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Non-technical summary

Underinvestment in research and development (R&2)td financing constraints may result
in a slowdown in productivity growth and conseqliehtive particularly detrimental effects
on technological progress, economic development aomdpetitiveness. The question how
firms encounter and deal with such constraintsasugial one in economic analysis that has,
however, received little attention so far.

Firms may develop strategies to attenuate the @onstfor instance by creating signals to
lenders and investors, finding ways to reduce nesorequirements and to exploit economies
of scale and scope in R&D. We argue in this artiblgt collaborative R&D may not only
increase incentives for investing in R&D by allding market failures stemming from
incomplete appropriability of returns to R&D invesnt, but it may also be beneficial with
respect to market failures associated with thenfinay of R&D.

R&D collaboration serves as such a quality sigaahvestors if the partner firm or institution
possesses properties that increase the confidetiteespect to successful projects outcomes.
Being selected as desired collaboration partneat uality signal in the sense that it is
awarded by the partner. The partner is likely tddss prone to information asymmetries as
he is engaged in related or complementary actsvitieat allow a much more accurate
assessment of the R&D project’s value than one rbgde financial institution, for instance.
In addition to the signaling effect, collaboratioray simply reduce the riskiness of the R&D
endeavor by the realization of scope economies dlsat reduce the amount of funds that
needs to be raised. Firms may for instance haven@ntive to source (complementary)
knowledge from collaboration partners, to reduce thsources needed to build-up that
knowledge on their own. Since R&D often exhibitomamies of scale it might well be that
only a consortium of firms has the necessary ressuboth financially and physically to
undertake the larger, more complex, and more expenssearch projects and synergetic
effects and risk pooling can broaden the reseaocizdn of collaborating firms. Strategic
R&D collaboration may thus be especially usefuthe early stages of an R&D project, in
particular in the research phase, when uncertaimtlyinformation asymmetries are high.

Using firm-level panel data from the region of Flars in Belgium and distinguishing
between R&D and pure research projects, we find tadlaborative research alleviates
liquidity constraints. While we do not find such afifiect of science-collaboration fordhd D
investment, looking at pure research investmentsvstthat collaboration with science does
indeed reduce the sensitivity of such researchstnvent to internal funds. Moreover, we
observe alleviating effects from horizontal colleddn for both for Rand D as well as pure
research investments. Vertical collaboration witistomers or suppliers on the contrary has
no such alleviating effects.



Das Wichtigste in Kirze

Finanzierungrestriktionen stellen eine wesentlicBmschrankung fir Investitionen in
Forschung und Entwicklung (FUuE) dar und koénnen lichg zu Verzogerung des
technologischen Fortschritts und der 6konomischatth@werbsfahigkeit fihren. Die Frage
wie Unternehmen Finanzierunsrestriktionen zu minderd zu umgehen versuchen, ist daher
von entscheidender Bedeutung. Dennoch hat diespekfsn der empirischen Forschung
bisher nur wenig Beachtung gefunden.

Betroffene Unternehmen kdnnen Strategien entwickeim Finanzierunsrestriktionen fir ihre
FUuE Aktivitaten entgegen zu wirken. Beispiele dafémd die Aussendung von
Qualitatssignalen an Banken und Investoren, dieafaing von Wegen zur Reduzierung der
erforderlichen Ressourcen, sowie die AusschopfiorgMoglichkeiten zur Realisierung von
Skalenertragen. Mit Hilfe gemeinschaftlicher Fubaikén Unternehmen diese Ziele erreichen.

Mit dieser Studie leisten wir daher einen BeitragnzVerstandnis der Rolle von FuE-
Zusammenarbeit zur Verminderung von Finanzierursggskonen. Wir untersuchen dabei,
ob FuE-Kooperationen nicht nur durch die Internatisng von positiven Externalitaten von
FUE Anreize fUr Investitionen in die Schaffung Wwbfssen verstarken, sondern auch durch
eine positive Signalwirkung und eine Begrenzung mésden FuE-Projekten verbundenem
Risikos die Auswirkungen von Finanzierungsrestoikén mindert. FUE-Zusammenarbeit
stellt ein Qualitatssignal dar, wenn der Kooperajartner Eigenschaften besitzt, die das
Vertrauen in den Erfolg der gemeinsamen Projeldigeatt. Zur Zusammenarbeit ausgewahlt
worden zu sein, stellt somit ein Signal dar, dasmvBuE-Partner verliehen wird. Dieser
verfugt potentiell Gber bessere Fachkenntnissekand daher die Erfolgsaussichten und das
Risiko genauer einschatzen als Banken oder exténvestoren. Strategische FuE-
Kooperation ist daher moglicherweise gerade in fdénen Stadien von FuE-Projekten von
besonderer Bedeutung wenn Informationasymmetrienunsicherheit sehr grof3 sind.

Die Ergebnisse auf Basis von Paneldaten aus demsftaen Teil der OECD FuE-Erhebung
zeigen, dass gemeinschaftliche Forschung in derFli@dnzierungsrestriktionen mindert.

Wahrend wir fir gemeinsame End E mit wissenschaftlichen Einrichtungen keinen
derartigen Effekt finden, zeigt sich eine deutlicteduzierte Abh&ngigkeit der

Forschungsausgaben von intern verfigbaren Mittéin reine Forschungsprojekte. Im
Gegensatz dazu, wirkt sich horizontale Zusammentadmvohl auf Forschung als auch auf
FUuE im Allgemeinen, positiv aus. Vertikale Zusamardeit bei FUE, auf der anderen Seite,
hat keinen derartigen Effekt.
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1 Introduction

The role of research and development (R&D) for pbng economic growth has long been
emphasized in economic research (see e.g. Soldw, d®d Jones, 1995). At the firm level, R&D
has been recognized as important input factor doistrial production and studies have shown
that the impact of R&D on productivity is substaht{Griliches, 1986; Griliches and Mairesse,
1984; Hall and Mairesse, 1995; and Hallal, 2010). The successful creation of new knowledge
and hence firm performance, however, has also Iskemwn to often depend on the firms’
engagement in collaborative R&D that combines resEgs) exploits complementary know-how,
and internalizes R&D externalities (Teece, 19923r84t al, 1994; Dast al, 1998; Baunet al,
2000; Rothaermel, 2001; Dussauwggeal., 2002; Hemphill and Vonortas, 2003; Rothaermel and
Deeds, 2004; Powell and Grodal, 2005; Sampson,)2007

Previous research pointed to the positive effedtscallaboration on R&D through the
internalization of knowledge spillovers (Katz, 1986Aspremont and Jacquemin, 1988; Kamien
et al, 1992; Cassiman and Veugelers, 2002), the atigumisof new technological capabilities
(Kogut, 1988; Hamel, 1991; Mody, 1993; Mowesl al, 1996, and the positive incentives for
internal R&D stemming from the building of absowgticapacities needed to fully benefit from
the collaboration (Dyer and Singh, 1998; Kamien Zadg, 2000; Leahy and Neary, 2007).

We argue in this article that collaborative R&D nrayt only be beneficial in terms of improving
the appropriability of returns to R&D, knowledgecbange and exploitation of scale and scope in
R&D, but that R&D collaborations may also consetud strategy to cope with financing
constraints for R&D. While a considerable stranditgrature stressed the problems related to
financing R&D activities (see Hall and Lerner, 20idr a review), the effect of research
collaboration as an attenuation strategy has nen lsebject to much analysis in the literature so
far. This article aims to fill this gap by studyirtge role of vertical and horizontal R&D
collaborations as well as of collaborative reseavith universities and public research centers on
financing constraints for R&D. Using firm-level paindata from the region of Flanders in
Belgium, we argue that the motivation for firmsdngage in collaborative R&D differs with
types of partners and that the distinct cooperatnales differ with respect to their impacts on

financing constraints for R&D.

Previous empirical research stressed the relevafcknancing constraints particularly for
industrial research, thus for the ‘R’ componenRé&ID (Kamien and Schwartz, 1978, Czarnitzki
et al, 2011). Research differs from development aadisihot only in its nature since it is used as



an informational input into subsequent inventivéivaites, but ‘R’ and ‘D’ projects also differ
with respect to important factors like, originalithnowledge depth and market proximity
(Karlssonet al, 2004). What is more, research units are oftgamzationally separated from
development units within the same company (Marcsfetl al, 1971; Karlssoret al, 2004).
Finally, characteristics usually attributed to R&D general such as the intangibility and

uncertainty of its outcome are very likely to bermapplicable for ‘R’ than for ‘D’.

Distinguishing between R&D and pure research ptsjaad measuring financial constraints by
the sensitivity of such expenditures to availabternal funds, the results show that collaborative
research with science alleviates liquidity consitsi While we do not find such an effect of
science-collaboration for Bnd D investment, looking at pure research investmshtsvs that
collaboration with science does indeed reduce #resigvity of such research investment to
internal funds. Moreover, we observe alleviatinfpets from horizontal collaboration for both
for R and D as well as pure research investments. Vertiollhlzoration with customers or

suppliers on the contrary has no such alleviatfferts.

This article proceeds as follows. Section 2 oudlittee motivation for this research as well as the
conceptual framework of our analysis. Section 3cdless the data. The econometric model
specifications are described in section 4. SecBopresents the results of the econometric

analysis before we conclude in section 6.

2 Financing constraints and incentives for R&D collaloration

2.1 Financial constraints and the nature of R&D

Previous literature supported the conjecture thegiital market imperfections, in particular
information asymmetries, affect lending and invesiindecisions of firms (Leland and Pyle,
1977, Stiglitz and Weiss, 1981; Myers and Majlud84). In the case of investments in R&D,
information asymmetries may be particularly seve@mmplexity, specificity and outcome
uncertainty of such projects may make it extraadin difficult (not only) for outsiders to judge
the expected return (Anton and Yao, 2002). The mwaicey is aggravated if firms are reluctant to
reveal details of the projects to potential investearing that too much information could leak
out to competitors (Bhattacharya and Ritter, 1983).

Besides information asymmetries, R&D has anothestirdit feature when compared to
investment into physical assets. The primary outpiR&D is new knowledge that is often tacit

and naturally intangible. Thus R&D investment pd®s a very low inside collateral value which



makes raising funds externally more costly for Rgidjects than for other types of investments
(Arrow, 1962; Berger and Udell, 1998; Harhoff, 1998 hus, firms willing to pursue an
ambitious R&D agenda may face serious difficult@attract external investors or to obtain bank
loans and may therefore pile up cash to finance R&D. This leads to a trade-off between
investing in current R&D projects and retaining fcdsr future ones (Levitas and McFadyen,
2009).

