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Abstract

This paper investigates the relation between cabjoer in innovation activities and
innovation before and during the last economic ssio&. We find that cooperation in
innovation activities has a stronger relation waklical innovation performance during
the economic recession than before, this being trespectively of whether the
partners are national or international. This beén&fom cooperation during the
economic turmoil is higher in the case of firms ingvdifferent types of partners
simultaneously. We also find that past cooperaitioimnovation activities is positively

associated to innovation performance during th&scri

1 Introduction

During economic recessions, firms face low demdmdncial constraints, and
uncertainty about future market opportunities. Ehesnditions might induce firms to
reduce their investments in innovation; as a camsecg, their innovation output could
be negatively affected (OECD 2009). At the sameetithe economic turmoil could
offer new learning opportunities (Chesbrough & Gann2009). Within this scenario,
cooperation in innovation activities — which is arfethe means the firms use to purse
innovation (Tether 2002) — could either become ieg®ortant for achieving innovation
performance during the crisis or alternatively cooffer new opportunities to cope with

the challenges of the crisis. While several studiese investigated the relations
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between economic crises and R&D expenditures (Argfii et al. 2013a, 2013b;
Cincera et al. 2012) or innovation output (Madridij@rro et al. 2013), little is known
about how the crisis has affected cooperationmowation activities and its relationship
with innovation performance.

The relation between business cycles and innovasidar from consensus. The
countercyclical approach proposes that during sees innovation increases as, with
low demand, the opportunity costs of doing innasatis higher than in periods of
growth (Aghion & Saint-Paul 1998; Schumpeter 193%jernatively, the procyclical
approach points out that financial constraints migiohibit the firms to maintain or
increase their R&D budget (Stiglitz 1993) and tiahs postpone innovation to periods
of expansions to maximize the returns (Barlevy 30&4rategy literature has stressed
the idea that learning is a crucial capacity offthra (Kogut & Zander 1992) and under
changing external environmental firms react by ddggheir learning process (Lavie &
Rosenkopf 2006; March 1991; Posen & Levinthal 2018)particular, in turbulent
times firms might opt for an exploration strategyg( more search, experimentation and
risk taking) (March 1991), of which cooperationiimovation activities is a possible
means (Koza & Lewin 1998). Therefore, cooperatiounld offer learning opportunities
even during a turbulent time such as an econontessgon, and can constitute a
specific strategy to face economic crises.

The empirical evidence of how the economic crisisrelated to innovative
investments is mostly supporting the procyclicaguanents (Archibugi et al. 2013a,
2013Db; Cincera et al. 2012; Laperche et al. 201adidi-Guijarro et al. 2013; OECD
2009; Paunov 2012). Some of these scholars haveregpthe characteristics of firms
that have increased their innovative investmentsinduthe crisis, showing that

recessions do not hit all firms equally and thainsacstrategies could help to face a



turbulent climate. Among other characteristicsgaplorative behaviour (e.g. searching
for new market opportunities) has been found cateel to increasing innovation during
the economic recession (Archibugi et al. 2013a3B0.1

By drawing on the literature on business cycle mmdbvation (Aghion & Saint-
Paul 1998; Barlevy 2004), and the strategy litesathat has explored how firms adapt
their learning processes to a changing scenariodMa991; Posen & Levinthal 2012),
this paper explores whether cooperation in innowvadictivities is correlated to a better
innovation performance during an economic recess@uollaboration with external
partners has been recognized as an important detrmof firms’ innovation
performance (Becker & Dietz 2004; Nieto & Santam&007). We expect that, when
facing turbulence, an exploration strategy suchaaperating in innovation results as a
successful strategy to face turbulent times by imicgunew knowledge that is far from
the existing knowledge stock (March 1991; Posen &vihthal 2012). This can be
especially true in the case of innovation that rpooates a high level of innovativeness
such as radical-innovative products, for which edé and diversified sources may
imply knowledge that differs significantly from thene already present in the firm.
Indeed, radical innovators tend to rely on thensiiy of external sources, albeit in this
case a too wide range of sources may be unnecemsdriew key ones may be more
effective (Laursen & Salter 2006).

We use data from the Spanish Technological InnomaRanel for the period
2004-2013, which contains information on the innweaand cooperative behaviour of
Spanish firms. We estimate a two-stage selectiodet@Vooldridge 1995). In the first-
stage selection equation, the dependent variablieates whether or not the firm has
invested in innovation. The second stage of thdyaisaestimates the relation of

collaboration with innovative performance. For thepose of our analysis, we compare



these relations before and after the crisis. Wesassot only the relation of any type of
cooperation in innovation activities with perforncan but we also qualify cooperation
along two dimensions: geographical (i.e. exclusiredtional versus international
partners), and organizational (i.e. whether the foollaborates only with one type of
partners or with multiple ones). In addition, weastigate the impact of past experience
in cooperation in the during-crisis years.

The paper is organised as follows. Section 2 pteabkertheoretical framework on
innovation and economic crisis, and outline sonstatde propositions on the relation
between cooperation in innovation activities anubiation performance. The data and
the model are presented in Section 3 and a deserigmalysis is provided in Section 4.
Econometric results are examined in section 5. Iljiné&ection 6 draws some

conclusions.

2 Theoretical framework
2.1 Cooperation in innovation activities during econgonarises

The relation between business cycles and innovatoid be countercyclical or
procyclical (Aghion & Saint-Paul 1998; Barlevy 2Q@eroski & Walters 1995; Stiglitz
1993). The countercyclical approach relies on thehuBipterian perspective
(Schumpeter 1939) that in recessions innovatioreases as firms would focus more
on productivity-enhancing activities, and less oadpiction activities because demand
is low. Since production and R&D compete for resesy decreasing growth rates could
be a good moment to devote more resources to R&Be¢dy the incentive of carrying
out innovation during recessions is higher thapenods of growing demand (Aghion
& Saint-Paul 1998). Alternatively, the procyclicapproach debates that there are
adverse conditions that inhibit the firms from maining or increasing their innovation

efforts during recessions. One of the reasons & tlecessions cause financial
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constraints, in terms of cash flows to devote toOR&nd access to external financing to
support R&D (Stiglitz 1993). Another reason is tkaice the returns from innovation
have a short time span (namely, until competiteesri how to imitate the successful
new products), firms postpone the investmentsmniowation to periods of expansions to
maximize the benefits (Barlevy 2004).

Strategy literature has related changing exterm&irenments to the learning
processes that firms activate in order to survinamely an explorative or exploitative
approach (Koza & Lewin 1998; Lavie & Rosenkopf 20Q6vinthal & March 1993;
March 1991; Posen & Levinthal 2012). Explorationplies search, discovery,
experimentation, variation, flexibility, risk talgnand innovation. Exploitation implies
refinement, implementation, efficiency, choiceestibn and production (March 1991).
A key difference between stable and turbulent emvitents is the relative role of
explorative and exploitative learning (Levinthal March 1993; March 1991). When
facing turbulence, an exploration strategy is ne&®s to adapt to a changing
environment and to acquire new knowledge that isfiam the existing knowledge
stock (March 1991; Posen & Levinthal 2012). Thiplegs not without caveats. Too
much focus on new knowledge may lead to too marderdeveloped ideas (March
1991), and rewards to exploration can be erodedrigoing turbulence, as the new
knowledge accumulated during the changing envirarimmecan have short-term
applications (Posen & Levinthal 2012). Althoughtbeiploration and exploitation can
be performed on internal as well as on externalwkedge sources, exploration
activities rely more heavily on external knowled{fRosenkopf & Nerkar 2001).
Cooperation in innovation activities are exploratiln nature, while other types of
alliances (marketing alliances, or supplying altes) are exploitative (Koza & Lewin

1998}. Hence, cooperation in innovation could offer téag opportunities even during



a turbulent time such as economic recessions, andenstitute a specific strategy to
face the challenges of an economic crisis.

In particular, during economic recessions, firmslldcaddress their resources to
explore new markets and technological fields (Avcdigi et al. 2013a) through external
collaborations (Laperche et al. 2011) and to upgithe skills of the R&D workforce
through contacts with external specialists (Bareetl. 2009). Since market turbulence
increases the uncertainty of doing innovation, epagpon could offer a channel to
increase the variety of knowledge sources (Miots&hwald 2003) and help the firms
to monitor new opportunities that might arise ie tiear future (Archibugi et al. 2013a;
Laperche et al. 2011), as focusing solely on th@agtation of existing knowledge can
damage the long-term capacities of a firm “to gréweyond its core business”
(Chesbrough & Garman 2009 p. 1). Cooperation irovation activities could also
relieve the financial pressures (Cincera et al.2X0Oliecause it allows firms to share the
costs and risks of doing innovation and it maywlkhe firms to access to resources
from partners in a better financial situation (g@gvate institutions, large corporations,
or firms in fast-growing markets less affected e trecession). In these veins,
Schwartz et al. (2012) find that cooperation wéhgk firms is beneficial to innovation
output in different types of subsidized R&D agreetse

The empirical evidence of the relations of econoanises with overall innovative
efforts is mostly supporting the procyclical arguntse(Archibugi et al. 2013a, 2013b;
Cincera et al. 2012; Filippetti & Archibugi 2011aperche et al. 2011; Madrid-Guijarro
et al. 2013; OECD 2009; Paunov 2012). Some of tilséséies detect an explorative
attitude in the firms that have increased theiroirative investments during the last
recession. Using the UK innovation survey, Archibegal. (2013b) find that pursing

an explorative strategy (e.g. looking at new makebsitively affects the increase in



innovation investments during the crisis. Similarising a survey on 29 European
countries, Archibugi et al. (2013a) shows that gshell sample of firms (i.e. 9%) that
declared to have increased innovation expenditlweisg the crisis (which is, from the
end of 2008 to early 2009) are path-breakers amd hanore explorative behaviour; in
particular they are: “i) smaller than before; igllaborating with other businesses; iii)
exploring new market opportunities; iv) using methaf technological appropriation;
and v) less likely to compete on costs.” (p. 128%ing the survey of companies of the
EU Scoreboard about expectations on their R&D diets; Cincera et al. (2012) find
that firms with high profitability in 2008 declaréheir wish to increase R&D
investments both before and during the crisis, twhsaggests that when not under
financial constraints (i.e. high profitability prioles cash to maintain or increase R&D
expenditure) firms increase R&D expenditures. Roarssh SMEs, Madrid-Guijarro et
al. (2013) find a strong relation between innovatmd overall performance also during
the crisis, suggesting that firms’ commitment tmdwation in turbulent times is an
important driver of competitive advantage.

