confidentiality issues, mergecysures and employment incidents are eliminated.
Additionally, the influence of extreme values hagl treated. In particular, those observations&d tensity

for which internal R&D expenditures are reportechto greater than two times the volume of sales teemn
replaced with a maximum of 2. This was the cas&3f observations. In addition, as a robustnesskglad|
observation with a R&D/sales ratio that was gretitan 0.5 were excluded and the regressions thaeaorted
below were re-run. The results were basically anged. These results are available from the asithpon
request.

% That is, firms that have introduced innovationginducts or processes, or who were undertakingviaion
activities during the analysed period or abanddhech.

“ Note that a lag of this variable refers to a wiage two to four years; two lags refer to four to gears, and so

on.
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PITEC also asks firms with which kind of partnereyhcooperated in their innovation
processes. Consequently, we distinguish betweeee thtifferent types of cooperation
agreements in order to analyse to what extentxtpergnce in cooperating with one type of
partner influences the probability of cooperatingwthe same or with other types of partners:
Horizontal cooperation (with competitors or othetezprises of the same sector); Vertical
cooperation (with suppliers of equipment, materiaddmponents or software or with
customers or clients); and Institutional cooperat{with consultants, commercial labs, or
private R&D institutes; universities or other higheducation institutions; government or

public research institutes; or technological cesjtte

The explanatory variable of main interest is tiggeddthe dependent variable. Notice that the
dataset prevents us from observing individual badlfative agreements between firms, but
rather their general collaboration behaviour. Theee persistence is understood as
continuously collaborating, irrespective of whetites with the same firm or different firms

in each period.

We also control for other factors that have tradgigilly been considered in the literature as
influencing the decisions to engage in innovatitiaraces. Not considering them explicitly in
the regression analysis would bias the results weispect to the true state dependence in the
innovative cooperation strategy. Among the factbeg lead firms to engage in collaborative

innovative activity, we focus on: incoming spillagge appropriability conditions; the firm’s

® The survey also offers information on another tgpeooperation: cooperation with firms in the sagneup.
However, we do not consider such typology since dinins that belong to a group can cooperate withiir
group, while all of the other types of partners d&nchosen by all firms. However, in order to cohfor the
possible different behaviour of such firms, theresgion analysis includes a dummy variable for dirthat

belong to a group.
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absorptive capacity; and the receipt of public fagdfor innovation. We also control for
some firm characteristics, such as firm size, wéretthe firm belongs to a group of

enterprises, and sectoral dummy variables at titigi2tevel according to NACE-93.

Incoming spillovers refer to the flows of external knowledge thatranfis able to capture, and
the information sources for them are usually sédan the public domain (Cassiman and
Veugelers, 2002). This variable is measured byirtigortance that the firm attributed, on a
four-point scale, to publicly available informatidor the innovation process of the firm. The
information sources were conferences, trade fagdhibitions, scientific journals and
trade/technical publications, and professional extlistry associations. To generate a firm-
specific measure of incoming spillovers, we aggredjghese answers by summing the scores
on each of these questions and then the variabterescaled from O (unimportant) to 1
(crucial). Firms that place a higher value on ingamspillovers and externally generated
knowledge in their innovative activity might havegeeater scope for learning and gaining
from knowledge that is exchanged through cooperatigreements. So these firms are
expected to be more likely to be actively engagedcooperation and to do it more

persistently.

Likewise, we account foappropriability conditions: Greater appropriability of the results of
innovation through intellectual property (IP) prdien may have a positive effect on
cooperating persistently in innovation, as firms cantrol outgoing information flows, and
there are reduced incentives for others to becorfreearider on other firms’ investments
(Cassiman and Veugelers, 2002). However, excedggal protection may hinder the
internalization of the flows that are shared bypheners and may thus have a negative effect

on cooperation in innovation (Hernan et al., 20Q%pez, 2008). As a proxy for
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appropriability conditions, we computed the vargalagal (IP) protection, which considers
whether the firm used at least one legal IP mefloogrotecting inventions or innovations
(patents, registered an industrial design, tradkenmarcopyright), taking a value of 1 if used,

and zero otherwise.

Regarding thereceipt of public funding for innovation, when firms obtain public R&D
subsidies they may be more likely to establish eoajoon agreements with other firms or
with institutions given that this way they have tiesources to do the research (Arranz and
Arroyabe, 2008; Busom and Fernandez-Ribas, 2008ambvsky et al., 2009). Also, many
times public support programmes for R&D activitiasn to ease cooperative innovation
agreements by firms that would otherwise not engageich activity. In order to distinguish
the effect from different sources of public R&D sidies, we define three binary variables:
local, national and European funding. This variable takes the value 1 if the firm reeei
public funding from local or regional authoritiesgntral government and European Union,

respectively, to carry out its innovation activiii@nd zero otherwise.

R&D intensity as a proxy for absorptive capacity afiidn size are expected to influence

positively cooperation activities. Firms’ R&D intgity (measured as the share of internal
R&D expenditures in total sales) represents th&DRefforts (experience and knowledge

accumulated); and according to Cohen and Levir(t289), greater efforts in R&D increase
the firm’s capacity to recognise, value, and adatmiexternal knowledge from cooperation
agreements. Absorptive capacity could make themenattractive cooperation partners for
other firms and make them being persistent coopergBayona et al., 2001; Fritsch and
Lukas, 2001; Miotti and Sachwald, 2003; Hernanl.e2803; Belderbos et al., 2004; Roller et

al., 2007; Arranz and Arroyabe, 2008).
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Further, it is argued that large firms have momoueces and certain capabilities to be more
able to make the commitments that are required pfamtnerships and to benefit from
cooperation agreements and from economies of §Balona et al., 2001; Fritsch and Lukas,
2001; Tether, 2002; Belderbos et al., 2004). TosueatheSze variable, we constructed four

categorical variables (<50 employees; 50-249; 28®-4nd >500).