Besides the opportunity costs of holding cash,ditmable to save-up the required resources may
have to constrain their research to currently abésl funds, postpone or abandon projects that
they would otherwise have conducted if additioratérnal) financing was available. This
reduces incentives to invest in research projects raay bring overall industrial R&D in the

economy below socially optimal levels.

2.2 Incentives to collaborate

An important issue that has not been studied anexte as the demonstration of the existence of
financial constraints so far (see e.g. Hall ancheer2010; Hottenrott and Peters, 2012 for recent
surveys of the literature) is how firms counter lsumonstraints on their R&D activities.
Constrained firms may develop strategies to attentlae resource limitation for instance by
finding ways to reduce resource requirements thragploiting economies of scale and scope in
R&D, but also by creating signals to lenders ana&tors. R&D collaboration and alliances that
comprise many different constellations of bilatevalmultilateral agreements among firms may

serve such purposes.

Previous literature on R&D partnerships, mostlyaled in the management literature, identified
a whole set of incentives for firms to participaecollaborative R&D (see Hagedoogt al,
2000 for a review). First, collaboration may simpdguce the riskiness of the R&D endeavor by
the realization of scope economies that broaderetfestive scope of projects or reduce the
amount of funds needed to finance a given set@épts. Collaborating firms may also be able to
undertake more R&D projects at the same time aeceby increase the overall probability of
success of their R&D efforts (Kotabe and Swan, }988&cond, firms may have an incentive to
source (complementary) knowledge from collaborapartners in order to reduce the resources
needed to build-up that knowledge on their own. &dwer, a simple cost sharing argument has
for instance been put forward by Harrigan (1988awdry (1988), and Link and Bauer (1989)
and Hagedoorn (1993, 2002). Since R&D often exdibdonomies of scale, it might well be that
only a consortium of firms has the necessary ressuiboth financially and physically to

undertake the larger, more complex, and more expen®search projects (Pisano, 1991,



Hagedoorn and Schakenraad, 1990a,b). Jorde an& T&880) and Teece (1992) consequently
argue that R&D collaboration is especially attraetivhen key know-how is widely dispersed

among different organizations.

Access to external complementary physical assessurces and capabilities may also facilitate
better exploitation of the firms’ own resource basehieving a competitive advantage.
Additionally, joint R&D can broaden the researchibon of collaborating firms enabling them to
obtain leading-edge positions in relevant technplaxgeas that they would not be able to achieve
without external competencies (Nelson, 1991). A benof studies have therefore pointed to the
use of collaborative R&D to access tacit knowledgat allows firms to acquire particular
technology-based capabilities from partner firmodglt, 1988; Hamel, 1991; Mowemst al,
1996, 1998).

Further, it is often hypothesized that researchepte involving a high uncertainty of outcome
are preferably conducted within research consadi#his allows pooling and spreading the risk.
R&D alliances may therefore be a device that regugecertainty in the overall technological
strategy of the firms involved (Porter and Ful&®86; Harrigan, 1988; Tether, 2002; Letteste
al., 2008).

Collaborative R&D has therefore been seen as &egiranot only to cope with but also benefit
from radical technological change (Teece, 1992| &fild Rothaermel, 2003). Strategic R&D
collaboration may thus be especially useful indghdy stages of an R&D project, in particular in

the research phase, when uncertainty and informasBgmmetries are high.

So far hardly discussed in the literature is theaidhat collaborative R&D provides a quality
signal to outside parties like banks and investbithe partner firm or institution possesses
properties that increase the confidence with rdsfgesuccessful projects outcomes. As stressed
by a considerable strand of literature includinglaBu(1995), Eisenhardt and Schoonhoven
(1996), Dyer and Singh (1998), Stuart (1998), Ah@@00) and Parlt al. (2002), firms must
possess resources that make them attractive tai@eptential collaboration partners. Being
selected as desired collaboration partner is caesgly a quality signal in the sense that it is
awarded by the partner. The partner is likely tddss prone to information asymmetries than
other financiers as the partner organization iscglfy engaged in related or complementary
activities that allow a much more accurate assessmiethe R&D project’s value. Let al
(2008) show that the more radical a R&D alliancéeirms of new technological knowledge, the

more likely it is that partners are “friends” rathan strangers. This moreover suggests that



considerations with regard to protecting the firrm@/n valuable resources are taken into account

when selecting a partner which in turn increasgsagpiability of returns to R&D.

To sum up, being aware of the benefits from collabee R&D in the before mentioned
dimensions and given the strong signal from bemglved in such collaborations, banks and
investors may be more willing to provide funds R&D performing firms. Collaborative R&D

may therefore constitute a strategy that attendiapeislity constraints for the firms’ R&D efforts.

2.3 Collaboration and liquidity constraints

While the organizational forms of the collaboratiR&D, partnerships and alliances as well as
their benefits for productivity, innovation perfoamce and firm growth, have been subject to
extensive investigation in the economics as welinathe strategic management literature (see
e.g. Hagedoorn and Narula, 1996; Haged@tral., 2000; and Caloghiroet al, 2003 for surveys

of this literature), rather little attention hasehepaid to the role of such activities in mitiggtin
liquidity constraints.

There are two noteworthy exceptions. Lerrgtr al (2003) find that small U.S.-based
biotechnology firms appear to fund their R&D thrbugjliances with larger firms when financial
market conditions are disadvantageous. Insteadisihg equity through the capital markets such
firms negotiate R&D collaboration agreements tlsgign the ‘bulk of the control’ and hence, the
financial burden, to the larger partner. Interegfinthey find that these agreements are often
renegotiated once financial market conditions imprd_erneret al’s results suggest that small
biotech firms deliberately use collaborative R&Dciccumvent financial constraints. Again for a
sample of young U.S.-based biotechnology firms Gualad Higgins (2003) test whether being
involved in a strategic alliance partnership affettte initial public offering (IPO) success of
these firms. Unlike for partnerships with ventuepital (VC) firms during “cold markets”, they
find however no such beneficial effects from alies with major pharmaceutical and/or
healthcare firms. In such cases being involvedaltaborative research with very asymmetric
partners may - instead of suggesting high qualgygnal the prospect or threat of being taken
over by a larger firm sooner or later. This supptine findings by Mitchell and Sign (1996) who
provide evidence for circumstances under whichrmssies using collaborative relationships are

sometimes susceptible to being acquired by othesfi

More recently, Levitas and McFadyen (2009) who agaly biotechnology firms in the U.S.,
find that the nature of the collaboration matt€srtain alliance activities - in particular witheth

aim of “exploitation” - provide important signalimgechanisms and thus lower the firms’ need to



hold liquid assets to finance their R&D activitiégvitas and McFadyen argue that exploitation
alliances attenuate financing constraints as thepérally couple one firm’s technology with the
complementary assets (e.g. distribution, manufaadyiof a partner to incrementally extend the
scope of an existing technology’. Thus, such atiém) unlike exploration alliances, have the
objective to and are designed such that they yrelcketable outcomes soon.

Implicitly referring to the role of R&D collaboratn for the mitigation of financing constraints,
Veugelers (1997) observes that new technology-bdsets are more likely to engage in
collaborative R&D with larger firms because of alant internal R&D budgets of these partners.
Also Parket al (2002) who study strategic alliances of semicatmustart-ups do not only find
that firms use strategic alliances as a mecharosad&pt to market uncertainties, but also that in

relatively stable markets “resource-poor” firms arere likely form such alliances.

Findings by Tether (2002) who reports that R&D cargpion is mostly the domain of firms
pursuing radical innovations rather than incremlemaovations, are also in line with our
reasoning. Recent research has shown that finacomgfraints for more radical R&D, involving
more fundamental research, are more severe as oednga routine R&D and product
development (Czarnitzki and Hottenrott 2011, CZakniet al, 2011). If firms pursuing a radical
R&D strategy are more likely to face binding finatconstraints, these firms may have a strong
incentive to alleviate the constraints on their R&Y engaging in collaborative R&D. The
benefits from collaborating may outweigh the cokisetting-up such collaborations for these

firms.

In this article, we present an empirical framewdhlat adds to existing research in several
dimensions. First, we distinguish between total R&m ‘research investments’ as part of total
R&D, as research as compared to development is omaertain in terms of outcome and is more
difficult to appropriate. Secondly, we differengabetween collaboration partners such as
universities or other public research institutians vertically or horizontally related firms. Thus,

we argue in this article that the motivation fomfs to engage in collaborative R&D differs

between types of partners and that the diverse ezatipn modes have different impacts on

financing constraints for R&D.

2.4 Collaboration modes and their effects

Besides reporting a substantial increase in thebkshment of research partnerships over time
(Hagedoorn, 2002), previous research on R&D cotatian has also argued that different types
of R&D cooperation serve different purposes (Bddderet al, 2004a,b). Based on these



arguments we hypothesize that different collaboratmodes are likely to affect financing
conditions differently. More precisely, we expedrirontal collaboration to provide a different
signal compared to vertical partnerships. CollatieaR&D with universities and research
centers may likewise only be useful for certainetypf R&D projects or at stages of the R&D
process that are closer to science than to theahark

By far most attention in the literature has bednbatted to horizontal collaboration. The key
aspect in the economics literature is the existeridenowledge spillovers between competing
firms that, in the absence of cooperation, invauht occur as one firm invests in R&D and
thereby increases the knowledge stock of the ditmer R&D collaboration between horizontally
related firms allows internalizing these knowledgdlovers and reduces the disincentive effect
for R&D investments. Thus, firms benefit from chitaating through internalization of
technological spillovers which eliminates the freser problem within the group of collaborating
firms. (e.g. Jorde and Teece, 1990; Kam&ral, 1992; Suzumura, 1992; Leahy and Neary,
1997; Amiret al, 2003).

The strategic management literature has additiprsifessed that R&D collaboration increases
voluntary knowledge transfers, facilitates orgatiraal learning and increases efficiency
(Kogut, 1988; Hamle, 1991; Mody, 1993; Mowesy al, 1996; Mayer and Teece, 2008). By
capturing tacit knowledge from the partner, coll@bog firms may have access to new
technologies faster and more directly, opening eghiological opportunities that benefit the
overall innovation performance of these firms (geg. Daset al, 1998; Rothaermel, 2001,
Gomes-Casserest al, 2006). Moreover, in case of horizontally colleddong firms, beneficial
effects from pooling complementary assets and gkilly therefore be particularly high.
Horizontal collaboration may also not only motivciey securing the relative market positions,
but also by the prospect to share costs by pooéiagurces effectively (Harrigan, 1988; Mowery,
1988; Link and Bauer, 1989; Hagedoorn, 1993, 2@¥s and Teng, 2000), or by advantages
stemming from the joint implementation of industsyandards and from participation in
government subsidy programs (Nakamura, 2003). lyinhbrizontal R&D collaboration may
create a source of competitive advantage vis-&®omspeting firms outside the consortium. All
these attributes of horizontal R&D collaborationynaald to the signaling value in addition to the

mere selection as collaboration partner.

