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Abstract

Starting point of our analysis is the empiricaltféltat firms pursue different goals when
getting engaged in R&D collaborations, often mdrv@tone goal at the same time. Given that
firms are driven by different motives for R&D coopton, the aim of this article is to
investigate the differences related to differenttives with respect (a) to the factors
influencing the likelihood of R&D cooperation asspalated by theory; and (b) to the impact
of R&D cooperation on firm innovativeness and firproductivity. On the whole,
distinguishing various cooperation motives appdarde fruitful because it allows more
differentiated insights with respect to the impoda of factors determining cooperation that
would remain hidden behind the overall variable TR&ooperation yes/no”. Not only R&D
cooperation in general but also cooperation drivgeach of the seven motives considered in
this paper correlate positively with the sales shaifr innovative products. With respect to
innovativeness the characterization of cooperatiprthe driving motive did not add much
more insights that it could be gained through therall variable ‘R&D cooperation yes/no’.
Technology-motivated collaborative activities shewweaker tendency to positive direct
effects on productivity than cost-motivated coofpiera In this case, the distinction of several
cooperation motives yields some additional insigidscompared to the overall cooperation
variable.



1. Introduction

This paper is mainly motivated by observation of tiecessity of the acquisition of new
knowledge as a precondition for successful inneeatactivities of enterprises. New
knowledge is generated not only inside the bouedaof a firm but also acquired from the
environment. Even the largest and most technoltgiclf-sufficient enterprises require
knowledge from beyond the firm boundaries. In dddito own research and development
(internal R&D) enterprises typically are engaged tie trading of knowledge on the
technology market (contract or external R&D) andém-operate actively — formally or
informally — with other firms and research instibuis. For applied industrial economics it is
an important task understanding how firms integnatiernal knowledge and various types of
externally acquired knowledge. In the last yeaeydhs an increasing interest in economic
literature to analyze the motives and determinatsalternative knowledge acquisition
strategies (own R&D, R&D co-operation, contract-R&c.). An important motive for this
research interest is the improvement of our undedshg of the role of such strategies with
respect to (a) the innovation performance andlb)dutput performance of enterprises that
engage in such strategies. Thus, there is alsn@easing interest in assessing the impact of
various knowledge acquisition strategies on thewation and economic performance of a
firm. Better insights into knowledge acquisitionraségies and their impact on firm
performance would allow the formulation of a knoside-based technology policy.

In this paper we concentrate on R&D cooperatiorarti®ig point of our analysis is the
empirical fact that firms pursue different goalsenlgetting engaged in R&D collaborations,
often more than one goal at the same fifdven that firms are driven by different motives
for R&D cooperation, the aim of this article is bovestigate the differences related to
different motives with respect (a) to the factordluencing the likelihood of R&D
cooperation as postulated by theory; and (b) toitmgact of R&D cooperation on firm
innovativeness and firm productivity.

To this end, we utilized data on seven differentines for R&D cooperation reported by
Swiss firms in the years 1999, 2002 and 2005. Basetiese data we distributed cooperating
firms in seven groups according to the importamretliem of each of the seven cooperation
motives. Thus, we constructed a dichotomous vaifdi each of these cooperation motives.
In a second step we specified based on theordtieghture a model of the determining
factors of the propensity to cooperate in R&D casipg primarily variables measuring
knowledge absorptive capacity, incoming spillovansl appropriability as well the intensity
of competitive pressures. The seven motive dichot@mariables were the variables to be

! See, e.g., Cassiman and Veugelers 2006; Beldetzs2006

2 See, e.g., Hagedoorn (1993); Hagedoorn et al.0j2@rictly, we cannot distinguish between firmattpursue
more than a motive at the time for a certain coafpes project and firms that have more than onegecative
project in the reference period but with differemitives.



explained by this modélThese seven cooperation equations were estimgtetLliivariate
probit techniques in order to take into accountititerdependence of the dependent variables
due to the fact that firms are driven by more thae motive at the time. In a third step we
specified an innovation equation and a productivetuation respectively that included
separately each of the seven cooperation motivesight-hand variables. These were
estimated by random effect tobit and random effdch techniques respectively, after testing
for endogeneity for the seven motive variables.al¢e estimated a cooperation equation and
the two impact equations for the overall cooperatrariable (‘R&D cooperation yes/no) as
reference.

New elements of this study are (a) the considaradioseven distinctive motives for R&D

cooperation; (b) the investigation of the impactlw#se different motives on innovation and
productivity; (c) the coverage of all sectors ok tleconomy (manufacturing; services;
construction); and (d) the consideration of morantlone cross-section of firms, as it is
usually the case.

The plan of the study is as follows: In section € aiscuss the theoretical background of the
study. Section 3 offers a summary of relevant eicgdifiterature. Section 4 is committed to

then presentation of the data used in the studgtid®e5 contains a short discussion of the
seven different R&D cooperation motives investigaite this study. The specification of the

empirical model to be estimated is presented iige®. In section 7 the results of the

econometric estimations are discussed. Finallytise®& contains a summary of the most
important results and some conclusions.

2. Theoretical Background

Our conceptual approach builds on two differenarsds of literature that offer theoretical
explanations for R&D cooperation. The first onengustrial organization (1O) literature, the
second one management literature (see Caloghiralu 2003 for a literature survey).

2.1 Industrial Organization concepts related to knwledge acquisition

An important strand of 10 literature is concernedthwendogenousabsorptive capacity

(Cohen and Levinthal 1989, 1990). On a theoretipaund we know that the absorptive
capacity (Cohen and Levinthal (1989, 1990) of anfiis an important precondition to
successfully capitalize on externally generatedwkedge, i.e. generated by competitors,

% To our knowledge the only other study that in\gstts motives of innovation R&D cooperation in mikir
setting using motive variables as left-hand vadalih a cooperation equation is the paper of Sah2@i@7 that
is based on Canadian firm data. However, theremame studies using explicitly motive variables ight-hand
variables in cooperation equations in additiontte factors postulated by theory (see, e.g., Sakekith997;
Bayona et al. 2001; Woerter 2007; Lopez 2008; Aitisaand Bolli 2009).



suppliers, customers, and/or public research uigiits and universities. Firms with well-
educated staff and permanent research activitiessapposed to have higher absorptive
capacity than firms lacking such characteristiche Texploitation of externally acquired
knowledge depends crucially on a firm’s absorptapacity.

The concept oincoming spillover§see Cassiman and Veugelers 2002) is strongltecelta
the absorptive capacity of a firm. It indicates thenount” of beneficial external knowledge
flows for the firm.Outgoing spilloversneasure the amount of a firm’s knowledge that seep
out of the firm and can be utilized by other firrighile incoming spillovers may motivate a
firm to seek R&D cooperation, outgoing spilloversed the opposite influence, i.e. they
hinder innovative activities because of the risk iofernal knowledge leaking out to
competitors. The negative effects of outgoing epéks can be attenuated through several
formal (e.g., patents) and informal (e.g., secréegd time over competitorgppropriability
mechanismsin a strategic way firms seek to limit outgoingillevers through secrecy
measures or greater complexity of developed praeduct lead time over competitors.
Furthermore firms try to internalise outgoing spitrs by ensuring property rights (e.g.,
patents). When the usual protection methods areffettive or not available, it is possible —
this could be a further line of argumentation —t floav appropriability of innovation returns
may increase the incentives for R&D cooperatioraasieans of internalizing information
flows among firms, under the condition that thiperation is based on a contract that
explicitly settles not only property rights but @lall kinds of information exchange among
partners.

There is an inherent relationship between theseetlooncepts: absorptive capacity is
necessary for a firm in order to be able to ex@oailable external knowledge, i.e. to ensure
knowledge flows to the firm (incoming spilloversther through “buy” or cooperation or
other channels) but also is interested in protgctis own knowledge base from being
exploited by other firms or institutions withoutyag for it, thus trying to keep outgoing
spillovers under its control, for example, througiious protection mechanisms.

Cassiman et al. (2002) developed a theoretical htbdelinks knowledge flows to and from
a firm’s innovation process with the firm’'s invesint decisions with respect to innovation.
The model contains a technologically leading finnd @ competitive fringe. The leading firm
considers three types of investment: investmentapiplied research, investments in basic
research and investments in intellectual propertygetion. By conducting basic research the
leading firm can effectively access incoming knaige flows (incoming spillovers). These
incoming spillovers serve to increase the efficieatown applied research. The leading firm
can at the same time try to keep outgoing spill®vew by investing in protection, thus
improving its appropriability of innovation returnis the long run a leading firm will invest
in basic research, which is a precondition for iowimg its absorptive capacity, when market
opportunities are high, legal protection is impottand the pool of accessible and relevant



external know-how is not limited, given a minimunzes of the firm’'s budget for such
investments.

2.2 Industrial Organization approach to R&D cooperdion

R&D cooperation, particularly in the form of resgajoint ventures, is an important single
knowledge acquisition strategy that has been thgsuof theoretical and empirical analysis
since some years. Economic research in the fielR&D cooperation essentially aims at
understanding why firms are undertaking R&D coopera how they do it, and with what
result (see Kaiser 2002 and De Bondt 1996 for vevief this literature).