We expect a firm thabelongs to a group of enterprises to be more likely to engage in
cooperation in innovation and to do it in a continsl way. Firms that are part of a group may
have access to a substantial pool of resourcesrtaké them more attractive as cooperation
partners (Ahuja, 2000; Miotti and Sachwald, 200&Id@rbos et al., 2012). We define a
binary variable that takes the value 1 if the fioelongs to a group of companies, and zero
otherwise. See Table Al in the Appendix for a naetailed explanation of the definitions of
the variables. To reduce problems of simultaneith whe decision of engaging in innovation

cooperative agreements, all of the independenabkes are one-wave lagged.

3.2Descriptive analysis

Some descriptive statistics of the variables thatuged in our empirical analysis are shown in

Table 2. Although all of them can vary across firamsl time, we can see that in all cases the

variation across firms (“between” variation) is rhuaigher than the time variation (“within”

variation).

[Insert Table 2 around here]
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Table 3 reports the transition probabilities of &gigg in cooperation agreements in
innovation between periods t-1 and t, t-2 and ¢, 88 and t. In the unbalanced panel, nearly
71% of the cooperators in one wave persisted irpp@@tion in the subsequent wave (after
two to four years), while 29% stopped their alliegicin a similar vein, about 84% of the non-
cooperators remained in this status in the follgmvave, and 16% changed into agreements
of cooperation in the subsequent period. The cpomrding figures are very similar for the
balanced panel. Therefore, the probability of coatieg in period t was about 55 percentage
points higher for previous cooperators than forvings non-cooperators, which shows the

considerably high persistence in cooperation da/from period to period.

In addition, although the probability of permanemntéhe same state decreases as the period
of observation extends, the last transition madri{le3 and t) still show a high level of
persistence in the decisions to engage in cooperati innovation: almost 57% of co-
operators and 73% of non-cooperators remain im thigial state after six to eight years, with

very similar figures for the balanced panel.

[Insert Table 3 around here]

In any case, the probability of persisting in caggpien agreements in innovation in the case
of Spanish firms seems not to be as high as isredden R&D activities that have been
reported in previous studies, nor are transitiogsirdrequent (see, for instance, Arqué-

Castells, 2013J.This can be related to the fact that a firm magidieto carry cooperation

® Also for a panel of Spanish manufacturing firmsgué-Castells (2013) report that during the peti®98-

2009, 89% of R&D performers in one year persisteR&D the subsequent year, while 11% ceased theb R
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activities as a strategy to innovate; however, ighisot the only way to develop innovation, so
that according to different objectives, it may abways be necessary to follow cooperative
agreements. In addition, the continuity of a coapen agreement depends not only on the
firm itself, but also on the decision by the coupéety as to whether to continue with the

alliance, which can thereby make this categoryctifdies less continuous.

Table 4 shows the transition probabilities of caafien agreements for the three types of
partners: First, there are hardly any differencssvben the unbalanced panel and the smaller
balanced panel. We also observe that persistermmojperation at the firm level is larger with
respect to research institutions and universitiethy more than 68% of firms that cooperated
in one period persisted in the subsequent periolthwed by cooperators with clients or

suppliers, with a persistence rate of 63%.

In the case of cooperation with competitors, al# % of cooperation agreements persisted
in t+1, which was 16 percentage points lower thas wue for cooperation with institutions.
Among other reasons, one could point to the faat ttooperating with competitors may
follow strategic reasons that can vary substagt@bter time depending on market conditions,
the economic cycle, and the situation of the twm$i. By contrast, cooperation agreements
with institutions may follow the structural objeets of the cooperating firm, which tend to be

of a long-term nature.

In any case, transitions are relatively frequeralirof the cases. For instance, nearly 32% of

cooperators with institutions in one wave ceaseth suliances in the following wave, which

activities. Similarly, 95% of non R&D performers imined their status the next period while only &ftered

into R&D.
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is the lowest share (this probability increasethi case of vertical cooperation to 37%, and
sums up to nearly 48% in horizontal cooperatioisThigher stability for the case of
technological cooperation with research instituti@md universities can be related to the fact
that firms that engage in such alliances do ndkt oo merely short-term alliances but more
for a way to carry out a long-term innovation stmpt. Indeed, institutional cooperation allows
low-risk access to specialist knowledge that isegealty focused on basic R&D, so that it is

sensible to find longer-term strategic alliances@&Az and Arroyabe, 2008; Woerter, 2012).

[Insert Table 4 around here]

4.  Empirical model

Our empirical approach follows the definition ofop@ration persistence aste dependence:

Cooperation in innovation activities in the pastreases the probability of engaging in such
arrangements currently. Consequently, the studgiders a dynamic random effects probit
model that allows for state dependence and unoédeandividual heterogeneity to analyse

the discussed causal relationship.

The latent variable model is specified as follows:

Vo SV Yeu X Bra + g, Y =1 ¥, >0 (1)

i=1,..Nt=2.T

where y, is the latent dependent variable that measureslitfe@ence between benefits and

costs that firm obtains during the current periody cooperating in innovation with other
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firms or institutions. Instead of observing, we observe only a binary variablg, that

indicates the sign o/, . Thus, 1[.] is an indicator function that takestbe value 1 whenever

the statement in brackets is true, and zero otlserwi

Y., IS an indicator for cooperation during the peribd and captures the previous
cooperation experience; ang is the parameter of interest that indicates theelleof
persistence in the dependent variable. A positnve statistically significant estimate ¢f

identifies the presence of persistence in the @etTi® engage in cooperation agreements for

innovation. The higher is the value pf the higher is the level of persistence in coojana
X, is a vector of observable characteristics of then fthat may be associated with
cooperation in innovation, ang the corresponding vector of parameters;are unobserved

individual-specific random effects that are assurtietie uncorrelated with the independent

variables! and &, is a time- and individual-specific error term that assumed to be

distributed asN (01) .