Vertical forms of technology partnerships have betkey interest in the early contributions to
the literature on R&D collaboration which espegiatressed the transaction cost argument (see
e.g. Williamson, 1985; Teece, 1986). As pointed bytHagedoorn (1993), joint R&D with



suppliers generally aims at enhancing efficiencthim production process through cost-reducing
process innovations or the improvement of the ¢ualf inputs. Vertical collaboration with
customers, on the other hand, is usually thoughsdieing a source of ideas and of reducing risk
when introducing a new product to the market (vappel, 1988). While the former arguments
suggest rather indirect effects on financing coodg for R&D via anticipated efficiency
improvements by the bank or investor, the latteguarent of reduced risk related product
development suggests beneficial effects for finagcdevelopment activities rather than

alleviating constraints on research.

Collaborative research with universities or pulsisearch institutions has again distinct benefits.
Technological innovation has become increasinglynglex and multidisciplinary not last
through the emergence of “science-based technaslbgiech as biotechnology. It is usually
alleged that collaboration with science concerrtBerabasic research projects that generate or
exchange original and new knowledge compared tsift@ss-only’ R&D projects. Collaborative
R&D with scientific institutions may thus provideportant knowledge inputs and organizational
advantages that reduce the risk for firms to engagR&D that aims at expanding in new
technology fields. This implies that firms may saeich collaboration for fundamental, long-term
and therefore often strategic R&D projects (TetB802; Monjon and Waelbroeck, 2003).

Hall et al (2003) conduct a survey-based study of researofegis having universities as
research partners within the US ATP program. Thguathat universities are involved in such
projects that apply “new science”, i.e., firms sémkexpertise to absorb results of basic research.
The role of the university may be a translatiorbasic science into applicable technology for
selected problems. Veugelers and Cassiman (200%) Beglgian Community Innovation Survey
(CIS) data show that firms that are impeded by highkt of innovation are often attracted by
government subsidized cost-sharing within publivgie partnerships. In addition, larger firms
are more likely to collaborate with universitiegathsmaller firms indicating that some minimum

absorptive capacity is needed for fruitful colladtoon. These results thus suggest that (basic)

! These arguments are in line with the work by Fhitand Lukas (2001) who find that collaboration végtippliers is
rather associated with process innovation whiledpecd innovation is usually the motivation for chlaation with

customers. Thus, vertical collaboration seems taldmigned such that it matches the firms’ produt process
innovation strategies. Belderbet al (2006) study performance effects of simultaneengagement in R&D
cooperation with different partners (competitolgnts, suppliers, and universities and researstitirtes) and find
that customer cooperation helps to increase magkeeptance and diffusion of product innovations &iso

enhances the impact of competitor and universigpeoation.



research is particular difficult to finance andtthanay benefit from collaborative research with
science more than later stages of the innovatiatgss, such as (less basic and less risky)

development projects.

2.5 Empirical strategy

We build on previous studies on financing constsafor investment going back to the seminal
work by Fazzariet al (1988). Their methodology suggests detectingnitie constraints by
analyzing the firms’ investment sensitivities ta@#éable financial resources, usually measured by
cash flow. Excess sensitivities are interpretethdsectly reflecting the firms' lack of access to
the credit market. In order to observe more thaaarage effect, samples are usually split into
potentially constrained and unconstrained firmsher focus is directed at a particular group of
firms a priori. This empirical testing strategy hasbsequently been applied to investment in
R&D (see e.g. Bond and Van Reenen, 2007 for a gwiéhe literature.)

In line with this approach, we expect a positiveatienship between firms’ liquidity and the

firms’ expenditures on R&D if firms face bindinghéincial constraints in the credit market. More
precisely, we expect the sensitivity of R&D to immal liquidity to also depend on collaboration.
If collaborating firms show lower sensitivities @verage, we interpret this as an ‘alleviation
effect’ that reduces the firms’ dependency on imaéfunds for their R&D. Instead of estimating
separate equations for collaborating and non-cotkting firms, we estimate different slope

coefficients for each group.

The ‘alleviation effect’ may work through distinatechanisms depending on the type of R&D
the firms is conducting, i.e. more (basic) ‘R’es#avs. rather applied ‘D’evelopment, as well as
on the type of collaboration partner. We addressdahissues in a framework that allows us to
analyze these differences in detail. While we ekpetlaborative R&D between firms to reduce

financial constraints for R&D in general, we hypesize that collaboration with universities may
have higher beneficial effects especially for reslegprojects as compared to more applied

development projects.

3 Data and econometric framework

3.1 Data

The data for the following analysis stems from fthemish part of the EUROSTAT/OECD R&D
survey. The survey is harmonized across OECD casnéind is conducted every second year in

order to derive the corporate R&D statistics foe tOECD’s Main Science and Technology



Indicators. The survey is particularly directedR&D-active companies. Our analysis is based on
four consecutive waves of the R&D survey data dogethe period from 2000 until 2007. Each
wave provides information on firm level data forotwears. The survey data provides detailed

information on general firm characteristics as vaslidetails on the firms’ R&D activities.

In order to construct financial indicators we s@opénted this data with information on the
firms’ financial background with data drawn frometBELFIRST database which is provided by
Bureau van Dijk Moreover, we supplement the panel data with mfdion on public R&D
project funding that has been provided by IWT Fesdwhich is the innovation and technology
policy agency of the Flemish government that ipoesible for innovation subsidies to firms.

The sample comprises firms that were observed et levice in the reference period as we
estimate panel data models that allow controllimgunobserved heterogeneity. On average, we
observe each firm about 4 times in the panel. Afterelimination of observations with missing
values in the variables of interest, the final sEmponsists of 3,462 unique firm-year

observations referring to 904 different firms inmagacturing industries and business services.

3.2 Variables

According to the definition of the OECD Frascati Mdal (1993, 2002) which sets out guidelines
for collecting and interpreting R&D statistics, therm R&D covers three activities: basic
research, applied research and experimental dawelop Basic and applied research activities
comprise ‘experimental or theoretical work undegtakrimarily to acquireew knowledgef the
underlying foundation of phenomena and observablesf, with or without a particular
application or use in view. Development activitee® rather ‘systematic work, drawing from
existing knowledgeagained from research and/or practical experiendaich is directed to
producing new materials, products or devices [.QECD, 2002, p.30). The survey provides
information not only about aggregate R&D spendimgf, also about pure research spending as
defined above. The following analysis makes usthisfdistinction. First, we analyze firms’ total
internal R&D expenditure R&D), and then we zoom in on the component of research

expenditure RESEARCMas dependent variable.

Additionally, each wave of the survey asked firmesitdicate if they had been engaged in

collaborations that aimed eitherjaint generation of technological knowledgeat theexchange

2 Table A.1 in the appendix provides details ondtstribution of firms across industries.
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of technological knowledg&irms were asked to specify the type(s) of pa(&eavith whom they
collaborated: universities, research centers, sengpl customers or other firms including
competitors. If a firm had collaborated with anytbése types of partners, we define a dummy
variable COLLAB). Additionally, we derive three dummy variablesrfr the information on the
type of collaboration partner. The first summarizedlaboration with universities and public
research centers into one category that we laloetrise collaboration’ QOLLAB_SCIENCE
Collaboration with customers and suppliers, i.eitival collaboration, is summarized in the
dummy variableCOLLAB_VERTand horizontal collaboration, i.e. with other firrssich as

competitors, is captured by the dummy variaieL LAB_HORI.

Next, we define variables for the capital structaf¢he firms in our sample from balance sheet
information accounted according to local Belgian ABA If external financing for R&D is
constrained, firms engaging in R&D may have to relya larger extent on internal financial
resources than firms that mainly invest in capgabds (e.g. Himmelberg and Petersen, 1994;
Carpenter and Petersen, 2002; Chiao, 2002). Thealreind empirical literature has illustrated
that firms foremost use internal funds to finanomowvation projects as compared to debt
indicating such a gap in the cost of capital (sed &hd Lerner, 2010 for a review). At the same
time, internal financial resources are affectedh®yfirms’ debt payment obligations. The higher
the obligations relative to the internal funds loé firm, the less liquidity remains for activities
that have to be financed internally such as R&DusThncreases in firms’ levels of debt may put
pressure on the firm to use its cash flow to serunterest and repayment at the expense of long-
term investments such as R&D (Hall, 1990; Long &aVvenscraft, 1993; Bhagat and Welch,
1995). Moreover, high leverage may reduce accefsttoer credit due to increasing default risk.

Therefore we control for internal liquidity as wal debt.

We employ the firms’ stock of working capital asn@asure of operating liquidity to overcome
limitations of cash flow as indicator for firms’qliidity as suggested by Hall and Kruiniker
(1995)2 Working capital is used by firms for day-to-dagdncial operations and is therefore an
important indicator of the firms’ liquidity. By raining cash inflows, firms accumulate the

financial funds needed for investment as refleatethe stock of working capital. Thus, unlike

% The appropriateness of cash flow as an indicaiorttfie availability of internal funds and the imestation of
sensitivity of R&D investment to changes in casiwflhas been seriously questioned in the literatides and Jaffe,
1993; Hall and Kruiniker, 1995; Kaplan and Zingal&897, 2000). Especially in the case of large dirfnree cash
flow levels may be determined by accounting as agltlividend policies aimed at mitigating moraldrazproblems
(Jensen, 1986).
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cash flow, it accounts for the option to stock agltin one period for investment in the next one.
The advantage of working capital over cash flotherefore that it is an accumulation rather than
a flow parameter. Although working capital is afest by cash flow, working capital is a more
precise liquidity indicator when it comes to invasht decisions as it also includes not only cash
holdings but also other assets that can relatieaby be converted into cash.

For the purpose of the following analysis, we measworking capital (WCAP as the net amount

of short term assets, i.e. the difference betwegrent assets minus current liabilities of a firm.
The higher the value foWCAP the more secured is a firm’s liquidity and accogly its
financial flexibility. This variable can take pdse or negative values. A positive working capital
means that short term liabilities are covered byrenu assets (cash, accounts receivable and
inventory) whereas a negative working capital iatks that a firm’s current assets are not

sufficient to cover its current liabilities.

In addition, we use firm’s debt as further varialolentrolling for credit market access. The
overall liabilities of the firm DEBT) consist of current liabilities payable within ogear and
non-current liabilities payable later than one yeds common in the financial constraints
literature, we scale the dependent variables asags®/CAPandDEBT by firms’ assets (see e.g.
Fazzariet al, 1988, Fazzari and Petersen, 1993; Harhoff, 198&) use lagged tangible assets
(K) calculated as the value of a firm’s total fixedeassmninus current assets and financial assets

(that were already captured WYCAB, goodwill and other intangible assets.

