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Abstract

The aim of this article is to investigate the diffieces between specific motives of R&D
investment in foreign locations with respect to flaetors influencing the likelihood of
foreign R&D and to the impact of foreign presencetloe parent firms’ innovativeness and
productivity. An econometric analysis of Swiss fipanel data shows, firstly, that factors
related to firm-specific knowledge-oriented advgetaare more important for explaining the
likelihood of foreign R&D activities than factoreftecting disadvantages related to home
location. Secondly, knowledge-oriented motivesarkign R&D are positively correlated to
innovation performance of domestic firms, whereagk®t-oriented and resource-oriented
strategies correlate positively with productivity.

Key Words: Research and development (R&D); For&&m; Motives of foreign R&D; Home
effects of foreign R&D, Firm performance

JEL Classification: 031, F23



1. I ntroduction

Over the last twenty years internationalizatiorSefiss firms strongly increased. In a first
phase, this process took place particularly inridstion and manufacturing activities;
meanwhile, it increasingly covers R&D as well. Thiglds true not only in terms of the
funds invested abroad (since 1996 Swiss foreign R&{penditures are higher than
domestic ones), but also for the number of firmgguming foreign R&D. Similar trends
are observed in other countries (OECD, 1998; Vaargadt al., 2005).

As early as in the late 1970s, Ronstadt (1978cadtthat foreign R&D may be motivated,
in addition to market or cost considerations, bg thtention to gain access to specific
knowledge. However, it was only in the 1990s tHadewvers increasingly became aware of
the high importance of knowledge-oriented motivesaadriver of foreign R&D. Among
others, Cantwell (1995), Florida (1997) and Kueme¢t999) showed that firms often
perform foreign R&D, in the first instance, in ord® profit from knowledge only
available at certain foreign locations (“technologourcing”). Moreover, firms
increasingly realized that geographic proximityttodir foreign affiliates to universities and
highly innovative local firms offers great opporiigs for profiting from knowledge
spillovers (Jaffe et al., 1993; Cantwell and P&t 2005). Foreign R&D serves thus as a
means to complement and augment knowledge avaithilee domestic headquarter. A
more specific aspect of knowledge-oriented foregtivities is the search for knowledge
incorporated in personnel that is specialized iecdjr fields of science or advanced
technologies. In this case, knowledge-seeking dmed (tlassical) motive of resource-
seeking become to a certain extent congruent. i plerspective, foreign R&D and
domestic R&D again are complements.

So far, it has been implicitly assumed that knog&edcquired and created at foreign
locations is transferred to a sufficient degre¢h® companies’ headquarter. If this is not
the case, it cannot be excluded that technologycsay gradually leads to (some)
substitution of domestic R&D by moving (part of)fian’s R&D activities to foreign
locations. This may happen if knowledge availaltaf foreign sources is superior to
domestic R&D, for example, if the latter is speii@dl in activities that do not correspond
to the needs of recent and future technologicabs€"“lock-in”).

Starting point of the analysis is the empiricaltfwat firms pursue different goals when
getting engaged in foreign R&D, often more than goal at the same time. Given that
firms are driven by different motives for investiagroad in R&D, the aim of this article is

to investigate the differences between specificivest with respect to (a) the factors
influencing the likelihood of foreign R&D investmieas postulated by theory, and (b) the
impact of foreign presence in R&D on innovativenessl productivity of the parent

company.



To this end, we utilized data on three differemaups of motives for foreign R&D, i.e.

market-oriented, resource-oriented and knowledgentad motives, as reported by Swiss
manufacturing, construction and services firms @92 2005 and 2008 with reference
periods 2000/02, 2003/05 and 2006/08 respectitnce, the data cover nearly a decade.

In a first step, we divided the firms that perfoRR&D at foreign locations into three
categories according to the importance for theraawh of the three groups of motives for
foreign R&D. We constructed a dichotomous variatde each of the three groups of
motives. Secondly, we specified a model of thediactietermining the propensity to invest
abroad in R&D based on theoretical literature.he first place, we relied on the extended
version of the OLI-paradigm (Dunning, 2000; Dunniaigd Lundan, 2008). The model
primarily comprises (a) a set of variables measurine domestic firms’ innovation
capabilities such as human capital and R&D intgn§t&D co-operation, use of external
knowledge sources, etc. (O-advantages), (b) somasumes representing innovation
obstacles in the home country (L-disadvantages),(@nadditional variables reflecting the
intensity of competitive pressure and controllimg fndustry affiliation, firm size, firm
age, foreign/domestic ownership of the firm andetinthe model is used to explain the
three dichotomous motive variables. The three egusmtwere estimated by the
multivariate probit technique in order to take irdocount the interdependence of the
motive variables due to the fact that firms areelni by more than one motive at the time.
For sake of comparison we also estimated an equtitad explains whether a firm does or
does not perform foreign R&D (“foreign R&D yes/nokjithout differentiating by motive
of the foreign engagement).

Finally, we specified two (independent) performarezpiations, the first one using as
dependent variable a firm’s innovativeness (“inrtmra equation”), the second one its
productivity (“productivity equation”). In both eqtions we used as explanatory variables,
in addition to the standard determining factorpasately each of the three dichotomous
motive variables. The innovation equation was estith by applying the random effect
tobit model, the productivity equation by using ta@dom effect OLS technique, in both
cases after testing for endogeneity of the motiseables and, if necessary, adapting
accordingly the estimation method. As a referemeealso estimated the (overall) foreign
R&D equation (“foreign R&D yes/no”) and the two f@mance equations based on the
overall foreign R&D variable, thus without differgating among the three groups of
motives.

New elements of the study are (a) the identificatd the drivers of distinct strategies for
investing in foreign R&D using information on seakmotives for such activities; (b) the
investigation of the impact of these motives on peeformance of the parent company,
which may differ depending on the performance memsused (innovativeness Vvs.
productivity) and the specific motive considereg);the estimation of models drawing on a



firm panel that covers a period of almost a ded#aiee cross-sections) and includes not
only the manufacturing sector but services as well.

The set-up of the paper is as follows. In Sectiame2present the conceptual framework of
the paper and related empirical literature. SeclBatescribes the data sources. Section 4
deals with model specification and variable corgtiom. In Section 5 we discuss some
methodological problems and present the empirieallts. Finally, we summarize and
draw some conclusions.

2. Conceptual framework and related empirical literature
21  General theoretical background

There are basically three strands of theory to ampinternational investment of firms.
Firstly, the classical theory of international teadtresses the factor endowment of an
economy and implies that a firm’s investment followhe comparative advantages of
different locations (see Mundell, 1957). Secondlgcording to the ,new trade theory*
firms exhibit specific capabilities (technology, rketing, etc.) that can be successfully
exploited at home as well as at foreign locationdependently from the economic
attractiveness of different countries (see, fornepi@, Helpman, 1984; Ethier, 1986).
Thirdly, transaction cost theory hypothesizes thitm tends to engage in FDI whenever
the costs of setting up and running a transnatibigahrchical or network organization are
lower than those arising from external market taatisns (Buckley and Casson, 1985). In
addition to these basic theoretical approachesiethe a whole number of partial
hypotheses to explain specific aspects of intesnatization that are rooted in different
“sub-disciplines” of economics such as industriajamization, management sciences,
evolutionary economics, economic geography or fiegisee Dunning, 2000).