One of the most influential theoretical paper instfield is that of D’Aspremont and
Jacquemin (1988). They derived a two-stage Coudnopoly game in which firms decide
upon R&D investment and then compete in the procharket. R&D expenditures are larger
in research joint ventures than in the competitase if (exogenous) spillovers exceed a
critical value.

An interesting generalization of the framework dABpremont and Jacquemin (1988) was
achieved by Kamien et al. (1992). Key findings bistpaper are that (a) effective R&D
investment is larger under research joint ventdhes: under competition if spillovers are
sufficient large, (b) an increase in spilloversdedo a reduction of research efforts if goods
are complements (substitutes) and spillovers argelgsmall) and also tends to reduce
incentives to collaborate in R&D, (c) an increasamarket demand leads to an increase of
research efforts both under research joint ventune research competition; an increase of
market demand has a positive effect on the likelthof R&D cooperation, and (d) increased
research productivity leads to increased incentivesvest in R&D and also to conduct joint-
research.

In a further paper Kamien and Zang (2000) trieantegrate in their theoretical framework

the idea of endogenous absorptive capacity, ieeidda that firms can determine through their
own research effort the extent of absorption ofemdl knowledge. The most important

empirically result of this paper is that researamtj ventures are more likely to occur the
more “general’ (in contrast to “specific”’) the R&gyenda is.

2.3  Management literature approach to motives of R& cooperation

The second strand of literature we take into camsiton, namely management literature,
provides further helpful insights with respect tdfedent motives of R&D cooperation.

Following Caloghirou et al. (2003) we distinguisditee approaches within this literature. A
first group of studies views R&D cooperation, marencretely, R&D joint ventures, as
efforts of firms to shape the competitive envirommé which they operate (see, e.g.,



Harrigan 1988; Porter 1990). Shaping competitionl amproving a firm’s competitive
position can be reached by sharing value chaink patrtners in a way that broadens the
effective scope of a firm’s own value chain. A seg@pproach is emphasizing resources and
capabilities building on the resource-based viewheffirm originally developed by Penrose
(1959) and is further elaborated by Teece (198Badyc capabilities approach) and Prahalad
and Hamel (1990; core competences concept). In tl@w technological alliances are
effective organizational modes for gaining accessx@¢w and/or complex technologies as
additional resources. Finally, a third approaclomussing on the role of uncertainty for the
generation of new knowledge. Sharing of technolagrisks of the development of new
technologies and learning processes referring W sgecialized and complex technologies
are important motives for building inter-firm teaiaogical alliances according to this
approach (see, e.g., Kohut 1988; Dodgson 1991;er£@e2). Finally, Hagedoorn (1993) in a
survey of the management literature on technolagynpring gives an overview of motives
for technology alliances and develops a taxonomyadperation motives that was used
together to the insights from management literatiane identifying the most important
cooperation motives in the empirical part of thisdy.

2.4  Resulting hypotheses

The above discussion of theoretical literature $e&d the formulation of the following
hypotheses for the empirical part of the study:

Hypothesis 1:The propensity to cooperate in R&D correlaggssitively with a firm’s
knowledge absorptive capacity;

Hypothesis 2:The propensity to cooperate in R&D correlapesitively with the extent of
incoming spillovers andegativelywith the extent of outgoing spillovers.

2.5 Impact of R&D cooperation on economic performane

The theoretical literature has already addressedntiportant question about the relation of
R&D cooperation and economic performance. Accordmgiink and Siegel (2003; Ch. 11),

who wrote a survey on this literature, in genefrs aanswer to this question is that the
propensity to R&D cooperation is positively relai@) to economic efficiency and (b) to the
increase of consumer surplus through new or imgt@reducts or faster introduction of such
new or improved products.

The predominant static models with spillovers c# thdustrial organization (I0) approach
predict mostly under-investment in R&D due to emé&drcosts caused by low appropriability
of innovation gains. These models consistently fthdt research collaborations tend to



alleviate the appropriability problem in the preserof high spillovers. Cooperating firms
reduce duplicative research and are able to mdisedpropriate innovation gairfs.

The management literature treats R&D alliances aspexific type of organizing R&D
activities that could lower transaction costs. Besithe avoidance of duplication of research
results, synergies between cooperation partnerkl ggpuve rise to economies of scope and
learning (through the transfer of experience anuangners).

Based on the results of theoretical literature amenfilate the following hypotheses for the
empirical part of the study:

Hypothesis 3Cooperative R&D enhances innovation performanae@gh new or improved
products or faster introduction of such new or iayad products);

Hypothesis 4:Cooperative R&D enhances firm productivity (thrbughe reduction of
innovation costs and/or the utilization of econosé scale, scope, or learning).

3. Review of selected relevant empirical literature
3.1 Determinants of R&D cooperation

We restrain our literature survey to recent studmsusing primarily on the effects of
incoming spillovers and appropriability mechanisomsthe propensity to cooperate in R&D
in studies based on CIS-similar data.

Cassiman and Veugelers (2002) investigate thetsff#fcncoming spillovers and appropria-
bility mechanisms on the probability to cooperateR&D with suppliers/customers and
public research institutions respectively. Basedaonempirical analysis of 411 Belgium
manufacturing firms it was found that it is verypartant to distinguish between incoming
spillovers and appropriability as determinantsdifferent types of R&D cooperations. Firms
with higher incoming spillovers and better apprapan of knowledge have in general a
higher probability of cooperating in R&D. Highercoming spillovers positively affect the

probability to cooperate with public research itgtons, but have no effect on cooperation
with customers or suppliers. Better appropriability results of the innovation process,
however, increases the probability of co-operatmigh customers or suppliers and is
unrelated to cooperative agreements with reseamshtutes. The results of this study
demonstrate the relevance of distinguishing betvieayming spillovers and appropriability.

Belderbos et al. (2004a) provide an interestingeesibn of the Cassiman and Veugelers
(2002) results. Based on matched Dutch firm datavi@ cross sections (1996, 1998) the
authors analyzed four different types of R&D co@pien (competitors, customers, suppliers,
public research institutions) and found that theme considerable differences with respect to

* See Link and Spiegel (2003; Ch. 11) for a moraitket discussion of other types of much less fratjyeised
IO models that do not come to clear-cut resulté wespect to the impact of cooperation on firm genance.
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the effects of various determinants on the varigpss of cooperation (heterogeneity of R&D
cooperation strategies). Different types of co-apen seem to be viewed by the firms as
complements rather than substitutes.

Bonte and Keilbach (2005) focused on vertical R&meration (customers and suppliers).
They distinguished between formal and informal @apon. They found only weak
empirical evidence for the relevance of incomingdl®gers for formal as well for informal
cooperation. In contrast, a firm’s ability to limatitgoing spillovers has a positive effect on a
firm’s propensity to engage in both formal and mfal cooperations at the same time. It does
not affect, however, the probability of co-opergtimformally alone. The authors further
emphasized the importance of absorptive capacitiynformal cooperations.

Dachs et al. (2004) found in a comparative studyHRmland and Austria that incoming
spillovers are in general an important determirdigooperation propensity in both countries.
While sector affiliation and innovation intensityeafurther important driving factors in
Austria, appropriability and public funding acties are the main factors that promote R&D
co-operations in Finland.

Schmidt (2005) using CIS3 data for Germany focusedhe role of spillovers in explaining
R&D cooperation of various types: co-operationshvatippliers and customers as well with
research institutions. He found in accordance waults for other countries a positive effect
of knowledge flows reflecting incoming spillovera the likelihood of R&D cooperation. In
addition, he could show that firms with high intefrR&D budgets are more likely to
cooperate with universities than with suppliers anstomers.

Although not assessing the relative importance mflosers and appropriability, Tether
(2002) provides us with an interesting analysi®R&D cooperation in relation with different
types of innovation activities. Based on UK data #luthor found that R&D cooperations are
more common among firms that introduce innovatiokesv to the market and that the
existence of R&D activities as well as the intepst such activities tend to increase the
likelihood that a firm has R&D cooperations withtenaal partners.

Abramovsky et al. (2005) studied cooperative R&Dvay in a comparative study for four
European countries by using data from the CIS3fance, Germany, Spain and the UK in a
similar setting as this in Cassiman and Veugel2@2). They found a positive relationship
between the likelihood of cooperating in R&D andcaming spillovers as well as
appropriability.

In a recent study based on Spanish firm data L¢p@@8) found that besides information
flows from external sources cost-risk sharing is iamportant determinant of R&D
cooperation.

Finally, as an exception of the rule of taking imtccount primarily firms using CIS-similar
data we mention here the study of Rdller et al.iclviis based on USA data for RJVs, a
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specific form of R&D cooperation. The empirical uets support the hypotheses that firms of
different sizes have disincentives to form RJVs #@nad sharing of R&D costs is an important
incentive for RJV participation.