" A fixed effects model, in which the individual sjific effect is correlated with the independentiahles,
suffers from the so-called “incidental parameteobbem”, which makes it unfeasible to estimate. Hus
reason, the literature generally assumes a randfaote specification in this kind of analysis (Hsja2003;
Wooldridge, 2010). In addition, since we are coesity a sample of the whole population of Spanishd --
i.e., a random sample from a large population e-rimdom effects model would be more appropricdae the
fixed effects model based on theoretical groundsltégi, 2005). Also, following Mundlak (1978) andsido
(2003), we prefer the random effects model bec@usows for the treatment of omitted factors tha#fect the

dependent variable as random errors instead afrastants.
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The correlation between the compound error ternedoation (1) in any two periods is

p:0§/(0§+1). In this context, o represents the percentage of the variance of the

compound error term(a; +&,) that is explained by unobserved heterogeneitytifigeshe

statistical significance of this parameter leadarioeasy test for the presence of unobserved

effects: the relevance of the random effects estin@ver the pooled estimator.

To estimate our parameter of interd$f) consistently, it is necessary to account for both

unobserved heterogeneity and the initial conditigthsckman, 1981a, b; Wooldridge, 2005).

We account for both of them using the Wooldridg@0&) approach. Specifically, it assumes
that the unobserved individual heterogeneity depemdthe initial conditionsy(,) and the

time-varying exogenous variables, namely:

a =0+ Yo+ 0%+ 2

where X represents the means of time-variant exogenousables; U, is assumed to be
distributed N(0,02) and independently of the explanatory variables, itfitial conditions

(Y,,) » and the idiosyncratic error terrviit().8 Substituting equation (2) into equation (1) gives:

Yo SV Yiea t X B0+ Yot 0,X U +E, ®3)

8 Since the regressors exhibit too little time vimia (within variation) and given the high corrétat between

the variables and their within means (see Tabla®2Table A2 in the Appendix), we are not able teniify 5,;
hence, we followed the strategy that was adopte@dymond et al. (2010) and assume that the unasserv
individual effects are correlated only with thetigli values ofy;;. As a consequence, the results on the effects of

the explanatory variables should be interpreted watution.
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In this case, the relative importance of the unoleskeffect is measured as= g /(Ju2 +1) :

We may wonder whether the state dependence thateasured by the parameter is

genuine and specific of cooperative agreementsnitovation and not just caused by
persistence in R&D. That is, we need to be surevileaare not omitting the effect of carrying
out previous R&D activities and picking it up aggstence in cooperation in innovation. In
order to disentangle cooperation persistence frab Rersistence, we consider another
specification that includes the lagged cooperatiommy variable and a lagged R&D dummy
variable (with the corresponding initial conditipfisThe R&D dummy variable picks up

whether or not the firm engaged in internal aneéfdernal R&D activities.

This way, if the coefficient that accompanies R&D the previous period is significantly
different from zero, we could say that prior investt in R&D influences current cooperation
in innovation activities. Therefore, if after acowimg for this impact of previous R&D, the
parameter on cooperation keeps being significam, cauld conclude that the result for
cooperation persistence is maintained on top op#isistence that is found for R&D. In such
a case, the state dependence found would be geauihgpecific of cooperation alliances and

not just caused by prior R&D activities.

5. Results

5.1 Persistence in collaborative behaviour. Is this paistence genuine?

° We thank an anonymous referee for pointing thts ou
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The results for the main regression estimations gawen in Table 5. As is shown, the

statistical significance of the panel-level varienmcomponent over the total varian€g)

indicates that the random effects estimator isgorefl over the pooled probit estimator. In the
first column we report the marginal effects frone #stimation of the dynamic random effects
probit model taking into account the unobservedviddal heterogeneity and assuming that
the initial conditions are exogenous. The averagegmal effect of the lagged dependent
variable is 0.47, positive, and highly significamhis result indicates that firms are persistent

in carrying out cooperation activities as a strategundertake their innovation activities.

[Insert Table 5 around here]

However, since the persistence of engaging in aabipa in innovation may be spurious
when the individual effects and the initial conaiits are not addressed, these results can be
contrasted with the estimates that are obtaineémih@ assumption that the initial conditions
are correlated with the individual effects, as préed in the second column. These
Wooldridge estimates yield an average marginalceféé 0.34: Firms that participated in
cooperation agreements at t-1 have a probabilitycariperating at t that is around 34

percentage points higher than firms that did nopeoate at t-1.

Two main conclusions follow: First, there is eviderof the existence of a behavioural effect
in the sense that the decision to cooperate inri@gpenhances the probability of being a
cooperator in subsequent periods, as is expeabed dur first hypothesis. That is, our results

suggest a significant state dependence effectdopearation in innovation activities. Second,
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in line with previous findings in the literaturdnet hypothesis of exogenous initial conditions

leads to overestimation of the degree of persistthc

While taking into account the dynamic behaviourcobperation, we also observe that the
importance that is attributed to sources of infdrarathat is publicly accessible, the use of
protection methods, R&D intensity, firm size, artk tfact of belonging to a group of
enterprises affect positively and significantly gh@bability to cooperate. Furthermore, it is
worth noting that the firm’s decision to cooperate innovative activities depends

significantly on public funding (local, national&European).

This result is in accordance with many studies taaalyse the relationship between
cooperation in innovation and subsidies (Busom Bathandez-Ribas, 2008; Arranz and
Arroyabe, 2008; Abramovsky et al., 2009) and witidence that subsidies that are designed
to encourage innovation activities could allevi#i@riers to cooperation. Of course this
dependence of cooperation on public funding caa peoblem for the long-term innovation
strategy of the firm, since not receiving publiadis because of government budget cuts could

force the firm to withdraw from its cooperation agments.

19 Because in the PITEC surveys the cooperation bearis related to a 3-year period, part of thissisence
may be due to a one-year overlap. However, weathwut the same analysis with the use of a samipeut
any overlap in the measurement period (i.e., censid three waves: 2004 (2002-2004), 2007 (2005¢204hd
2010 (2008-2010)), and the resulting conclusionseewsrtually unchanged. The results can be providgdhe
authors upon request. The reason why we did noffapthis last sample was that this would implyithas
observations. For the case of innovation persistefaymond et al. (2010) found that the effect hod t

overlapping year is not important. We thank an gnuous referee for raising this point.
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We turn now to find evidence on the extent to whiwh cooperation persistence that is found
in our previous estimation is just related to R&Brgistence or is found on top of it. In the
third column of Table 5 we consider a specificatibat includes the lagged cooperation
dummy variable and a lagged R&D dummy variable wihe corresponding initial
conditions). We observe that the parameters on eatipn and R&D in t-1 are both
significant; consequently, after accounting for imgpact of prior R&D activities, the results

on cooperation persistence are maintained.