In the seventies Dunning argued that no singleaggbr is able to fully explain a firm’s
international activity. Therefore, he proposed rasnework of analysis an eclectic theory
of international production, the “OLI paradigm”. lhs understanding, it covers the most
important theories in a way that it is more thast ja sum of the constituent hypotheses
(Dunning 1988, 1993 and 2000). Originally develope@xplain international production,
its most recent version can be applied to forei@DRas well (Dunning, 2000; Dunning
and Lundan, 2008; Cantwell and Narula, 2001). Huemtly extended version of the OLI
paradigm stresses more explicitly the strategieeispof internationalization based on the
“dynamic capability view of the firm” (see e.g. Teeand Pisano, 1998). In this concept, a
firm does invest abroad not only to increase ifgiehcy (efficiency-seeking motive), to
get access to (natural) resources (resource-odientetive) or to exploit at foreign
locations the assets produced at home (markettedemotive, “asset exploiting”
strategy”), but also to complement and enrich daimesssets by tapping into foreign



“National Innovation Systems” (NIS). Consequentligsset-seeking” (“knowledge-
oriented motive; “asset augmenting” strategy) beeomuch more prominent as a driver
of foreign investment than in the past (DunningQ@0

2.2 OLI paradigm

The OLI paradigm serves in this study as theorketieenework for the specification of the
equation used to explain the propensity of firmsirteest in R&D abroad. Dunning
distinguishes three groups of variables which erplaternational engagements of a firm:
~ownership-specific* advantages JQlocation-specific’ advantages )land ,internalizing
advantages” {f. In accordance with the “dynamic capability vi@ivthe firm” (Teece and
Pisano, 1998) and the pioneering thinking of Hyrgemg back to the 1960s (Hymer,
1976; see also Caves, 1982), O-advantages refiemtepecific capabilities and assets that
make a company superior to local competitors ieespe of general location
characteristics. Such advantages arise from thdabiy of (firm-specific) human,
physical and knowledge capital as well as speaifiangibles related to property rights,
marketing, organization, learning, managerial skilpovernance and trust, finance,
experience with foreign markets, etc. L-advantaggsesent potential gains a firm can
realize by optimizing its activities along the valahain across locations. In the present
context, this type of advantage primarily rootsliffierences among locations with respect
to factors favoring or impeding knowledge creatsord use (costs of R&D inputs, R&D-
related taxes and subsidies, regulatory framewetk,). I-advantages can be realized
through M&A activities or by forming R&D co-operatis and alliances as means to
internalize market transactions. In this way, thghhtransaction costs on the imperfect
markets for knowledge and technology can be reduagaropriability problems mitigated
and access to knowledge sources facilitated.

2.3 Motivesfor investing in R& D at foreign locations

Recent empirical studies on R&D internationalizatiovestigate “technology sourcing” as
a driver of investments in R&D at foreign locatiofhey demonstrate the relevance of
this type of foreign R&D and/or compare the impoda of knowledge-seeking strategies
with those reflecting market-seeking motives (dee,example, Cantwell, 1995; Florida,
1997; Kuemmerle, 1999; Patel and Vega, 1999; F&iXi]l; Le Bas and Sierra, 2002). In
these studies the two types of foreign R&D are ulised under the heading of “asset-
exploiting” (homebase-exploiting, competence-expig) strategies vs. “asset-
augmenting” (home-base augmenting, competenceHoggadtrategies. Moreover, it was
shown that geographic proximity to universities aighly innovative firms, in accordance
with the asset-augmenting strategy, offers grepodpnities for profiting from knowledge
spillovers (Jaffe et al., 1993; Cantwell and Patt 2005). Further, Hollenstein (2009)
identified based on Swiss data four categories imnsf (“clusters”) characterized by
distinct combinations of motives for foreign inv@sints in R&D. Two of the clusters are



clearly related to asset-augmenting strategiesthiiheg one to the asset-exploiting strategy,
whereas the foreign engagement of firms belonginté forth category is based primarily
on cost considerations. The four “clusters” clegdpnd plausibly) differ in terms of the
core variables of the OLI paradigm.

24  Foreign R&D activities and economic perfor mance of the parent company

We concentrate on the impact of foreign R&D on fent company’s economic
performance, leaving aside spillovers to other g$irnm the home country. More
specifically, we report primarily based on firm-&studies some empirical findings on the
effect of foreign R&D on firm performance differéted by the two measures used in this

innovativerieand their “productivity” (for a recent
review of the literature see Veugelers et al., 2005

analysis, that is to say the firms

The empirical literature dealing with the influendereign R&D exerts on the
“innovativenessof the parent company (R&D activity, patent outpetc) concludes in
most instances that this effect is positive. Sorfgerostudies such as, for example,
Mansfield and Romeo (1984) are quite straight is thspect. More recent studies yield
more differentiated results. Asset-augmenting asstaexploiting foreign R&D affect the
investing firm’s innovativeness differently. It $eg quite obvious that in the first case the
impact on a firm’s innovativeness is positive, wdar in the second case there is probably
no effect or only a small effect. However, thisesssnent must be further qualified. Not all
firms pursuing asset-augmenting strategies benefihe same extent from knowledge
sourcing. Firms endowed with a high absorptive capadenefit more than those which
are weaker in this respect (see, e.g., Ambos,e2@06). Therefore, it is not surprising that
asset-augmenting strategies are most prominergcimologically leading countries and
least prevalent in technologically less developeahemies (see LeBas and Sierra, 2002).
Moreover, the impact on the parent firms’ innovatiess depends on the kind of foreign
R&D activity. lwasa and Odagiri (2004), analyzin§R activities of Japanese firms in the
USA, found that only research activities had a fpgesieffect on the patent productivity of
parent firms, whereas more application-oriented R&d®velopment”) had no significant
influence. The literature dealing with the differemwles foreign affiliates are playing
within a MNE vyield additional insights. Ambos et €006) found, using the classification
of foreign R&D performing affiliates proposed by @a and Govindarajan (1994), that
affiliates being “Integrated Players” within the R&etwork of a MNE strengthen the
innovativeness of the company’s headquarter. Sugiositive effect is not found for
affiliates of type “Local Innovator” and “Implemeant (surprisingly, the same holds true
for “Global Innovators”). Finally, Frost (2001) shis that the companies’ headquarter gain
most from foreign R&D when the subsidiaries arelvweehbedded in both firm-external
and firm-internal networks (“dual embeddedness”).



The empirical results of studies analyzing the iotpd foreign R&D on the parent firms’
productivityare mixed. Fors (1997), using Swedish firm daia,nt find any significant
productivity effect. On the other hand, Todo andn&tutani (2008) showed, based on
firm-level data for Japanese multinational entesgsj that overseas “innovative” R&D
(aiming at the acquisition of foreign knowledge)ses the parent firms’ productivity
growth, while “adaptive” overseas R&D (aiming a¢ thdaptation of products/technologies
to local conditions in foreign locations) has netseffect. Griffith et al. (2004) identified
positive productivity effects of knowledge-sourcinghey found that UK firms could
improve total factor productivity as a result otisting activities of their R&D labs located
in the USA. Moreover, technologically less sopletied firms benefit more from
knowledge sourcing than technologically leading pamies (what is somewhat puzzling
as high absorptive capacity, as mentioned abowager® reverse technology transfer).
Rammer and Schmiele (2008) drawing on a large samplGerman SMEs got mixed
results: they identified a positive effect of fapeiR&D on employment growth of the
parent company, whereas growth of sales were rettafl. Moreover, production of
innovative products and implementation of new psses by foreign affiliates did not
influence sales and employment growth of the parentpany.

25 Resulting hypotheses

Based on the theoretical literature and the avialalmpirical evidence we formulate the
following hypotheses for the empirical part of gtady:

Hypothesis 1The likelihood that a firm is engaged in R&D adias in foreign locations
correlatespositively with a firm’s specific advantages with respectttie acquisition of
innovation-relevant knowledgeoWnership-specific advantages the sense of the OLI
approach).

Hypothesis 2The likelihood that a firm is engaged in R&D adias in foreign locations
correlatespositively with disadvantages of the home country with respect toviaton
activities (ocation-specific disadvantag@s the sense of the OLI approach).

Hypothesis 3R&D activities in foreign locations, particulartilose driven by knowledge-
oriented motives, enhance the parent firm’s innowaperformance (“asset-augmenting”
strategy).

Hypothesis 4 R&D activities in foreign locations, particulariynose driven by market-
oriented and/or resource-oriented motives enhame@arent firm’s productivity based on
a reduction of innovation costs and/or, economiesaale and scope and/or learning
effects (as a further economic consequence ofdbset-exploiting” strategy).



3. Data

The data used in this study were collected in these of three (postal) surveys among
Swiss enterprises in the years 2002, 2005 and 2@B8eference years 2000/02, 2003/05
and 2006/08 respectively. The surveys yielded m&dfon on some basic firm
characteristics (sales, value added, investmempores, employment, employees’
vocational education, firma age, etc.), severabuation indicators quite similar to those
collected by the Innovation Surveys of the Europ€&mmunity (CIS) and on R&D
activities at home and abroad (year of first inmesit in foreign R&D, location of foreign
presence, motives for foreign R&D, ett.Jhe surveys were based on a (with respect to
firm size) disproportionately stratified random gaenof firms with at least 5 employees
covering all industries of the (private) businesscter (manufacturing, energy,
construction, services) as well as firm size cles28 industries and three industry-specific
firm size classes with full coverage of the clabtaoge firms. We used in this study only
data for firms having performed R&D at home in tiekevant period. The final data set
includes 2817 enterprises from all fields of at¢yivand size classes (see table A.1 in the
appendix for the composition of the dataset we usedodel estimation, by industry, firm
size class and year respectively).