3.2 R&D cooperation and firm performance

We concentrate in our literature review on the iotpE cooperation on innovativeness and
economic performance because these topics areoalshe focus of this paper. Table 1
contains a listing of the important impact studoesblished after 2000 (see Link and Siegel
2003, Ch. 11 for a survey of literature on thisi¢dpefore 2000). This list is not exhaustive
but certainly representative of the state of erogirresearch in this field. It contains studies
for six European countries (Belgium, Finland, Fegn&ermany, the Netherlands and
Sweden) and Japan.

A number of empirical studies have found a positmpact of engaging in R&D cooperation

on innovation performance usually measured by #iessshare of innovative products (see,
e.g., Loof and Heshmati 2002; and Belderbos e2@0D4b). Other studies find little or no

evidence for a significant correlation between @apon and innovation performance as
measured by output indicators (se, e.g., Kemp .eR@03; Okamuro 2007; Aschhoff and

Schmidt 2008). There is a tendency for cooperapimpensity to correlate positively with

input but not with output innovation indicators €se.g., Klomp and Van Leeuwen 2001).
Distinguishing between cooperation with national anternational partners, Miotti and

Sachwald (2003) show that in France innovationguarnce is not affected by cooperation
agreements with national partners but increaseddoperation with foreign partners. LO6f

and Heshmati (2002) find positive effects of coagpien for both national and international

partners.

Most of the studies that distinguish various typésooperation partners find out that the
impact of cooperation on innovativeness dependgiliyean the type of partner but no general
pattern is discernible. For countries with morentleme study in our list in Table 1 the
findings are differing form study to study due ke tfact that the studies often use different
firm cross-sections, different model specificati@m different econometric methodologies.
In sum, there is relative large heterogeneity stits but nevertheless a general tendency for
positive effects of cooperation on innovation perfance is also discernible. We could find
only too few studies on the impact of cooperatiarpooductivity to be able to make a general
assessment of such effects.

4. Data

The data used in this study were collected in tberse of three surveys among Swiss
enterprises in the years 1999, 2002 and 2005 usiggestionnaire that included besides

10



guestions on some basic firm characteristics (sarports, employment, investment and
employees’ vocational education), several innovatiaicators quite similar to those in the
Innovation Surveys of the European Community (C#S)well as information on R&D
cooperation projects (type of partners, motives,)2tThe survey was based on a (with
respect to firm size) disproportionately stratifiemhdom sample of firms with at least 5
employees covering all relevant industries of tremuafacturing sector, the construction sector
and selected service industries as well as firma slasses (on the whole 28 industries and
within each industry three industry-specific firmzes classes with full coverage of the upper
class of large firms). We used in this study ordyadfor firms conducting R&D activities in
the relevant perio8 The final data set includes 2922 enterprises fadirfields of activity and
size classes (see table A.1 in the appendix fostheture of the used data set by industry,
firm size class and year respectively).

5. Descriptive analysis: motives of R&D cooperation

Under “R&D cooperation” we understand cooperatiggvéiies in R&D that could take the
form of R&D agreements, agreements for technoldgixehange, joint ventures in R&D, etc.
Contract R&D is explicitly not included in the deftion we use in our survey. According to
the above definition 997 firms, i.e. 34.1% of firmigh R&D activities in our sample reported
R&D cooperation (see Table 2). The share of codipgydirms varied between 27.4% (2002)
and 38.7% (1999). Based on management literatunelevdified six single motives for R&D
cooperation. Three of them are referringfitwancial or cost requirementseduction of
technological costs (MOT1); saving R&D costs (MOTZnd reduction of product
development time (MOT3). A fourth one is also aafinial motive and is related to the
utilization of public promotion grants for which @operative project is a precondition
(MOT7). Three further motives reflect primarilknowledge requirementsaccess to
specialized new technology (MOT4); utilization afchnological synergies (MOT5); and
access to complex new technology (MOT6).

Starting point of our analysis is the fact thamsr mostly pursue more than one motive at a
time in R&D cooperation. This is demonstrated bg figures in Table 2 that show the
frequency of reporting of the seven different mesivtaken into account in this study. The
most frequent motives for all three periods aretl@@) utilization of technological synergies
(MOT5) and (b) the access to specialized technol®d$®T4). Shortening of development
time (MOT3) and acquisition of knowledge of compl@chnologies (MOT6) seem to be
somewhat less important than MOT3 and MOT5. Redoadf technological risks (MOT1),
saving R&D costs (MOT?2) and utilization of publicopnotion grants for which a cooperative

® Versions of the questionnaire in German, Frenchltalian are available at www.kof.ethz.ch.
® Since we did not correct for a possible samplecsiein bias for firms that did not conduct R&D, ttesults can
be interpreted as applicable only to firms invegimR&D.
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project is a precondition (MOT7) are pursued in noases by less than 10% of cooperating
firms. The proportions between the motives remanedatively stable over time pointing to a
rather stable pattern of motives of R&D cooperation

6. Model specification and construction of variable
6.1  Cooperation equations
6.1.1 Dependent variables

We constructed a dichotomous variable taking theeva for cooperating firms and the value
0 for non-cooperating firms. We also constructedighotomous variable for every single
motive of R&D cooperation. The value 1 of eachledge variables was taken by cooperating
firms that reported the value 4 or 5 on a five-pditkert scale assessing the importance of a
certain cooperation motive. The value O was giwealt other cooperating firms as well as
non-cooperating firms (see section 7.1 for thafjaation of this construction).

6.1.2 Independent variables

We used the same vector of independent variabtesllfeeven cooperation motive equations
and the overall cooperation variable (see Tableojmn 1; Table 43.Absorptive capacity
was approximated (a) by the variable HQUAL (shafeemployees with tertiary-level
education) and (b) by the variable TPOT (anticigatxhnological potential). According to
hypothesis 1 we expect positive effects of these wariables. With respect to cooperation
motives we further specify hypothesis 1 as followechnology-oriented motives of R&D
cooperation (e.g., access to new specialized téopyoor exploitation of technological
complementarities) are expected to be found motenothan financial and cost-oriented
motives (e.g., sharing of R&D costs or reductiorpafduct development time) in firms with
high knowledge absorptive capacity. Thus, hypothgaiis as follows:

Hypothesis laFirms with primarily technology-oriented motivelsosv a higher absorptive
capacity than firms pursuing primarily financialdacost-oriented motives.

The extent of incoming spillovers was measured dnyables reflecting the importance of the
following external knowledge sources: users andarners (variable KCUST); suppliers
(KSUP); and science-based knowledge from univessitiand patent disclosures
(KPATSCIENCE). Also for these variables we expeasifive effects according to the first
part of hypothesis 2. The variable COPY (easinés®sjpying a firm’s innovations as relevant
innovation obstacle) is a proxy for the extent ofgwing spillovers. When a firm reports high
hindrance of innovation activities due to the easiof copying a firm’s innovations, such a
firm obviously cannot protect its innovations effeely, outgoing spillovers are strong,

" The exact definition of all independent variabkefound in the notes to Tables 3 and 4.
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appropriability of innovation revenue is low. Acdorg to the second part of hypothesis 2 a
negative effect is expected for this variable.

The variables IPC (intensity of price competitioapd INPC (intensity of non-price
competition) measure the effect of a firm’s comipeti environment on R&D cooperation.
The effect of competitive pressures on R&D coopenatvas analyzed in Katsoulacos and
Ulph (1998). The theoretical expectation is that pinopensity to cooperate is increasing with
increasing concentration because coordination co$tgartnering are decreasing. Our
variables are measuring directly competitive presand not indirectly as in the case of
market structure variables. We expect that bothallgs show a positive sign. Thus, we
postulate hypothesis 5 as follows:

Hypothesis 5: Competitive pressures correlagositively with cooperation propensity,
particularly when the underlying cooperation mativare primarily oriented towards the
acquisition of new knowledge.

A further independent variable is the natural Iatgan of the number of employees (LEMPL).
We expect a positive effect of the firm size valgalm accordance to standard theoretical
expectations, also to empirical studies on thecefté firm size on R&D investment. Each
cooperation equation includes industry dummiestamd industries.

A formal expression of the cooperation equatioresifollows:

R&D_COOR: = ap + eyHQUAL; + a,COPY; + a3TPOT; + asKCUST; + asLSUR; +

06KPATSCIENCE + a/IPCi; + agINPC; + a9 LEMPL; + industry and time controls +ie
1)

MOTjr = foj + PyHQUAu+ fCOPYj + foTPOTy + faKCUST: + f5LSUR: +
P KPATSCIENCE + f7IPCii + BgINPGjt + SoLEMPL; + industry and time controls +;e
)

[firmi; j: 1,...,7 (cooperation motives); t: 1999; 2002; 2005].

6.2 Innovation equations

As dependent variable we used the natural logarittinthe sales shares of innovative
products (new products and considerably modifieddpcts; variable LINNS). The
specification of the innovation variable followedtetresource-based approach of innovation,
thus containing variables for R&D (natural loganitiof R&D expenditure divided by sales;
LRDS) und human capital input (natural logarithmtloé share of employees with tertiary-
level education; LHQUAL). The effect of R&D coop&oa on innovation performance was
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taken into consideration by inserting separately dichotomous variables for cooperation
motives® Further, the innovation equation included the teampetition measures (IPC;
INPC) and controls for foreign forms, firm sizedustry affiliation and survey year.