This points to the fact that the true state depecelethat is found here is specific to
cooperative agreements and not just caused byqueR&D investments. Note that we also
included an interaction term between both varigblesorder to show how persistence in
cooperation and in R&D are related. With respeditis interaction term, the results do not
show any substantial cross effect. It seems thexdfwat there is not any additional impact
when a firm follows both the strategy of coopermgtend investing in R&D in a previous

period, on the probability of cooperating in t.dlh our results allow us to conclude that firms

cooperate persistently on top of the impact of joney R&D investments.

5.2 Robustness check on the general pattern of persisige in cooperation

In order to explore the robustness of the resut®entered so far, in this section we perform
some additional analyses. Initially, we compare theults of the estimations for the
unbalanced panel with those of the balanced ontuf@ws 4 to 6 of Table 5). By and large,
the results for the two datasets are very simidrich confirms the evidence in favour of
persistence in cooperation in innovation activitie®m this point forward, all the regressions

that are described will be only for the unbalanpadel, since it allows us to obtain more
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precise estimates as it considers a larger nunfbeloservations and for a greater variety of
firms. Additionally, it allows controlling partlydr survival biases as firms are allowed to

enter and exit the sample at any period.

With the aim of analysing the strength of the pesice found in cooperation activities, the
first two columns in Table 6 refer to the samereations as those given in Table 5, but now
including an additional variable that takes theueal if the firm decided to cooperate two
periods before (t-2), irrespectively of what waselan period t-1. As is observed, state
dependence is also observed in the case of a ldingeispan, which in our case corresponds

to four to six years, although with a much loweeirsity*

[Insert Table 6 around here]

However, what happens when a firm that has beeperating in innovation activities stops
doing it? Is this firm more able to re-start co@igng than can those that did not cooperate
before? Columns (3) and (4) in Table 6 include grianatory variable Co@pr.1-0, that takes
the value 1 if the firm cooperated in t-2, resatttto the fact of not having carried out

cooperation activities in t-1. Under the same sderaf non-cooperation in t-1, the value of

1 The t-2 lagged cooperation dummy variable is pbbythe initial condition for firms that are in tlsample for
just two periods. However, when we repeated theesegressions with the balanced panel, where rafisfi
remain through all of the waves in the survey, itiiBal conditions are still insignificant. The nd&s can be
provided upon request. This implies that thereoissignificant correlation between the firm’s iaitinnovation
status and the unobserved heterogeneity, whiclddmitdue to the shortness of the panel. We thaefeeee for

raising this point.
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this variable is 0 if the firm also did not cooperaither in t-2. These new estimations can be

understood as a robustness check.

Recall that our dataset prevents us from observwitfividual collaborative agreements
between firms, so that persistence is understoamristnuously collaborating, irrespective of
whether it is with the same firm or different firnrs each period. As a consequence of this
characteristic of the dataset, we are assumingatfiain that collaborates with different firms
in each period generates the same observed pateanfirm that cooperated with the same

single firm over the whole period.

The consideration of this new variable Cogp-o would allow us to analyse specifically
whether a firm that has cooperated in the pasthasdstopped doing it, still has a higher
probability of engaging in new alliances, as coredato non-cooperators (at least non-
cooperators in two continuous waves, that is, fimfiout cooperation activities in at least
six years). This new cooperation agreement canitheandifferent firm/institution or with the

same one as in the past but, in any case, undar agreement or cooperation project.

According to our estimates, firms that were notagegl in cooperation activities in t-1 but
with previous experience in t-2 have a significanligher probability of engaging in
cooperation agreements in t, as compared with thloge did not carry out cooperation
activities in the past (at least for the time pesiahat fall under control in our sample). This
past dependence is much lower than in the caseapiecating continuously, but still points to
the fact that once a firm begins to collaborat&ilit gain experience and develop a reputation
as a partner, which persists over time and allaadisg new cooperation agreements more

easily.
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This result complements the idea given in our fingpothesis that prior collaborative
experience in innovation activities influence thkelihood of persisting in innovation

alliances. Now we can affirm that it also seemaase the formation of new alliances.

As a final exercise, we estimated separate regmesdior the manufacturing and service
sectors to see to what extent the phenomenon efspance found above may be different
between the two sectors. A likelihood ratio tedR)Ithat compares the coefficients that were
obtained for the full sample of firms with the ot are obtained in the two separate
subsamples (LR chi2(30)=29.11, p-value: 0.015) fsoitvo the existence of significant
differences between manufacturing and service firmshe set of factors that drive the

decision to cooperaté.

According to our results for the separate samptetufnns 5 and 6 in Table 6), we do not
observe remarkable changes for most of the coeffisi-- neither in sign or significance. The
most striking difference between sectors is fourith wespect to firm size. While in the
manufacturing sector small-medium and large firmgeha significant and positive higher
effect on the decision to cooperate than do thdlestdirms (the reference category), in the
services sector only firms with more than 500 erygés are more likely to cooperate in
innovation activities than the smallest ones. Tesult is in line with the one obtained in

Abramovsky et al. (2009) that studied the determi:mi@f cooperative innovation in a set of

21n the same spirit, we also run separate regnesdiar the four size classes of the firms that we in this
paper. A likelihood ratio test does not reject thll of equality of parameters (LR chi2(122)=141.p6evalue:

0.0895).
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four European countries, in which firm size was yostatistically significant for the

manufacturing sector in Spain.

In addition, it seems that a greater use of primectmethods has a lower impact on
cooperation in the manufacturing sector than irvises. The impact of internal R&D
intensity on cooperation appears to be clearenenmanufacturing sector, implying that the
firm’s decision to cooperate in innovation actiegtidepends significantly on internal R&D
expenditures in this sector to a greater extent thdrue in services. The same happens with
the variable that proxies for the fact of belonginga group, since being a member of an
enterprise group has a greater influence on cotipera the manufacturing sector than in
services. Such differences that are detected betwiee manufacturing and the service
sectors are presumably due to sectoral differemcdse nature of innovations (see Arvanitis
and Bolli, 2013). With respect to the time dummyiables, we detect significant temporal
effects that influence the probability of coopewatin the manufacturing sector but not in

services.