4. Model specification and construction of the variables
4.1  Explaining foreign R& D: overall and by group of motives
4.1.1 Dependent variables

Firstly, we constructed a dichotomous variablerigkihe value 1 for firms with foreign
R&D activities and zero for firms without such atties (RD_FOR). Secondly, we also
specified a dichotomous variable for each of threghgroups of motives of foreign R&D
activities taken into consideration in this studye. knowledge-oriented motives
(M_KNOW), market-oriented motives (M_MARK) and resoe-oriented motives
(M_RESO)? For each of the three variables the value 1 waibated to firms that
reported that at least one of tlsengle motives of a specifiggroup of motives was
“important” for them (value 4 or 5 on a five-poihtkert scale). The value zero was
assigned, firstly, to firms with foreign R&D actis driven by other motives, and
secondly, to the firms that did not perform R&Daatoreign location (see sub-section 5.1
for the justification of this construction).

Table 1 shows that about 19% of the R&D perforniings (sum of the three surveys) did
so also at foreign locations. Moreover, it can &ensthat knowledge-oriented strategies are
most widespread. But the frequencies differ notmarmong the three groups of motives.

Tablel
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4.1.2 Independent variables

The independent variables in the three motive eégustand in the equation explaining
overall foreign R&D activity are identical. The vables are specified taking the OLI
paradigm, particularly the OL-part, as theoretigaideline (see sub-section 2.1 and 2.2).
In addition to O- and L-variables, we also takecaet of a firm’s market environment.
Further, we include a set of control variables sastirm size, firm age, foreign/domestic
ownership of the firm and industry affiliation. the following we discuss the specification
of the explanatory part of the model. The exacinitedn of the variables is shown in
Table 2.

Table?2

A first group of variables represents O-advantagbgh are expected to be positively
related to a firm’s international investments inomation-related knowledge. We consider
the existence opermanentin-house R&D activities (RDPERM) and the availalilof
high-level human capital (HQUAL) as overall preconditions tarowledge-related O-
advantages. Such advantages can also be geneyateduring knowledge through R&D
co-operation (RDCOOP) and external R&D-contractDERT). The exploitation of
science-oriented external knowledge from univesitesearch institutions and/or patent
disclosures (KPATSCIENCE) is another important fashknowledge sourcing. In case a
firm is a member of a company group valuable kndgée may come form the parent
company and/or sister companies (KGROUP). Theswleuye-related advantages reflect
a high capacity of the firm to absorb external klemlge (Cohen and Levinthal, 1989),
enabling it to substantially benefit from knowledwed technology transfer from foreign to
domestic R&D units. We thus expect a positive sign all the above variables (see
hypothesis 1In Section 2).

Besides, we include the sales share of exports YE&$PO-variable to capture a firm’s
experience in doing international business, whiabgcording to the “stages view of
internationalization” (see, e.g. Johanson and \&hltO77), raises the probability of
investing at foreign locations. In many cases, gadimternational starts with setting up
distribution facilities, followed by the establisent of production sites, with R&D
activities mostly being the final step of the im@ational expansion of firnts.

A second group of variables stands for (institudiprobstacles to innovation activities in
the home country that may drive firms to locate ggpand) their R&D activities abroad
(L-disadvantages). This factor is captured by tvaoiables: “excessive regulation of the
domestic markets” (OBST_REG) and “insufficient paldupport of the firms’ innovation
activities” (OBST_PROM). We expect a positive sigiso for these two variables (see
hypothesis 2n Section 2).
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To characterize a firm’s market environment we mgfibased on the number of principal
competitors, three dummy variables representinigraift degrees of market concentration
(NCOMP). We hypothesize that firms doing busineskighly concentrated markets have
a market power advantage that may enhance thgepsity to invest at foreign locations.

Since firms operating in markets with low concetitraare the reference group, we expect
a positive sign in case of more concentrated market

Finally, we control for some (general) firm chaeddtics that may have an impact on the
decision to engage in foreign R&D. Firm size (LEMPtaptures some (size-related)
factors not explicitly included in the model. Soofehem reflect O-advantages (e.g. easier
access to capital markets for large firms whatlifatés the financing of international
activities), others are related to l-advantageg. (effective international innovation
management in case of large firms, what is an itapbrinstrument for internalizing the
outcome of foreign R&D activities). We thus expecipositive sign for the firm size
variable. Moreover, we expect that foreign-owneun$é (FOREIGN) are less likely to
perform R&D abroad, since they often produce prilpafor the domestic market
(expected negative sign). We also expect that olders are more experienced with
respect to international activities and thus stewnigclined than smaller ones to invest
abroad in R&D (expected positive sign for LAGE).

4.2  Innovation equation

As dependent variable of the innovation equation wsed the sales of “innovative
products” (new or considerably modified product®r gmployee (natural logarithm;
LINNL). On the right-hand side of the innovationuagjon, we included the standard
variables of the resource-based approach of inn@vaictivity, i.e. physical and human
capital input (LCL, LHQUAL). In addition, a variablfor knowledge-sourcing based on
user information (KCUST) was also included. The atipof R&D activities at foreign
locations on innovation performance was taken axtoount by insertingeparatelythe
dichotomous variables for the three motive varialfd KNOW, M_MARK, M_RESO),
and in a reference equation the dummy variableof@rall foreign R&D (R&D_FORY.
Further, we used as explanatory variables — intaddio the market structure dummies
NCOMP — two competition variables measuring theensity of price and non-price
competition respectively (IPC; INPC). Finally, weserted controls for firm size, firm age,
foreign/domestic ownership of the firm, industryilettion and survey year.

Based on the standard empirical evidence fromegastudies we expect positive effects of
physical capital LCL, human capital (LHQUAL), theteénsity of non-price competition
(INPC) and — to a smaller extent — the intensitypi€e competition (IPC) as well as of
firm size (see Arvanitis, 2008). We also expectosifve effect for LAGE. There is no
clear sign expectation with respect to FOREIGN.
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According tohypothesis 3we expect that the motives for foreign R&D prithaoriented
towards the acquisition of new knowledge (M_KNOW)uld have a significant stronger
influence on innovation performance than marketd amsource-oriented motives
(M_MARK; M_RESO).

4.3  Productivity equation

As dependent variable of the productivity equatiee used value added per employee
(natural logarithm; LQL). The equation containseaplanatory variables the two classical
production factors (natural logarithms), i.e. plegsicapital (capital income per employee;
LCL) and human capital (LHQUAL), augmented by aiatlle measuring the knowledge

base created by the firm itself (R&D expenditures pmployee; LRDL). We added the

same controls we use in the innovation equatiam(Bize, etc.). The impact of foreign

R&D on labor productivity, which is at the core @fir interest, is captured by inserting
separately the four dichotomous variables represgoterall foreign R&D and separately

the three groups of motives for foreign R&D.

We expect positive productivity effects of the ibmi physical and human capital per
employee as well as of R&D expenditure per emplof@ee also Arvanitis, 2008).
According to hypothesis 4, wexgect positive productivity effects particularly imse of
foreign R&D based on market- and on resource-aggntotives (M_MARK; M_RESO).

5. Empirical results
51 Methodological remarks
5.1.1 Sample selection bias

The variables representing the motives of foreig&bDRire measured only for firms having
actually invested abroad in such activities. Thighh give rise to a sample selection
problem in estimating the three motive equatiorsd tdannot be econometrically solved in
a panel data setting as easily as it is usuallyedorcross-section analyses by applying a
Heckman correction (Heckman, 1979). Moreover, theerdependence of the motive
variables due to the fact that most of the firmgoreed more than one option on the
guestion of motives (see also Section 3) renderg mifficult a Heckman-type solution as
it is implemented in most statistical packages.

As an alternative, in a first step, we assign tdiahs with only domestidR&D activities
the value zero for all motive variableghus, a zero value of a certain motive dummy
variable refers to firms that perform foreign R&Dithwout focusing on that particular
motive as well as to firms investing in R&D only ebme. This has to be taken into
account when the results are interpreted. One niggcioto this procedure that the
differences among firms pursuing foreign R&D foffelient reasons — the specific topic of
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this study — could be dominated by the differenoetsveen firms with and those without
foreign R&D activities. However, a comparison oé ttesults in Table 3 (referring to the
dichotomous variable R&D_FOR) and Table 4 (refeyria the three types of motives for
foreign R&D) show that this not the case.

5.1.2 Interdependence of the motive variables

In a second step, we took into consideration therdependence among the dichotomous
measures of the three groups of motives which legedependent variables in the motive
equations. To this end, we estimated a trivariaddipmodel, i.e. a simultaneous system of
three motive equations, instead of three separnatbitp. We applied the corresponding
procedure implemented in STATA, which is based lo& $0-called GHK-simulator for
multivariate distribution$.