According to standard empirical evidence from earitudies we expected positive effects of
the human capital variable (LHQUAL), the R&D intéggLRDS), the intensity of non-price
competition (INPC) and — to a smaller extent —ititensity of price competition (IPC), and
firm size (see Arvanitis 2008). The effect of tteiable FOREIGN was not a priori clear.

According to hypothesis 3, we would expect thagemeral all motives would contribute to
high innovation performance but not to the samesrextFurther, we would expect that
particularly the effects of motives that are moreerted towards the acquisition of new
knowledge (MOT4, MOT5, and MOT6) would be signifitly larger than the effects of more
cost- and fund-oriented motives (MOT1, MOT2, MOTRIaMOT7) hypothesis 38’

A formal expression of the innovation equationasdollows:

LINNS; =dp + 01LRD& + 0,LHQUAL;; + 03IPCit + 04INPCi; + 0sR&D_COOR; + dsLEMPL;;
+ 0;FOREIGN + industry and time controls +e (3)

LINNS;: =¢oit 2)LRDSG; + e2LHQUALj + e3lPCip + e4INPGje + e5jMOTiye + e6LEMPL; +
e7jFOREIGN; + industry and time controls +je (4)

[firmi; j: 1,...,7 (cooperation motives); t: 19990@2; 2005].

6.3  Productivity equations

As independent variable we used the natural Idgarivf value added per employee (variable
LQL). The productivity equation contained measudoegphysical capital (natural logarithm of
capital income per employee; LCL), human capitdi QUAL) and R&D (natural logarithm
of R&D expenditures per employee; LRDL) as wellcasitrols for foreign firms, firm size,
industry affiliation and survey year. The effect &&D cooperation on innovation
performance was taken into consideration by insgréieparately the dichotomous variables
for cooperation motive¥

We expected positive expects for the variablespforsical capital, human capital and R&D
expenditure per employee (see also Arvanitis 2088tording to hypothesis 4 we would

8 Due to strong multicollinearity it was not possitib have all seven variables for cooperation nestiin the
same innovation equation (see Table A.3 in the Adps.

° For a similar hypothesis see also Belderbos ¢2@04b), p. 1480.

19 Belderbos et al. (2004b) recommended controllorgeikternal knowledge sources and R&D expenditirres
the productivity equation. We refrained here fraking the external source variables into considterdiecause
of strong multicollinearity between some of theaeables and the motive variables.
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expect throughout positive effects for all cooperamotives, particularly for more cost- and
fund-oriented (MOT1, MOT2 MOT3, and MOT Mypothesis 4a(see also Belderbos et al.
2004b, p. 1480 for a similar hypothesis).

A formal expression of the innovation equationasdollows:

LQL =(o + (1LRDL + GLHQUAL: + GLCLy + GIPCy + (5INPG + (R&D_COOR; +
GGFOREIGN; +sFLEMPL;; + industry and time controls +ie (5)

LQLjt =#nojt n1jLRDLj + n2LHQUALj + n3LCLj + n4IPCix + 55INPCj + n6MOTje +
n7iFOREIGN;: +7gLEMPL;: + industry and time controls +e 6)

[firmi; j: 1,...,7 (cooperation motives); t: 19990@2; 2005].

7. Empirical results
7.1  Methodological remarks
7.1.1 Sample selection bias

The variables for the cooperation motives are nreasanly for the cooperating firms. This
might give rise to a sample selection problem fa éstimation of the cooperation motive
equations that cannot be econometrically solve@ ipanel data setting as easily as it is
usually done in a cross-section setting by applyimey methodology proposed by Heckman
(1979). Moreover, there is a problem of interdemeng of the motive variables due to the
fact that most of the firms reported more than opkon on the questions of motives (see also
section 3) that renders more difficult a Heckmametpolution as it is implemented in most
statistical packages. As an alternative, in a 8tep we set all non-cooperating firms to zero
for all motive variabled! Thus, the zero value of the motive variables eefeot only to
cooperating firms but also to non-cooperating firfisis has to be taken into account when
the results are interpreted. A possible objectiorthie chosen approach could be that the
differences among cooperating firms with differemdtives — the specific topic of this study —
would be dominated by the differences between cabipg and non-cooperating firms. The
results in Table 3 and Table 4 referring to théndiomous variable R&D_COOP show that
this not the case.

1 See Belderbos et al. (2004a), Capron and Cin@8@4) and Schmidt (2007) for a similar approacte &lso
the discussion on this issue in Mohnen and Hoaf2@@3) and Schmidt (2007).
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7.1.2 Interdependence of the dependent variables

In a second step, we took into consideration thergdependence among the cooperation
motive variables. To this end, we estimated a waiate probit model, i.e. a simultaneous
system of seven cooperation equations for the seNd#erent motives, instead of seven

separate probits. We applied the procedure impléeden STATA, which is based on the so-

called GHK-simulator for multivariate distributiohs

7.1.3 Endogeneity of the Cooperation Motive Variatds

A further econometric issue refers to the poss$ibibf endogeneity of the motive variables
when used as right-hand variables in the innovataond the productivity equation
respectively.

We tested endogeneity by applying the procedurBilsgrs and Vuong (1988) separately for
each cooperation motive variable. The coefficiasftshe residuals (predicted instrumented
variables minus original variable) in the innovatiequations were statistically significant at
the10% test level for all seven motive variablesvall as for the overall cooperation variable

(see Table A.4 in the Appendix; the instrumentdum® also listed in column 2). Therefore,

there is significant evidence for endogeneity ia thnovation equation. As a consequence,
Table 3 and Table 5 show only the estimates ofitim@vation equation based on the

predicted instrumented variables for the overalbpmyation and the seven cooperation
motives respectively. For the estimation of theowation equations we applied a tobit

random effect estimator. Bootstrapping was usedrdter to estimate the standard errors of
the estimated parameters.

A similar procedure was used to test endogeneithenproductivity equations. Table A.4 in
the Appendix shows the used instruments as weheasesults of the respective tests. In this
case we could not find any evidence for endogeneith the exception of the overall
cooperation variable. Thus, Table 3 and Table Gaiorihe OLS random effect estimates for
the original cooperation motive variabf€s.

12 The STATA procedure ‘mprobit’ estimates M-equatjmobit models by the method of simulated maximum
likelihood. The Geweke-Hajivassiliou-Keane (GHKiwsilator is applied to evaluate the M-dimensionatriNal
integrals in the likelihood function (for a destigm of the GHK-simulator see Greene 2003).

13 We refrain here from estimating first-differenaguations for innovation and productivity as wellusing lags
for right-hand variables because our panel is gtyonnbalanced. For the same reason we do nostfigate
persistence of cooperation as in Belderbos eR@D4b).
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7.2  Cooperation equations
7.2.1 R&D Cooperation yes/no

For the overall cooperation variable R&D_COOP wéaobas expected a positive effect for
the proxy for absorptive capacity (HQUAL) (Table &lumn 1; random effect probit
estimates). The extent of incoming spillovers isoapositively correlated to the overall
cooperation proximity when these spillovers areatexl to science-based knowledge
(universities and patent disclosures; KPATSCIEN)isTis not the case when spillovers are
coming form suppliers (insignificant coefficient KEUP) or customers (negative coefficient
of KCUST). Further, if a firm anticipates a largectinological potential for its field of
activities, a fact that implies a high probabilitfy/incoming spillovers given a certain degree
of appropriability, it also shows a high cooperatipropensity (statistically positive
coefficient of the variable TPOT). Outgoing spillselo not appear to have any effect on the
cooperation propensity. We also could not find atigcernible effect of competitive
pressures. Finally, as in similar empirical studiesre is a non-linear positive relationship
between firm size (measured by the number of engglgly and the cooperation propensity
(variable LEMPL).

7.2.2 MOT1 to MOT7

Table 4 shows the multivariate probit estimatesterseven cooperation motives (i.e. groups
of firms that pursued a certain cooperation motiVé¢ found significant positive correlations
between any pair of motive equations. Thus, thereonsiderable empirical justification for
estimating a multivariate probit model. There aaegé similarities but also discernible
differences among the estimates based on diffezeaperation motives as to the factors
determining the propensity of cooperation. Foisallen equations positive effects were found
for the variable reflecting absorptive capacity (BW&L), for the variable for technological
potential (TPOT), for the variable KPATSCIENCE dod firm size (LEMPL). These effects
were found also for the overall cooperation propgrend appear to be basic characteristics
of any type of cooperation motive. The fact thasaptive capacity (variable HQUAL)
appears to be, broadly speaking, equally impoftanall seven motives is in contradiction to
hypothesis 1la in section 6. Firms stronger orieritedards technological motives do not
appear to have a higher absorptive capacity thiaer dirms. A possible reason for this effect
could be that most firms pursued more than onevadit the time, so that our estimates do
not reflect “pure” motive effects.