We also control for firm-level characteristics suwshfirm size, group membership and age of the
firm. Larger firms may be able to realize economi¢sscope when conducting research and
development activities. Therefore we include thggddthe firms’ tangible assets(kK) as well as

its squared value [[K)]?>. The dummy variabl&ROUPtaking the value 1 if a firm belongs to a
group (0, otherwise) controls for different goveroa structures. Group members may conduct
more R&D activities since firms associated withraup can make use of intra-firm spillovers,
internalise externalities as well as fund R&D fromra-group sources. To control for age-related
effects, since younger and newly established finmay invest relatively more into research and
development than older firms, we also use the faage, ITAGE) We also allow for a non-(log)-

linear relationship by including [IAGBE)]%

Finally, business cycle effects are captured byuding a set of time dummies, and 16 sector
dummies on basis on the European standard inde#sgification (NACE) are included to
control for different technological opportunitiexflected by sectoral differences in the propensity

to engage in R&D as well as in its intensity.
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As a robustness check that we describe in morel tefaw, we control for the receipt of public
subsidies for R&D $UB). In the models oRESEARCHKexpenditure we control for whether the

firm received a subsidy particularly for basic tretegic researchiR_SUB.

All monetary variables are measured in thousandsuods and in prices of the year 2000 which
have been adjusted using the GDP deflator. To aa@ithultaneity bias which can arise if there
are feedback effects from the dependent variabtitent explanatory variables, we use lagged

values ofall time variant explanatory variables (exc&GE).*

Table 1 shows descriptive statistics for all vdeabused in the models that we will describe in
more detail in the following section. Average R&kpenditures are around 3 million Euros for

each firm per year where roughly two thirds arensjp@ development and one third for research.

40% of the firms collaborated at some point in sdame during our panel period. 29% of those

collaborations had universities or research cerasepartners. In 31% of the cases collaborative
research involved ‘vertical partners’ like customer suppliers. Other firms such as competitors
were collaborative partners in 12% of the casEsms were often engaged in several research
partnerships with different partners in the samary& switched partners over time. 54% had

scientific and vertical partners and 23% had belalworating with horizontal as well as science

partners. 12% of the collaborating firms had vaitas well as horizontal research partners.

On average, liabilities amount to about 66 milliBaros and working capital to almost 13
million. The median values, however, are much lofeetboth (about 5 million € foDEBT and

about 2 million forWCAB. Firms hold on average tangible assets of ab6umilion Euros.

Note, that also here the median value is much lowems in our sample have about 270
employees on average. However, the size distribuifofirms is skewed and at the median the
number of employees is only 58. The sample compngey young firms of 2 years as well as
established firms of up to 125 years of businesisigc The average firm age is about 26 years.

60% of the firms in our sample are part of a group.

As mentioned above, we use subsidy informationnagdaitional control in a robustness check.

22% of the firms received a project-based R&D siypsn any of the years between 2000 and

* We employ a 2-period lag f@EBT as it is measured at the end of the yerand its signal to lenders becomes
effective int-1. Thus, this 2-period lag indicates access tereal funding int-1 when also the available working
capital is measured.

® See Table A.1 for frequencies of collaboration g®ih different industries. The original data pc®d information
on collaboration with universities and researcht@enseparately (23% and 21%, respectively. 29%eltadr one or
the other partner) and vertical research collalbmratistinguished customers (24%) and supplier&q22
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2007. Only 7% received a subsidy that was grardegroject that explicitly aimed at basic and

strategic research.

Table 1: Descriptive statisti¢3,462 obs.)

Variable Unit Median Mean Std. Dev Min Max
R&D ¢ million € 0.1t 2.65 1851 0 471.3¢
thereofRESEARCHL million € 0.03 1.08 7.45 0 217.58
SUB; dummy 0 0.22 0.41 0 1
R _SUR dummy 0 0.07 0.25 0 1
Collaboration:

COLLAB dummy 0 0.40 0.49 0 1
COLLAB_SCIENCE dummy 0 0.29 0.45 0 1
COLLAB_VERT dummy 0 0.31 0.46 0 1
COLLAB_HORI dummy 0 0.12 0.32 0 1

DEBTi -2 million € 5.1C 66.14 3144 0.01 7,764.4.

WCAP, 1 million € 2.06 12.67 43.18 -155.02 634.90

Kit-1 million € 1.43 16.05 85.14 0.01 1,805.05

EMP; 1 headcount 58 272.31 748.55 1 11,575

AGE; years 19 25.80 19.22 2 125

GROUR dummy 1 0.59 0.49 0 1

Note: time and industry dummies omitted. Note thatuse the variables in monetary units measuréusth EUR in
the regression analysis. For better readability, psesent them in millions in this table. See Tahl8 in the
Appendix for correlations between the variables.

4 Econometric analysis

We estimate censored panel regression models adl mbtour firms in the sample perform R&D
in each period. Especially small firms may condR&D only on an irregular basis. In particular,

we estimate random effects models that can beenrés

Yo =max(0xB+¢+y), i=12.. N,t=12,. T

M) u 1%.¢0 N(0,g?)

wherey denotes the dependent variablghe set of regressors,a firm-specific time-constant
effect, andu the usual random error term. The parameters testienated are denoted by the
vector 5. We first estimate the model as random effectstTtbht requires the assumption tleat

andx are uncorrelated (see Wooldridge, 2002: 540-5d1 fufrther technical detail§)Second,

% Note that it is not useful to estimate a fixedeef§ Tobit model, as the maximum likelihood estomas not
consistent (see e.g. Cameron and Trivedi, 2005).
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we follow Wooldridge (2002) and relax the assumptid uncorrelatedness betweemandc by
modifying the model. Ifc =¢ +X& + a, we can write

Yy =max( 0y + % B+XE+ a+ y)
2 with
©) u Ix,a0 N(0g7),
a [l N(O,J:).

The appropriateness of the Wooldridge model, i.etiver or not the assumption of
uncorrelatedness between the firm-specific effadttae regressors is not valid, will be tested by
the joint significance of the-variables’ “within” means.

Turning to the key ingredient of our analysis siteissential to note that we use the collaboration
dummies (as described before) to estimate two atpatope parameters fafCAR. On the one
hand, we estimate a coefficient for the researdlaoorating firms WCAP*COLLAB_X And

on the other hand, a separate slope for the finausdid not collaboratpVCAP*(1-COLLAB_X)]

is estimated.COLLAB denotes the aggregate collaboration dummy @@LLAB X (X =
SCIENCE, VERT or HORthe individual collaboration modes.

We expect that the non-collaborating firms are rimally constrained, and thus a positive and
significant coefficient estimate. If collaboratiatieviates financial constraints and thus reduces
the sensitivity of expenditures to availability imternal funds, the slope for the collaborating
firms should be smaller or even insignificant. Tigtfirms show no or less sensitivity to their

internal funds.

We estimate separate models for our two dependmmbles of interest. The basic model for

R&D investment is specified ds:

RED g DBl s WO oy pp v g VB Fiy(1- CoLLAR )+, COLLAB,
@ & Ky Kia Kot '
+AN K, +B{(InK_) + Bin AGE+8,(n AGE ¥ S, GROUP YA DY Aoy

and

" Although the model contains a time-invariant fispecific effect we also include the time-invariaegressors
GROUPand the industry dummies, as the firm-specifiedfiis treated as a random component in the esimat
Including time invariant regressors are used toebse the error term variance (see Wooldridge, :200D).
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" 0 otherwise

5 Estimation results

First, we estimate a specification of the modeldascribed in equation (3) employing the
information of whether the firm was engaged in &myn of research collaboratio€QLLAB.

We estimate separate models for R&D expendituresRESEARCHexpenditures and present
first the results of the random effects panel estiiom (columns 2 and 3 of Table 2) and then the
modification of the estimator as suggested by Wiaaddg (columns 4 and 5 of Table 2).

A test on joint significance of the within firm mes of the regressors shows that the random
effects assumption of no correlation between thelasmatory variables and the firm-specific
effect is violated in the standard random-effectdi model. Therefore, we only discuss the

Wooldridge version relaxing this assumption in moetail.

We find that the coefficient of working capital mot significant for the collaborating firms
[(WCAP;.1 / K i1)*COLLAB ;4] but that it is significantly different from zerfor the non-
collaborating firms (WCAP,.1 / Ki11)*(1- COLLAB;;,)] in the R&D equation. In previous studies,
this would have been interpreted as financial gaids being present for non-collaborating firms
and as non-binding financial constraints for R&Dlalmorators. However, a test on whether the
two coefficients are significantly different froma& other does not reveal that the Null
hypothesis of the coefficients being equal candjected (see Table 2)Therefore, we cannot
unambiguously conclude on the presence of finaraaktraints in the R&D equation. If, we,
however, turn to the results concerning the reteamgestment as part of the total R&D
spending, we find more refined evidence. In theadiqn usingRESEARCHas dependent
variable, theWCAP coefficient for the non-collaborating firms is aist as twice as high as for
collaborating firms. Here this difference in slopesalso significantly different from zero. We
thus conclude that collaborating firms are lessstramed in their research investments than
firms that conduct research activities individuallithout involving external partners. This points
to both effective risk pooling and bundling of krledge which may avoid duplicate research and

thus wasting financial resources.

8 Note that this is also confirmed in the standamtom effects estimation.
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Note that we also ran the regression models usiagxpenditure foDEVELOPMENTInstead

of research as the complement in total R&D spendirfigere we never found any significant
result concerning the&VCAPvariable (the results are not presented in detdihe paper). Thus,
firms seem to be financially constrained for reskaexpenditure, but not for development
activities where the underlying inventions are gugsalready secured by intellectual property
rights, and the inventive process is already clés@n innovation and thus the market, that is, the
uncertainty on returns might be significantly loveithis stage of the inventive process and firms

may be able to raise capital in the credit marlkster than for pure research activities.

The coefficient of the collaboration dummy itsedfpositive and significant at the 1% level in all
regressions. This result is in line with the théioe industrial organization literature on
knowledge spillovers which predicts that collabmgtfirms will invest more into R&D than
non-collaborating firms in the presence of knowkedgillovers. We can thus indirectly conclude
that knowledge spillovers are present and thatticeiaborations trigger additional investments

in the economy.

The other controls are also in line with our expgohs. For both the total R&D investment and
for RESEARCHwe find that debt is negatively significant. Whterpret this as indication that a
higher default risk due to higher levels of delduees the likelihood of potential investors to
provide further capital for R&D investment. Addiially, higher levels of debt imply a liquidity

outflow to serve creditors which reduces funds labée for R&D.