However, as far as our knowledge is concerned, leaonomic recessions
influence the association between cooperation movation activities and innovation
performance has not been studied. We expect thedpite the general level of
cooperation could have decreased during the lastomaic recession (i.e. cooperation in
innovation is pro-cyclical) as suggested by studiesoverall innovation investments
(Cincera et al. 2012; Filippetti & Archibugi 201QECD 2009), the firms which
managed to be innovative have used cooperation ag@oration strategy to cope with
the crisis. Therefore, the relation between codpmrain innovation activities and
innovation performance during the last economiceessmn would be stronger than

during the expansion, suggesting that the mostvainge firms during economic



recessions are associated to technological coopenaith external partners to a larger
extent than in expansion times.

In the following sections, we discuss how economeitessions may change the
relation between innovation performance and varidosns of cooperation in
innovation activities, as investigated by recetaréiture.Cooperation may vary a lot in
terms of purposes, duration and types of partdargarticular, existing studies have
taken into account the geographical location ofras (Badillo & Moreno 2015; van
Beers & Zand 2014; Nieto & Santamaria 2007), theetypf cooperating partners
(Belderbos et al. 2004; Duysters & Lokshin 2011pd athe time-dimension of

collaboration (Belderbos et al. 2015; Nieto & Samaaia 2007).

2.2 The geography of cooperation in innovation actegtduring economic crises

During an economic downturn, focusing solely onaral partners can offer an
exploration strategy with relatively lower risks frms move outside their boundaries
but within their National Systems of Innovation (IN8Cantwell 1989; Lundvall 1992;
Porter 1990). National firms share the same probland difficulties within a NSI, and
solutions from foreign countries might not be apglle. As a consequence, national
collaboration could offer the possibility to shahe costs of exploring opportunities
under a common changing environment.

In contrast to national cooperation in innovationernational partners offer new
learning opportunities not or scarcely availabldiamally, which eventually boost
innovation performance (Arvanitis & Bolli 2013; BHd & Moreno 2015; van Beers &
Zand 2014; Berchicci et al. 2015; Frenz & lettoh@d 2009; Lavie & Miller 2008).
Having cooperation agreements with internationattness provide a wide knowledge

and multiple communication channels that the firane particularly willing to use



during a recession. Firstly, international coogeratan be a way to diversify the risk
and escape the lock-in knowledge traps of own BSpartners reflect the technological
strength and specialization of their home count8f KLundvall 1992). Indeed, firms
that count only on their home national innovatigatem can be more vulnerable when
a recession hits the country. Secondly, in a penbdow demand, international
cooperation in innovation could help to purse apl@ation strategy in new or related
technological fields, which are more likely to bmuhd in foreign NSI. Thirdly, under
financial constraints, firms may have better chanceshare costs when the partner is
international, either because the crisis hits N8egntly (some foreign countries had
the resources to continue to support business R&B,e.g. Hud and Hussinger (2015)
about Germany) or because some large players opesdtthe international level might
be less affected from a decrease of cash flowssé'aeguments form the basis for our
first proposition:

Proposition 1 — The relation between cooperatiomimovation

activities and innovation performance during thetlaconomic

recession is stronger than during the expansiorespectively
of whether the partners are national or internaabn

2.3 Cooperation in innovation activities and the diffet types of partners during

economic recessions

Firms collaborate with different type of actors @i & Sachwald 2003). R&D
collaborations with suppliers and clients providélvinformation on technologies,
markets and user’s needs (Zeng et al. 2010). Huatzcooperation is used to share the
costs and risks of setting a standard technologg oomply to a new regulation (Tether
2002). R&D collaboration with institutions usuallgvolve low risk of knowledge
leakage and it has increasingly become a crucians¢o access to new scientific,

basic, pre-competitive knowledge (Miotti & Sachw&@d03), as it has increased over



time for the incentive by governments to fund resleaoriented to increase
competiveness of firms (Nieto & Santamaria 2007).

Despite the fact that the choice of each type dihga depends on the strategy and
resources of the firms, having multiple types oftpers has been found to have a
positive relation with innovation performance (Beck: Dietz 2004; van Beers & Zand
2014; Nieto & Santamaria 2007). Indeed, a diversitgxternal sources of knowledge
spurs synergies and novel associations and explosdism to skills and expertise from
different technological fields (Chesbrough 2003h€w & Levinthal 1990; Laursen &
Salter 2006). Eventually, the firm relying on mplé types of cooperation partners
increases its capacities to create innovative prsdu

In time of economic turmoil, firms might avoid hagi a broad network of
partners, since too much openness could becomé asl inefficient for the firm
(Laursen & Salter 2006). Indeed, it has been olegktivat firms which innovate mainly
through collaboration with others tend to have fewariety of partners (Barge-Gil
2010), as some benefits arise from focusing omglesitype of partners, such as the
development of certain routines that facilitate Wfemlge exchange (Belderbos et al.
2015). However, the benefits of relying on a variglt sources could be higher than the
ones from having a single type of partners, espigaaring a crisis because a higher
diversity of external knowledge increases the charto find channels allowing firms to
broaden the pool of technological opportunitiesisMaay, in an economic crisis, using
a wide range of external actors allows the firmhave a broader spectrum of
experiences with diverse partners that in someamt&ls can be living the crisis
differently, allowing for wider knowledge than caltloration with only one type of
partner. Hence, the diversity in the type of padne associated to innovation

performance more intensively during economic crises
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In addition, if these partners are internationlag tombination of organizational
and geographical diversity should reinforce thatrehs with innovation performance.
In this case, not only firms benefit from speciatizknowledge coming from different
types of partners, but they are also able to adoedi$ferent knowledge bases in foreign
NSI, as discussed in Section 2.2. From this reagpiiti follows the next proposition:

Proposition 2 — The relation between cooperatiomimovation
activities with different types of partners and omation

performance during the last economic recessiorager than
during the expansion.

2.4 The importance of time: continuity and persisteimceooperation in innovation
activities

Previous experience in technological cooperatioghinelp the firms in different
ways (Belderbos et al. 2015; Nieto & Santamaria72@othaermel & Deeds 2006).
Firstly, as a firm’s current innovation capabilgi@re determined by its history and
experience, having participated in technologicallaborations determine current
innovation capabilities (Nieto & Santamaria 2003&condly, previous experience in
cooperation provides the firms with the necessaayagerial capabilities to deal with
alliances (Rothaermel & Deeds 2006), as well asuitdl up reputation and trust among
partners (Nieto & Santamaria 2007). Thirdly, repdaaind extended collaborations
might provide the necessary incubation time befae collaborations start to have an
effect on firm’s innovation performance (Beldermsl. 2015).

If the repeated collaboration regards the samen@artreputation and trust
between partners could offer a channel to access opackly or more effectively to
knowledge on markets. Then, if the repeated cotktion regards the same type of
partners (e.g. suppliers, clients, competitorstituteons), firms could have developed
some mutual routines and capabilities to deal yittblems, which during an economic
turmoil can constitute an advantage towards firlmas have not a history of accessing to
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external sources of knowledge. Based on the abmmiomed arguments, we put
forward the following proposition:

Proposition 3 — Experience in past cooperation @sipvely

associated to innovation performance during the Enomic

recession.

The literature on the patterns of the previous ggpee in R&D collaboration has
highlighted that the quantity of collaboration danehe past is only a part of the story.
Indeed,high levels of alliance activity have diminishingturns (Rothaermel & Deeds
2006; Sampson 2005). One possible explanationhisris that only the most recent
experience offers lessons, especially under chgngikternal environments (Samson
2005). In addition to thaBelderbos et al. (2015) find that it is mostly gistent and
recent collaborations (i.e. in two previous consigeuyears) which are important for
innovation performance.

Although the most recent experience offers the nvasiable knowledge, the
firms that have pursued an explorative behaviouwteurdifferent business climates
could benefit of a variety of knowledge. Indeed,tlas external knowledge acquired
during a certain period becomes part of the curterwledge stock of firms, the
combination of past external knowledge and curexternal knowledge could boost
new innovative ideas (Kogut & Zander 1992). Accogly, firms which have
cooperated both before and during the crisis maag legher innovative performance
than firms that have cooperative agreements orflyr®®r only during the crisis. All of
these arguments lead us to posit these propositions

Proposition 4a — The most recent experience in ecdn is
positivel_y associgted to innovation performanceimythe last
economic recession.

Proposition 4b — The most remote experience in eaion is

negatively associated to innovation performancarduthe last
economic recession.
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Proposition 4c — The combination of the most recam the
most remote experience in cooperation is positiesiyociated
to innovation performance during the last economg@cession
more strongly than the most recent only and thet mamote
only cooperation.

3 Data and the model
3.1 Data

Our empirical analysis uses data from the Spaneihiiological Innovation Panel
(PITECY from 2004 to 2013. The survey is carried out bg Spanish National
Statistics Institute (INE), the Spanish Foundatifom Science and Technology
(FECYT), and the Foundation for Technical Innovati®COTEC). Participation in
PITEC survey is mandatory by law which ensuresrgeland consistent sample size
and a high response rate; however, some firms ar®lserved for the entire period
given the partially random sampling for small epteses (Belderbos et al. 2015). The
survey follows the Oslo Manual methodology appliedthe Community Innovation
Survey with respect to the selection of variabled iadicators (OECD 2005).

The unit of analysis is the enterprise (firms, fraow on), which may belong to
larger corporate groups. Our initial unbalanced gamncludes a panel of 85755
observations, which represents 10917 manufactamayservice firms with at least ten
employees and positive sales, and which did nairtegmy significant event that would
impact employment. This sample constitutes 85%otal firms surveyed in 2004-2013
in PITEC. Since this sample decreases over timausec some firms may report a
major issud we test our predictions on a balanced panerwisfithat are present during
the whole period 2005-2013This balanced panel comprises 53595 observatians,

5955 firms per 9 years.
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3.2 The model

We follow a two-stage approach to address the pateselection bias on the
estimation of the innovation performance equatiime first stage consists of a binary
selection model using all sample observations amtsidering as dependent variable
whether the firm has carried out innovation adeégitand O otherwiséd). The second
stage consists in the estimation of the innovagierformance equation, the dependent
variable being innovative performangg), taking explicit account of the selection
process.