5.1.3 Endogeneity of theforeign R& D variables

To estimate the innovation equations based onrtimeated (at zero) dependent variable
LINNL we applied a random effect tobit estimatar.dase of the productivity equation we
used a random effect GLS estimator. In both inganwe are confronted with the
econometric issue of endogeneity since the ovéredign R&D variable and the motive
variables are used as right-hand variables.

We tested for endogeneity by applying the proceduwyeRivers and Vuong (1988)
separately for R&D_FOR and each motive variablee Toefficients of the residuals
(predicted instrumented variables minus originalalde) were statistically insignificant at
thel0% test level in both the innovation (LINNL)dathe productivity equation (LQL)
estimates for all three motive variables as welfaasthe overall foreign R&D variable.
Therefore, we could not find any evidence for ereagty in our estimates for innovation
and productivity. As a consequence, Table 3 (col@hamd 3) and Table 5 show only the
estimates of the innovation and the productivityapns based on theiginal variables
for overall foreign R&D and the three motives regpely.

52 Resultsl: Equationsfor foreign R& D: overall and by group of motives
5.2.1 Overall R&D activities at foreign locations yes/no

We find the expected positive signs for all vargblrelated to knowledge-based O-
advantages (Table 3, column 1). The coefficientshef three export dummies are also
positive and statistically significant. A t-testosts that the coefficient of the three export
dummies becomes significantly larger with growingat share; hence, the larger the
sales share of exports, the more likely it is thdirm performs R&D abroad. Moreover,
again in line with expectations, we obtain statadty significant positive coefficients for
the two variables reflecting L-disadvantages. Fynals in similar empirical studies, there
is a non-linear positive relationship between fisize and the propensity for R&D
activities in foreign locations (variable LEMPL)gA and foreign/domestic ownership of a
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firm do not influence the propensity to invest ordign R&D. In sum, the findings in
Table 3 appear to confirm the hypotheses 1 and fopuard in Section 2.

Table3
5.2.2 Foreign R&D differentiated by group of motives

Table 4 shows the trivariate probit estimates lierthree categories of motives for foreign
R&D activities (knowledge-oriented, market-orient&@ad resource-oriented motives). We
found significant positive correlations between gay of motive equations. Thus, there is
considerable empirical justification for estimatiagnultivariate probit model.

As can be seen in Table 4, there are similaritigsalso discernible differences between
the estimated parameters of the explanatory vasaibl the three motive equations. Firms
conducting R&D on a permanent basis (RDPERM) agmiitantly more inclined to
invest in foreign R&D than other firms, but thisnst the case for firms engaged abroad
for one or another specific motive. Firms pursuiagource-oriented motives seem to use
more human capital (HQUAL) than those focusing tmeomotives. This is probably the
main reason why they are stronger restrained tki@ar dirms from insufficient availability

of R&D personnel at the company headquarter.

Table4

It is not astonishing that the use of external kieolye as reflected by the variables
capturing R&D cooperation (RDCOOP), external R&DDERXT) and intensive use of
science-based knowledge (KPATSCIENE) appears ta $gecific characteristic of firms
that invest in foreign R&D primarily in order to gment their own know-how
(M_KNOW). Science-based knowledge is less imporfantfirms with market-oriented
motives (M_MARK) or resource-oriented motives (M_&&), and external R&D is of no
specific relevance for firms pursuing primarily @source-oriented strategy (M_RESO).
The latter category of firms draws least on extekmowledge sources. Only in case of
knowledge inflow from other parts of the same comypgroup (KGROUP) it does not
differ from the other two categories of firms engdgabroad in R&D. In this respect all
three types of firms are different from those perfimg R&D only at home.

Market-oriented or resource-oriented motives areemmportant for firms with a sales
share of exports of 34%-66% and >66% than for finmgh smaller export intensity.
Above the threshold of 34% the likelihood of bemiriven by the one or the other of the
two motives is positively related to export intépgias tests on the statistical significance
of the difference of the coefficients of the dumwayiables for an export intensity of 34%-
66% and >66% showed). Hence, a certain level afgmee in foreign markets as reflected
by export intensity is obviously a precondition flmreign R&D based on a market-
oriented or a resource-oriented R&D strategy. lseocaf knowledge-oriented foreign R&D
the threshold of 34% does not exist as the likelthof this motive rises with increasing
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export intensity up to 66% (statistically significadifference according to a t-test of the
coefficients of the dummy variables for export gty 1%-33% vs. 34%-66%). For firms

with primarily knowledge-oriented motives the intieas for foreign R&D are high even

when the export share is less than 34%.

The results with respect to L-disadvantages ofShéss location differ among the firms
driven by different motives. One the one hand, rigste product market regulation
(OBST_REGUL) is a disadvantage for firms with knedge-oriented or market-oriented
motives but not for those pursuing a resource-teakstrategy. For the latter, as mentioned
above, insufficient availability of highly qualifiepersonnel (HQUAL) is a more relevant
restriction than unsatisfied needs for acquiringd{tonal) knowledge abroad or a weak
presence on foreign product markets. On the othedhinsufficient public support of
R&D (OBST_PROM) is an L-disadvantage for firms witharket-oriented or resource-
oriented motives but not for those motivated toafppoad seeking for additional know-
how, indicating the specific character of foreignowledge (no substitute of domestic
know-how).

Pursuing market- or resource-oriented motives isemelevant for larger than for smaller
firms (LEMPL); again the size-effect is non-linedm. contrast, focusing on knowledge-
oriented motives is independent of firm size. Besjdhere is no evidence for the expected
positive relationship between firma age (LAGE) dhe propensity to be stimulated by a
specific motive to invest in foreign R&D. In castroarket-oriented R&D strategies we
even find, contrary to expectations, that oldanfirare less inclined than younger ones to
perform R&D abroad. Hence, what is surprising, ygemfirms (if driven by the market-
motive) seem more prepared to undertake such mslgstments than older ones even if
these presumably are more experienced in foreignsactions. Furthermore, foreign-
owned firms are less likely than domestic compamnee®ngage in a resource-oriented
foreign R&D strategy (FOREIGN). Being themselvefliates of multinational firms that
invested in Switzerland, it is not astonishing ttiety assess resource-oriented motives as
less relevant than domestic firms. There is noediffice between domestic and foreign
firms with respect to the other two motive categsri

Market structure (NCOMP) appears to be quite unmamb for all motive categories. Only
firms operating in market segments with (worldwid®) to 50 principal competitors are
stronger present among firms pursuing market-cetbrar knowledge-oriented motives
than companies operating in another market enviemtm/\e see no apparent explanation
for this finding.

On the whole, the results for the model explainawgrall foreign R&D (Table 3) are
confirmed, and at the same time differentiatedhsy findings for the model dealing with
three specific foreign R&D strategies reflectingeth groups of motives for foreign R&D
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(Table 4). Both sets of equations largely suppbethtypotheses 1 and that primarily
represent the OL-part of the OLI paradigm (seeiSe@).

5.3 Resaultsll: Performance equations
5.3.1 Innovativeness

Table 3 (column 2) and Table 5 (columns 1 to 3)wshibe results for the innovation
equations. The firms’ resource endowment, i.e. uke of physical (LQL) and human
capital (LHQUAL), shows the expected positive cmédihts in all four innovation
equations. The same holds true for the use of mestaser knowledge (KCUST), firm
size (LEMPL; non-linear effect) and the intensity mon-price competition (INPC),
whereas we do not find a significant effect for theensity of price-competition (IPC).
These results are in accordance with earlier engpigtudies (see Arvanitis, 2008). Firms
operating in markets with (worldwide) 6 to 15 pipal competitors showed a higher sales
share of innovative products than firms in morecsmrated markets but also than those
competing in less concentrated markets (NCOMP) ®ad no significant effect for firm
age (LAGE) and foreign-owned firms (FOREIGN).

In the first place, we are interested in the immddoreign R&D on innovation (sales share
of innovative products), looking both at the overariable for foreign R&D and at the
variables representing the three categories ofwestfor foreign R&D. The latter were
inserted separately in the innovation equation itoumvent multicollinearity problems
(see Footnote 6). It turns out that overall foreR®&D is positively related to innovation
performance, but the effect is statistically ngngicant at the 10%-test level. The same
holds for the variables representing foreign R&Eatslgies based on market-oriented and
resource-oriented motives (M_MARK and M_RESO retipely). We only found a
statistically significant positive effect on inndixeeness for knowledge-oriented motives
(M_KNOW). These findings are in accordance wWittpothesis 3see Section 2).