The differences refer to the effects of the vagdik the outgoing spillovers (COPY), to the
variables that characterize the competitive envitent (IPC; INPC) and to the variables
KCUST and KSUP. For MOT3, MOT5, MOT6 and MOT7 weihal no significant effect for
the variable COPY. This variable shows a signifigarpositive coefficient only in the
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estimates for MOT1, MOT2 and MOTS5. This findingdsntradictory to the second part of
hypothesis 2. As already mentioned in section Dssiple argumentation for such an effect
would go like this: Reporting the easiness of cogyas a severe innovation obstacle means
that a firm is confronted with conditions of lowpppriability of its potential innovation
gains. Under these circumstances it is probable gh@m would pursue cooperation with
other firms in order to reduce or eliminate suclil®gers through specific cooperation
contracts that regulate property rights better timthe case of non-cooperation. It is also
reasonable to assume that firms that consider @veng of R&D costs (MOT2) or the
reduction of technological risks (MOT1) as impottaooperation motives would be firms
that are confronted with high external costs caulmeldw appropriability.

A further interesting finding is that firms pursgirMOT1 (saving of R&D costs) utilize
external information from customers more intengivlan other firms, while firms with
MOT3 (shortening of development time) and MOT4 ésscto specialized technology) use
more information than other firms that comes frampiers.

Finally, firms that are stronger oriented towardshnological motives (MOT4 and MOTY5)
show positive effects of competitive pressuresgegtly non-price competition (INPC), on
cooperation propensity.

7.3 Innovation equations

The estimates for the variables LRDS, LHQUAL, IP@dalNPC (dependent variable:
LINNS) in the innovation equations in Table 3, cahs 2 and 3 and Table 5 show similar
effects as in earlier studies (see, e.g., Arvaifie8). We obtained positive coefficients for
the tree types of factor endowment LRDS, LHQUAL &l as well as for the intensity of
non-price competition (INPC). We focus here on firelings referring to the overall
cooperation variable and the seven cooperation vemti After taking into account the
endogeneity of the variable R&D_COOP, we found esitpe effect of the overall
cooperation propensity on the share of innovatragpcts (column 2 in Table 3). This is a
first important result that appears to justify theoretical expectations (see hypothesis 3 in
section 2) as well as the positive expectationsost policy makers, e.g. in the European
Union, favouring R&D cooperation based on the argomthat cooperation enhances
innovation performance. The results in Table 5 séeronfirm the finding for the overall
cooperation propensity. We obtained significantlysipve effects for all seven motive
categories; MOT2 (saving of R&D costs), a primafilyancial motive, appears to have the
largest impact on innovation performance. On theolehno tendency for technological
motives to be more effective with respect to innmraperformance is discernible, contrary
to hypothesis 3a with respect to different coopenamnotives postulated in section 6.2).
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7.4  Productivity equations

The productivity estimates in Table 2, columns 4 &rand Table 6 show the expected signs
for the factor endowment variables LRDL, LHQUAL ah@L (see Arvanitis 2008). Also
here we focus on the results for the cooperatiotiviaariables. We found a significantly
positive effect for the overall cooperation vargalds well as for three different motives:
MOT?2 (sharing of R&D costs); MOT2 (shortening obduct development time); and MOT4
(access to specialized technology). On the whojppthesis 4 seems to be confirmed by
these findings. Two of the three motives with digant positive effects are primarily cost-
oriented, so that hypothesis 4a as formulatedatise6.3 is partly confirmed.

8. Summary and conclusions

With respect to the factors determining the profgnie cooperate in R&D the main results
of the study are as followsiypothesis Ireferring to the positive influence of knowledge
absorptive capacity on the propensity to R&D coapen is throughout confirmed, at least
for the proxy for absorptive capacity used in gtisdy (share of employees with tertiary-level
education; HQUAL).

The first part of hypothesis Zoncerning possible positive effects of incomipglevers is
also at a large extent confirmed, particularly tbe variables for technological potential
(TPOT) and for science-based external knowledgeAKFCIENCE).

The findings with respect to theecondpart of hypothesis Zabout the expected negative
effects of outgoing spillovers, here measured ley\tariable COPY, are not clear-cut. We
found no effect for the overall cooperation vargalds well as for four out of seven
cooperation motives, but positive effects for thceeperation motives (namely risk-sharing,
cost-sharing and utilization of technological synes) that are contrary to theoretical
expectations. As already mentioned in section Zxapost explanation for this effect could
be as follows: in these cases low appropriabilftynaovation returns may even increase the
incentives for R&D cooperation as a means of irdkzimg information flows among firms,
under the condition that this cooperation is bamea@ contract that explicitly settles not only
property rights but also all kinds of informatiorchange among partners, a condition for
which unfortunately no evidence is available irs tstiudy.

Further,hypothesis Swith respect to the influence of competitive pugss on cooperation
appears to be valid, primarily with respect to moize competition, only for three motives
(also for the overall cooperation variable), nam&lgh motives that are more technology-
oriented.

On the whole, distinguishing various cooperationtives appears to be fruitful because it
allows more differentiated insights with respecttihe importance of factors determining
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cooperation that would remain hidden behind thealgariable “R&D cooperation yes/no”,
as the comparison of the results in Table 2 anub@s.

Concerning the impact of R&D cooperation (a) onowetiveness and (b) labour productivity
the most important results are as follows: Not oR§&D cooperation in general but also
cooperation driven by each of the seven motivesidened in this paper correlate positively
with the sales share of innovative produdttgppthesis B Hypothesis 3dR&D cooperation
driven by primarily technology-oriented motives Webe more innovative than those that are
more cost-oriented) is not confirmed. Obviouslyfeténces as to the pursued motives do not
affect significantly innovativenes8.With respect to innovativeness the characterinatit
cooperation by the driving motive did not add mumwbre insights that it could be gained
through the overall variable ‘R&D cooperation y&s/n

Finally, we found a positive impact of cooperationgeneral as well as for collaborations
pursuing three motives, two of them financial onast not for the other four motives that
have been considered in this stubdydothesis ¥ Hypothesis 44dR&D cooperation driven by
cost-oriented motives would be productive than ¢hibgt are rather technology-oriented) is
only partially confirmed. Technology-motivated @librative activities show a weaker
tendency to positive direct effects on productivityvan cost-motivated cooperation. In this
case, the distinction of several cooperation metiygelds some additional insights as
compared to the overall cooperation variable.

A first implication for technology policy would lx&at policy goals that are stronger oriented
towards innovation performance could be reachedpaddent of the type of motivation of
cooperating firms. On the contrary, if policy goalte stronger oriented towards direct effects
on economic performance, then policy effectiverssgsends strongly on firms being driven
rather by cost-sharing than technology-acquiringives. One of the motives considered in
this study referred to the utilization of publicagts for the promotion of R&D cooperation.
Due to the fact that Swiss technology policy isdshgrimarily on the promotion of R&D co-
operation between private enterprises and univwessitive can conclude that this specific type
of promotion of cooperation should have been mffectve in terms of innovativeness than
in terms of economic performance as measured mulgtroductivity.
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Table 1: Summary of empirical literature: impactobperation on firm performance

Study Innovation indicator Productivity indtor Innovation cooperation
indicator

Netherlands:

Klomp and Van Leeuwen (2001) innovation expemndll nc overall cooperation: +
Cross-section sales
sales share of innovative overall coapen: ns

innovative products
Kemp et al. (2003)

Cross-section; SMEs share of total time spent nc firms: +
innovation activities research instibats: +
universities: ns
sales share of new products all typgzantners: ns
Duysters and Loksin (2007)
Cross-section sales shares of new products nc ‘alliance portfolio: +
complexity’
Sweden:
L66f and Heshmati (2002)
Cross-section innovation expenditures nc domestic:
per employee suppliers: +
competitors: -
foreign:

research institutions: +
universities: +
customers: +
consultancy: +
sales of innovative domestic:
products per employee competitors: +
customers: +
universities: ns
foreign:
suppliers: +



L66f and Brostdom (2005)
Cross-section

Belgium:
Michele et al. (2003)
Cross-section; R&D coop.

Belderbos et al. (2004)
Cross-section; R&D coop.

Peeters and van Pottelsberghe
de la Potterie (2006)
Cross-section; R&D coop.

Germany:
Becker and Dietz (2004)
Cross-section

Czarnitzki al. (2007)

research expenditures/
sales
sales of innovative
products
patent applications yes/no

sales of innovative potsl
(‘new to the market’)
per employee (level; growth)

patents yes/no

number of patents

R&D expenditures/sales

product innovations yes/no

nc

sales growth

value added per
employee (level;
growth)

nc

within group: +
universities: +
universities: +

universities:

ovecalbperation: ns

innovative sales prod.:
competitors: ns
cusérs: ns
suppliers: ns
universities: +
overall cooperation: +

labour productivity:
competitors: +
customers: ns
suppliers: +
universities: ns
overall cooperation: +

scientific institutions: +
competitors: +
vertical pars: +
scientific institusor

competitors: +

vertical partners: +

overall cooperation: +
number of partners: +

overall coagien: +
number of partners: ns
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Cross-section

Aschhoff and Schmidt (2008)
Cross-section

Finland:
Cross-section

France:
Miotti and Sachwald (2003)
Cross-section; R&D coop.