The specification of the model is as follows:

d;, = 1[2:':'}""7?;' +u, > 0] (1)

o _(xufrate ifd, =1
f‘u‘{u if d,=0 @)

withi =1, ...,N,t=1, ..., T, and 1[.] an indicator function that eéakon the value 1 if
the expression between square brackets is trué aiderwise;y andf are unknown
parameter vectors to be estimated apnéndXx; are vectors of explanatory variables
with possibly common elements. Valid exclusion nieBbns are assumed in equation
(2). i ando; are unobserved individual specific effects whicayrbe correlated with;
and X, respectively; andu; and ¢; are the idiosyncratic errors. The innovation
performance variabley() is only observable if the firm made an innovatineestment
(dii=1) and the parameter vector of interest to estinsgie

We use the Wooldridge’s (1995) consistent estimfiopanel data with sample

selection. First, we consistently estimgtby estimating a probit ad, on z for eacht
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and then saving the inverse Mills ratib,. Second, the method estimates by pooled

OLS the equation of interest augmented by the sevéfills ratio and the means of the
time-varying explanatory variablesq)( using the selected sampleThe resulting

equation is (Wooldridge 2010):

v, =x,B+xw+Xl,pDA, +e, foralld=1 3)

whereD; is a time indicator variable.

In order to compare the cooperation behaviour leeford during the crisis, we
firstly estimate Eq. (3) for the whole period, withyear lag of time-variant regressors,
both for the unbalanced £ 2004, ..., 2013) and balanced pangls 2005, ..., 2013).
Secondly, we run Eg. (3) for the pre-crisis yedrs: (2005, ..., 2010), and for the
during-crisis yearst(= 2011, ..., 2013) for the balanced panel to ensareparability.
These time frames build on the fact that the reeahemy was hit by the crisis in 2009
(European Commission 2015; Hud & Hussinger 201%lé&e & Love 2010) and that
our cooperation variables refers to cooperatioratelur in the survey yedrand in the
previous two year§.Hence, estimating the dependent variable in 2011-gear lag
cooperation means that we are considering cooparéiehaviour in 2010, 2009, and
2008, meaning that in the “during crisis” estimatie allow for cooperation only in
one possible year of overlapping with the pre-srigeriod (i.e. 2008). Accordingly,
estimating the dependent variable in 2010 on 1-lsgarcooperation means that we are
considering cooperation behaviour in 2009, 2008l 2007, meaning that in the “pre-
crisis” estimation, we allow for cooperation only @ne possible year of overlapping
with the during-crisis period (i.e. 2009). Therents other overlapping in the rest of the

years under consideration.

15



3.2.1 The endogeneity issue

The relation between cooperation and innovatioriop@ance raises an issue of
endogeneity in two possible ways, i.e. simultaneityreverse causality, and omitted
variables. Indeed, past innovation performance aifect the likelihood to cooperate in
the future (Frenz and letto-Gillies 2009), as irstovs are more capable or more willing
to cooperate. We partly account for simultaneityusing 1-year lag on the cooperation
variable, although we are aware that the high ptensce of these variables prevents us
from solving the problem completely. With regards damitted variables, we can
imagine a set of unobserved characteristics cdeetléo innovation and cooperation
(e.g. managerial capacity, cooperative attitudailawility of valuable partners) for
which we cannot control. One way to address endgfgens by instrumenting
cooperation. A good instrument would affect innamat performance through
cooperation only, and should have enough explayatower in predicting changes in
cooperation. However, with an innovation surveyeliRITEC, such instrument is
particularly difficult to find since all variableare somewhat correlated to innovation
and, being innovation persistent over time (Raymendl. 2010), a problem of inverse
causality or simultaneity is always possible. Hermedogeneity warns us about the
inaccuracy of interpreting the results of ourrestiion as a causal effect of cooperation
on innovation performance. Instead, our resultstlaesignal of a relation between the

two variables while controlling for selection bi@sd a set of firm-level characteristics.

3.2.2 Dependent variables

In the first stage, the dependent variable is aryimdicator, equal to 1 if the firm
has been engaged in any innovation activity. iiln the second stage, the dependent
variable is innovation performance, defined as share of sales ih due to new or
significantly improved products that constitute avelty for the firm (new

incrementally-innovative products) or to the markgtew radically-innovative
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products), introduced in the survey year or in finevious two years. New-to-the-
market products can be seen as more “radical” ianow since they push the
technological frontier in the industry (Belderbdsak 2015). We transform these shares
as the ratio between the ratio of new sales o $atas and the complement to 1 of this
latter ratio, and then transformed in logarithmisTineasure has the advantage of being
closer to a normal distribution and being symmefarge-Gil 2013; Raymond et al.

2010; Robin & Schubert 2013).

3.2.3 Explanatory variables

In the first stage, building on an establishedrditere on the determinants of
innovation, we control for firm sizesigg and we also introduce its squared tesmag
2) to take into account nonlinearities (Robin & Spber 2013); in addition, we insert
the market shareof the firm and whether the firm belongs tgraup (Raymond et al.
2010; Vega-Jurado et al. 2009; Veugelers & Cassirhd®9). We also introduce
barriers to innovation by means of four Likert-tyaiables:cost obstacleknowledge
obstaclesmarket obstaclesandother obstaclesWe allow a time lag of one year for all
explanatory variables. The variablgsoup, and the four variables related to the
obstacles to innovation are considered as exclusstrictions for the second stage,
meaning that they are likely to be associated & décision to carry out innovation
activities, but are weakly correlated to innovatiperformance. Finally, industry
dummies are introduced at 2-digits CNAE-2009 cfasdion.

In the second stage, the key explanatory variat®operation which takes the
value 1 if the firm declares to have undertook waitve activities with other
enterprises or entities (external or from the sgnuey) in the survey year and the two
previous yeafs Cooperation in innovation activities may vanpaih terms of duration.

In order to be successful, cooperation requires tiorbuild trust among partners (which
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is effective to transfer knowledge) and to accuteulaaluable knowledge. At the same
time, the relation between cooperation and innowatnight have diminishing marginal
returns, as after a certain point of time the disatages (such as unintended knowledge
spillovers and managerial complexities) take ovexr benefits (Du et al. 2012). In
general, alliances last more than a year and etapiworks assume a time window
between two and five years (Tomasello et al. 2Q&senkopf and Schlling, 2007,
Stuart 2000). Unfortunately, CIS data do not previdformation on the duration of
cooperation in innovation activities. We qualifyoperation along two dimensions,
geographical (i.e. the home-country of the partia@d organizational (i.e. the type of
partner). We construct the varialplational only which is equal to 1 if the firm declares
to have collaborated only with national partnerstierwise; in addition, we build the
variableinternational which is equal to 1 if the firm declares to haadlaborated at
least with an international partner.

By using the information on the type of partnerg mentify three typologies:
vertical (i.e. suppliers and clients), horizonia.(with competitors or other firms in the
same branch of activity), and institutional (i.eiversity, private and public research
centres, institutes, laboratories, consultants, temhnological centres). We firstly
identify the firms that cooperate exclusively witthms that belong to the same group
and are in the same countnyafional only+same group onlyThen, we identify the
firms that were collaborating only with a type ddtional partner not from the same
corporate group (henceforth, exterfial)national only+vertical only national
only+horizontal only andnational only+institutional only In addition, we introduce
national only+multipartnerswhich takes the value 1 if the firm is coopergtuith at
least two different types of national external pars. As far as the international

collaboration is concerned, we firstly identify thiens that cooperate exclusively with

18



firms in the same group in foreign countries aridit iis the case, also nationally
(international+same group onjy Then, we build a set of variables controlling fo
whether the firms were collaborating only with orgpe of external partner
internationally and, if it is the case, also nadiby1 international+vertical only
international+horizontal only and international+institutional only In addition, we
introduce the variablenternational+multipartners which is equal to 1 if the firm is
collaborating with at least two different exterrrtners, at least one of which is
located abroad. Finally, although we are not i@ in isolating the effects of
cooperating with firms in the same group, we introgla control that accounts for those
firms that collaborate only with firms from the sangroup (internationally, and/or
nationally) 6ame group on)y*°.

As long as the intertemporal dimension is concermezl construct the variable
continuitywhich counts the number of years of cooperativeab®ur up tot-1 (Nieto
& Santamaria 2007We also create three dummy variables, indicatingtivdr the firm
declares cooperation in innovation activitied-ihand before the crisis (in 2005-2008)
(persistent cooperatign only during but not beforedring crisis cooperatiopy and
only before the crisisbgfore crisis cooperatigr

For the second-stage step, additional controlsiaeeits square term anaharket
share(Raymond et al. 2010; Vega-Jurado et al. 2009; ¥kug & Cassiman 1999n
addition, we introduce the share of internal R&Ppexditures over total saleés{house
R&D intensity as a proxy for a firm’s absorptive capacity (Beclkk Dietz 2004),
foreign ownership (Nieto & Santamaria 2010), whether tinen fconducted internal
R&D activities continuouslydermanent R&D (Raymond et al. 2010), the degree of
opennesgD’Este et al. 2015; Laursen & Salter 2006), thepamiance ofdemand-pull

factors (Raymond et al. 2010), ti@ernational marketscope as declared by firms
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(Cassiman & Veugelers 2006; Nieto & Santamaria 2087d whether it wasrew firm
in 2004 or in 2005 (Archibugi et al. 2013b). A s#t 2-digit industry dummies is
introduced.

The control variables are measured on annual bagh, the exception of
opennessdemand-pullinternational marketand new firmwhich instead refer to the
year of the surveyand the two previous years. The appendix prouwdese details on
the definitions of the variables (Table Al) and tlwerelation matrix of the variables

used in the second-stage equation (Table A2).

4  Descriptive analysis

What began as a financial crisis quickly morphed ancrisis in the real economy
in late 2008, when many countries around the wetidted to slump into recession
(Keeley & Love 2010). Similarly to Hud and Hussindgelud & Hussinger 2015) for
Germany, we consider 2009 as the year of the bemjrof the crisis, since 2009 is the
first year with negative GDP growth in Spain, whiokturns to positive in 2014
(European Commission 2015).

Table 1 provides an overview on the cooperation iamdvation behaviour of
firms in selected years. The total sample of fibased on our selection decreases over
years. It ranges from 8438 firms in 2004 to 751@M.2, with a peak of 9705 in 2006.
The number of innovative firms (i.e. which havegwot or/and process, and/or ongoing
innovation) and cooperative innovative firms follohws trend. However, if we consider
the shares of these two groups of firms, some réifiees emerge. The share of
innovative firms on total sample firms is highefdye the crisis than after. In 2008, the
innovative firms were 6925 (i.e. 76.07% of totaingde firms); in 2010 they were 6344
and in 2012 they dropped to 4991, which accourgeasvely for 76.78% and 66.46%

of total sample firms. Instead, for the cooperaiveovative firms, after a decreasing
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trend up to 2008 (i.e. from 37.77% in 2004 to 3403 2008), this share increases
during the crisis, up to 41.68% in 2012. Hence pdesboth the absolute number of
innovative and cooperative innovative firms, foliog the general pattern, have
declined during the crisis, the ratio of coopemtimnovators has actually increased,
which signals that cooperative innovative firms éalecreased at a slower pace than
innovative.