Table5
5.3.2 Productivity

Table 3 (column 3) and Table 5 (columns 4 to 6)wslioe results for the productivity
equations. The basic elements of the productiorctiom, i.e. physical capital (LCL),

human capital (LHQUAL) and knowledge input (LRDLjasv the expected positive effect
in all equations. Besides, we found throughout sitpe (non-linear) effect for firm size

(LEMPL) and foreign ownership of the firms (FOREIEBN

We focus on the findings for the overall variabte foreign R&D and the variables
representing the three categories of motives fgigm R&D that were inserted separately
in the productivity equation. We found a positived sstatistically significant productivity
effect for overall foreign R&D as well as for theréign R&D strategies based on market-
oriented or resource-oriented motives (M_MARK and RESO). In contrast, no
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significant effect on productivity could be detatfer knowledge-oriented motives. These
findings are consistent withypothesis 4see Section 2).

6. Summary and discussion

Starting point of the analysis is the empiricaltfwat firms pursue different goals when
getting engaged in foreign R&D, often more than goal at the same time. Given that
firms are driven by different motives for foreigi&R investment, the aim of this article is
to investigate the differences between specificivest with respect to (a) the factors
influencing the likelihood of foreign R&D investmisnmas postulated by theory, and (b) the
impact of foreign presence, differentiated by thetiwation of foreign R&D, on a firm’s
innovativeness and productivity.

Based on an econometric analysis of Swiss firm lpda& for nearly a decade covering
the whole business sector (i.e. including serviogs)found that (a) factors related to firm-
specific knowledge-based advantages (O-advantagesyvell as variables reflecting

disadvantages of the home location (L-disadvanjages as hypothesized important for
explaining the likelihood of foreign R&D activitiedut the influence of O-advantages is
stronger than that of L-disadvantages; (b) thetix@aimportance of single factors

representing such advantages or disadvantagess vaigmificantly among the three

different groups of motives for foreign R&D we takato consideration (knowledge-

oriented, market-oriented and resource-orientedves) (c) knowledge-oriented motives
of foreign R&D activities are positively correlatéal innovation performance, whereas (d)
market-oriented or resource-oriented motives categbositively with productivity. On the

whole, the results support the four hypotheseggrutard in Section 2.

How do these results compare with those of otheestigations related to the Swiss
economy? Two earlier studies dealing with the tdygised on cross-section and panel data
for Swiss manufacturing showed similar results wiéspect to conclusion (a), i.e. the
factors explaining the likelihood to get engagedR&D activities in foreign locations
(Arvanitis and Hollenstein, 2001; Arvanitis and Kwoistein, 2007). The findings of the
two studies also imply that foreign R&D and dome&&D are complements. This result
is confirmed by another recent study, which, in itold, shows that a considerable
proportion of Swiss firms pursue knowledge-orierfi@ign R&D strategies (Hollenstein,
2009).

The importance of this specific strategy is empmesiby four cross-country studies which
comprise also Switzerland. Three papers are basdidecanalysis of patent data of MNEs.
Patel and Vega (1999), who investigated the redatiyoortance of several R&D strategies,
concluded that in the Swiss case, “asset explditangd “asset augmenting” are the
dominant strategies, whereas there are hardly angsSMINEs characterized by “(pure)
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technology sourcing” (i.e. sourcing combined withwaak domestic knowledge base).
According to this study, “asset augmenting” is By the most important strategy. Le Bas
and Sierra (2002), who used the same approach ibpbstd of a broader database,
concluded that “asset exploiting” and “asset augmgh are much more relevant than
other strategies for Swiss MNEs, both strategiegsgoalmost equally relevant for them.
Cantwell and Janne (1999), who looked at the rapkof countries in terms of
technological performance in selected industry pspuobtained the same result.
Particularly, they found that “asset augmentingthe dominant strategy in the Swiss
pharmaceutical and chemical industry, whereas tasggoiting” is characteristic for the
Swiss metal and machinery sector. Since the sHateese two industry groups in overall
Swiss foreign R&D expenditures is almost equal caeclude that the two strategies are of
similar importance. Furthermore, Driffield and Lo{@005), using data for FDI in the UK
by country of origin showed that firms from techogically leading countries (such as
Switzerland) benefit most from the knowledge baté¢he UK, in particular in case of
spatial clusters of R&D intensive firms. Hence, #ngdence from these cross-country
analyses, in accordance with the studies using sSSwéa only, supports, firstly, the
hypothesis that foreign and domestic R&D are complaets and, secondly, that asset-
augmenting strategies play an important role. Algtonone of these studies explicitly
relates the asset-augmenting strategy (reflectingwledge-oriented motives) with
innovativeness, one may presume based on subss&tahat this type of foreign R&D
positively affects the innovation performance o gparent company (what would be in
line with conclusion (c§°

According to conclusion (d), market- and resourderded motives for foreign R&D are
positively correlated with the productivity of timarent company, what does not apply in
case of knowledge-oriented strategies. This rese#ims to be at odds with some of the
(few) empirical studies for other countries (seb-saction 2.4). However, the evidence on
the effects of foreign R&D on domestic productivigmains mixed and inconclusive.

Finally, the results of the present study show thetvaluable to differentiate the analysis
of R&D activities at foreign locations by distinghing distinct motives for a foreign
presence. This holds true for the analysis of gterchinants of foreign R&D (that differ
significantly among the motives considered in tbéper) as well as the impact on the
performance of the parent company which shows @ gattern depending on the type of
foreign R&D strategy (motives) and on the perforoceanmeasure considered
(innovativeness vs. productivity). To our knowledgeis study is the first one
differentiating the analysis along all these ling®reover, as the service sector is gaining
in importance in general but also in terms of th&ennationalization of activities, it is
necessary to include this segment of the economnmeldsThe present study is contributing
to empirical literature also in this respect.
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Footnotes

! Versions of the questionnaire in German, Frencld &alian are available at

www.kof.ethz.ch

Since we did not correct for a possible samplecteln bias for firms that did not
perform R&D the results can be interpreted as apple only to firms investing in
R&D

See the Appendix for the descriptive statisticshef model variables (Table A.2) and
the corresponding correlation matrix (Table A6).

See Table 1 for some descriptive statistics ofntlo¢ive variables and Table 2 for the
exact construction of the variables.

However, there is evidence for some weakening I stepwise process of
internationalization, in particular in case of ($kland medium-sized) high-tech and
knowledge-intensive firms; see the review of theréiture based on the “network
perspective of internationalization” (Coviello amMdcAuley, 1999) and the “Born

Global’-approach (Rialp et al., 2005).

Due to strong multicollinearity it was not possiltb include in the innovation equation
the three motive variables at once (see TabletGe Appendix).

" See Belderbos et al. (2004), Capron and Cinceb@4{2and Schmidt (2007) for a
similar approach regarding the analysis of motifieesR&D cooperation. See also the
discussion on this issue in Mohnen and Hoareau32&3d Schmidt (2007).

The STATA procedure ‘mprobit’ estimates M-equatpnobit models by the method of
simulated maximum likelihood. The Geweke-HajivaesiiKeane (GHK)-simulator is
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applied to evaluate the M-dimensional Normal indégyin the likelihood function (for
a description of the GHK-simulator see Greene (2003

See Table A.3 and Table A.4 in the appendix ferehdogeneity tests with respect to
the R&D_FOR and the three motive variables in theovation and the productivity

equation. Table A.5 in the appendix shows the edémof the underlying instrument
eqguations.