Monjon and Waelbroeck (2003)
Cross-section

R&D expenditures/sales
patents yes/no
number of patents
per employee
sales share of prtsduc
‘new to market’

sales share of products
‘new to firm’

cost reduction due to
processs innovation

R&D expenditures/sales
patents yes/no
number of patents
per employee

patents yes/no

sales share of innovative
products

degree of produgtttg

nc overall cooperation: +
overall cooperation: +
overall cooperation: +

nc overall cooperation: ns
supiars
customers: ns
competitors: ns
universities: ns

overall coomrahs
suppliers: ns
customers: ns
competitors: ns
universities: +

overall cooperati©

suppliers: ns
customers: ns
competitors: +
universities: ns

nc overall cooperation: +
overall cooperation: +
overall cooperation: +

nc overall cooperation: +
public ingiibns: +
Competitors: +
vertical partners: +

overall cooperation:
public institutions: ns
Competitors: +
vertical partners: ns

nc domestic:
within group: ns
competitors: ns
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customers: ns
suppliers: +
universities: -

research institutions: ns

foreign EU:

within group: ns
competitors: ns
customers: ns
suppliers: -
universities: +
research institutions: +

foreign USA:

within group: ns
competitors: -
customers: ns
suppliers: +
universities: ns
research institutions: -

Japan:
Okamuro (2007)
Cross-section; R&D cooop. technological susces number of partners: ns
indicator
commercial success number pf partners: +
indicator

Note: overall cooperation: dummy variable innovation [®8cooperation ys/no + / -; statistically signifitaat the 10% test level; ns: statistically nongfigant
(at the 10% test level); nc: not considered.
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Table 2: Motives for R&D cooperation

Motives 1999 2002 2005 Total

N % N % N % N %
MOT1 62 7.1 60 5.6 57 59 179 6.1
Reduction of technological risks
MOT2 90 10.2 83 7.8 98 10.1] 271 9.3
Saving of R&D costs
MOT3 166 18.9 126 11.8 147 15.1 439 15.0
Shortening of development time
MOT4 204 23.20 182 17.00 192 19.7 578 19.8
Acess to specialized technology
MOT5 206 23.4 202 189 200 20.6 608 20.8
Utilization of technological synergies
MOT6 138 15.7/ 134 125 126 13.00 398 13.6
Knowledge of complex technologies
MOT7 43 4.9 33 3.1 25 26 101 35
Utilization of public promotion grants
R&D_COOP 340 38.7| 293 274 364 37.4 997 34.1

R&D cooperation

Note: percentage of firms reporting the values 4 andh % dive-point Likert scale (1: ‘not important’; Siery
important’). Basis: firms with R&D activities.
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Table 3: R&D cooperation: determinants; relatiopdbiinnovation and productivity

Explanatory variables [R&D COOP® |LINNS® LINNS® LQL® LQL®
RE PROBIT |RE TOBIT RE TOBIT RE OLS RE OLS
HQUAL® 0.010%*
(0.002)
copY® 0.104
(0.078)
TPOT® 0.278%**
(0.068)
KcusT®? -0.132%*
(0.067)
KSUPP® -0.051
(0.088)
KPATSCIENCE®  |0.243%
(0.072)
Iipc? 0.056 -0.041 -0.058 0.015 0.008
(0.074) (0.051) (0.062) (0.009) (0.013)
INPC™V) 0.069 0.198*+* 0.179%+* 0.001 -0.002
(0.066) (0.045) (0.055) (0.008) (0.010)
LRDS®*? 0.061*+* 0.062*+*
(0.012) (0.019)
LRDL® 0.006%** 0.005
(0.002) (0.003)
LHC™ 0.139%** 0.103%** 0.026*** 0.017**
(0.026) (0.040) (0.005) (0.008)
LCcL®® 0.378%** 0.375%+*
(0.005) (0.014)
FOREIGN®® -0.001 -0.005 0.043*** 0.035%+*
(0.064) (0.073) (0.012) (0.013)
R&D_coopP® 0.022 0.018**
(0.048) (0.009)
R&D_COOP_HAT® 0.200* 0.068**
(0.117) (0.028)
LEMPL®? 0.154%+* 0.001 -0.028 0.017%** 0.005
(0.026) (0.017) (0.024) (0.003) (0.006)
Const. -1.844%%* 1.863%** 2.258%** 7.532%** 7.721%
(0.206) (0.156) (0.295) (0.061) (0.178)
2760 2738 2738 2686 2686
Left-censored 204
Wald Chi2 173.7%% A75.4%%* 583.8%+* 7880. 1%+ 5348. 1%+
R-sq. within 0.660 0.664
R-sqg. between 0.776 0.776
R-sq. overall 0.766 0.766
Rho 0.372 0.231%+* 0.242%%* 0.442 0.452
Chi2 test for rho=0 47 .7%**

Note: (1): R&D_COOP: R&D cooperation yes/no (dummy vhlea R&D_COOP_HAT: instrumented
R&D_COORP (see table A.4 for the endogeneity teststhe instruments used); (2): LINNS: natural |didpan of
the sales share of innovative products (sum ofsthles shares of new products and considerably reddif
products); (3) natural logarithm of value added eeployee; (4): HQUAL: employment share of emplsyee
with tertiary-level education in per cent; (5) COP&asiness to copy innovations; (6): TPOT: techgickl
potential, i.e., scientific and technological knedge relevant to the firm’s innovative activity;):(KCUST:
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users and clients as an external source of infoomaf8): KSUP: suppliers as an external sourcmfofrmation;
(9): PATSCIENCE: patent disclosures and universitie an external source of information; (10): IP@nsity
of price competition; (11): INPC: intensity of ngmice competition; (12) LRDS: natural logarithm R&D
expenditure divided by sales; (13): LRDL: R&D exgd#uares per employee; (14) LHC: natural logarithin o
employment share of employees with tertiary-lewklaation in per cent; (15): LCL: natural logaritluicapital
income per employee (capital income = value addedignabour costs); (16): FOREIGN: foreign firm jres
(dummy variable); (17): LEMPL: natural logarithm tife number of employees (in full-time equivalents)
above qualitative variables are transformationsrajinally five-level ordinate variables (1: ‘nanportant’; 5:
‘very important’) to a binary variable (value 1véds 4 and 5 of the original five-level variableglwe O for the
levels 1, 2 and 3 of the original variable. Cordrat7 2-digit industry dummies (reference indusfgod,
beverage, tobacco) and 2 year dummies. ***, ** endte statistical significance at the 1%, 5% an® 18st
level, respectively.
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Table 4: Determinants of R&D cooperation basedewes different motives; multivariate
probit estimates

Explanatory variables [MOT1® [MoT2® MOT3® MOT4®” MOT5® |MOT6E® |MOT7?

HQUAL® 0.007** [0.005*  |0.006*** [0.007** [0.007**  [0.007**  [0.011***
(0.002) [(0.002) |(0.002) [(0.002) |(0.002) [(0.002)  [(0.002)

copPy® 0.266** [0.135*  [0.076 0.025 0.129*  [0.118 -0.017
(0.087) |(0.079) |(0.074) |(0.070) |(0.068)  [(0.074)  |(0.115)

TPOT® 0.336%* [0.314*** [0.373** [0.370%* |0.305*** [0.278%* (0.400%***
(0.078) |(0.071) |(0.064) |(0.061) |(0.060)  [(0.064)  |(0.093)

KcusT® 0.186**  [0.079 0.079 -0.045  |0.090 0.011 0.020
(0.079) |(0.070) |(0.063)  |(0.060) [(0.059)  [(0.065)  |(0.095)

Ksup®? -0.018  [0.012 0.172*  |0.138*  [0.062 0.129 0.027
(0.104) |(0.092) |(0.080) |(0.078) |(0.077)  [(0.084)  |(0.128)

KPATSCIENCE® 0.300%* [0.223*  [0.310%* [0.326** [0.247** [0.317** [0.165*
(0.079) |(0.074) |(0.066) |(0.062) |(0.061) [(0.066)  |(0.096)

IpCc*® 0.130 0.246** (0.041 -0.017  [0.033 0.026 0.017
(0.092) |(0.082) |(0.071) |(0.066) |(0.066)  [(0.071)  |(0.103)

INPC™® 0.042 -0.006  0.119*  [0.110*  [0.121* |0.076 0.086
(0.078)  [(0.069) |(0.062) [(0.060) |(0.059) |(0.063)  [(0.092)

LEMPL®® 0.121%* [0.039*  [0.112*** [0.094*** |0.068*** [0.060*** [0.055*
(0.026)  [(0.023) |(0.022) [(0.020) |(0.021) [(0.022)  [(0.031)