[TABLE 1 ABOUT HERE]

Table 2 shows the number and share over total catipe innovative firms by
geography and type of partners in selected ye#s.share of firms that cooperate only
with national partners decreased since 2006 inulawd firms doing only or also
international agreements. However, exclusive natiotooperation constitutes the
majority (i.e. 61.79% in 2004 and 59.42% in 201@hile having at least an
international partner account for 32.21% in 200d 40.58% in 2012. We observe an
internationalization process in the cooperatioreagrents carried out by Spanish firms.

The distribution of firms across types of partnezfiects that roughly half of
firms have multi-partner strategies and that tresd is increasing. Firms seem to look
for diverse knowledge that can be achieved thamksoperation with a variety of types
of partnerships. In terms of share, it goes fron28% in 2004 to 50.29% in 2012.
Among single-partner firms, firms collaborating ynbith institutions exhibit the
highest percentage, with a decreasing trend duhagerisis, from 29.45% in 2004 to
20.72% in 2012. Firms collaborating only with veadi partners are the second largest
group, which shows a quite stable trend, from 1%08 2004 to 17.26% in 2012,
except for a peak of 20.46% in 2006. As third Istggroup, we find the firms
collaborating with same-group firms, with an in@eg trend. Finally, collaboration

with competitors is the least frequent, and witleareasing trend.
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By looking at the distribution across geography padners, the patterns of firms
collaborating exclusively with one type of partnare reproduced also at national and
international level. Similarly, the multi-partneategories are among the largest group.
Interestingly, in 2004 firms collaborating exclusly with national institutions or
research centres were 24.93%, but it dropped @4%8.in 2012 (i.e. the third largest
category). These figures show that cooperative vatiee firms purse a diversified
strategy, both at national and international lewglich has been reinforced during the
crisis. Conversely, exclusive institutional alli@scat the national level (which is a
peculiar trait of Spanish NSI) (Belderbos et all20seems to lose ground during the
crisis, probably for the reduction of public fundifor incentivizing firms to maintain
cooperation agreements with university and reseeenlres.

[TABLE 2 ABOUT HERE]

In Table 3, we use the balanced panel and comparénhovation performance
for innovative, cooperative innovative and non-cem@pive innovative firms in three
different time frames (whole period, pre-crisisipér and during-crisis periotf) and
with three different measures of innovation perfante: the share of sales from new
products, the share of sales from products new ke firm (a proxy for products
that incorporate an incremental innovation), aredghare of sales from products new to
the market (proxying for products incorporating aedkthrough innovation).
Cooperative innovative firms have a higher innawatiperformance than non-
cooperative innovative firms, and this holds trughbacross time frames and across
different measures of innovation performance. Thee of sales from new products has
decreased during the crisis for all categoriesimng suggesting that on average the
crisis has affected innovation outputs of all firrkkowever, it seems that the share of

sales from products incorporating a radical innmvatvas hit by the crisis to a lesser
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extent; indeed, the overall mean of the innovapierformance of cooperative firms in
the pre-crisis is 13.12% while during the crisislis59%, namely about 0.5 points of
change, the lowest variation across the differetégories of firms and measures of
innovation performances between pre- and duringscfigures.

[TABLE 3 ABOUT HERE]

Table 4 shows the innovation performance of codperafirms which had
cooperation in innovation activities for the fitéhe during the crisis, and cooperative
firms which undertook cooperation only before thisis'®, for the balanced panel. The
figures are shown in the three time frames, and wliree different measures of
innovation performance, similarly than in Table The overall mean of innovation
performance is systematically lower during theisrikan before for both categories of
firms and for the three measures of innovation ggerthnce. The decrease is less
prominent for first-time cooperative firms in thasts, suggesting that the most recent
cooperation behaviour during the turbulent time ni®re important than remote
cooperation in expansion periods, and more stromglthe case of producing new
radical-innovative products.

[TABLE 4 ABOUT HERE]

5 Econometric results

We firstly estimate the selection equation (theppreity to invest in innovation)
for each year. Table A3 in the Appendix presenésrdsults. From these estimations,
we obtain the inverse Mill's ratio which are subsewtly included in the second stage.
Inverse Mill's ratios account for the selection dieaused by the fact that we only
observe the innovation performance of firms thatlenan innovation investment.

Table 5 shows the estimation results of the sestage model. For the whole

period, we estimate the unbalanced panel wherelébendent variable is the share of

23



sales from new incremental-innovative products (ehdd and new radical-innovative
products (model 2). The variable of interesbperationis negative and non-significant
for incremental innovation, while it is positivedastatistically significantg < 0.01) for
the radical innovation performance (model 2). helwith previous studies suggesting
that technological cooperation has a more imporiemgact on highly innovative
products (Nieto & Santamaria 2007), we find thaemal collaboration in innovation is
positively associated to the share of sales dyedducts new to the market, while such
innovation strategy is negligible for the sharesales due to products new to the firm.
A possible reason for these different results & th order to outweigh the costs of
accessing to external knowledge not available ensi@ firms or through other means,
such as knowledge spillovers or purchase of R&Dvises, the firms may use
cooperation while aiming at breakthrough innovatiéwcordingly, other sources of
knowledge may be relevant when the firms is inghecess of boosting the innovation
sales of new incremental-innovative products. Emgpirical result is also in line with
the idea that cooperation in innovation is an evgilee strategy that has more to do
with discovering and risk-taking while searching &ome long-term returns (more
likely in the case of radical innovation), and ldesdo with the mere reception of
innovative products already present in the markéicky although correlated to
innovation sales for those products, are not nechgsearched within an explorative
strategy. For these reasons, we restrict our sulkes¢g@mpirical analyses to the share of
sales from new radical-innovative products.

Model 3 in Table 5 shows the balanced panel foiceadnnovation performance.
For the pre-crisis years and the during-crisis yeare run only the balanced panel
(model 4 and 5, respectively) in order to havedhmme firms before and after the crisis,

and therefore ensure comparability between the &sbmations.Cooperation is
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positive and significant gi < 0.01 in all three specifications of the balanpadel. For
the whole period, the coefficient is slightly higHer the unbalanced panel (model 2)
than the balanced one (model 3). All the remaimoigtrols, when significant, show the
expected sign in the unbalanced paisete size 2 opennessandnew firmloses its
significance in the balanced panki-house R&D intensitys positively correlated to
innovation performance (Belderbos et al. 2015; dNi& Santamaria 2007)Size is
negative and its squared term is positive, thugesting a non-linear relation between
size and performance (Badillo & Moreno 2015; Cassim& Veugelers 2006). In both
model 2 and 3, firms that have carried out R&D ouardusly permanent R&I) have
better performance, as they have accumulated kogelend implemented learning
processes (Badillo & Moreno 2015). In line with yors studies, the degree of
opennes®f the firm and thelemand-pulkcontrol are positively correlated to innovation
performance (Belderbos et al. 2015; Duysters & baoks2011), althoughopenness
loses its significance in the balanced panel, sstgggethat survival innovative firms do
not necessarily use a large spectrum of knowledgecss. The fact that the firm has
been newly established at the beginning of theodeunder consideration is positively
associated to innovation sales, but this contrahégative and not significant in the
balanced panel, suggesting that survival innovatfirens are long-established
organizations.

In models 4 and 5 we observe that during the ctimscooperation coefficient is
about five times larger than in the pre-crisis ge&We run a test of comparison of the
cooperation coefficients for the balanced panebsrthe two time frames, and, as
reported in the last row in Table 5, the test fgjélee null hypothesis of equality gk
0.01. Hence, having cooperation agreements is ipelsitrelated to the innovation

performance of Spanish firms during the crisis greater extent than before the crisis,
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suggesting that an explorative strategy is assatiéd the flows of knowledge not
available inside the firms in those high innovatiparformers that aim at radical-
innovative products during turbulent times.

[TABLE 5 ABOUT HERE]

We now turn to explore the different impacts of gexation before and during the
crisis according to the geographical locations lé partners. Table 6 shows the
estimations for the whole period with both the uabeed (model 6) and the balanced
panels (model 7), and for the latter in the preisrfimodel 8) and the during-crisis years
(model 9). In line with previous studies (Badillo Moreno 2015), botmational only
andinternational are positive and significant at< 0.01 in the whole-period models.
When we focus on the difference between the twag@srnational onlycooperation is
unimportant before the crisis (the coefficientnsali and non-significant), while it turns
significant and larger during the crisis. Instedbe coefficient of international
cooperation is significant both before and during trisis, and larger during the crisis.
The comparison tests reported in the bottom roWwahble 6 show that these differences
across periods are statistically significant fothbtypes of cooperation (qt < 0.01).
These results suggest that during the crisis thioss that implemented an exploratory
strategy in any geographical direction increasé theovative outcomes, in line with
our proposition 1. While national cooperation i4 aesociated to higher performance
before the crisis, during the crisis such explanatstrategy - even if confined to
national borders - becomes significantly correlatied innovation performance.
However, by looking at the coefficients pational onlyandinternational during the
crisis (model 9), we can see that the relation betwcollaborating with foreign partners
and innovation is higher, as the coefficient oemational alliances is almost double

the size of exclusively national cooperation.
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[TABLE 6 ABOUT HERE]

We report the estimates on the relation of coopmrdiy geography and type of
partners in Table 7, for the whole period with btit unbalanced and balanced panels
(models 10 and 11, respectively), and for the pigscand the during-crisis years
(models 12 and 13) for the balanced panel. As $athe before- and during-crisis
periods are concerned (models 12-13), the only @@dipn coefficients that are positive
and significant in both periods are the ones rdlatemultiple partners (i.eational
only+multi-partners and international+multi-partnery, which are systematically
higher during the crisis than before. Others becaigaificant during the crisis, and
they are related to institutional and vertical pars at both levels (i.enational
only+vertical only, national only+institutional oyl international+vertical only,and
international+institutional only.