The results also showed that the differences waipect to the level of persistence are
minimal between the two sectors. Since our keyaldeiis lagged cooperation, in order to test
if there are sectoral differences only with respertthis variable, we re-ran our main

regression and introduced an interaction term batwbe lagged cooperation variable and a

sectoral dummy variable. The results obtained skowmat this interaction term is not
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significantly different from zero, which leads us d¢onclude that persistence in cooperation

activities does not differ significantly acrossgbewo sector’

5.3 Persistence pattern of collaboration for differenttypes of partners

We turn now to analyse whether there are diffepemsistence patterns according to the type
and the diversity of partners as stated in thedthigpothesis of this paper. Initially, we
explore the degree of persistence in cooperatioanwdonsidering three types of partners
separately: customers and/or suppliers; competitord research institutions. To allow for
likely interdependencies between firms’ decisionsehgage in cooperation with different
types of partners at the same time and avoid tissilple bias resulting from modelling the
decisions separately, we estimate a multivariateadyc random effects probit model. We
follow the empirical strategy that was adopted bgvidienti and Poggi (2011), who also

assume the Wooldridge initial conditions approach.

Columns (1) to (3) in Table 7 show the estimateswf specification for the three types of
partners separately. Again, after taking into aotdhe assumption of the initial conditions
correlated with the unobserved individual effegts, obtain lower parameters for persistence
than with the hypothesis of exogenous initial ctinds’* The Wooldridge estimates yield a

marginal effect of 0.26 for vertical cooperatiofrnis that performed cooperation agreements

3 Therefore, it seems that the differences raisedhey LR test are due to some of the determinants of
cooperation that we have considered as controbbks$ but not the persistence in cooperation, wlsicthe

main topic in this paper.

4 We do not offer the results without the Wooldridgsrection to save space. They can be providethey

authors upon request.
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with clients or suppliers at t-1 have a probabitifiycooperating at t around 26 percentage

points higher than do firms that did not coopesdtel with this type of partner.

The same applies for the case of cooperation witiveusities or research institutions,
although with a slightly lower probability (23 perdage points). In the case of cooperating

with competitors, this probability is 12 percentggénts, much lower but still significant.

[Insert Table 7 around here]

Several conclusions are worth pointing out. Finsgspective of the type of partner, there
exists a behavioural effect in the sense that &utsan to cooperate with one type of partner
in one period enhances the probability of being game kind of cooperator in subsequent
periods. These results suggest a significant stegpendence effect for cooperation activities

even once we consider separately the differentstgpalliances.

Second, among the reasons behind the highest teexssin the case of collaboration with
customers, clients, and research institutions oag think of the relatively limited risk of
information’ spilling over, as compared to the riskagreements with competitors. In the case
of collaboration with competitors, due to the saniknowledge both firms share, the capacity
for the absorption of knowledge spillovers and a®@asequence of creating free-ridership is
particularly important (Nooteboom, 2004). As a camnsence, agreements of cooperation with

competitors are not only scarcer but also less psemt.

Overall, alliances with customers may present tighdst degree of persistence due to the

strategic importance of clients as collaboratiorirgas through the whole innovation process,
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from early phases to access novel ideas to ladégestenhancing its wider diffusion, which

would lead to more durable innovation alliances.

Following the arguments that underlie hypothesisobperation with one type of partner may
be affected by the experience in cooperation witngrs of a different nature. In order to
account for this possible crossed-persistence, wggnant our model by incorporating not
only the past alliance engagement in the same ¢ygeartnership but also variables that
consider if the firm was previously engaged in Hiarece with each of the other two types of
partners. This specification allows us to analysbetwer firms with experience in

technological cooperation agreements of one typdilaly to form alliances with a different

partnership class. The results are provided in @oki4 to 6 in Table 7.

Once again the magnitude of persistence in codpara significantly positive and of a
similar magnitude to the coefficients that are of#d without including the specific
interrelations across types of partners. Thatassiptence in the case of institutional as well
as vertical cooperation is higher than is true afaboration agreements with competitors.
However, only cooperation agreements with instidi partners significantly influence the
likelihood of cooperating in the future with a @ifént partnership class, and with a much

lower intensity than is the case for the same pastnp group.

For instance, we find that firms that performed peration agreements with research
institutions at t-1 have a probability of coopeangtiwith clients or suppliers at t around 3
percentage points higher than do firms that did cumperate at t-1 with such institutions.
Among the reasons that underlie such influenceast jlliances with institutions, we may

think on the idea that relations with research nor universities may allow the firm to
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obtain higher insights on future opportunities fonovation and the creation of a next-
generation technology. Subsequent to this, the fimay need to start technological
collaboration agreements with clients or suppl®wssthat they adapt their processes to this

new technology.

In any case, as evidenced by the low value of thedficient of this cross-effect, we can
conclude that the influence of prior cooperatiothwesearch institutions on the probability of

cooperating with clients or suppliers, althougmgigant, is of limited importance.

6. Conclusions

Our study is an attempt to analyse persistenceapearation in innovation activities and, as a
consequence, understand innovation in a globalesedronment. Initially, persistence in
cooperation agreements is appealing, as it provides with a stream of information that
becomes available thanks to being embedded inveoriet The results show that there is a
substantial persistence in cooperation in innovaiio the case of Spanish firms. After
correcting for the impact of observed and unobskrfiem characteristics, a firm that
cooperates in t-1 has a probability of cooperatmg that is around 33 percentage points

higher than that of a firm that did not cooperatéhie previous period.

It has been shown that such persistence is genuninbe sense that it is beyond the
persistence that is observed in R&D. This could éxplained by the accumulation of

knowledge and capabilities that may be gained fpaist experiences in cooperation projects,
the barriers to entry and exit that can arise dugihk costs, and the success and reliability in

past cooperation agreements. In addition, we obsémat firms with higher incoming
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spillovers, higher R&D intensity, large firms, afidns that belong to a group of enterprises
as well as firms that use IP protection methodshsas patenting or registering an industrial
design, trademark, or copyright) are more persistentheir technological collaborative

agreements.