Const. -3.209  [-2.123%* |[2.160%* [1.740%* |1.767** [1.937%* |2 640***
(0.209)  [(0.181) |(0.161) [(0.148) |(0.155) [(0.162)  [(0.223)

N 2760

Wald ¥ 606. 1%+

Rho21 0.552%**

Rho31 0.551%+*

Rho41 0.508%**

Rho51 0.453%+*

Rho61 0.482%**

Rho71 0.388**

Rho32 0.584%+*

Rho42 0.500%**

Rho52 0.552%+*

Rho62 0.507%**

Rho72 0.57 2%+

Rho43 0.761%**

Rho53 0.717%+*

Rho63 0.682%**

Rho73 0.456%**

Rho54 0.827%**

Rho64 0.779%+*

Rho74 0.577%*

Rho65 0.776%**

Rho75 0.607***

Rho76 0.637%**

LR test of rho21 = ..... 3111.3%**
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rho76 =0 | | | | | | |

Note: (1): MOTL1: reduction of technological risks; (BJOT2: saving of R&D costs; (3): MOT3: shortening of
the duration of the development stage; (4): MOTekteas to specialized technology; (5) MOTS5: utilizatof
technological synergies; (6);: MOT®6: acquisitionkobwledge for especially complex technologies; MPT7:
utilization of public promotion grants; (8): HQUALemployment share of employees with tertiary-level
education in per cent; (9) COPY: easiness to compvations; (10): TPOT: technological potentiag.,i.
scientific and technological knowledge relevanthi® firm’s innovative activity; (11): KCUST: useasd clients
as an external source of information; (12); KSUBpmdiers as an external source of information; (13)
PATSCIENCE: patent disclosures and universitiearagxternal source of information; (14): IPC: irsigy of
price competition; (15): INPC: intensity of nonqei competition; (16): LEMPL: natural logarithm diet
number of employees (in full-time equivalents);adlove variables (with the exception of HQUAL arieMPL)
are transformations of originally five-level ordteavariables (1: ‘not important’; 5: ‘very importdnto a binary
variable (value 1: levels 4 and 5 of the origineéflevel variable; value 0 for the levels 1, 2 @df the original
variable. Controls: 24 industry dummies (refereimchustry: food, beverage, tobacco) and 2 year dwsamnti*,

** * denote statistical significance at the 1%, 5¥d 10% test level, respectively; heteroscedastiobust
standard errors (White-procedure).
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Table 5: Innovation and cooperation motives; ran@di@cts tobit estimates with
instrument variables for the cooperation motiggables

Explanatory variables [LINNS® |LINNS® [LINNS® |LINNS® [LINNS® |LINNS®  [LINNS®
LRDS® 0.061%* [0.061* [0.061** [0.061** |0.061** [0.061**  [0.061***

(0.018) |(0.017) |(0.016) |(0.016) [(0.016) [(0.017)  |(0.017)
LHQUAL® 0.101%* [0.103** |0.107** [0.108** [0.096*** [0.109*** [0.089**

(0.034) [(0.033) [(0.042) [(0.037) |(0.034) [(0.039)  [(0.041)
IPC? -0.080  [-0.146* |-0.055 [0.035  |0.056  [0.046  |-0.048

(0.077) [(0.071) |(0.060) [(0.070) |(0.064) |(0.069)  [(0.065)
INPC® 0.173** [0.196*** |0.155** [0.161%* |0.152*** [0.165%* [0.165***

(0.045)  [(0.056) |(0.047) [(0.055) |(0.051) |(0.050)  [(0.053)
FOREIGN® -0.017  [-0.020 }0.019 [}0.016  [0.018  [0.016  [0.001

(0.068)  [(0.084) |(0.077) [(0.069) |(0.068) [(0.073)  [(0.078)
MoT1" 0.262%**

(0.090)
MOT2® 0.318%**

(0.104)
MOT3® 0.240%**
(0.092)
MOT4"" 0.216*
(0.092)
MOT5"Y 0.264%+*
(0.094)
MOT6"? 0.233**
(0.104)
MOT7%? 0.220%**
(0.107)

LEMPL®? -0.035  [-0.021  |}-0.041  [}0.031  }0.026  [0.021  |0.017

(0.020) |(0.018) |(0.025) |(0.019) |(0.016) [(0.022)  |(0.017)
Const. 2.771%* |2.683%* [2521%* [2352%x D AGQFE D A16**  [2 657

(0.388) [(0.352) |(0.350) [(0.286) |(0.270)  |(0.340)  [(0.403)
N 2738 2738 2738 2738 2738 2738 2738
Left-censored 204 204 204 204 204 204 204
Wald Chi2 724.8% |572.9%* |591.0%** [735.2%* |684.0*** [799.0*** [920.8***
Rho 0.242%%% [0.241%* [0.240%* [0.241%* |0.241%* [0.241%* |0.241%**

Note: (1): LINNS: natural logarithm of sales share ohdmative products (sum of the sales shares of new
products and considerably modified products); (RDIS: natural logarithm of R&D expenditure divideg b
sales; (3) LHQUAL.: natural logarithm of the emplogm share of employees with tertiary-level educat{d):
IPC: intensity of price competition; (5): INPC: émsity of non-price competition; IPC and INPC are
transformations of originally five-level ordinatanables (1: ‘not important’; 5: ‘very importantfp a binary
variable (value 1: levels 4 and 5 of the origineéflevel variable; value 0 for the levels 1, 2 @df the original
variable. (6): FOREIGN: foreign firm (dummy variall (7): MOT1: reduction of technological risks;):(8
MOT2: saving of R&D costs; (9): MOT3: shortening thie duration of the development stage; (10): MOT4:
access to specialized technology; (11) MOTS5: wtilan of technological synergies; (12): MOT6: asifion of
knowledge for especially complex technologies; (&) T7: utilization of public promotion grants; theeseven
motive variables are instrumented; see table Ardtlie endogeneity tests and the instruments uskt); (
LEMPL: natural logarithm of the number of employéesfull-time equivalents). Controls: 27 industtymmies
(reference industry: food, beverage, tobacco) apela?2 dummies. ***, ** * denote statistical sigiiénce at the
1%, 5% and 10% test level, respectively. Rho: sbaxariance that can be traced back to heterogenei
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Table 6: Labour productivity and cooperation masivendom effects OLS estimates

Explanatory variables [LQL®  [LoL® oL Lo  Lo®  jLQu® LQL®W

LRDL® 0.007**  |0.006** [0.006**  [0.006**  [0.006**  [0.007**  [0.007**
(0.002) [(0.002) |(0.002) [(0.002) [(0.002) [(0.002)  [(0.002)
LHQUAL® 0.026%* |0.026*** [0.026*** [0.025*** [0.026%** [0.026*** [0.027***
(0.005) |(0.005) |(0.005) |(0.005) |(0.005) |(0.005) |(0.005)
LCL® 0.378%* |0.378** [0.378** |0.378** [0.378** [0.378%* [0.378***
(0.005) |(0.005) |(0.005) |(0.005) |(0.005) |(0.005) |(0.005)
Ipc® 0.015 0.014 0.015 0.016*  [0.015 0.015 0.015
(0.009) [(0.009) |(0.009) |(0.009) |(0.009) [(0.009) |(0.009)
INPC® 0.001 0.001 -0.000 0.000 0.000 0.001 0.001
(0.008) |(0.008) |(0.008) |(0.008) |(0.008) |(0.008) |(0.008)
FOREIGN® 0.043** |0.043** [0.042%* |0.043*** |0.043%** [0.043** [0.043***

(0.013) [(0.012) [0.012) [0.012) [0.013) [0.013) [(0.013)
MOT1®) 0.016

(0.016)

MOT2® 0.026*
(0.014)
MOT3%? 0.037**+
(0.011)
MOT4%Y 0.034%**
(0.010)
MOT5%? 0.014
(0.010)
MOT6®? 0.008
(0.012)
MOT7%¥ 0.012
(0.022)

LEMPL®® 0.018** |0.017** [0.017** [0.016** [0.017** [0.018*  [0.018***

(0.003) |(0.003) |(0.003) |(0.003) |(0.003) [(0.003) |(0.003)
Const. 7.530%%* [7.531%* [7.542%k% [7 54k |7 53Q%kk (7 GIORRE (7 GDQwKK

(0.061) |(0.061) |(0.061) |(0.061) |(0.061) |(0.061) |(0.061)
N 2686 2686 2686 2686 2686 2686 2686
Wald Chi2 7861.2%** [7873.0%* [7892.9%** [7895.5%* [7864.0%** [7850.2%* [7858.6%**
R-sq. within 0.659 0.659 0.662 0.662 0.660 0.659 0.659
R-sq. between 0.776 0.777 0.776 0.777 0.776 0.776 0.776
R-sq. overall 0.766 0.766 0.766 0.766 0.766 0.766 0.766
Rho 0.443 0.442 0.445 0.445 0.443 0.443 0.443