Furthermore, we find a non-linear relationshipwestn the dependent variables and firm size as
measured by K. Note that the estimated coefficients suggestshape relationship between the
dependent variable anddnA closer look at the data reveals, however, thatextreme value of
the curve is roughly at the 95th percentile of thi distribution. We thus find basically a

downward sloping curve, that is, the investmergnstty declines as firm size increases.

Firms that are part of a company group invest &igamntly more on R&D compared to stand-
alone ventures. In the Wooldridge specificatiortief model, the age of the firms is significant.
R&D is increasing with the maturity of the firm, whRESEARCHspending follows an inverted

U-shape, i.e. it decreases after having reacheaxénmam at about 11 years of business activity.
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Table 2: Estimation results from Tobit regressi($d462 obs. of 904 firms) dR&D and
RESEARCHxpenditures per unit tangible assét} (
Random-Effects Estimator Wooldridge Estimator

Variable R&D RESEARCH R&D RESEARCH
DEBT; 2/ Kit1 -0.006**  -0.004 *** -0.011%** -0.011%**
(0.002) (0.001) (0.003) (0.001)
(WCAP, 11/ Kit1)*COLLAB; 1 0.105*** 0.051** 0.080 0.088**
(0.048) (0.020) (0.054) (0.027)
(WCAP,1 / K;1)*(1-COLLAB; ) 0.148*** 0.119*** 0.119** 0.153***
(0.032) (0.016) (0.047) (0.023)
COLLAB; 2.725%** 1.330*** 2.715%** 1.323+**
(0.389) (0.191) (0.389) (0.189)
In(Ki 1) -4.542%%*%  -1.646*** -4.,982*** -1.350%***
(0.469) (0.232) (0.732) (0.361)
[IN(K;.0)] 2 0.246*** 0.098*** 0.262*** 0.071***
(0.031) (0.015) (0.047) (0.023)
IN(AGE; .1) 1.328 -0.208 9.262** 10.222***
(2.617) (0.801) (4.314) (2.041)
[IN(AGE;.1)] 2 -0.274 -0.038 -1.453 -2.108*
(0.274) (0.136) (1.103) (0.530)
GROUR 2.061*** 0.333 1.912%* 0.281
(0.427) (0.213) (0.435) (0.215)
Joint sig. of time dummieg (7) 9.73 23.66*** 10.23 13.36*
Joint sig. of ind. dummieg (15) 34.48*** 17.51 34.52%** 19.26
Test offf, = 3 2 (1) 0.85 8.69*** 0.71 8.06***
Joint sig. of within meang (6) - - 14.80** 89.73***
Log-Likelihood -10,505.29  -7,206.52 -10,497.95 -7,163.93
0 0.303 0.350 0.296 0.347
# of censored obs 531 1,033 531 1,033

Notes: Standard errors are in parentheses. *** f*indicate a significance level of 1% (5%, 109%)Jl models include an
intercept, time and industry dummies (not present&defficients of variables’ within means in Woadtlire model aremitted
from the table. The value pfindicates the share of the total variance whidfuis to the cross-sectional variation.

5.1 Distinguishing between collaboration partners

In a next step of our analysis we investigate whgahticular forms of research collaboration or
more precisely, collaboration with which partnentibute to the ‘alleviation effect’ with regard
to financial constraints. We estimate three distintodels for collaborative research with
SCIENCE with VERTICAL and with HORIZONTAL partners for both dependent variables
(R&D, RESEARCMH As we did with the general collaboration dummytlhie models discussed

above, we interactWCAP now with the collaboration dummie€OLLAB_SCIENCE
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COLLAB_VERTCOLLAB_HOR| respectively. Table 3 depicts the results frois #xercisée.
While the collaboration dummies and the controlialzles and show similar patterns across all
specifications, we find interesting differencesviEn collaboration partners with respect to the
sensitivity to internal funds of the collaboratifigns. Columns 2 and 3 show the results for
collaborative research with universities or reseaenters. The coefficients &/CAP do not
differ significantly between the two groups of eddbrating and non-collaborating firms when
total R&D spending is considered. In the equatismgRESEARCHas dependent variable, we
find that the slope for science-collaborators gnsicantly smaller than for firms that do not
collaborate with science. Thus, having collaborategith science appears to alleviate financing
constraints for research projects, while it doesfaodevelopment projects. These results point to
the conclusion that firms engage in collaboratiathvgcience when projects that concern more
fundamental R&D (in our setting rather researcmtégperimental development) are undertaken.
These results are in line with Hall al (2003) who found for the US ATP program that potg
undertaken with science tackle problems that areerhasic and more fundamental than others.
Here we conformingly find that indeed such collatmns reduce the sensitivity of research

investments to internal financial resources.

The results for the models including the interactierm for vertical collaboration show that such
collaborative research has no ‘alleviation effemt’ either R&D in general oRESEARCHN

particular'® Interestingly, horizontal collaboration (columnsafd 7 of Table 3) appears to
reduce sensitivity to internal funds not only fessearch, but also for R&D projects in general.
Horizontal collaboration may therefore provide eosger signaling value with respect to the
potential benefits arising from such collaborationboth R&D in general and, interestingly, also
for pure research projects. The quality signal nségm from the high potential between
competitors to pool their (complementary) skillsurther, as firms can share costs of R&D
equipment and labor problems of indivisibility mag reduced. Finally, the exploitation of
economies of scale and the elimination of R&D degdibn may increase the profitability of any

° As we found the relaxation of the assumption shandc are correlated to be important, we will discuss risults
of the Wooldridge specification in the followingdfble 3). The results for the random effects estmean be found
in Table A.2 in the Appendix.

9\e also tested the models with separate dummubias for collaborations with universities and egsh centers
and obtained similar results. Estimating the mouétl the collaboration dummy for vertical partneeparately for
customers and suppliers, we find like with the faiariable, insignificant interaction terms for bdypes of vertical
collaboration.
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R&D effort also leading to a more effective signglivalue in horizontal as compared to vertical

collaboration.

5.2 Robustness check: controlling for subsidies

As a robustness check we also control for the peadipublic subsidies. The subsides considered
here are mission-orientated direct R&D grants iisted by IWT, by far the most important
source of public funding for corporate R&D in Flang. The IWT subsidy data has the feature
that the projects are categorized into those thmatad basic research and others that are more
focused on experimental development. In our san®#@&s of the firms received a project-based
R&D subsidy in any of the years between 2000 ar@72@nly 7% received a subsidy that was

granted for project that explicitly aimed at baaiw strategic research.

It is interesting to control for the subsidy redegs projects conducted within R&D consortia are
often preferred over individually conducted progeby a single firm, as public agencies intend to
increase knowledge spillovers within the econonmg tlhus social welfare. Therefore, the effects
found for the collaboration dummies could be confiied with subsidy receipts (see Czarnitzki,

2006, Czarnitzket al, 2011, for studies on financial constraints amoksglies).

We specify the model as before but just add an R&iDsidy dummy SUB to the R&D
equation. In order to avoid simultaneity bias, wsoalag this indicator by one period. The
equation foRESEARCHS specified analogously, but we control for reskaubsidiesRk_SUB)

instead for subsidies in general.

As the regression results show, subsidies incrspsading on R&D as intended. Similarly we
find that pure research subsidies also increassarels investment in the equation that is only
consideringR instead of R&D. It is noteworthy that the findings the subsidy dummy should be
interpreted with some care. It is known that firmsy self-select themselves into subsidy
schemes (see e.g. the survey by Datidl, 2000) and thus we may overestimate the effect of
SUB and R_SUBalthough our panel regressions control for unokeereterogeneity among
firms and that should take care of the potentilc®n bias to a certain extent. As can be seen
in Table 4, the results on the collaboration vdeabkported earlier also hold when we control for

the subsidy receipt.
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Table 3:Wooldridge model estimation results(3,462 obs. of 904 firms) on expenditures per tamgible asset«K(|

SCIENCE COLLABORATION

VERTICAL COLLABORATION

HORIZONTAL COLLABORATION

Variable R&D RESEARCH R&D RESEARCH R&D RESEARCH
DEBTi»/ Kit1 -0.011%** -0.011%** -0.0171*** -0.011%** -0.011 *** -0.011 ***
(0.003) (0.001) (0.003) (0.002) (0.003) (0.002)
(WCAP, (1 / Ki.1)*COLLAB; .1 0.108* 0.073** 0.104* 0.1¥7 -0.089 -0.012
(0.061) (0.030) (0.061) (0.030) (0.076 (0.040)
(WCAP,1 / Ki11)*(1-COLLAB; 1) 0.106** 0.146*** 0.104** 0.134** 0.129 *** 0.147 ***
(0.045) (0.022) (0.045) (0.022) (0.045 (0.022)
COLLAB; 4 2.800*** 1.286*** 2.729%** 1.357** 2.577 *** 0.998 ***
(0.421) (0.204) (0.414) (0.200) (0.560 (0.270)
In(Kit.1) -4.966*** -1.335*** -5.070*** -1.426%** -4.840 *** -1.315 ***
(0.729) (0.361) (0.723) (0.361) (0.735) (0.362)
[IN(Ki 012 0.259*** 0.069*** 0.268*** 0.0765** 0.251 *** 0.068 ***
(0.047) (0.023) (0.047) (0.023) (0.048) (0.023)
IN(AGE, 1) 9.930** 10.266*** 8.461* 9.032* 7.785* 9.565%**
(4.315) (2.044) (4.301) (2.035) (4.307 (2.034)
[IN(AGE 1.1)] 2 -1.614 -2.113*** -1.219 -2.02%* -1.11¢ -1.928+*
(1.102) (0.531) (1.099) (0.528) (1.104 (0.529)
GROUR 1.956*** 0.297 1.932%** 0.282 2.00&x** 0.330
(0.433) (0.215) (0.435) (0.214) (0.439 (0.215)
Joint sig. of time dummieg (7) 9.47 10.64 9.19 12.04* 11.75 9.01
Joint sig. of ind. dummieg (15) 35.48*** 19.77 33.84*** 19.33 32.61*** 187
Test offf, = B3 %2 (1) 0.01 7.73%* 0.00 0.39 9.81*** 18.26%**
Joint sig. of within meang (6) 14.74* 89.04*** 15.14** 89.02*** 14.25** 9045***
Log-Likelihood -10,498.19 -7,168.43 -10,497.44 60,55 -10,513.95 -7,176.78
p 0.295 0.350 0.298 0.347 0.309 0.355
# of censored obs. 531 1,033 531 1,033 531 1,033

Notes: Standard errors are in parentheses. ***{}fndicate a significance level of 1% (5%, 10%)])l. models include an intercept, time and industtynmies (not presented).
Coefficients of variables’ within means amitted from the table. The value pindicates the share of the total variance whiatuis to the cross-sectional variatiQuefficients of
variables’ within means in Wooldridge model areitted from the table.
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Table 4:Wooldridge model estimation results(3,462 obs. of 904 firms) on expenditures per tamgible assetK(|