When taking into account the different types oftparship, we conclude that the highest
persistence is found in the case of vertical colfabon and cooperation with institutions.
One potential explanation may be related to thatikely limited risk of spillovers in those
types of alliances as compared to the risks in eagemts with competitors. Finally,
cooperation agreements with universities and rekeanstitutes increase, although very
slightly, the likelihood of cooperating in the fuéuwith a different type of partner, while
vertical and horizontal collaboration in the pasésl not appear to influence cooperation with

other types of partners.

From a policy perspective, the fact that cooperativinnovation is state dependent implies
that collaboration-stimulating policy measures, lsi&s government support programmes,
should have a deeper effect because they not fiielgt &urrent collaboration agreements but
also are likely to induce a permanent change imudawf cooperation. In addition, since

persistence is also driven by certain individuareleteristics of the firms, they could be taken
into account when designing policies to stimulatoperation in a persistent way. For
instance, policy makers could also encourage tiserpbve capacity of firms, which would

improve their ability to form long-term alliances.
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Tables

Table 1. Characteristics of the panel datasets

Unbalanced panelBalanced panel

Number of observations 25,364 16,016
Number of firms 7,566 4,004
Number of consecutive obs. per firm >=2 4
Average number of consecutive obs. 3.4 4
Table 2. Descriptive statistics of variables in thempirical analysis
Unbalanced Balanced
std. dev. std. dev.
mean — max mean — max
overall between  within overall between  within
Cooperation_t-1 0.382 0.486 0.414 0.268 0 1 0.409 0.492 0.395 0.293 0 1
Incoming spillovers 0.363 0.277 0.240 0.151 0 1 0.380 0.275 0.223 0.161 0 1
Legal (IP) protection 0.357 0.479 0.408 0.266 0 1 0.377 0.485 0.387 0.291 0 1
R&D intensity 0.075 0.245 0.240 0.083 0 2 0.071 0.233 0.216 0.086 0 2
Firm size 314.244 1430.1639440.760 280.152 10 41168 334.356 1305.7821277.710 269.809 10 37274
Local funding 0.300 0.458 0.390 0.252 0 1 0321 0.467 0.379 0.273 0 1
National funding 0.269 0.444 0.370 0.250 0 1 0.296 0.456 0.366 0.273 0 1
European funding 0.074 0.261 0.220 0.139 0 1 0.083 0.276 0.228 0.155 0 1
Belongs to a group 0.416 0.493 0.472 0.147 0 1 0.442 0.497 0.470 0.160 0 1
Table 3. Transition probabilities matrix
Cooperation in t
Unbalanced panel Balanced panel
Cooperation Non- . Non- .
in cooperation Cooperation cooperation Cooperation
1 Non-cooperation 83.70 16.30 82.50 17.50
Cooperation 29.24 70.76 27.39 72.61
-2 Non-cooperation 78.22 21.78 77.63 22.37
Cooperation 39.01 60.99 36.99 63.01
3 Non-cooperation 73.35 26.65 73.35 26.65
Cooperation 43.43 56.57 42.89 57.11
Table 4. Transition probabilities matrix — Type of cooperation
Unbalanced panel Balanced panel
Non- Cooperation Non- Cooperation
cooperation cooperation
Vertical cooperation in t
Vertical Non-cooperation 89.10 10.90 88.19 11.81
cooiﬁettziltmn Cooperation 37.24 62.76 34.86 65.14
Horizontal cooperation in t
Horizontal Non-cooperation 95.32 4.68 95.01 4.99
Cooiﬁetfitlon Cooperation 47.65 52.35 45.84 54.16
Institutional cooperation in t
Institutional Non-cooperation 88.63 11.37 87.68 12.32
cooperation cooperation 3159 6841 30.17 69.83
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Table 5. Marginal effects from dynamic random effets probit model

Unbalanced panel Balanced panel
Random Wooldridge Random Wooldridge
effects probit correction effects probit correction
1) (2) 3) (4) (5) (6)
Cooperation.; (persistence) 0.473*** 0.337** 0.318*** 0.470%*** 0.329%** 0.3171%**
(0.008) (0.018) (0.029) (0.011) (0.020) (0.037)
Cooperationyo (initial conditions) 0.188*** 0.187%*** 0.204*** 0.204%***
(0.021) (0.021) (0.024) (0.024)
R&D activities; . 0.076*** 0.085***
(0.018) (0.023)
R&D activities; y (initial conditions) 0.036* 0.028
(0.021) (0.033)
Cooperation;.,*R&D activities ., 0.017 0.016
(0.027) (0.037)
Incoming spillovers 0.095*** 0.106*** 0.090*** 0.090*** 0.099%** 0.086***
(0.016) (0.018) (0.018) (0.020) (0.024) (0.024)
Legal (IP) protection 0.035*** 0.040%** 0.036*** 0.036*** 0.04 1%+ 0.037%***
(0.009) (0.010) (0.010) (0.011) (0.013) (0.013)
R&D intensity 0.088*** 0.107*** 0.092%** 0.096*** 0.123*** 0.110%**
(0.024) (0.028) (0.028) (0.035) (0.042) (0.042)
Firm size (base <50 employees)
50 — 249 emp 0.039%** 0.046*** 0.045*** 0.038*** 0.04 7+ 0.045%**
(0.010) (0.012) (0.012) (0.013) (0.016) (0.016)
250 — 499 emp 0.056*** 0.067*** 0.075*** 0.056*** 0.070*** 0.075***
(0.016) (0.020) (0.020) (0.020) (0.025) (0.025)
500 or more emp 0.102*** 0.119%** 0.126*** 0.097** 0.115%** 0.118***
(0.018) (0.022) (0.022) (0.023) (0.028) (0.029)
Public funding for innovation
Local funding 0.096*** 0.099%** 0.092%** 0.103*** 0.103*** 0.097%***
(0.010) (0.011) (0.011) (0.013) (0.015) (0.015)
National funding 0.099*** 0.104*** 0.096*** 0.098*** 0.101*** 0.094%***
(0.011) (0.012) (0.012) (0.013) (0.015) (0.015)
European funding 0.119*** 0.124* 0.127%** 0.133*** 0.134** 0.132%**
(0.019) (0.022) (0.022) (0.023) (0.027) (0.027)
Belongs to a group 0.062*** 0.071%** 0.071%** 0.077*** 0.091*** 0.090%**
(0.010) (0.012) (0.012) (0.013) (0.015) (0.015)
Industry dummy variables Included Included Included Included Included Included
Time dummy variables Included Included Included Included Included Included
Observations 17,568 17,568 17,568 12,012 12,012 12,012
Number of firms 7,566 7,566 7,566 4,004 4,004 4,004
Log L -8418.381 -8370.928 -8393.193 -5852.373 -5809.207 -5795.298
Wald test ¢%) 5007.341 3605.362 5011.80 3256.116 2339.050 2349.590
Pval =0.000 Pval =0.000 Pval =0.000 Pval=0.000 Pval=0.000 Pval=0.000
Oy 0.226 0.635 0.233 0.294 0.686 0.687
(0.057) (0.046) (0.056) (0.059) (0.051) (0.051)
Rho p) 0.049 0.288 0.051 0.080 0.320 0.321
(0.023) (0.030) (0.024) (0.029) (0.032) (0.032)
Likelihood test Hq: p=0) 4.375 78.444 4.825 7.681 77.860 78.135