The bottom rows in Table 7 show the tests of etualf the cooperation
parameters in both periods, suggesting that albtie/e-mentioned coefficients in the
during-crisis years are statistically significanthygher than before the crisis. In
particular, the tests for the multi-partner varesblreject the null hypothesis of the
equality of coefficients before and during the istisboth at the national and
international level at the highest threshold oh#igance, i.e.p < 0.01. This suggests
that relying on multiple types of sources is asst@al to higher innovation performance.
The coefficient of international multi-partnershigiher than the one for national during
the crisis, suggesting that in the former case dirpursuing a combination of
organizational and geographical diversity tend &rblated to higher performance.
These results confirm the expectation of propasido

The coefficient of national only+institutional only which is positive and

statistically significant during the crisip € 0.05) and not before, is significant in the
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comparison test p( < 0.05). Similarly, the test of the coefficient of
international+institutional onlyis statically significant < 0.05), and in the estimates
the coefficient is positive and significantpag 0.05 only during the crisis. These results
suggest that the firms which successfully manageattess to institutional partners are
better innovation performer, even though this waes only type of partners, either
nationally or internationally (Arranz et al. 200&)uring the crisis, the coefficient of
international institutional cooperation is highaam the national one, confirming the
value added of foreign partners.

Both national only+vertical onlyandinternational+vertical onlyare positive and
significant only in the during-crisis estimationise coefficient of the latter being larger
than the former. For these parameters, the tesdctdeta statistically significant
difference in the two periodp & 0.05). These results about vertical partneratpmit
that value-chain connections (i.e. clients and Berg) are particularly important
sources of knowledge during the crisis, even ifsithe only cooperation, although
international linkages are more strongly associatedperformance. Finally, for
horizontal cooperation, for which the coefficiemti®e not significant, the comparison
tests do not suggest any significant change duhegrisis.

[TABLE 7 ABOUT HERE]

Finally, we estimate how past experience in codp®ran innovation activities is
related to firms during the crisis. Table 8 shotws éstimations for the balanced panel
during the crisis, in which we introduced a vargalibr continuity in cooperation
(continuity) that accounts for the total years of collaboraiio innovation activities up
to t-1 (model 14). The coefficient is positive and sigrafit atp < 0.01, suggesting that
cumulative past experience is associated to themrumnnovation performance of firms

during the crisis (Nieto & Santamaria 2007), canfirg our proposition 3. To explicitly
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test whether the most recent cooperation matterg than remote alliances, and how
the combination of cooperative behaviour undereddiht business climates is related to
innovation performance during recession, modelril®able 8 shows the estimation in
which we introduced three dummy variables accognfior whether the firm has
collaborated only in-1 (during-crisis cooperatio)) or only before 2008bgfore-crisis
cooperation, or both int-1 and before 2008€rsistent cooperatignResults show that
newly-cooperative firms in the recession performll Weoefficient is positive and
significant atp < 0.01) (confirming proposition 4a), while expere in the expansion
period does not have a statistically significarlatien with innovation performance
during the crisis (confirming proposition 4b), whigeinforces the idea that what
matters is the most recent cooperation behavioowever, a combination of past
experience in the current business climate andha fgrevious expansion period
(persistent cooperatignexhibits a higher coefficient than that of tdering-crisis
cooperation which signals that the combination of past aagpuknowledge and current
external knowledge is positively associated to vation performance during recessions
(confirming proposition 4c). Indeed, the recent enignce offers the most valuable
knowledge, but the firms that have followed an ergiive strategy under different
business climates are better performers. The edtdmowledge acquired during a
certain period becomes part of the current knowdedtpck of firms, hence high
innovation performers are more likely to find a donation of past and current external
knowledge that inspires new innovative ideas (Kaguwander 1992) than cooperative
agreements undertaken only before or only duriegctisis.

[TABLE 8 ABOUT HERE]
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6 Conclusions

During the recent economic recession, firms hawndess willing to invest in
innovation. Innovation collaboration has followedsenilar pattern, as the absolute
number of cooperating firms has decreased duriegtisis. However, since a group of
firms managed to conduct innovation alliances dythre crisis, in this study, we have
investigated how the last economic recession shdpedrole of cooperation in
innovation activities on innovation performance.

Our findings point out that cooperation in innowati activities has been
successfully associated to innovation performanaing the last recession, as part of
an exploratory strategy aimed at accessing knowledg available inside the firms and
increasing diversity of knowledge sources (Marc®1)9 These positive relations are
higher during the crisis than before every time ¢beperation involves an increased
diversity of knowledge sources (national vs intéorel cooperation, with multiple
partners, and under different business climateigo,Acooperation turns important in
cases which were irrelevant before the crisis (hational only, or vertical and
institutional at both national and internationaldks), reinforcing the idea that a
cooperation behaviour is among the characterighies help the firms to deal with
economic turbulence.

In particular, as far as the geographical dimengotoncerned, we find that the
positive relation with innovation performance issiger during the crisis than before in
both cases analysed, that is when firms cooper#ltenational partners only and when
they are from abroad. Exclusively national cooperatwas an unimportant factor
before the crisis and its increased relevance duameconomic turmoil points out that
during a crisis firms are searching for externalowledge in any direction,

irrespectively of the geographical locations (pipon 1). Indeed, not all firms are
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equipped to undertake international alliances batdnes that explore within national
borders have higher innovation performance thanginon-cooperating. In line with
previous studies, in any period considered, intesnal cooperation in innovation
activities is more strongly correlated to performearthan national, as international
partners are associated to the access to hetemgeseurces of knowledge and to
frontier-technological inputs (Berchicci et al. &)1

Regarding the organizational dimension, we find thhen the firm cooperates
with a variety of partners (organizational diverkitthere is outstanding evidence of a
stronger relation with innovation performance dgrihe crisis than before. Both before
and during the crisis, this relation is at the maxin when the variety of partners
includes at least an international tie (proposi&pnin addition, we find that some types
of cooperation have become important elements ftetmnovation performers during
the crisis, while they were unimportant before.sTisithe case of cooperating only with
vertical or institutional partners, either natidgpalbr internationally. This result
reinforces the importance of research organizattonsupport firms (Schwartz et al.
2012), especially during turbulent times, eventiisi the only type of cooperation.
However, also in this case, during the crisis thesence of an international tie is
associated to higher innovation sales. Similargrtical cooperation fails to be crucial
before the crisis and becomes higher during the&scrsuggesting that this exploration
strategy in any direction is pursued by the besowation performers, even if it is the
only type. Also in this case, during the crisis toefficient of international vertical ties
is higher than national ones. Finally, horizontabgeration does not have a significant
relation with innovation performance.

Finally, we explore the role of past experiencesinnovation agreements

(Belderbos et al. 2015; Nieto & Santamaria 200&h&innovation performance during
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the crisis and we find that continuity in coopesatiin innovation activities has a
positive impact (proposition 3). We also find tinabre recent innovation collaboration
during the crisis has a positive relation (proposit4a), while remote alliances before
the crisis are unimportant (proposition 4b). Howevefirms have experience in both
business climates, then the combinative capalsiligsulting from these technological
collaborations have the strongest relation to imtion performance (proposition 4c),
suggesting that also inter-temporal knowledge diteiis an important element during
the crisis.

Our findings provide useful managerial implicatiodgéhen facing the challenges
of a crisis, an exploration strategy such as colaton in innovation activities might
help the firm to maintain a certain degree of int@n by increasing the sources and
variety of knowledge. Technological and market tlebce causes ideas and products
to go obsolete very quickly (Hung & Chou 2013), ahuling a crisis the combinations
of new external and existing internal knowledge Eiythe opportunities to create new
successful products and boost innovation sales.altens should search for these
opportunities in international collaborations andthwa variety of national or
international partners, not only because multifpartcollaborations have the highest
impact on innovation performance in general, bsb decause they turn to be more
important during an economic turmoil. In some cas@sns may not have the
capabilities or resources to have a large spectticollaborations, and our findings
suggest that during the crisis even the types dalmorations whose importance is
negligible during expansions could be associatedntmvation sales during crises.
Hence, managers should consider applying an exaratrategy in any direction,
being aware than international and multi-partnespewation are related to the highest

innovative performance.
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We believe that our findings bear some suggesfimnpolicy-makers. Especially
during the last economic crisis which started &gsancial crisis and had repercussions
on the sovereignty debts, many governments undedoamatic cuts on R&D budgets,
like in Spain (Cruz-Castro & Sanz-Menéndez 2015)he® countries, under less
stringent financial pressure, have implemented cpdi to support private R&D
investments, such as the R&D subsidies providedthgy German government to
compensate the reduction of private R&D (Hud & Himgsr 2015). Our study suggests
that cooperation in innovation activities during casis should be promoted by
governments. In contrast to other R&D public supgsubsidies, direct R&D funding),
policies in favour of innovation collaboration cdube designed even under a lack of
public financial resources. They can take the foohsax exemptions for firms that
undertake technological agreements, or collectiomformation and best practices to
be passed on to firms in fairs, consortia, techgiold parks or industrial associations to
reduce search costs of alliances and facilitateepematch between partners.

Our study is not without limitations. Our findingsay be specific to the data on
Spanish firms. Indeed, Filippetti and Archibugi {29 observe that the recent economic
crisis had an effect on the innovation investmehtt vary across countries. Future
works should examine the impact of cooperatiommovation activities on innovation
performance across business cycles in other cesrtriassess the generalization of our
results. Another limitation relates to the factttivee do not have details on the
individual collaborations at the individual partrevel, such as information on the start
and end of the collaboration, the number of pastmereach category, or whether they
are new partners or not. Hence, future researchigto@ devoted to collect and analyse
the cooperation patterns of firms under differensibess climates at the ‘dyadic’

collaboration level (Belderbos et al. 2015).
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Table 1 — Number and share of firms by innovation ad cooperation behaviour in

selected years.

2004 2006 2008 2010 2012

# Share # Share # Share # Share # Share
Innovative firms* 6042 71.60 7647 78.79 6925 76.06344 76.78 4991 66.46
Non-innovative 2396 2840 2058 21.21 2178 23.93 919123.22 2519 33.54
Total 8438 100 9705 100 9103 100 8263 100 7510 100
Cooperative innovative 2282 37.77 2703 3535 2416.88 2289 36.08 2080 41.68
Non-cooperative innovative 3753 62.12 4944 64.65 0945 65.11 4055 63.92 2911 58.32
Missing 7 0.12 0 0 0 0 0 0 0 0
Total 6042 100 7647 100 6925 100 6344 100 4991 100

* which have product or/and process, and/or ong@ingvation
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Table 2 — Number and share of cooperative innovate/firms by geographical location of partners and tge of partners.