SCIENCE COLLABORATION

VERTICAL COLLABORATION

HORIZONTAL COLLABORATION

Variable R&D RESEARCH R&D RESEARCH R&D RESEARCH
DEBTi»/ Kit1 -0.010*** -0.011%** -0.0171*** -0.011%** -0.010 *** -0.011 ***
(0.003) (0.002) (0.003) (0.002) (0.003) (0.002)
(WCAP, (1 / Ki.1)*COLLAB; .1 0.110* 0.074** 0.107* 0.1¥7 -0.079 -0.009
(0.061) (0.030) (0.061) (0.030) (0.076 (0.040)
(WCAP,1 / Ki11)*(1-COLLAB; 1) 0.106** 0.147*** 0.104** 0.135** 0.129 *** 0.148 ***
(0.045) (0.022) (0.045) (0.022) (0.045 (0.022)
COLLAB; 4 2.586*** 1.280*** 2.567*** 1.351* 2.446 *** 0.976 ***
(0.428) (0.204) (0.416) (0.200) (0.559 (0.270)
SUBi¢4 1.019** 1.206*** 1.458**
(0.398) (0.393) (0.393
R_SUE; 1 0.708** 0.67% 0.680*
(0.327) (0.327) (0.327)
IN(Kit.1) -5.023*** -1.360*** -5.137*** -1.449%** -4.944 *** -1.338 ***
(0.729) (0.361) (0.730) (0.361) (0.734) (0.361)
[IN(Ki2)]? 0.263*** 0.071*** 0.272*** 0.078** 0.258 *** 0.069 ***
(0.047) (0.023) (0.047) (0.023) (0.048) (0.023)
IN(AGE 1) 9.674** 10.356*** 8.310* 10.02%* 7.708* 9.6571***
(4.317) (2.045) (4.303) (2.036) (4.309 (2.034)
[IN(AGE ..1)] 2 -1.566 -2.141%** -1.204 -2.048* -1.10¢ -1.954**
(1.102) (0.531) (1.098) (0.528) (1.102 (0.529)
GROUP 1.957*** 0.302 1.937*** 0.285 2.007*** 0.333
(0.432) (0.215) (0.432) (0.214) (0.436 (0.215)
Joint sig. of time dummieg (7) 9.69 11.02 9.49 12.41* 11.64 9.31
Joint sig. of ind. dummieg (15) 34.28*+* 18.90 32.58%* 18.60 31.28** 187
Test offf, = Bz %2 (1) 0.01 7.71xx* 0.00 0.46 8.91*** 17.78**
Joint sig. of within meang (6) 13.94** 88.52%** 14.27** 88.57*** 12.96** 8991 ***
Log-Likelihood -10,494.92 -7,166.20 -10,492.76 50850 -10,507.08 -7,174.77
p 0.290 0.348 0.290 0.345 0.298 0.353
# of censored obs. 531 1,033 531 1,033 531 1,033

Notes: Standard errors are in parentheses. ***{}fndicate a significance level of 1% (5%, 10%)])l. models include an intercept, time and industeynmies (not presented).

Coefficients of variables’ within means amitted from the table. The value pindicates the share of the total variance whidiuis to the cross-sectional variatiQuefficients of
variables’ within means in Wooldridge model amitted from the table.



6 Conclusion and discussion

Underinvestment in R&D due to financing constraintay result in a slowdown in productivity
growth and consequently have particularly detrirakbmffects on technological progress and
economic development. The question how firms enusuch constraints is therefore a crucial
one that has, however, received little attentiorfaso Our results suggest that collaborative R&D
may be one way of firms to mitigate the detrimerafibcts of constrained access to financial
resources for their R&D. Collaborative R&D may nomly help firms to absorb knowledge
spillovers from their partners, facilitate organianal learning and allow higher degrees of
efficiency in the R&D process that reduce risk anavide effective insurance against technological
and market uncertainty. Moreover it may provideoaifive signal to potential investors and banks
about the quality and the expected success of tbggh. Our results show that collaborative
research alleviates liquidity constraints espegifal investment in research. We do, however, find
interesting differences in the effects betweendifierent collaboration partners. While we do not
find such an effect of science-collaboration foaml D investment (as compared to research only),
we do observe alleviating effects from horizonwlaboration for both pure research investment as
well as for Rand D. Vertical collaboration with customers or suppdi, on the contrary, has no such
alleviating effects.

Horizontal collaboration may therefore provide @osger signaling value with respect to the
potential benefits arising from such collaboratfon both R&D in general and, interestingly, also
for pure research projects. Pooling of complemgrséills, the exploitation of economies of scale
and the elimination of R&D duplication as well &sluced problems of indivisibility as firms can
share costs may thus be more effective in horiz@astaompared to vertical collaboration.

In the recent past, industry-science collaboratiblase attracted increased attention of both
academics and policy makers. It is generally beliethat an enhanced knowledge and technology
transfer from science to industry via collaboratiresearch also contributes to the long-run
innovativeness and thus competitiveness of thenbkasi sector (Salter and Martin 2001 for a
review). Our results confirm the importance of suahiances by explicitly pointing to the
implications of such collaborative research forafining of research projects. While (basic)
research had been identified as a main driver oflystivity at the firm level (Mansfield 1980,
Griliches 1986), basic research suffers from wagpropriability conditions than other projects,
i.e. spillovers are larger. In addition, the argaiay Arrow (1962) that “basic research, the output

of which is used as an informational input intoestimventive activities, is especiallylikely to be
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rewarded” may increase firms’ incentives for resbacollaboration in order to attenuate such

constraints.

Aggarwal and Hsu (2009) show that firms’ appropomtenvironment and their governance
capabilities both influence the choice of partrfersR&D collaboration. This underpins our results
that different collaboration modes serve differpntposes for instance at different stages of the
R&D process. Firms may thus align their alliancetfodio also to technological needs as well as to
prospects about a potential signaling value toidetparties. Moreover, next to differemiodesof
collaboration they can choose between differarins of collaborative R&D, i.e. licensing
relationships, equity alliances and other contr@cspecifications. Unfortunately these aspects are
beyond the scope of our analysis: Future resedrobld address the differences in the forms of
collaboration for the link between liquidity corestits and collaboration addressed in this study.

Future research would also benefit from studyirg lature of the R&D collaboration in greater
detail as research partnerships can take plerftyriofs and contractual arrangements (Hagedebrn
al., 2000). For instance, it is certainly interestiogstudy the differences between research joint
ventures - that usually involve knowledge shariegween firms within joint research labs - and
R&D collaboration that mainly aims at the exchamjeknow-how, but not its joint generation.
Moreover, the role of intellectual property (IP)shaot been discussed in the present study. As the
exchange of IP is often central in collaborativelR&lays a crucial role for incentives to invest in
R&D and may be in many cases the only ‘tangiblécome of R&D this important aspect should

be given attention to in future analysis on thites

Finally, we would like to point outhat the presented analysis has some limitatiomst, Bur panel
structure that is highly unbalanced and did naivalus to estimate dynamic specifications that are
theoretically founded models of investment behafgee e.g. Wooldridge, 2005 and Bond and Van
Reenen, 2007 for an overview). Modeling the inittahdition and including a lagged dependent
variable would require at least 4 consecutive olsems per firm to conduct a meaningful
estimation. As our panel is not only unbalancedhas also gaps (as the firms did not necessarily
respond to the surveys in adjacent years), we fauntpossible to estimate a dynamic model.

24



References

Aggarwal VA, Hsu DH. 2009. Modes of Cooperative R&dmmercialization by Start-Ups.
Strategic Management Journa(. 835-864.

Ahuja G. 2000. The Duality of Collaboration: Indugents and Opportunities in the Formation of
Interfirm LinkagesStrategic Management Journal: 317-343.

Amir R, Evstigneev |, Wooders J. 2003. Noncoopeeatversus Cooperative R&D with
Endogenous Spillover Rat&Sames and Economic Behavii2: 184—-207.

Anton J, Yao D. 2002. The Sale of Ideas: Strat@gsclosure, Property Rights, and Contracting.
Review of Economic Studié$(3): 513-531.

Arrow K. 1962.Economic Welfare and the Allocation of Resourcesrfeention In: Nelson, R.
(ed.), The Rate and Direction of Inventive Activigconomic and Social Factors, 609-
626, Universities-National Bureau.

Baum JAC, Calabrese T, Silverman BS. 2000. Don'it @¢done: Alliance Network Compaosition
and Startups’ Performance in Canadian Biotechnol8gwategic Management Journ2l:
267-294.

Bhagat S, Welch I. 1995. Corporate Research ancelbpment Investments - International
ComparisonsJournal of Accounting and Economitg 443-470.

Bhattacharya S, Ritter J. 1983. Innovation and Camoation: Signaling with Partial
Disclosure Review of Economic Studig8(2): 331-346.

Belderbos R, Carree M, Diederen B, Lokshin B, VéeigeR. 2004a. Heterogeneity in R&D
Cooperation Strategiesnternational Journal of Industrial Organizatior22(8-9): 1237-
1263.

Belderbos R, Carree M, Lokshin B. 2004b. R&D Coagien and Firm PerformancResearch
Policy 33(10): 1477-1492.

Berger A, Udell G. 1998. The Economies of SmalliBess Finance: the Roles of Private Equity
and Debt Markets in the Financial Growth Cydeurnal of Banking and Finan@2: 613-
673.

Bond S, Van Reenen J. 200Microeconometric Models of Investment and Employmien
Handbook of Econometrics, Vol. 6, 4417-4498, Elsevi

Caloghirou Y, loannides S, Vonortas NS. 2003. Re$edoint VenturesJournal of Economic
Surveysdl7(4): 541-570.

Cameron AC, Trivedi PK. 2008Mlicroeconometrics: Methods and Applicatiorisew York:
Cambridge University Press.

Carpenter R, Petersen B. 2002. Capital Market IfepBons, High-Tech Investment, and New
Equity FinancingEconomic Journal12 54-72.

Cassiman B, Veugelers R. 2002. R&D Co-operation @pilovers: Some Empirical Evidence
from Belgium.American Economic Revie®2: 1169-1184.

Chiao C. 2002. Relationship between Debt, R&D ahgskal Investment, Evidence from U.S.
Firm-Level DataApplied Financial Economick2 105-121.

25



Czarnitzki D. 2006. Research and Development inISera Medium-Sized Enterprises: the
Role of Financial Constraints and Public Fundi8gottish Journal of Political Economy
53(3): 335-257.

Czarnitzki D, Hottenrott, H. 2011. Financial Colagtits: Routine versus Cutting Edge R&D
InvestmentJournal of Economics & Management Strat@@/1): 121-157.