A positive relationship between foreign and doneeR&D of Swiss firms is also
found by Ben Hamida and Piscitello (2008), but ¢haathors do not take account of
different motivations of foreign R&D.
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Table 1: R&D activitiesand motivesfor R& D at foreign locations
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Groups of motives 2002 2005 2008 Total

N % N % N % N %
M_KNOW 94 87 | 112 115 | 101 13.2 | 307 109
Knowledge-oriented motives
M_MARK 62 5.8 92 9.5 90 9.1 | 224 7.8
Market-oriented
M_RESO 73 6.8 94 9.7 66 8.6 | 233 8.3
Resource-oriented motives
R&D_FOR 156 145 | 207 213 | 177 23.0 | 540 19.2

R&D activities at foreign locations

Note: See table 2 for the construction of the motivealdes.
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Table 2: Definition of variables

Variable Description
Natural logarithm of value added per employee; industry level: at
LQL constant prices
Natural logarithm of the sales of ‘innovative products’ (new products +
significantly modified existing products) per employee (‘innovative
LINNL sales productivity”)
R&D_FOR R&D activities at foreign locations yes/no (dummy variable)
Motive for R&D at foreign locations: (a) geographical proximity to
leading research universities and/or (b) highly-innovative firms and/or
(c) transfer of knowledge to the Swiss headquarter (dummy variable
based on an originally five-point intensity scale: value 1 for 4 or 5;
M_KNOW otherwise 0)
Motive for R&D at foreign locations: supporting production and sales
at foreign locations (dummy variable based on an originally five-point
M_MARK intensity scale: value 1 for 4 or 5; otherwise 0)
Motive for R&D at foreign locations: (a) lower R&D costs and/or (b)
higher government support of R&D investment and/or (¢) ample
supply of R&D personnel (dummy variable based on an originally five-
M_RESO point intensity scale: value 1 for 4 or 5; otherwise 0)
LEMPL Natural logarithm of the number of employees (in full-time equivalents)
LCL Natural logarithm of gross investment per employee
LRDL Natural logarithm of R&D expenditures per employee
Natural logarithm of employment share of employees with tertiary-
LHQUAL level education
HQUAL Employment share of employees with tertiary-level education
Importance of customers as external innovation-relevant knowledge
source (dummy variable based on an originally five-point intensity
KCUST scale: value 1 for 4 or 5; otherwise 0)
Importance of other firms of an enterprise group as external
innovation-relevant knowledge source (dummy variable based on an
KGROUP originally five-point intensity scale: value 1 for 4 or 5; otherwise 0)

KPATSCIENCE

IPC

INPC

NCOMP

EXP
FOREIGN
LAGE

Importance of science-based external knowledge (from universities
and/or patent disclosures) (five-level ordinal variable)

Intensity of price competition (dummy variable based on an originally
five-point intensity scale: value 1 for 4 or 5; otherwise 0)

Intensity of non-price competition (dummy variable based on an
originally five-point intensity scale: value 1 for 4 or 5; otherwise 0)

Number of main competitors in a firm’s most important (worldwide)
product market (3 dummy variables: 16-50; 6-15; <=5 ; reference

group: > 50)

Sales share of exports (3 dummy variables: 1%-33%; 34%-66%; >
66%); reference group: no exports

Foreign-owned firm yes/no (dummy variable)s

Logarithm of firm age in years




RDPERM
RDCOOP
RDEXT

OBST_REG

OBST_PROM

DEXP
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Permanent R&D activities yes/no (dummy variable)
R&D cooperation yes/no (dummy variable)
Contract (external) R&D yes/no (dummy variable)

Obstacle to innovation: excessive regulation of the domestic product
market (five-level ordinal variable)

Obstacle to innovation: insufficient public support of firm innovation
activities (dummy variable based on an originally five-point intensity
scale: value 1 for 4 or 5; otherwise 0)

Intensity of product-related development input (dummy variable based
on an originally five-point intensity scale: value 1 for 4 or 5; otherwise
0)
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Table 3: R&D activities at foreign locations (RD_FOR):

deter minants; relationship to innovation and productivity

Explanatory variables |R&D_FOR LINNL LQL
RE PROBIT RE TOBIT RE OLS
RDPERM 0.208*
(0.109)
HQUAL 0.005*
(0.003)
RDCOOP 0.387***
(0.102)
RDEXT 0.596***
(0.112)
KCUST 0.535**
(0.217)
KPATSCIENCE 0.106**
(0.050)
KGROUP 0.439***
(0.116)
EXP
1%-33% 0.509***
(0.176)
34%-66% 0.772%*
(0.194)
> 66%) 1.151***
(0.196)
OBST_REG 0.090*
(0.052)
OBST_PROM 0.535***
(0.186)
NCOMP:
16-50 0.231 0.390
(0.168) (0.355)
6-15 -0.176 0.727**
(0.163) (0.336)
<=5 0.128 0.079
(0.111) (0.249)
IPC 0.229
(0.242)
INPC 0.553**
(0.217)
LCL 0.195* 0.118***
(0.102) (0.007)
LHQUAL 0.507*** 0.031***
(0.128) (0.010)
LRDL 0.042***
(0.005)
LEMPL 0.174%** 0.166** 0.022***
(0.043) (0.083) (0.006)
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LAGE -0.075 -0.198
(0.080) (0.160)
FOREIGN -0.094 0.315 0.148***
(0.135) (0.287) (0.023)
R&D_FOR 0.392 0.043**
(0.282) (0.020)
Const. -3.969*** 4.163*+* 10.206***
(0.499) (1.419) (0.097)
N 2153 2405 2667
Left-censored 412
Wald Chi2 140.3*** 173.5%** 820.5***
Log likelihood -935.6 -6588.6
R-sq. within 0.0805
R-sq. between 0.313
R-sq. overall 0.281
Rho 0.554*** 0.540

Note: Control variables: 27 industry dummies (refereimciistry: food, beverage,
tobacco) and 2 year dummies. ***, ** * denote &tctal significance at the 1%,
5% and 10% test level. Rho: share of variancedhatbe traced back to heterogeneity.
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Table 4: Determinants of R& D at foreign locations based on three
different types of motives, multivariate probit estimates

Explanatory variables [M_KNOW M_RESO M_MARK

RDPERM 0.088 0.090 0.075
(0.091) (0.104) (0.099)

HQUAL 0.003 0.007*** 0.003
(0.002) (0.002) (0.002)

RDCOOP 0.404*** 0.226*** 0.236***
(0.079) (0.085) (0.084)

RDEXT 0.354*** 0.142 0.491***
(0.087) (0.093) (0.096)

KPATSCIENCE 0.190*** 0.068 0.043
(0.038) (0.041) (0.040)

KGROUP 0.261*** 0.213** 0.207**
(0.086) (0.091) (0.090)

EXPORTSHARE:

1%-33% 0.337** 0.148 0.234
(0.142) (0.159) (0.151)

34%-66% 0.600*** 0.277* 0.378**
(0.149) (0.168) (0.162)

> 66%) 0.619*** 0.569*** 0.665***
(0.144) (0.156) (0.150)

OBST_REG 0.107*** 0.063 0.091**
(0.039) (0.044) (0.042)

OBST_PROM 0.133 0.313** 0.430%**
(0.139) (0.146) (0.136)

NCOMP:

16-50 0.257** 0.014 0.289**
(0.127) (0.141) (0.133)

6-15 -0.098 -0.139 -0.180
(0.131) (0.141) (0.144)

<=5 0.125 -0.011 0.042
(0.087) (0.093) (0.092)

LEMPL 0.030 0.195*** 0.104***
(0.030) (0.032) (0.031)

LAGE 0.010 -0.013 -0.128**
(0.055) (0.059) (0.058)

FOREIGN -0.121 -0.216** 0.083
(0.098) (0.105) (0.100)

Const. -3.244 % -3.543%** -2.821 %%
(0.344) (0.377) (0.361)

N 2153

Log likelihood -1643.4

Wald chi2 410.7*+*

Rho21 0.577**

Rho31 0.655***

Rho32 0.602***

LR test of rho21 = 410.3***
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Irho31 = rho32 = 0 | |

Note: Control variables: 27 industry dummies (refereimciistry: food, beverage,
tobacco) and 2 year dummies. ***, ** * denote &tctal significance at the 1%,
5% and 10% test level. Rho: share of variancedhatbe traced back to heterogeneity.




Table5: Innovation, productivity and motives for R& D at foreign locations; random
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effects Tobit and OL S estimates resp.