2004 2006 2008 2010 2012
# Share # Share # Share # Share # Share

Geography

National only 1410 61.79 1772 65.56 1526 63.16 1391 60.77 1236 59.42
International 872 38.21 931 34.44 890 36.84 898 239. 844 40.58
Total 2282 100 2703 100 2416 100 2289 100 2080 100
Partners

Same group only 150 6.57 154 5.70 125 5.17 97 4,24 188 9.04
Vertical only 390 17.09 553 20.46 425 17.59 401 527. 359 17.26
Horizontal only 84 3.68 82 3.03 70 2.90 63 2.75 56 2.69
Institutional only 672 29.45 780 28.86 681 28.19 6 60 26.47 431 20.72
Multi-partners 986 43.21 1134 41.95 1115 46.15 1122 49.02 1046 50.29
Total 2282 100 2703 100 2416 100 2289 100 2080 100
Geography and partners

National only+same group only 98 4.29 102 3.77 70 .902 53 2.32 112 5.38
National only+vertical only 282 12.36 434 16.06 318 13.16 289 12.63 269 12.93
National only+haorizontal only 67 2.94 67 2.48 57 3. 50 2.18 a7 2.26
National only+institution only 569 24.93 721 26.67 636 26.32 555 24.25 394 18.94
National only+multi-partners 434 19.02 502 18.57 749 20.57 487 21.28 456 21.92
International+same group only 52 2.28 52 1.92 55 282. 44 1.92 76 3.65
International+vertical only 108 4.73 119 4.40 107 AN 112 4.89 90 4.33
International+horizontal only 17 0.74 15 0.55 13 54. 13 0.57 9 0.43
International+institution only 103 451 59 2.18 45 1.86 51 2.23 37 1.78
International+multi-partners 552 24.19 632 23.38 861 25.58 635 27.74 590 28.37
Total 2282 100 2703 100 2416 100 2289 100 2080 100

36



Table 3 — Descriptive statistics of the share of ks from new products by periods (balanced panel)

Whole period (2005-2013)

Pre-crisis (2005-2010)

uribg-crisis (2011-2013)

Overall Between Within Median Overall Between Within Median Overall Between Within Median
Mean SD SD Mean SD SD Mean SD SD
New products
Innovative firms 26.32 24.84 26.56 9.00 27.09 27.42 23.76 10 24.53 29.99 19.29 5
Cooperative innovative 28.94 29.71 23.29 11.30 29.5 30.91 20.61 13 27.65 32.55 16.11 10
Non-cooperative innovative 24.77 27.47 25.36 500 5.7 29.86 22.5 5 22.44 31.18 18.16 2
New incremental-innovative products
Innovative firms 15.66 18.82 21.82 1.00 16.04 20.88 19.65 1 14.78 23.29 16 0
Cooperative innovative 15.99 22.67 18.49 3.00 16.44 23.16 16.93 4.2 15.06 24.74 12.21 2
Non-cooperative innovative 15.47 21.29 21.27 0.00 5.82 23.22 18.81 0.1 14.59 24.79 15.74 0
New radical-innovative products
Innovative firms 10.65 15.21 17.29 0.00 11.04 16.94 15.9 0 9.75 18.65 12.35 0
Cooperative innovative 12.95 19.27 16.56 0.10 13.12 20.61 14.78 0.5 12.59 21.43 11.98 0
Non-cooperative innovative 9.30 16.75 15.83 0.00 8809. 18.45 14.52 0 7.84 18.71 10.68 0
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Table 4 — Description of the share of sales of ngwoducts of first-time cooperative innovative firmsin the during crisis period and

cooperative innovative firms only before the crisisby periods (balanced panel).

Whole period (2005-2013)

Pre-crisis (2004-2010)

uribg-crisis (2011-2013)

Overall Between Within Medi Overall Between Within Median Overall Between Within Median
Mean SD SD Mean SD SD Mean SD SD
New products

First-time cooperative innovative

in 2010-2013 ( # 655) 25.84 23.14 27.67 7.50 26.33 26.68 24.30 10.00 R24.8 30.22 20.24 5.00

Cooperative innovative in 2005-

2008, not afterwards (4726) 26.08 24.99 27.25 5.00 27.45 27.81 24.74 8.00 22.42 30.52 2.00 0.10
New incremental-innovative products

First-time cooperative innovative

in 2010-2013 ( # 655) 14.93 17.4 21.99 0.5 15.2 20.5 19.25 0.8 14.39 23.1 16.25 0.1

Cooperative innovative in 2005-

2008, not afterwards (4726) 16.47 19.86 23.02 0.1 16.93 21.59 21.07 0.8 15.26 5.0& 16.99 0
New radical-innovative products

First-time cooperative innovative

in 2010-2013 ( # 655) 10.91 14.81 18.56 0 11.12 17.25 16.48 0 10.5 18.7 4.09 0

Cooperative innovative in 2005- ¢ ¢ 14.62 1745 0 10.51 16.65 1665 0 7.16 18.47 6810 0

2008, not afterwards (#726)
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Table 5 — The relation between cooperation in inn@tion activities and innovation
performance

1) (2) (3) (4) )
DV: Innovation sales Whole Whole Whole Pre-crisis During-crisis
period period period (balanced) (balanced)
(unbalanced) (unbalanced) (balanced) Radical Radical
Incremental Radical Radical
cooperation -0.004 0.379%** 0.289*** 0.134** 0.636*
(0.054) (0.047) (0.056) (0.062) (0.099)
in-house R&D intensity -0.030 0.981** 1.424%* o+ 2.955%**
(0.211) (0.230) (0.445) (0.482) (0.840)
size 0.024 -0.549* -0.155 -0.822 1.767**
(0.343) (0.307) (0.479) (0.529) (0.750)
size 2 0.019 0.070** 0.035 0.084 -0.109
(0.036) (0.033) (0.049) (0.056) (0.070)
permanent R&D 0.147 0.356*** 0.294%** 0.209* 0.45%*
(0.091) (0.087) (0.097) (0.111) (0.178)
foreign -0.089 -0.057 0.040 0.162 -0.322
(0.191) (0.162) (0.182) (0.224) (0.380)
openness 0.036** 0.027** 0.010 0.009 0.013
(0.017) (0.014) (0.015) (0.019) (0.029)
demand-pull 0.236** 0.321*** 0.362*+* 0.375** 0.38***
(0.093) (0.066) (0.080) (0.102) (0.148)
international market 0.163 -0.074 -0.051 -0.010 02.0
(0.121) (0.128) (0.135) (0.171) (0.285)
new firm 0.794** 0.322** 0.079 -0.048 0.325
(0.158) (0.161) (0.203) (0.261) (0.329)
market share 0.812 -0.369 -0.426 -0.569 2.607
(1.940) (1.827) (1.901) (2.194) (6.644)
constant -5.153*** -6.097*** -11.637**  -11.025*** -8.652***
(1.294) (1.561) (0.753) (0.810) (1.318)
Observations 41,176 41,176 30,138 20,955 9,183
R-squared 0.037 0.102 0.102 0.102 0.110
Comparison test (balancéd)
Cooperation B2005-201= Poo112015 ¥2=22.88*+*

Bootstrapped standard errors in parentheses; myddisinmies, inverse mills ratio and means-fixed
effects are included. *** p<0.01, ** p<0.05, * p<).n.s. non-significant
dWald test on equality of coefficients in pooledmsations
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Table 6 — Cooperation in innovation activities by gography

(6) (7) (8) (9)
DV: Radical innovation Whole period Whole period Pre-crisis During-crisis
sales (unbalanced) (balanced) (balanced) (balanced)
national only 0.254%*** 0.178*** 0.060 0.459%**
(0.053) (0.069) (0.071) (0.121)
international 0.610%*** 0.486*** 0.273*** 0.925***
(0.066) (0.078) (0.089) (0.140)
in-house R&D intensity ~ 0.984*** 1.407** 0.858* 23B***
(0.214) (0.415) (0.472) (0.835)
size -0.560** -0.158 -0.818 1.737*
(0.269) (0.411) (0.523) (0.843)
size 2 0.071** 0.034 0.084 -0.107
(0.029) (0.042) (0.056) (0.080)
permanent R&D 0.351%** 0.290%*** 0.206** 0.451%**
(0.075) (0.087) (0.104) (0.171)
foreign -0.063 0.032 0.154 -0.314
(0.171) (0.192) (0.206) (0.369)
openness 0.026* 0.009 0.009 0.011
(0.014) (0.016) (0.020) (0.028)
demand-pull 0.31 7% 0.360*** 0.375*** 0.375**
(0.069) (0.083) (0.088) (0.150)
international market -0.082 -0.056 -0.014 -0.003
(0.115) (0.137) (0.173) (0.291)
new firm 0.321** 0.074 -0.048 0.305
(0.139) (0.190) (0.230) (0.326)
market share -0.376 -0.444 -0.634 2.595
(1.780) (1.891) (2.144) (6.535)
constant -5.874%** -11.495%** -10.942*** -8.176***
(1.559) (0.804) (0.823) (1.346)
Observations 41,176 30,138 20,955 9,183
R-squared 0.103 0.102 0.102 0.111
Comparison tedt
national only B2005-2010=P2011-2013 ¥2=11.60***
international ﬁzoog.zo]_( =ﬁ201]_2015: X2:21.75***

Bootstrapped standard errors in parentheses; myddisinmies, inverse mills ratio and means-fixed
effects are included. *** p<0.01, ** p<0.05, * p<.n.s. non-significant
#Wald test on equality of coefficients in pooledimations
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Table 7— Cooperation in innovation activities by gegraphy and type of partners

DV: Radical innovation sales (10) Whole peridd1) Whole period (12) Pre-crisis (13) During-crisis