Note: (1): LQL: natural logarithm of value added per dwyee; (2) LRDL: natural logarithm of R&D
expenditures per employee; (3) LHQUAL: natural ldigen of employment share of employees with teytiar
level education; (4): LCL: natural logarithm of dab income per employee (capital income = valudeat
minus labour costs); (5): IPC: intensity of pricampetition; (6): INPC: intensity of non-price contiien; IPC
and INPC are transformations of originally five<4¢wrdinate variables (1: ‘not important’; 5: ‘veimportant’)
to a binary variable (value 1: levels 4 and 5 &f ¢higinal five-level variable; value 0 for the &8s 1, 2 and 3 of
the original variable. (7): FOREIGN: foreign firndummy variable); (8): MOT1: reduction of technologji
risks; (9): MOT2: saving of R&D costs; (10): MOT&hortening of the duration of the development stétb):
MOT4: access to specialized technology; (12) MOTBlization of technological synergies; (13): MOTG6:
acquisition of knowledge for especially complexhealogies; (14): MOT7: utilization of public pronioh
grants; all seven motive variables are originallgasured on a five-point Likert scale (1: ‘not inaot’; 5:
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‘very important’); for our model we constructed duy variables: value 1 for firms reporting 4 or 5 the
original five-point scale; value O for firms repog 1, 2 or 3 on the original scale; (15): LEMPLlatural
logarithm of the number of employees (in full-tineguivalents). Control variables: 27 industry dunsnie
(reference industry: food, beverage, tobacco) apela? dummies. ***, ** * denote statistical sigiiénce at the
1%, 5% and 10% test level, respectively. Rho: sbax@ariance that can be traced back to heterogenei
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APPENDIX:

Table A.1: Composition of sample by industry; fisize class; year

Number of Firms with
firms with R&D R&D
activities cooperation
(%)

Industry:
Food, beverage, tobacco 181 26.0
Textiles 71 42.3
Clothing, leather 20 40.0
\Wood processing 60 33.3
Paper 47 19.2
Printing 70 28.6
Chemicals 195 48.7
Plastics, rubber 99 27.3
Glass, stone, clay 65 30.8
Metal 38 36.8
Metal working 218 28.9
Machinery 448 36.8
Electrical machinery 124 38.7
Electronics, instruments 276 43.1
Vehicles 33 394
Watches 78 25.6
Other manufacturing 78 24.4
Energy, water 26 46.2
Construction 114 26.3
Wholesale trade 123 26.8
Retalil trade 52 17.3
Hotels, catering 43 14.0
Transport, telecommunication 80 27.5
Banks, insurance 128 43.8
Real estate, leasing 6 16.7
Computer services 83 34.9
Business services 159 39.0
Personal services 8 0.0
Firm size:
5-19 employees 473 31.1
20-49 employees 584 24.3
50-99 employees 535 27.9
100-199 employees 551 37.4
200-499 employees 491 41.8
500-999 employees 159 47.2
1000 employees and more 130 56.2
Year:
1999 879 38.7
2002 1070 27.4
2005 974 37.4
Total 2922 34.1
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Table A.2: Descriptive statistics

Variable N Mean  Std. Dev.
MOT1 2922 0.061 0.240
MOT2 2922 0.093 0.290
MOT3 2922 0.150 0.357
MOT4 2922 0.198 0.398
MOT5 2922 0.208 0.406
MOT6 2922 0.136 0.343
MOT7 2922 0.035 0.183
R&D_COOP 2922 0.341 0.474
LINNS 2940 3.030 1.192
LQL 2901  11.898 0.449
HQUAL 2940  22.373 20.245
COPY 2769 0.228 0.420
TPOT 2940 0.387 0.487
KCUST 2940 0.524 0.499
KSUP 2940 0.169 0.375
KPATSCIENCE 2940 0.320 0.467
IPC 2940 0.729 0.444
INPC 2940 0.437 0.496
FOREIGN 2907 0.166 0.372
LEMPL 2940 4.417 1.469
LRDS 2940 6.761 2.175
LRDL 2940 7.694 2.333
LHC 2940 2.689 1.012
LCL 2735  10.941 0.900
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Table A.3: Correlations

MOTL MOT2 MOT3 MOT4 MOT5 MOT6 MOT7 R&D_ LINNS LQL HQUAL
COOP
MOT1 1.000
MOT?2 0.370 1.000
MOT3 0.399 0.387 1.000
MOT4 0.345 0.301 0.604 1.000
MOT5 0.285 0.394 0.535 0.678 1.000
MOT6 0.324 0.297 0.462 0.586 0.545 1.000
MOT7 0.194 0.280 0.167 0.276 0.268 0.304 1.000
R&D_COOP 0.361 0.443 0.594 0.703 0.721 0.558 0.266 1.000
LINNS 0.068 0.017 0.065 0.049 0.064 0.057 0.051 0.056 1.000
LQL 0.045 0.075 0.108 0.107 0.083 0.068 0.020 0.102 -0.032 1.000
HQUAL 0.100 0.077 0.099 0.142 0.129 0.126 0.124 0.161 0.117 0.177 1.000
TPOT 0.122 0.113 0.186 0.193 0.166 0.150 0.118 0.149 0.129 0.103 0.173
COPY 0.062 0.048 0.016 -0.000 0.037 0.028 -0.006 0.007 0.005 -0.031 0.003
KSUP 0.003 0.023 0.045 0.034 0.029 0.045 0.014 -0.019 -0.018 -0.056 -0.117
KCUST 0.072 0.037 0.070 0.038 0.061 0.039 0.035 0.005 0.108 0.024 0.038
KPATSCIENCE 0.129 0.097 0.017 0.179 0.146 0.153 0.054 0.135 0.069 0.149 0.086
IPC 0.039 0.061 0.029 0.003 0.022 0.012 0.000 0.097 -0.027 -0.011 -0.062
INPC 0.033 0.012 0.077 0.061 0.066 0.047 0.037 0.049 0.125 0.054 0.035
FOREIGN 0.034 0.022 0.057 0.037 0.030 0.042 0.007 0.037 0.062 0.156 0.121
LEMPL 0.110 0.079 0.158 0.150 0.119 0.118 0.059 0.157 -0.020 0.123 -0.070
LRDS 0.086 0.051 0.124 0.127 0.115 0.099 0.069 0.115 0.246  -0.032 0.238
LRDL 0.097 0.066 0.152 0.150 0.131 0.117 0.074 0,137 0.224 0.120 0.248
LHC 0.114 0.086 0.133 0.163 0.145 0.127 0.100 0.177 0.141 0.201 0.849
LCL 0.016 0.038 0.065 0.063 0.051 0.044 -0.002 0.055 -0.018 0.844 0.045
TPOT COPY KSUP KCUST KPAT- IPC INPC FOREIGN LEMPL LRDS LRDL LHC LCL
SCIENCE
TPOT 1.000
COPY -0.004 1.000
KSUP 0.069 0.072 1.000
KCUST -0.093 0.048 0.094 1.000
KPATSCIENCE 0.119 0.003 0.077 0.129 1.000




IPC

INPC
FOREIGN
LEMPL
LRDS
LRDL
LHC

LCL

0.029
0.130
0.060
0.102
0.162
0.166
0.179
0.077

0.038

0.000
-0.006
-0.116
-0.033
-0.039
-0.030
-0.005

0.053
0.059
-0.023
0.047
-0.024
-0.029
-0.110
-0.038

0.033
0.083
0.045
0.060
0.082
0.093
0.080
0.032

0.052
0.053
0.300
0.239
0.077
0.121
0.114
0.117

1.000
-0.051
0.020
0.115
-0.024
-0.002
-0.023
-0.033

1.000
0.065
0.077
0.068
0.079
0.050
0.046

1.000
0.099
0.048
0.092
0.129
0.118

1.000
-0.046
0.015
0.038
0.062

1.000
0.963
0.218
-0.055

1.000
0.243 1.000
0.067 0.078 1.000
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Table A.4: Results of endogeneity tests (Rivers\éamoing 1988)

LINNS LQL
Predicted variable |Coeff. Instrument(s) Coeff. Instrument(s)
MOT1 signif. COPY; insignif. COPY; KCUST
KPATSCIENCE
MOT2 signif. COPY; IPC; insignif. COPY; IPC
KPATSCIENCE
MOT3 signif. KSUP ; insignif. OBS_R&D;
KPATSCIENCE OBS_ENV
MOT4 signif. KSUP; insignif. OBS_R&D;
KPATSCIENCE OBS_ENV ;
OBS_ACCEPT
OBS_PROM
MOT5 signif. COPY; insignif. OBS_ACCEPT
KPATSCIENCE OBS_PROM
MOT6 signif. KPATSCIENCE |insignif. OBS_R&D;
OBS_ENV
MOT7 signif. KPATSCIENCE |insignif. OBS_R&D;
OBS_PROM
R&D_COOP signif. KPATSCIENCE |signif. KCUST

Note: ‘Coeff.": coefficients of the residuals (predict@dstrumented) variables minus original variables)
in the innovation equation and the productivity &ipn resp; ‘Instrument’: instruments used; signif.
insignif.: test level 10%.
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