Pval =0.018 Pval =0.000 Pval =0.014 Pval =0.003 Pval =0.000 Pval = 0.000

Standard errors in parentheses. *** p<0.01, ** B&).* p<0.1
Note: The marginal effects are calculated as thersme partial effects. The use of lagged explapatariables reduces the number of
observations with respect to Table 1.
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Table 6. Marginal effects from dynamic random effets probit model (unbalanced panel)

Wooldridge correction

Random effects Wooldridge Random  Wooldridge Manufacturin Service
probit correction effects probit correction ! 9 .
firms Firms
1) (2) 3) (4) (5) (6)
Cooperationy., 0.483*** 0.482*** 0.323*** 0.360***
(0.011) (0.011) (0.022) (0.029)
Cooperation., 0.138*** 0.121%*=
(0.014) (0.020)
Coop; t-2-1=c 0.082*** 0.057***
(0.012) (0.021)
Cooperationg 0.022 0.026 0.183** 0.189***
(0.018) (0.017) (0.025) (0.039)
Incoming spillovers 0.106*** 0.106*** 0.030* 0.030* 0.103*** 0.104%*
(0.022) (0.022) (0.016) (0.016) (0.021) (0.033)
Legal (IP) protection 0.050*** 0.050*** 0.033*** 0.034*** 0.025** 0.069***
(0.013) (0.013) (0.010) (0.010) (0.012) (0.020)
R&D intensity 0.048 0.047 0.012 0.012 0.285%** 0.058*
(0.035) (0.035) (0.033) (0.033) (0.066) (0.033)
Firm size (base <50 employees)
50 — 249 emp 0.04 1%+ 0.04 1%+ 0.025** 0.025** 0.056*** 0.027
(0.014) (0.014) (0.012) (0.011) (0.014) (0.024)
250 — 499 emp 0.065*** 0.065*+* 0.040** 0.041** 0.096%** 0.012
(0.022) (0.022) (0.019) (0.019) (0.025) (0.033)
500 or more emp 0.109*** 0.109*** 0.075*+* 0.076*** 0.126%** 0.107***
(0.024) (0.024) (0.023) (0.024) (0.030) (0.033)
Public funding for innovation
Local funding 0.102*** 0.101*** 0.051 %+ 0.050*** 0.092*** 0.109***
(0.014) (0.014) (0.012) (0.013) (0.013) (0.022)
National funding 0.099*** 0.099*** 0.066*** 0.067*** 0.090*** 0.120***
(0.015) (0.015) (0.014) (0.014) (0.014) (0.022)
European funding 0.079*** 0.079** 0.051 0.051 0.114%* 0.140***
(0.028) (0.028) (0.031) (0.032) (0.029) (0.032)
Belongs to a group 0.042*** 0.042*** 0.013 0.013 0.083*** 0.042**
(0.013) (0.013) (0.010) (0.010) (0.014) (0.021)
Industry dummy variables Included Included Included Included Included Included
Time dummy variables (base
Time2006)
Time2008 Included Included Included Included -0.038*** -0.001
(0.012) (0.020)
Time2010 Included Included Included Included -0.031** 0.013
(0.012) (0.21)
Observations 10,002 10,002 6,104 6,104 11,727 5,841
Number of firms 5,998 5,998 4,133 4,133 4,873 2,693
Log L -4441.680 -4440.926 -2369.920 -2368.611 -5557.141 -2799.234
Wald test £%) 2438.253 2438.502 298.691 125.828 2262.29 1292.96
Pval=0.000 Pval=0.000 Pval=0.000 Pval=0.000 Pval=0.000 Pval = 0.000
Oy 0.267 0.268 0.010 0.294 0.646 0.616
(0.082) (0.067) (0.044) (0.371) (0.056) (0.081)
Rho ) 0.066 0.067 0.001 0.080 0.294 0.275
(0.038) (0.038) (0.009) (0.185) (0.036) (0.052)
Likelihood test Hy: p=0) 2.995 3.008 0.001 0.173 55.28 23.61
Pval = 0.042 Pval = 0.041 Pval =0.491 Pval = 0.339 Pval = 0.000 Pval = 0.000

Standard errors in parentheses. *** p<0.01, ** B8).* p<0.1
Note: The marginal effects are calculated as tleeame partial effects. The use of the variables €atjpr,., and Co0R.,+.1-0 reduces the number of

observations with respect to Table 5.
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Table 7. Marginal effects from multivariate dynamic random effects probit model — Type of cooperation

(unbalanced panel)