Explanatory variables [LINNL LINNL LINNL LQL LQL LQL
LCL 0.194* 0.197* 0.200**  |0.118** |0.119*** |0.118***
(0.101) (0.102) |(0.102) (0.031) (0.007) (0.007)
LHQUAL 0.504*** 10.508*** 0.519*** |0.031*** |0.031*** |0.031***
(0.128) (0.128) |(0.128) (0.010) (0.010) (0.010)
LRDL 0.042*** |0.042*** |0.042***
(0.005) (0.005) (0.005)
KCUST 0.538**  |0.517**  |0.530**
(0.217) (0.218) |(0.218)
NCOMP:
16-50 0.373 0.404 0.396
(0.356) (0.355)  |(0.356)
6-15 0.719* |0.733**  |0.713*
(0.336) (0.336) |(0.336)
<=5 0.069 0.093 0.084
(0.249) (0.249) |(0.249)
IPC 0.243 0.229 0.232
(0.242) (0.242) |(0.242)
INPC 0.539**  |0.561*** |0.556%**
(0.217) (0.217)  |(0.217)
LEMPL 0.172*  10.164*  |0.184**  |0.024** |0.023*** |0.023***
(0.082) (0.083) |(0.082) (0.006) (0.003) (0.006)
LAGE -0.200 -0.201 -0.201
(0.159) (0.160)  |(0.160)
FOREIGN 0.323 0.335 0.320 0.148***  |0.149*** |0.147***
(0.287) (0.287)  |(0.287) (0.023) (0.023) (0.023)
M_KNOW 0.603* 0.034
(0.347) (0.024)
M_MARK 0.618 0.049*
(0.402) (0.028)
M_RESO 0.114 0.07 1x**
(0.394) (0.027)
Const. 4.153*** |4.170** 14.033 10.192*** [10.195*** [10.202***
(1.417) (1.418) |(1.417) (0.097) (0.096) (0.096)
N 2405 2405 2405 2667 2667 2667
Left-censored 412 412 412
Log likelihood -6588.0 |-6588.4 [-6589.5
Wald Chi2 174. 7% |173.8*** |171.3*** |816.7*** [818.6*** [823.8**
R-sq within 0.080 0.079 0.081
R-sq between 0.311 0.313 0.313
R-sq overall 0.280 0.281 0.282
Rho 0.540 0.539 0.539

Note: Control variables: 27 industry dummies (refereimckistry: food, beverage, tobacco) and 2 year
dummies. *** ** * denote statistical significanc the 1%, 5% and 10% test level. Rho: share of
variance that can be traced back to heterogeneity.
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APPENDIX

Table A.1: Composition of the dataset by industry, firm size class and year

Number of Firms with
firms with R&D | R&D activities
activities at foreign
locations (%)
Industry:
Food, beverage, tobacco 171 12.3
Textiles 62 21.0
Clothing, leather 12 25.0
\Wood processing 54 5.6
Paper 47 12.8
Printing 60 10.0
Chemicals 206 27.7
Plastics, rubber 90 26.7
Glass, stone, clay 59 17.0
Metal 38 184
Metal working 212 14.2
Machinery 452 27.4
Electrical machinery 128 26.6
Electronics, instruments 294 28.2
\Vehicles 68 8.8
\Watches 32 15.6
Other manufacturing 61 115
Energy, water 26 3.9
Construction 98 8.2
Wholesale trade 115 18.3
Retail trade 49 2.0
Hotels, catering 44 4.6
Transport, telecommunication 80 10.0
Banks, insurance 113 15.9
Real estate, leasing 5 0.0
Computer services 96 22.9
Business services 138 13.8
Personal services 7 14.3
Firm size:
5-19 employees 459 12.2
20-49 employees 579 104
50-99 employees 496 16.7
100-199 employees 540 22.0
200-499 employees 470 24.3
500-999 employees 141 36.2
1000 employees and more 132 43.2
Year:
2002 1075 14.5
2005 974 21.3
2008 768 23.1
Total 2817 19.2




Table A.2: Descriptive statistics
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VVariable N Mean Std. Dev.  |Min Max
R&D_FOR 2817 0.191 0.394 0 1
M_KNOW 2817 0.109 0.312 0 1
M_MARK 2817 0.080 0.271 0 1
M_RESO 2817 0.083 0.275 0 1
LINNS 2784 3.139 1.301 0 4.615
LQL 2776 11.941 0.466 10.835 13.809
LCL 2720 9.804 1.392 0.125 13.342
LHQUAL 2817 2.848 0.941 0 4.615
LRDL 2815 8.092 1.707 0 12.372
LEMPL 2817 4.426 1.474 1.386 11.002
LAGE 2742 3.901 0.735 1.099 5.864
HQUAL 2817 23.702 20.392 0 100
KCUST 2817 0.520 0.500 0 1
KPATSCIENCE 2817 0.231 0.330 0 1
KGROUP 2817 0.243 0.429 0 1

IPC 2817 0.717 0.451 0 1
INPC 2817 0.415 0.493 0 1
NCOMP: 16-50 2817 0.115 0.319 0 1
NCOMP: 6-15 2817 0.129 0.335 0 1
NCOMP: <=5 2817 0.302 0.459 0 1

EXP: 1%-33% 2795 0.277 0.447 0 1
EXP: 34%-66% 2795 0.161 0.368 0 1
EXP: > 66% 2795 0.297 0.457 0 1
FOREIGN 2790 0.181 0.385 0 1
RDPERM 2237 0.570 0.495 0 1
RDCOOP 2812 0.336 0.472 0 1
RDEXT 2817 0.531 0.499 0 1
OBST_REG 2817 0.082 0.320 0 1
OBST_PROM 2817 0.070 0.256 0 1
DEXP 2491 0.285 0.452 0 1
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Table A.3: Test on endogeneity; R& D activities
at foreign locations; random effects
Tobit and OL S estimates; bootstrapping

Explanatory variables |LINNL LQL
LCL 0.093 0.11 1%+
(0.144) (0.016)
LHQUAL 0.143 0.027
(0.204) (0.017)
LRDL 0.044x+*
(0.009)
KCUST 0.536*
(0.323)
NCOMP:
16-50 0.325
(0.517)
6-15 0.809*
(0.425)
<=5 0.035
(0.383)
IPC 0.281
(0.367)
INPC 0.401
(0.250)
LEMPL 0.139 0.021**
(0.127) (0.009)
LAGE -0.115
(0.187)
FOREIGN 0.456 0.130%***
(0.391) (0.030)
R&D_FOR 0.662* 0.034
(0.378) (0.034)
RES_R&D_FOR -0.259 -0.009
(0.217) (0.015)
Const. 6.565%* 10.330***
(2.050) (0.211)
N 1917 2064
Left-censored 323
R-sq within 0.093
R-sq between 0.285
R-sq overall 0.263
Log likelihood -5256.0
Wald Chi2 263.7*** 596.0%**
Rho 0.564

Note: Control variables: 27 industry dummies (reference
industry: food, beverage, tobacco) and 2 year dwsimit*,

** * denote statistical significance at the 1%, %¥%d 10%

test level. Rho: share of variance that can bestrdack to

heterogeneity.
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Table A.4: Test on endogeneity; motives of R& D at foreign locations; random

effects Tobit and OL S estimates; bootstrapping

Explanatory variables [LINNL LINNL LINNL LQL LQL LQL
LCL 0.145 0.102 0.099 0.112** |0.112** |0.111***
(0.155) (0.132) |(0.142) (0.016) (0.016) (0.016)
LHQUAL 0.190 0.129 0.161 0.029* 0.027 0.026*
(0.211) (0.208) |(0.226) (0.017) (0.017) (0.16)
LRDL 0.046***  |0.045*** |0.044***
(0.008) (0.008) (0.008)
KCUST 0.539* 0.525* 0.530*
(0.305) (0.273)  |(0.282)
NCOMP:
16-50 0.223 0.390 0.259
(0.512) (0.515) |(0.458)
6-15 0.813**  |0.815**  |0.829*
(0.406) (0.397)  |(0.493)
<=5 0.042 0.088 0.038
(0.393) (0.335) [(0.302)
IPC 0.101 0.284 0.285
(0.347) (0.349) |(0.338)
INPC 0.368 0.417 0.404
(0.348) (0.296) |(0.287)
LEMPL 0.179 0.115 0.164 0.025*** |0.021* 0.021***
(0.119) (0.182) |(0.111) (0.007) (0.012) (0.008)
LAGE -0.147 -0.120 -0.070
(0.270) (0.242)  |(0.255)
FOREIGN 0.625 0.558 0.425 0.132***  |0.134*** |0.127***
(0.430) (0.361) |(0.338) (0.032) (0.033) (0.033)
M_KNOW 0.858* 0.002
(0.493) (0.032)
RES_M_KNOW -0.101 -0.000
(0.304) (0.019)
M_MARK 0.827 0.045
(0.602) (0.047)
RES M_MARK -0.309 -0.008
(0.423) (0.025)
M_RESO 0.355 0.061*
(0.592) (0.037)
RES M _RESO -0.328 -0.017
(0.279) (0.018)
Const. 5.649** 16.933*** 5.506*** |10.271*** [10.324*** [10.363***
(2.615) (2.555)  |(1.999) (0.207) (0.226) (0.199)
N 1917 1917 1917 2064 2064 2064
Left-censored 323 323 323
R-sq within 0.094 0.092 0.093
R-sq between 0.284 0.286 0.286
R-sq overall 0.267 0.262 0.263
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Log likelihood -4502.3 |-5256.8 |-5257.2
Wald Chi2 253.2%* 1191.5%* |195.8%** |549.1** 1664.2*** |545.4***
Rho 0.566 0.565 0.563