(unbalanced) (balanced) (balanced) (balanced)
national only+vertical only 0.015 0.110 -0.065 ®50
(0.103) (0.122) (0.153) (0.216)
national only+horizontal only ~ 0.032 0.146 0.351 188
(0.196) (0.259) (0.329) (0.378)
national only+institutional only 0.200** 0.145* Qe 0.432**
(0.081) (0.088) (0.099) (0.171)
national only+multi-partners 0.554*** 0.366*** 0.B2* 0.701**
(0.079) (0.095) (0.112) (0.167)
international+vertical only 0.369** 0.470** 0.235 0.938***
(0.157) (0.176) (0.203) (0.335)
international+horizontal only 0.030 0.067 -0.245 831
(0.438) (0.540) (0.599) (1.033)
international+institutional only  0.305 0.125 -0.226 0.964**
(0.195) (0.255) (0.293) (0.451)
international+multi-partners 0.726*** 0.566*** 0.38** 0.978***
(0.081) (0.085) (0.103) (0.153)
same group only 0.256 -0.028 -0.019 0.028
(0.168) (0.176) (0.238) (0.294)
in-house R&D intensity 0.970** 1.383*** 0.842* 277 ***
(0.227) (0.416) (0.487) (0.820)
size -0.551* -0.159 -0.812 1.767*
(0.319) (0.406) (0.537) (0.775)
size 2 0.070** 0.034 0.083 -0.110
(0.034) (0.043) (0.058) (0.076)
permanent R&D 0.34 7+ 0.290*** 0.205* 0.451***
(0.072) (0.089) (0.105) (0.173)
foreign -0.061 0.031 0.153 -0.331
(0.162) (0.176) (0.211) (0.364)
openness 0.022 0.007 0.006 0.009
(0.014) (0.016) (0.018) (0.028)
demand-pull 0.315*** 0.357*** 0.373*** 0.372%**
(0.073) (0.076) (0.098) (0.135)
international market -0.080 -0.052 -0.012 0.009
(0.117) (0.146) (0.161) (0.292)
new firm 0.317** 0.078 -0.039 0.297
(0.138) (0.197) (0.237) (0.330)
market share -0.363 -0.451 -0.650 2.561
(1.851) (1.809) (2.098) (6.366)
constant -5.711%** -11.432%* -10.847** -7.828***
(1.550) (0.802) (0.812) (1.260)
Observations 41,176 30,138 20,955 9,183
R-squared 0.103 0.102 0.103 0.112

Comparison test

national On|y+Vertical Only ﬁ2005_2010:ﬁ2011_201é ){2=4.92**
national only+horizontal only  B2005.2010=2011-2013 ¥2=1.07 n.s..
national On|y+instituti0nal Only ﬁ2005_2010:ﬁ2011_201é ){2=6.31**
national On|y+mu|ti-partners ﬁ2005_2010:ﬁ2011_201é ){2=7.75***
international+vertical Only ﬁ2005_2010:ﬁ2011_201é ){2=4.11**
international+horizontal only  S2q05.2010=82011-2013 ¥2=0.99 n.s.
international+institutional only S200s5.2010=2011-2013 ¥2=4.58**
international+multi-partners  Bagoe.201¢ =f2011-2015 ¥2=18.00***

Bootstrapped standard errors in parentheses; mydiisinmies, inverse mills ratio and means-fixed
effects are included.*** p<0.01, ** p<0.05, * p<0,h.s. non-significant.
#Wald test on equality of coefficients in pooledmsations
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Table 8 — The impact of experience in cooperatiomiinnovation activities on
innovation performance in the during-crisis period(2011-13), balanced panel

(14) (15)
DV: Radical innovation During crisis During crisis
sales
continuity 0.052***
(0.017)
during-crisis cooperation 0.718***
(0.140)
before-crisis cooperation -0.015
(0.135)
persistent cooperation 0.957***
(0.197)
in-house R&D intensity  3.070*** 3.042%**
(0.845) (0.835)
size 1.889** 1.336
(0.842) (0.887)
size 2 -0.116 -0.064
(0.079) (0.086)
permanent R&D 0.492%** 0.519%**
(0.172) (0.196)
foreign -0.348 -0.253
(0.372) (0.408)
openness 0.020 0.001
(0.027) (0.029)
demand-pull 0.441%** 0.341**
(0.144) (0.165)
international market 0.016 -0.127
(0.295) (0.301)
new firm 0.295 0.314
(0.337) (0.292)
market share 2.442 -4.490
(6.720) (5.438)
constant -8.375*** -10.803***
(1.404) (1.236)
Observations 9,183 8,129
R-squared 0.107 0.120

Bootstrapped standard errors in parentheses; mydiisinmies, inverse mills ratio and means-fixed
effects are included. *** p<0.01, ** p<0.05, * p<D.
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Appendix

Al — Description of variables

Variables Description
Dependent variables
innovation 1 if the firm has carried out any ofghénnovation activities: internal R&D;

external R&D, acquisition of machinery, equipmemnd goftware; acquisition of
other external knowledge; training; market intratitut of innovations; other
preparations.

radical innovation performance Share of sales uf oesignificantly improved products new to the ker(log[new
sales/(1-new sales)])

incremental innovation Share of sales of new or significantly improvedduats new to the firm (log[new

performance sales/(1-new sales)])

Independent variables

cooperation Any type of cooperation in innovatiatiaties in the previous three years (1-year
lag)

national only Cooperation in innovation activiti@sly with national partners (1-year lag)

international Cooperation in innovation activiti®gh international partners (1-year lag)

national only+vertical only Cooperation in innowatiactivities only with national vertical partnéisyear lag)

national only+horizontal only =~ Cooperation in inntiga activities only with national horizontal paetis (1-year
lag)

national only+institutional only Cooperation in mration activities only with national institutiongartners (1-year
lag)

national only+multi-partners Cooperation in inndeatactivities with at least two national partnact from the
same group (1-year lag)

international+ vertical only Cooperation in innaeat activities only with vertical partners of whiel least 1 is

international (1-year lag)

international+horizontal only Cooperation in inntwa activities only with horizontal partners of izh at least 1
is international (1-year lag)

international+institutional only ~ Cooperation in gwation activities only with institutional partnes§which at least
1 is international (1-year lag)

international+multi-partners Cooperation in inna@atactivities with any partners (not from the sagneup) of
which at least 1 is international (1-year lag)

same group only Cooperation in innovation actigitimly with partner from the same group (either
national or international) (1-year lag)

continuity Number of years up tel in which the firm has declared any cooperation in
innovation activities

persistent cooperation If the firm has declared R&D collaboration in 2005-2008, and tii

after crisis cooperation If the firm has not deethany R&D collaboration in 2005-2008, and it has1

before crisis cooperation If the firm has declaseg R&D collaboration in 2005-2008, and not-h

size Logarithm of number of employees (1-year lag)

size 2 Logarithm of number of employees (squargd)e@r lag)

market share Ratio of the sales of a firm overttha sales of the two-digit industry it belongs to
(1-year lag)

in-house intensity Ratio between intramural R&D exgiture and turnover (1-year lag)

foreign 1 if the headquarter of the firm is outs®&jgain and it has at least a 50% of foreign
capital (1-year lag)

permanent R&D 1 if the firm reported that it perfad internal R&D continuously (1-year lag)

openness Number of information sources for innovetithat the firm had used in the

previous three years (from within the firm or grogpppliers, clients, competitors,
private R&D institutions, conferences, scientiviews or professional
associations) (1-year lag)

demand-pull 1 if at least one of the following dert@&nhancing objectives for the firm's
innovations in the previous three years is giventtighest score [number between 1
(not important) and 4 (very important)]: extend gwot range; increase market or
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market share; improve quality in goods and servitegear lag)

international market

1 if the firm has sold its guots in markets other than local or national & th
previous three years (1-year lag)

new firm

1 if the firm was newly created in anytimhering the survey year or in the previous
two years (survey year considered are 2004 and)2005

cost obstacles

Sum of the scores of importancetbkdtrm attributed [number between 1 (not
important) and 4 (very important)] to the followifartors that hampered its
innovation activities in the previous three yedask of funds within the enterprise
or enterprise group; lack of finance from sourcetside the enterprise; innovation
costs too high. Rescaled from 0 (unimportant) forticial) (1-year lag)

knowledge obstacles

Sum of the scores of import#ratehe firm attributed [number between 1 (not
important) and 4 (very important)] to the followifartors that hampered its
innovation activities in the previous three yedaisk of qualified personnel; lack of
information on technology; lack of information orarkets; difficulty in finding
cooperation partners for innovation. Rescaled fébfanimportant) to 1 (crucial) (1-
year lag)

market obstacles

Sum of the scores of importaratetttle firm attributed [number between 1 (not
important) and 4 (very important)] to the followifartors that hampered its
innovation activities in the previous three yeanarkets dominated by established
enterprises; uncertain demand for innovative gawdservices. Rescaled from 0
(unimportant) to 1 (crucial) (1-year lag)

other obstacles

Sum of the scores of importanddtikdirm attributed [number between 1 (not
important) and 4 (very important)] to the followifartors that hampered its
innovation activities in the previous three yeaust necessary due to previous
innovations; not necessary due to the absencencéd@. Rescaled from O
(unimportant) to 1 (crucial) (1-year lag)

group

1 if the firm belongs to a group of enterpsi¢l-year lag)
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A2 — Correlation table (unbalanced panel)
2

1 3 4 5 6 7 8 9 10 11 12 13 14
1 cooperation 1
2 national only 9**7 20 !
3 international 9*':321 **',9'152 !
4 national only+vertical only 9**2 99 *3'397 ***'0'027 1
5 national only+horizontal only 9*'*126 *,2'178 ***_0'023 - -0.016 L
. L 0.417 0.562 -0.052 -0.052 -0.022 1
6 national only+institutional only /., Sk kx ok kx
. . 0.375 0.534 -0.081 -0.047 -0.020 -0.065 1
7 national only+multi-partners - k. kx ok kx Tk
. . . 0.170 -0.050 0.331 -0.021 -0.009 -0.030 -0.027 1
8 international+vertical only - o - xx o o o
. . ' 0.058 -0.017 0.114 -0.007 -0.003 -0.010 -0.009 040 1
9 international+horizontal only /., . . o ek o
. . L 0.123 -0.036 0.240 -0.015 -0.006 -0.021 -0.019 09.0 -0.003 1
10 international+institutional only ., kk kx ok . kx o o
. . . 0.422 -0.124 0.814 -0.053 -0.022 -0.073 -0.066 30.0 -0.010 -0.022 1
11 InternatIOna|+mu|tl-pal’tnel's *k%k *kk *k% *kk *k%k *kk *k%k *k%k *k%k *k%k
0.195 0.146 0.124 -0.024 -0.010 -0.034 -0.031 49.01 -0.004 -0.010 -0.034 1
12 same group only *k%k *kk *k% *kk *k%k *kk *k%k *k%k *k*k *kk
L 0.620 0.414 0.432 0.147 0.055 0.241 0.269 0.109 300.0 0.075 0.391 0.102 1
13 Contln u Ity *k%k *kk *k%k *kk *k% *k%k *k%k *%k%k *k% *k%k *k% *kk
. . 0.952 0.681 0.515 0.274 0.121 0.403 0.360 0.161 520.0 0.122 0.424 0.176 0.636 1
14 perSIStent Cooperatlon *%k%k *kk *k%k *kk *k%k *kk *k%k *k%k *k%k *k%k *k%k *kk *kk
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[cont.]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 120 21 22 23 24 25 26

15

16

17

18

19

20

21

22

23

24

25

26

after crisis 0.190 0.175 0.064 0.106 0.029 0.078 0.075 0.04800.0.011 0.026 0.081 0.010 -0.1D1