Czarnitzki D, Hottenrott H, Thorwarth S. 2011. Isthial Research versus Development
Investment: The Implications of Financial Consttai©ambridge Journal of Economics,
353): 527-544

Das S, Sen PK, Sengupta S. 1998. Impact of Stcafdliances on Firm ValuatiomAcademy of
Management Journall: 27-41.

Das T, Teng B-S. 2000. A Resource-Based Theory wéategjic Alliances.Journal of
Managemeng6: 31— 61.

d’Aspremont C, Jacquemin A. 1988. Cooperative awa-bboperative R&D in Duopoly with
Spillovers.American Economic Revier@(5): 1133-1137.

David PH, Hall BH, Toole, AA. 2000. Is Public R&D @omplement or Substitute for Private
R&D? A Review of the Econometric Evidend®esearch Policg9: 497-529.

Dussauge P, Garrette B, Mitchell W. 2002e Market-Share Impact of Inter-Partner Learning
in Alliances: Evidence from the Global Auto Indystin: Contractor, F.J., Lorange, P.
(eds.), Cooperative Strategies and Alliances, 787-ergamon Press: Amsterdam.

Dyer J, Singh H. 1998. The Relational View: Coopeea Strategy and Sources of
Interorganizational Competitive Advantagecademy of Management Revig@(4): 660-
679.

Eisenhardt K, Schoonhoven CB. 1996. Resource-B¥s®d of Strategic Alliance Formation:
Strategic and Social Effects in EntrepreneuriainBitOrganization Sciencé(2): 136—150.

Fazzari S, Hubbard R, Petersen BC. 1988. Finan€ogstraints and Corporate Investment.
Brookings Papers on Economic Activity141-206.

Fazzari SM, Petersen BC. 1993. Working Capital &had Investments: New Evidence on
Financing ConstraintR AND Journal of Economi&)(3): 328-342.

Fritsch M, Lukas R. 2001. Who Cooperates on R&Résearch Polic0: 297— 312.

Griliches Z, Mairesse J. 198Rroductivity and R&D at the Firm Leveln: Z. Griliches (ed.),
R&D, Patents, and Productivity, University of CtgoaPress: Chicago.

Griliches Z. 1986. Productivity, R and D, and BaRiesearch at the Firm Level in the 1970’s.
American Economic Revierg(1): 141-154.

Gulati R. 1995. Does Familiarity Breed Trust? Thmplications of Repeated Ties for Contractual
Choice in AlliancesAcademy of Management Jouria& 85-112.

Gulati R, Higgins M. 2003. Which Ties Matter Whefhe Contingent Effects of Inter-
Organizational Partnerships on IPO succ8sstegic Management Journ2d: 127-144.

Hagedoorn J. 1993. Understanding the Rational o&t&jic Technology Partnering: Inter-
organizational Modes of Cooperation and Sectordfel@nces.Strategic Management
Journal14: 371-385.

Hagedoorn J. 1996. Trends and Patterns in Strafbggtinology Partnering Since the Early
SeventiesReview of Industrial Organizatiohl: 601-616.

26



Hagedoorn J. 2002. Inter-firm R&D Partnerships:@verview of Major Trends and Patterns
Since 1960Research Polic@1: 477- 492.

Hagedoorn J, Narula R. 1996. Choosing Organizdtidlades of Strategic Technology
Partnering: International and Sectoral Differencdsurnal of International Business
Studie27: 265-284.

Hagedoorn J. Link A, Vonortas N. 2000. Researchneships Research Policg9(4-5): 567—
586.

Hagedoorn J, Schakenraad J. 1990a. Strategic Ragresmd Technological Cooperation. In: B.
Dankbaar, J. Groenewegen and H. Schenk (eds.)pd®tirees in Industrial Economics,
171-194, Kluwer: Dortrecht.

Hagedoorn J, Schakenraad J. 1990b. Interfirm Patiipes and Cooperative Strategies in Core
Technologies. In: C. Freeman and L. Soete (ed®)y Explorations in the Economics of
Technical Change Economics, 3-37, Pinter: London.

Hall BH. 1990. The Impact of Corporate Restructgram Industrial Research and Development.
Brooking Papers on Economic Activity85-136.

Hall BH, Kruiniker H. 1995. The Role of Working Cé&d in the Investment Process.
unpublished manuscript, Berkeley.

Hall BH, Lerner J. 2010. The Financing of R&D amadvation. In Hall, B. H. and N. Rosenberg
(eds.),Handbook of the Economics of Innovatihsevier-North Holland.

Hall BH, Link AN, Scott TJ. 2003. Universities ag$tarch PartneReview of Economics and
Statistics85(2): 485-491.

Hall BH, Mairesse J. 1995. Exploring the RelatiagpdBetween R&D and Productivity in French
Manufacturing FirmsJournal of Econometric85: 263-293.

Hall BH, Mairesse J, Mohnen P. 2010. Returns to R&fd Productivity. In: Hall, B. H. and N.
Rosenberg (eds.lHandbook of the Economics of Innovati@tsevier-North Holland.

Hamel G. 1991. Competition for Competence and {p&tner Learning Within International
Strategic AlliancesStrategic Management Journd®: 83-103.

Hao KY, Jaffe AB. 1993. Effect of Liquidity On FishR&D SpendingEconomics of Innovation
and New Technologd(4): 275 — 282.

Harhoff D. 1998. Are There Financing Constraints &D and Investment in German
Manufacturing FirmsAnnales d' Economie et de Statistigi®5Q 421-456.

Harrigan KR. 1988. Joint Ventures and Competitiv@at8gy.Strategic Management Journéi
141-158.

Hemphill T, Vonortas N. 2003. Strategic Researchtrieaships: a Managerial Perspective.
Technology Analysis & Strategic Managem&s(R): 255-271.

Hill CWL, Rothaermel FT. 2003. The Performance méumbent Firms in the Face of Radical
Technological InnovatiorAcademy of Management Revig®(2): 257-274.

Himmelberg C, Peterson B. 1994. R&D and InternalaRce: A Panel Study of Small Firms in
High-Tech IndustrieReview of Economics and Statisti& 38-51.

Hottenrott H, Peters B. 2012. Innovative Capabitityd Financing Constraints for Innovation:
More Money, More InnovationReview of Economics and Statistiftathcoming.

27



Jensen M. 1986. Agency Cost of Free Cash Flow, @atp Finance, and Takeovefsnerican
Economic Review6: 323-339.

Jones Cl. 1995. R&D-Based Models of Economic Growturnal of Political EconomyL03
759-784.

Jorde TM, Teece DJ. 1990. Innovation and Cooperatimplications for Competition and
Antitrust. Journal of Economic Perspectivé): 75-96.

Katz ML. 1986. An Analysis of Cooperative Researid DevelopmentRAND Journal of
Economicsl7(4): 527-543.

Kamien MI, Schwartz NL. 1978. Self-Financing ofR&D Project.American Economic Review
68(3): 252-261.

Kamien MI, Muller E, Zang I. 1992. Research Joinéntures and R&D CartelsAmerican
Economic Review2(5): 995-1012.

Kamien MI, Zang |. 2000. Meet me Halfway: Reseajomt Ventures and Absorptive Capacity.
International Journal of Industrial Organizatiat8: 995-1012.

Kaplan S, Zingales L. 1997. Do Investment-Cash FRemsitivities Provide Useful Measures of
Financing ConstraintsQuarterly Journal of Economickl21): pp. 169-215.

Kaplan S, Zingales L. 2000. Investment-Cash Flowms8eities are not Valid Measures of
Financing ConstraintQuarterly Journal of EconomicklY2): 707-712.

Karlsson M, Trygg L, Elfstrom B-O. 2004. MeasuriRgD Productivity: Complementing the
Picture by Focusing on Research Activiti€schnovatior?4: 179-186.

Kogut B. 1988. Joint Ventures: Theoretical and Hiogl PerspectivesStrategic Management
Journal9: 319-332.

Kotabe M, Swan KS. 1995. The Role of Strategicakties in High Technology New Product
DevelopmentStrategic Management Journbb: 621-636.

Leahy D, Neary JP. 1997. Public Policy Towards Ri&Dligopolistic IndustriesThe American
Economic RevieB7(4): 642—662.

Leahy D, Neary JP. 2007. Absorptive Capacity, R&tll8vers, and Public Policynternational
Journal of Industrial Organizatio25: 1089-1108.

Leland H, Pyle D. 1977. Informational AsymmetrigSinancial Structure, and Financial
IntermediationJournal of Finance32: 371-387.

Lerner J, Shane H, Tsai A. 2003. Do Equity Finagci@ycles Matter? Evidence from
Biotechnology AlliancesJournal of Financial Economids7: 411-446.

Letterie W, Hagedoorn J, van Kranenburg H, Paln2®08. Information Gathering Through
Alliances.Journal of Economic Behavior and Organizatiéf 176-194.

Levitas E, McFadyen MA. 2009. Managing LiquidityResearch-Intensive Firms: Signaling and
Cash Flow Effects of Patents and Alliance Actiati8trategic Management Journa0:
659—678.

Li D, Eden L, Hitt MA, Ireland RD. 2008. Friends,cfuaintances, or Strangers? Partner
Selection in R&D AlliancesAcademy of Management Jourrad(2): 315-334.

Link AN, Bauer LL. 1989. Cooperative Research irSUManufacturing: Assessing Policy
Initiatives and Corporate Strategies. Lexington IBod.exington, MA.

28



Long WF, Ravenscraft DJ. 1993. LBOs, Debt and R&i2sity.Strategic Management Journal
14: 119-135.

Mansfield E, Rapoport J, Schnee J, Wagner S, Hagebu. 1971 Research and Innovation in
the Modern CorporationNorton: New York.

Mansfield E. 1980. Basic Research and Productiltitgrease in ManufacturingAmerican
Economic Review(: 863-873.

Mayer KJ, Teece DJ. 2008. Unpacking Strategic Ades: The Structure and Purpose of
Alliance versus Supplier Relationshipkurnal of Economic Behavior and Organization
66: 106-127.

Mitchell W, Singh K. 1996. Survival of Businessesitfyy Collaborative Relationships To
Commercialize Complex GoodStrategic Management Journaf: 169-195.

Mody A. 1993, Learning through allianceurnal of Economic Behavior and Organizati®d
151-170.

Monjon S, Waelbroeck P. 2003. Assessing Spillofens Universities to Firms: Evidence from
French Firm-Level Datalnternational Journal of Industrial OrganizatioB1(9): 1255—
1270.

Mowery DC. 1988. Joint Ventures in the U.S. Comnatraircraft Industry. In: D.C. Mowery
(ed.), International Collaborative Ventures in U.S. Manctizring, Ballinger: Cambridge,
MA.