Note: Control variables: 27 industry dummies (refereimckistry: food, beverage, tobacco) and 2 year
dummies. ***, ** * denote statistical significand the 1%, 5% and 10% test level. Rho: share of
variance that can be traced back to heterogeneity.
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Table A.5: Instrument equations; random effects Probit estimates

M_KNOW/ |M_KNOW/ |M_RESO [M_MARK |R&D_FOR
Explanatory variables |[LINNL LQL
DEXP 0.296***
(0.112)
OBST_REG 0.150*** 0.132%** 0.093 0.099 0.090*
(0.053) (0.048) (0.059) (0.063) (0.052)
OBST_PROM 0.076 0.188 0.613***  0.399* 0.535***
(0.187) (0.172) (0.200) (0.212) (0.185)
RDPERM 0.159 0.143 0.127 0.100 0.208*
(0.120) (0.108) (0.131) (0.141) (0.109)
HQUAL 0.003 0.004 0.003 0.009***  |0.005*
(0.003) (0.003) (0.003) (0.003) (0.003)
RDCOOP 0.503*** 0.470%** 0.248** 0.263** 0.387***
(0.198) (0.098) (0.116) (0.121) (0.102)
RDEXT 0.493*** 0.437*** 0.666***  10.212 0.569***
(0.122) (0.109) (0.140) (0.130) (0.112)
KPATSCIENCE 0.208*** 0.215%** 0.063 0.076 0.106**
(0.052) (0.048) (0.057) (0.060) (0.050)
KGROUP 0.254** 0.278*** 0.218* 0.226* 0.439%**
(0.118) (0.108) (0.128) (0.131) (0.116)
EXP:
1%-33% 0.451** 0.423** 0.319 0.184 0.509***
(0.192) (0.173) (0.211) (0.225) (0.176)
34%-66% 0.685*** 0.700%*** 0.480** 0.346 0.772%*
(0.207) (0.187) (0.231) (0.240) (0.194)
> 66%) 0.792*** 0.771%** 0.891***  0.738***  |1.151***
(0.206) (0.184) (0.223) (0.230) (0.196)
NCOMP:
16-50 0.322* 0.283* 0.425** 0.046 0.231
(0.170) (0.156) (0.185) (0.199) (0.168)
6-15 -0.093 -0.147 -0.265 -0.172 -0.176
(0.176) (0.161) (0.204) (0.200) (0.163)
<=5 0.170 0.138 0.109 -0.001 0.128
(0.118) (0.107) (0.127) (0.132) (0.111)
LEMPL 0.018 0.029 0.137***  10.280***  |0.174***
(0.042) (0.037) (0.047) (0.054) (0.043)
LAGE 0.004 0.000 -0.209**  -0.054 -0.075
(0.078) (0.070) (0.085) (0.087) (0.077)
FOREIGN -0.027 -0.083 0.095 -0.269* -0.094
(0.138) (0.124) (0.147) (0.158) (0.135)
Const. -3.924#xx -3.744%** -3.432%**  1.4,685***  |-3.969***
(0.514) (0.465) (0.547) (0.563) (0.499)
N 1839 2153 2153 2513 2153
Log likelihood -606.4 -690.6 -568.5 -555.9 -935.6
Wald chi2 108.3*** 125.0%** 92.7%** 85.3*** 140.3***

Note: Control variables: 27 industry dummies (refereimckistry: food, beverage, tobacco) and 2 year
dummies. ***, ** * denote statistical significancd the 1%, 5% and 10% test level.
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Table A.6: Corrdations

R&D_  M_ M_ M_ LCL LHQU HQUA LRDL LAGE KCUST KGROU | KPATSCI [ IPC INPC
FOR _ KNOW MARK RESO AL L P ENCE
R&D_FOR 1.000
M_KNOW 0.706  1.000
M_MARK 0599  0.393  1.000
M_RESO 0.615 0502 0381  1.000
LCL 0.010  0.018  0.004 -0.001  1.000
LHQUAL 0.124 0117 0111 0112 -0.049  1.000
HQUAL 0.105 0.077 0.094 0101 -0.077 0.864  1.000
LRDL 0.203 0138 0.165 0157 0128 0326 0.318  1.000
LAGE -0.007  0.004 0015 -0.066 0081 -0.125 -0.188 -0.141  1.000
KCUST 0.032 0.011 0.060 0025 0040 0068 0052 0.046 -0.062  1.000
KGROUP 0.144 0.097 0.096 0081 0074 0060 0046 0058 0015  0.086 1.000
KPATSCIENCE | 0.202 0229 0145 0143 0074 0211 0175 0154 0042  0.101 0.129 1.000
IPC 0.002 -0.030 0.014 -0.009 0005 -0.035 -0.077 -0.037 0092  0.027 0.058 0.041 1.000
INPC 0.021  0.063 0.002 0017 0071 0025 0022 0077 0015  0.084 0.016 0.108 -0.063 1.000
NCOMP: 0.015 0.035 -0.006 0.034 0030 0.003 -0.007 -0.031 0017 -0.033 -0.044 0.019 0.057 -0.022
NCOMP: -0.060 -0.043 -0.044 -0.054 0011 -0.060 -0.050 -0.043  0.027  -0.016 -0.027 -0.062 0.056 -0.045
NCOMP: 0.046  0.044 0019 0031 0002 -0.022 -0.045 0026 0036  0.077 0.026 0.035 0.045 0.023
FOREIGN 0.076  0.035 0.023 0098 0010 -0.132 0.111 0.120 -0.068  0.044 0.304 0.097 0.015 0.014
LEMPL 0.196 0.115 0.196 0110 0100 0046 -0.055 0010 0282  0.064 0.220 0.265 0.118 0.094
RDPERM 0.103 0.064 0.072 0052 -0.192 0034 0033 0102 -0.028  0.015 0.020 0.036 -0.017 0.029
RDCOOP 0.187 0186 0123 0130 0009 0159 0145 0.156 0022  0.030 0.064 0.210 0.004 0.017
RDEXT 0.208 0170 0117 0172 0027 0.135 0085 0.151 0047  0.046 0.047 0.250 0.017 0.063
EXP: -0.087 -0.057 -0.083 -0.083 -0.006 -0.023  0.003 -0.132  0.063  -0.026 -0.044 -0.054 0.001 0.026
EXP: 0.008  0.027 -0.013 -0.015 0.042 -0.016 -0.041 0.008 0037  0.017 0.056 0.034 0.006 0.041
EXP: 0.228 0.134 0188 0180 -0.005 0.166 0.112 0325 -0.054  0.092 0.045 0.142 0.013 0.044
OBST_REG 0.016 0.051 0.012 0029 0000 0018 0011 -0.032 -0.027  0.015 0.032 0.074 -0.019 0.000
OBST_PROM 0.084 0.054 0.046 0094 -0.027 0028 0066 0027 -0.092  0.012 0.005 0.051 -0.007 0.004
DEXP 0.064 0104 0073 0079 0185 0079 0077 0226 -0.024  0.048 0.045 0.148 0.010 0.107
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NCOMP: NCOMP: NCOMP: FOREIGN LEMPL RDPERM RDCOOP RDEXT EXP: EXP: EXP: OBS_ OBS_ | DEXP
REG PROM
NCOMP: 1.000
NCOMP: -0.138  1.000
NCOMP: -0.233  -0.253 1.000
FOREIGN -0.070  -0.038 0.090 1.000
LEMPL -0.033  -0.036 0.057 0.099  1.000
RDPERM -0.043  -0.029 0.004 0.013  0.070 1.000
RDCOOP 0.019  -0.040 0.040 0.037  0.132 0.065 1.000
RDEXT -0.062  -0.026 0.035 0.044 0.211 0.032 0.173  1.000
EXP: 0.032 0.030  -0.048 -0.123  -0.013 -0.046 -0.060 -0.058  1.000
EXP: 0.003 0.006 0.046 0.022  0.045 -0.016 -0.040 -0.019 -0.284 1.000
EXP: -0.063  -0.075 0.071 0.220 0.125 0.099 0.149  0.166 -0.442 -0.327 1.000
OBS_REG 0.042 0.019  -0.042 -0.061  -0.071 0.010 -0.082 -0.018 0.097 -0.006 -0.162 1.000
OBS_PROM 0.048  -0.010  -0.004 -0.16  -0.098 -0.002 0.060 0013 0.005 -0.018 0.008 0.192 1.000
DEXP 0.006  -0.038 0.011 0.005  0.057 -0.049 0.043 0052 -0555 0024 0.105 0.023 0.086 | 1.000