COOperatIOﬂ *kk *kk *kk *k*k *kk *kk *kk *kk *kk *kk *k*k *kk *% *kk

before crisis  -0.47 -0.2860.208-0.119-0.050-0.166-0.149-0.068-0.023-0.049-0.168-0.0780.032 -0.3780.0781

COOperatIOﬂ *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *k*k *kk *kk *kk *kk

in-house R&D 0.151 0.075 0.191 -0.0@x004 0.038 0.085 -0.0@x007 0.043 0.220 -0.0@B8182 0.183 -0.008.0291

IntenSIty k% *kk *kk *% *kk *kk *% *%k *kk *k*k *% *k* *kk *kk

. 0.112 -0.034.110 0.007 -0.0070.0560.002 0.022 -0.010.004 0.092 0.058 0.043 0.111 0.030 -0.6m4531

Size k% *kk *kk *% *% *kk *kk *kk *kk *k*k *kk K%k * *k *k%k

. 0.114 -0.03D.107 0.007 -0.00%.0570.007 0.021 -0.010.002 0.091 0.055 0.042 0.110 0.029 -0.4m2390.981 1

size 2 *kk *kk *% *% *kk * *kk *kk *k%k *kk *kk *kk *kk *% *kk *kk
0.230 0.198 0.280 0.021 0.026 0.132 0.159 0.05800.0.069 0.261 0.026 0.310 0.311 0.011 0.014 0.76548-0.0561

permanent R&D*** *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk

forei 0.030 -0.07®.135 0.006 -0.0110.025-0.0520.040 -0.009.010 0.053 0.097 0.035 0.041 0.013 0.016 -0MB34 0.242 0.003 1

Orelgn k% *kk * * *k%k *kk *kk *kk *k*k *kk *k% k% *kk * *k *kk *kk *k%k k%
0.229 0.111 0.196 -0.01¥007 0.055 0.128 0.017 0.008 0.023 0.210 -0MQ43 0.231 0.017 -0.09¥091 0.055 0.052 0.220 -0.009

openness k% *kk *kk *k%k k% *kk * *kk *kk *kk *kk *kk *kk *kk *kk *kk *%k%k *%

d 0.124 0.053 0.106 0.011 0.007 0.016 0.058 0.03210.0.003 0.106 -0.003.143 0.119 0.031 -0.042032 -0.0240.0230.126 -0.009.263 1

€man d - p u | I *kk *kk *% *% *kk *kk *kk *kk *% *k%k *k*k *kk *% * *kk *kk *kk *kk *kk *kk

international  0.055 0.038 0.151 -0.008.0060.050 0.021 0.050 0.009 0.031 0.124 0.029 0.16®70.0.023 0.040 -0.000.027-0.0560.255 0.140 0.098 0.067 1

m arket *kk *kk *kk * * *kk *kk *% *% *kk *k%k *kk *kk *kk * *% *kk *% *kk *kk *kk *kk *k*k *k*k

' 0.051 0.037 0.048 0.003 -0.004€24 0.029 0.001 -0.0@#013 0.057 -0.000.069 0.049 -0.004.0110.208 -0.1110.0970.065 -0.033.027 0.033 -0.038

new flrm *kk *kk *kk *k%k *kk *kk *kk *kk k% *kk *kk *kk *kk *kk *kk *k% *k%k *kk
0.064 -0.009.105 0.002 -0.004.0190.008 0.026 -0.008.005 0.098 0.034 0.075 0.067 0.029 -0.6DR310.316 0.347 0.044 0.131 0.042 0.011 0.058 -01012

market Share *kk *kk *% *% k% *k*k *kk *k%k *kk *kk * *% K%k *k%k *kk *kk *k* *% K%k *k%k
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A3 — Estimation first-stage model (unbalanced pangl

DV: Innovation

Year 2005 Year 2006 Year 2007 Y2008 Year 2009 Year 2010 Year 2011 Year 2012 YeaB2

Size 0.039 0.045 0.105* 0.186%*  0.174™*  0.181%* 0.212"*  0.261"*  0.212"*
(0.060) (0.056) (0.056) (0.055) (0.057) (0.057) (0.059) (0.060) (0.061)
Size 2 -0.006 -0.006 -0.011*  -0.015%* -0.011*  -AD*  -0.010*  -0.015*  -0.009
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.006)
Cost obstacles 0.339%*  0.428%*  0.490%*  0.514%* 0.480%* 0.204**  0.282%*  0.260%*  0.267**
(0.065) (0.058) (0.059) (0.060) (0.060) (0.060) (0.061) (0.061) (0.062)
Market obstacles 0.517%*  0.333%*  0.230%* 0.373% 0.324**  0.366**  0.387**  0.392%*  0.489*
(0.068) (0.061) (0.061) (0.062) (0.062) (0.063) (0.064) (0.065) (0.068)
Knowledge obstacles ~ 0.257+*  0.393%*  0.414** 0.2  0.361%*  0.542%*  0.510%* 0.521%*  0.527+*
(0.086) (0.078) (0.079) (0.078) (0.080) (0.081) (0.082) (0.084) (0.087)
Other obstacles S1.266%%  -1.308%%  -1.260%* 1B -1.324%% 1 402%%  -1.305%% 14420 ] 410 %
(0.059) (0.054) (0.055) (0.055) (0.057) (0.058) (0.059) (0.061) (0.064)
Market share 3.198%*  4.658%*  5894%*  10.176%* T7160%*  6.387%*%  4.967%*%  5095%* 3261
(0.837) (1.000) (1.100) (1.224) (1.142) (1.070) (0.955) (0.982) (0.780)
Group 0.163%*  0.100%*  0.158%*  0.178%*  0.141%*  0.160%*  0.137** 0.118%*  0.180%*
(0.037) (0.035) (0.035) (0.034) (0.035) (0.035) (0.036) (0.037) (0.037)
Constant -0.248 -0.212 -0.413%*  -0.842%%  -0.861%* -0.862%*  -1.184%*  .1.300%*  -1.291%+
(0.151) (0.137) (0.137) (0.137) (0.145) (045 (0.149) (0.153) (0.156)
Obs. 8028.00  9561.00  9277.00  9039.00  8561.00 5809 7822.00  7453.00  7093.00
Log L -4166.32  -4851.35  -4924.12  -4920.26  -4B87. -4529.60 -4459.17  -4177.13  -3961.70
Pseudo R2 0.21 0.21 0.19 0.19 0.18 0.19 0.17 901 0.19
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! Some external innovation projects could regard technologies and products, which is a truly esqtive strategy. Other
innovation alliances have the aim to improve emgstproducts and processes, which have some elernérgs exploitative
behaviour. However, in the latter case, the firmadmg external resources rather than internag #marching outside its boundaries
something new, something that it does not know twwdo internally. By using external partners, tinfis taking additional risks

and uncertainty that make cooperation in innovagictivities more explorative than exploitative.

% This database is availablehdatp://icono.fecyt.es/PITEC

% possible issues reported are: firms belonging seaor with high employment turnover; acquirednfichange in the unit of
reference; change or abandonment of activity; fiemaining of an acquisition process (not part efalkquisition); in liquidation;

merged; firm which has employees ceded by othersficonsequence of the crisis; firm which cedesleyaps to other firms.

* The sample size in 2004 is lower than 2005 andexyient years. Hence, imposing the restrictiomefialanced panel to firms
present in 2004-2013 would have left out new fiengering in 2005 and staying for the remaining year

® These activities include: internal R&D; external B&acquisition of machinery, equipment and softwaequisition of other

external knowledge; training; market introductidrirmovations; other preparations.
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® We assume that the conditional mean of the indali@ffects are a linear projection on the withidividual means of the time-
variant regressors (Mundlak 1978; Nijman & Verb&8®2; Wooldridge 1995; Zabel 1992).
" The specific question in the questionnaire is dloVs (example for the 2013 edition): “In the peti@011-2013, did your
enterprise cooperate in any of its innovation s with other enterprises or institutions?”

8 This cooperation does not require that the pastdesie a commercial benefit and it excludes subaotihg without active

cooperation.
® Note that these firms may also have national erirational cooperation with same-group firms.

0 For the geographical dimension, we do not diststgbetween collaboration with firms in the sameugr or not from the same
group, since we are interested in the capacitheffirm to undertake relations at different geobiegl levels. Hence, if they have
collaboration agreements with foreign units of slaene corporate company, but not exclusively, ttmasfiare exposed to the same
benefits as from an external partner located abraatifferent approach has been followed for thgamizational dimension. The
cooperation with the same-group firms and the oith partners that are external to the corporateigrionplies very different
coordination mechanisms, hence they cannot beglac¢he same level. Indeed, in the case of cotiperaith a firm in the same
group, the coordination occurs under the same compaith perhaps the upper hierarchical levels estfating the cooperation
and mediating possible conflicts. On the contramythe case of cooperation with external partntére,coordination is between
separated legal entities that need to clarifytedl terms of their cooperation to avoid opportuaibghaviour. Therefore, the cases
when firms cooperate with a single type of natiadernal partners and with firms in the same grauhe national level only are
not considered a multi-partnership cooperation, taegt have been included in the categoriaional only+vertical only, national
only+horizontal only,or national only+institutional only.Similarly, the cases in which firms cooperate wéthsingle type of
national external partners and with firms in thensagroup in foreign countries cannot be consideredse of multi-partnership,
neither exclusively nationally nor internationallgnd they have been included in the correspondatggories ofnational
only+vertical only, national only+horizontadr national only+institutional only.

11 An established literature following Laursen andt&a(2006) has used ‘breadth’ and ‘depth’ knowledgearch variables in CIS
data, built on the question (example in the questdre for 2013): “During the three years 2011 @2 how important to your
enterprise’s innovation activities were each offtillowing information sources?”. Such sources e both formal and informal
(e.g. knowledge coming from publications or regolas) access to external sources of knowledgesadstthe variable cooperation
allows us to focus only on formal cooperation, feentaking the assumption that the access to extknmbledge is part of a
chosen exploration strategy, rather than the resute availability of partially-public knowledga the external environment. In
addition, although it could be interesting to studyether exploration during turbulent times canciwe ‘breadth and depth’ of
knowledge search as used in Laursen and Salter6Y2@tur focus on the type of cooperation partnerstérms of
national/international and vertical/horizontal/ingional has the advantage of qualifying which eypf source could be more
relevant during the crisis, thus offering moreigtnéforward policy and managerial implications ®used under economic crises.

12 These time frames reflect the pre- and duringscperiods considered in the estimations, as dsszlim Section 3.2.

B1o keep overlapping years to the lowest, we dacoosider 2009.
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