Mowery DC, Oxley JE, Silverman BS. 1996. Strategiiances and Inter-firm Knowledge
Transfer.Strategic Management Journgf: 77-91.

Mowery DC, Oxley JE, Silverman BS. 1998. TechnatagiOverlap and Interfirm Cooperation:
Implications for the Resource-Based View of theriResearch Policgy27(5): 507-523.

Myers S, Majluf N. 1984. Corporate Financing andelstment Decisions When Firms Have
Information that Investors Do Natournal of Financial Economick3: 187-221.

Nakamura M. 2003. Research Alliances and Collamrst Introduction to the Special Issue.
Managerial and Decision Econom|&4(2—3): 47-49.

Nelson RR. 1991. Why Do Firms Differ, and How DaedMatter? Strategic Management
Journal12: 61-74.

OECD. 1993, 2002rascati Manual: Proposed Standard Practice for @&ys on Research and
Experimental Developmenrtuxembourg.

Park SH, Chen R, Gallagher S. 2002. Firm Resowsddoderators of the Relationship between
Market Growth and Strategic Alliances in SemiconducStart-ups. Academy of
Management Journal5(3): 527-545.

Pisano GP. 1991. The Governance of Innovation: id&rtintegration and Collaborative
Arrangements in the Biotechnology IndustResearch Policg0: 237-249.

Porter ME, Fuller MB. 1986. Coalitions and Glob&la®egies. In: M.E. Porter (ed.), Competition
in Global Industries, Harvard Business School Prigeston, MA.: 315-344.

Powell WW, Grodal S. 2005. Networks of Innovatdrs.Fagerberg, J, Mowery, DC Nelson RR
(eds), The Oxford Handbook of Innovation, Oxfordiwgmsity Press.

Rothaermel FT. 2001. Incumbent’s Advantage Throkgploiting Complementary Assets via
Interfirm CooperationStrategic Management Journa2: 687—-699.

29



Rothaermel FT, Deeds DL. 2004. Exploration and &ixafion Alliances in Biotechnology: a
System of new Product Developmestrategic Management Journ2b: 201-221.

Sampson RC. 2007. R&D Alliances and Firm Perforneanihe Impact of Technological
Diversity and Alliance Organization on Innovatiokcademy of Management Jourri):
364-386.

Salter AJ, Martin BR. 2001. The Economic BenefifsRublicly Funded Basic Research: a
Critical Review.Research Policg0: 509-532.

Shan W, Walker G, Kogut B. 1994. Interfirm Coopgmatand Startup Innovation in the
Biotechnology IndustryStrategic Management Journib(5): 387-394.

Solow RM. 1957. Technical Change and the Aggredateduction Function.Review of
Economics and Statisti@®: 312-320.

Suzumura K. 1992. Cooperative and NoncooperativeDRi& Oligopoly with Spillovers.
American Economic Revie82(5): 1307-1320.

Stiglitz J, Weiss A. 1981. Credit Rationing in Mat& with Imperfect InformationAmerican
Economic Reviewl: 393-410.

Stuart TE. 1998. Network Positions and PropensitgSollaborate: An Investigation of Strategic
Alliance Formation in a High-Technology Industrgdministrative Science Quarterly
43(3): 668-698.

Teece DJ. 1986. Profiting from Technological Innova& Implications for Integration,
Collaboration, Licensing and Public Poli¢yesearch Polic%6): 286-305.

Teece DJ. 1992. Competition, Cooperation, and lation: Organizational Arrangements for
Regimes of Rapid Technological Progres¥ournal of Economic Behavior and
Organization18(1): 1-25.

Tether B. 2002. Who Co-operates for Innovation, ¥iady: An Empirical AnalysisResearch
Policy 31: 947-967.

Veugelers R. 1997. Internal R&D Expenditures andteExal Technology Sourcing.
Research Polic26(3): 303 - 315.

Veugelers R, Cassiman B. 2005. R&D Cooperation BetwFirms and Universities — Some
Empirical Evidence from Belgian Manufacturingnternational Journal of Industrial
Organization23: 355-379.

Von Hippel E. 1988. Sources of Innovation. Oxfondikérsity Press, Oxford.
Williamson O. 1985. The Economic Institutions ofp@talism. Free Press, New York.

Wooldridge JM. 2002Econometric Analysis of Cross Section and PanelaDBtIT Press:
Cambridge, Massachusetts.

Wooldridge JM. 2005. Data Models with Unobservedtdrmgeneity. Journal of Applied
Econometric0: 39-54.

30



Appendix

Table A.1:Industry classifications

Industry NACE rev. 2008 Description Frequency % SCIENCE VERTICAL HORIZONTAL
COLLABORATION COLLABORATION COLLABORATION
1 10, 11, 12 Food and Tobacco 242 6.99 33.47 28.93 13.22
2 13, 14, 15 Textiles, Clothing and Leather 213 56.1 28.17 30.52 7.98
3 16, 31 Wood and Furniture 117 3.38 12.82 17.95 7.69
4 17,18 Paper 118 3.41 25.42 27.12 9.32
5 19, 20 Chemicals 268 7.74 37.69 39.18 8.96
6 21 Pharmaceuticals 68 1.96 19.12 14.71 8.82
7 22 Rubber and Plastic 153 4.42 18.30 32.68 7.84
8 24, 25, 33 Metal 295 8.52 29.15 30.17 12.20
9 27,28 Machines and Equipment 424 12.25 30.42 33.02 9.67
10 26 ICT 262 7.57 40.08 38.17 22.14
11 29, 30 Transport 105 3.03 26.67 31.43 18.10
12 41 Building and Construction 105 3.03 26.67 15.24 10.48
13 1,5, 23,37,35,32 Miscellaneous Industries 9 20 6.04 22.97 26.79 10.53
14 45, 46, 47, 49, 55, 58 Commerce and Transport 2 21 6.12 31.13 27.83 14.62
15 59, 64, 68, 69, 71 - 79 Other Services 450 13.00 29.56 33.56 13.11
16 61, 62 Software Devglopment and 291 6.38 24.89 30.32 10.86
Communicatio
3,462 100.00 29.06 30.73 11.90
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Table A.2:Random-effects estimation result$3,4620bs. of 904 firms) on expenditures per tamgible assetK(

SCIENCE COLLABORATION

VERTICAL COLLABORATION HORIZONTAL COLLABORATION

Variable R&D RESEARCH R&D RESEARCH R&D RESEARCH
DEBT 1o/ K1 -0.006** -0.005*** -0.006** -0.004** -0.006 ** -0.004 ***
(0.002) (0.001) (0.002) (0.001) (0.002) (0.001)
(WCAP,1 / Ki1)*COLLAB; ;4 0.135*** 0.040 0.128** 0.076* -0.056 -0.043
(0.049) (0.025) (0.051) (0.025) (0.068) (0.037)
(WCAP,1 / Ki11)*(1-COLLAB; 1) 0.133*** 0.114*** 0.134*** 0.103** 0.152 *** 0.1171 ***
(0.030) (0.015) (0.030) (0.015) (0.029) (0.014)
COLLAB; 4 2.569*** 1.290%** 2.573*** 1.389+** 2477 *** 0.961 ***
(0.428) (0.206) (0.416) (0.202) (0.558) (0.273)
SUB; 4 1.076*** 1.257%** 1.518**
(0.398) (0.393) (0.392)
R_SUE; 4 0.742** 0.712* 0.72°7*
(0.331) (0.331) (0.331)
IN(Ki 1) -4.470%** -1.602*** -4.536%** -1.651*** -4.578 *** -1.677 ***
(0.466) (0.232) (0.467) (0.229) (0.469) (0.232)
[IN(K.)1? 0.238*** 0.094** 0.244*** 0.098** 0.248 *** 0.107 ***
(0.031) (0.015) (0.031) (0.015) (0.031) (0.015)
IN(AGE 1) 1.671 -0.145 1.297 -0.236 1.254 -0.305
(1.606) (0.801) (1.604) (0.796) (1.616) (0.800)
[IN(AGE 1.,)] 2 -0.325 -0.050 -0.269 -0.037 -0.257 -0.023
(0.272) (0.136) (0.272) (0.135) (0.274) (0.136)
GROUR 2.097*** 0.355 2.075*** 0.335 2.154*** 0.393%
(0.424) (0.214) (0.424) (0.212) (0.427) (0.213)
Joint sig. of time dummieg (7) 9.88 18.83*** 8.80 23.25%** 11.46 17.25%*
Joint sig. of ind. dummieg (15) 33.95%* 17.32 32.20%* 16.79 31.28%* 16.63
Test offf, = fz ¥2 (1) 0.00 7.69%** 8.80 1.06 8.9 % 16.89***
Log-Likelihood -10,501.817 -7,208.218 -10,499.825 7,201.494 -10,513.534 -7,217.395
P 0.296 0.351 0.296 0.349 0.303 0.356
# of censored obs. 531 1,033 531 1,033 531 1,033

Notes: Standard errors are in parentheses. ***{}fndicate a significance level of 1% (5%, 10%)]l. models include an intercept, time and industtynmies (not presented. The
value ofp indicates the share of the total variance whidtuis to the cross-sectional variation.



Table A.3:Correlation matrix (3,4620bs. of 904 firms)

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 R&D 1
2 RESEARCH 0.7902 1
3 suB 0.1787 0.1625 1
4 R SUB 0.2336 0.1533 0.4085 1
5 COLLAB 0.1290 0.0994 0.2801 0.1037 1
6 COLLAB_SCIENCE | 0.1287 0.1204 0.3278 0.1175 0.7823 1
7 COLLAB_VERT 0.1181 0.1113 0.2198 0.0986 0.8142 0.6009 1
8 COLLAB_HORI 0.1512 0.1247 0.1217 0.0736 0.4493 0.3935 0.3275 1
9 DEBT 0.3767 0.3185 0.1714 0.1591 0.1422 0.1814 0.1144 0.1071 1
10 wcap 0.3156 0.1875 0.2225 0.1402 0.1677 0.2027 0.1479 0.1718 0.7095 1
11 0.1289 0.1218 0.0516 0.0362 0.1041 0.1404 0.0879 0.0741 0.4281 0.3145 1
12 gmp 0.4627 0.3723 0.2095 0.1629 0.1752 0.2258 0.1748 0.1652 0.5683 0.6323 0.3766 1
13 AGE 0.1990 0.1093 0.0315 0.0546 0.0272 0.0694 0.0521 0.0336 0.2307 0.2982 0.0827 0.3230 1
14 GRoOUP 0.1168 0.1062 0.0835-0.0006 0.1321 0.1234 0.1341 0.1163 0.1522 0.2049 0.0644 0.2284 0.1281 1
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