Vertical Horizontal Institutional Vertical Horizontal Institutional
cooperation cooperation  cooperation cooperation cooperation  cooperation
1) 2) 3) (4) (5) (6)
Vertical coop . 0.262*** 0.235*** 0.006 0.013
(0.015) (0.016) (0.006) (0.012)
Horizontal coop;.; 0.123*** 0.015 0.106*** 0.001
(0.015) (0.014) (0.015) (0.017)
Institutional coopy.4 0.225*** 0.032*** 0.011* 0.232***
(0.014) (0.010) (0.006) (0.016)
Vertical coop i 0.084*** 0.085*** 0.015%** 0.025**
(0.009) (0.010) (0.005) (0.011)
Horizontal coop, 0.037*** 0.040%** 0.037*** 0.033**
(0.005) (0.013) (0.006) (0.015)
Institutional coopo 0.113%* 0.039*** 0.019*+* 0.123***
(0.009) (0.009) (0.005) (0.010)
Incoming spillovers 0.058*** 0.037*** 0.070*** 0.041*** 0.028*** 0.056***
(0.0112) (0.006) (0.012) (0.011) (0.006) (0.012)
Legal (IP) protection 0.016** 0.004 0.029*** 0.012* 0.002 0.025**
(0.006) (0.003) (0.007) (0.006) (0.003) (0.007)
R&D intensity 0.042*** 0.013** 0.063**+* 0.036** 0.011* 0.057***
(0.015) (0.007) (0.017) (0.015) (0.007) (0.016)
Firm size (base <50 employees)
50 — 249 emp 0.029*** 0.012%* 0.023*** 0.029*** 0.012%* 0.021*+*
(0.007) (0.004) (0.008) (0.007) (0.004) (0.008)
250 — 499 emp 0.042** 0.015* 0.041%* 0.040*** 0.013** 0.035***
(0.011) (0.006) (0.012) (0.011) (0.006) (0.012)
500 or more emp 0.081*** 0.024*** 0.074*** 0.071*+* 0.019*+* 0.063***
(0.012) (0.006) (0.013) (0.011) (0.006) (0.012)
Public funding for innovation
Local funding 0.040*** 0.018*** 0.069*** 0.028*** 0.012*+* 0.060***
(0.007) (0.004) (0.007) (0.007) (0.004) (0.007)
National funding 0.047*+* 0.022*** 0.074**+* 0.038*** 0.018*** 0.066***
(0.007) (0.004) (0.008) (0.007) (0.004) (0.007)
European funding 0.036*** 0.031**+* 0.076*** 0.019* 0.025*** 0.062**
(.012) (0.005) (0.013) (0.012) (0.005) (0.012)
Belongs to a group 0.036*** 0.010%** 0.017* 0.033*** 0.007** 0.013*
(0.007) (0.004) (0.008) (0.007) (0.004) (0.007)
Industry dummy variables Included Included Included Included Included Included
Time dummy variables Included Included Included Included Included Included
Observations 17,568 17,568
Number of firms 7,566 7,566
LogL -16170.658 -16055.941
Wald test %) 4548.36 4534.700
Pval = 0.000 Pval = 0.000
Gy 0.606 0.647 0.733 0.609 0.656 0.701
(0.036) (0.048) (0.036) (0.037) (0.050) (0.036)
Rho () p12= 0.389%**  poo=0.530%**  pg;= 0.503%* p12= 0.436%**  pr=0.526%* pg = 0. 573%*
(0.028) (0.020) (0.027) (0.031) (0. 028) (0. 020)

Standard errors in parentheses. *** p<0.01, ** p&).* p<0.1
Note: The marginal effects are calculated as the average partial effects.
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Appendix

Table Al. Definition of the variables included in he empirical analysis

Variables Definitions
Dependent
=1 if the firm cooperated in some of its innowatactivities with other enterprises or institusdn the
Cooperation period t
= 0 otherwise
Type of Cooperation:

Vertical Cooperation

Horizontal Cooperatiop

Institutional Cooperatiop

= 1 if the firm cooperated in some of its innovatectivities with clients or customers; or with pliers
of equipment, materials, components, or softwatéénperiod t

= 0 otherwise

=1 if the firm cooperated in some of its innowatactivities with competitors or other enterprisethe
same sector in the period t

= 0 otherwise

=1 if the firm cooperated in some of its innovatactivities with consultants, commercial labs or
private R&D institutes; universities or other higleelucation institutions; government or public ees@
institutes; technological centres in the period t

= 0 otherwise
Independent

=1 if the firm cooperated in some of its innowatactivities with other enterprises or institusdn the
Cooperation period t-1

= 0 otherwise

Incoming spillovers

=1 if the firm gives high importance to the follmg information sources for undertaking its innovat
activities: conferences, trade fairs, exhibitiosgntific journals, or trade/technical publicagon
professional or industry associations.

= 0 otherwise

Legal (IP) Protection

=1 if the firm uses at least one of the followlagal IP methods for protecting inventions or
innovations: applied for a patent; registered alustrial design; registered a trademark; claimed a

copyright
= 0 otherwise
R&D Intensity Ratio of intramural R&D expenditure $ales turnover
<50 employees =1 if the firm has = 50 employees; = 0 otherwise

Firm Size

50 — 249 employees =1 if the firm has betwa@mand 249 employees; = 0 otherwise
250 — 499 employees =1 if the firm has betwZshand 499 employees; = 0 otherwise
500 or more employees =1 if the firm has 500 orevemployees; = 0 otherwise

Local funding

= 1 if the firm receives funding from local or regal authorities to carry out its innovation adiasg
= 0 otherwise

National funding

=1 if the firm receives funding from central gowerent to carry out its innovation activities
= 0 otherwise

European funding

=1 if the firm receives funding from European Umto carry out its innovation activities
= 0 otherwise

Belongs to a group

=1 if the firm belongs to a group of enterprises
= 0 otherwise

Table A2. Correlation between the explanatory variales
and their corresponding within means

Incoming spillovers 0.839
Legal (IP) protection 0.832
R&D intensity 0.941
Firm size 0.981
Local funding 0.836
National funding 0.826
European funding 0.846
Belonging to a group 0.954
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