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Abstract

The recent decade has shown a surge of firms globalizing their innovation
aclivities, A major motive underlying the decision 1o shill corporale R&D
activitics abroad is (hat the internationalisation of R&D increases the chances to
pariicipate in international knowledge sharing. Absorbing knowledge from abroad
is aimed at cnhancing the innovativeness of firms and consequently their
compelitiveness. In this paper we address the question whether international R&1)
is conducive to a firm’s innovation performance by using two dilferent innovation
output measures. We analyse first whether a firm that conducts international R&D
is more likely to introduce (different types of) new products and second whether it
achieves a higher sales growth with innovative products. Our study further
coniributes to the literature by investigating how different degrees of R&D
internationalisation impact on the innovation indicators. We employ a large data
set from the Mannheim Innovation Panel which represents the German part of the
Community Innovation Survey, and we rctain about 2100 obscrvations. The
cconometric results show that firms with both domestic R&D and [oreign R&D
activities are more likely to launch new products (firm and market noveltics) than
firms with home-based R&D only, They [urthermore tend 0 be more successful
in terms of sules growth with firm novelties, However, no differences could be
found for sales growth with market novelties. The degree of R&D
internationalisation has an inverse u-shaped effect on both innovation output
measures. A moderate number of R&D locations abroad have the strongest
influence on innovation oulcome and sales growth with new products while sales
growth with firm noveltics benefits from a high number of R&D locations.

Keywords:  Globalisation, Ré&D, Innovation performance,
decentralisation
JEL-Codes: 032,T23



1 Introduction

The competiveness of the firm depends to a great extend on its innovaliveness,
Therefore firms should make use of globally available resources to foster their
innovation outcomes (Kotabe, 1990). Today, the internationalisation of R&D is a
growing phenomenon among corporations (UNCTAD, 2005). This can be observed
for both large multinational firms and international SMEs, In Germany, about 3% of
innovative firms without foreign R&D activity in 2005 planned to start it in 2006/2007
(Rammer and Schmiele 2008).

‘The literature stresses that firms may have two main motives for locating their R&D
activities abroad (Granstrand et al., 1993, Zedtwitz and Gassmann, 1998, Belderbos et
al. 2008). On the one hand, firms want Lo adapt their existing technologies to local
demand and manufacluring conditions (exploitation siralegy). On the other hand, by
setting up foreign R&D subsidiaries [rms may get access Lo local science and
technology resources and thus are able to source, absorb and integrate knowledge from
abroad into their innovation process (home-base augmenting strategy). It has been
emphasized that an effective innovation strategy needs Lo balance the exploitation of
existing knowledge with non-local knowledge exploration for new knowledge
(Levinthal and March, 1993). In this vein it has been also proved that putting exisling
pieces of knowledge together often leads to innovations (Grant, 1996; Arora and
Gambardella, 1990; Cohen and Malerba, 2001). The decentralisation of innovation
aclivities can lead to the combination of existing knowledge from the firm’s
knowledge stock with foreign knowledge from foreign local stafl and spillovers from
the firms® forcign business environment such as cooperating firms, competitors,
customers and suppliers. If the diffusion of new knowledge is geographically
localised, firms that perform R&D activities only in their home country will be less
likely to have access to these foreign sources of knowledge. Although learning by
exporting was one assumplion how firms could benefit from foreign countries’
expertise by engaging in local markets and interacting with customers it is pointed out
that knowledge can often not overcome national boundaries (Kogut, 1991) when it is
not codified and embedded in routines and therefore hard to transfer.

Despite the trend to internationalise R&D the wisdom aboul the ellectiveness of
foreign R&D in terms of innovation output is rather scarce and limited to patents. But
pateni-based indicators have been heavily criticised as being a poor yardstick for
innovative outcome (see, e.g., Scherer, 1965; Griliches, 1990). In this paper we
address the question whether international R&D is conducive to a firm’s innovation



perfarmance. Our research aims at cxtending the existing literature in two ways. First,
we use two allernative well-established innovation outpul measures. We will show
how potential gains [rom forcign R&D influence the introduction of new products
(“innovation outcome”) and whether [irms with forcign R&D achicve a higher sales
growth with innovative goods (*fnnovation success™). We suppose that these effects
may differ according to the type of new products (market novelties versus firm
novelties). Since firms are expanding their number of international research locations
we secondly investigate the effect a greater decentralisation of R&D locations abroad
has on the innovation performance of firms. The added value of international R&D to
national R&D in comparison with only domestic R&D activities in terms of innovation
performarnce is interesting both to scholars and practitioners.

This paper will continue in the following outline: section 2 will present the existing
literature and relevant theoretical concepis which will lead to the development of
hypotheses in section 3. Section 4 explores the dataset and the empirical methods
which are used to test the hypotheses. Section 5 will sel forth the results of the
econometric analysis and section 6 concludes with a discussion of the retricved resulis
and management recommendations.

2 Internationalization of R&D Activities — What Do We Know so
Far? Current shahey

2.1 Potential Benefits of International R&D
possible

Multinational Enterprises (MNE) arc said to be the drivers for globalization by
increasing the interdependency and relatedness of geographically dispersed aclors
(Archibugi and Immarino, 2002). The internationalisation of internal rescarch and
development activities has been following the internationalisation of production and
other market-related business processes. Though R&D still shows the least degree of
internationalisation of all business processes, it is an increasing phenomenon (see
Hemmert 1996, UNCTAD 2005). A range of driving forces to internationalise
corporate research and development has been identified in the literature, The
motivations ol [irms 1o internationalize their R&D have been distinguished into market
seeking, lechnology sccking and efficiency secking purposes. It has been pointed out
that firms are often not driven only by one but all three motivations (DeMeyer, 1993),
The internationalisation ol R&D enables firms to both widen and deepening the firms'
technological scope (Pearce and Papanastassiou, 1996) due to improved technical
learning which is fostered by international R&D activities ( DeMeyer,1993).



2.2 Moderating Factors of Firms’ Benefits of international R&D

‘The above mentioned studies highlight the range of opportunities associated with the
internationalisation of R&D activitics. The actual level of innovation performance
though can only be as high as the international R&D performing firms realize and use
the chances of these ventures. The lynchpin is the organization and intcgration ol
international subsidiary knowledge into the corporate innovation process. It has been
argued that the usage of the potential global know-how does not depend on the
presence of R&D labs in many parts of the world per se bul more importantly on the
internal firm mechanisms to integrate the knowledge across the R&D organization
(Singh, 2008). Leveraging the capabilitics and resources across divisions and locations
of subsidiaries has been put forward to be essential for the global success of firms
(Bartlett and Ghosal, 1989; Frost, 2002; Nobel and Birkinshaw, 1998). A number of
factors have the potential to moderate the benefits of intermnational R&D labs,

Foreign R&D subsidiaries mandates. The roles and tasks which are assigned to the
innovating subsidiarics abroad may affect their importance [or the firms’ innovation
output (Iwasa and Odagiri, 2004). The different mandates of subsidiaries abroad have
been distinguished by their level of R&D orientation and their focus on production
support. While some R&D labs abroad have the task to absorb new knowledge and
help to produce new products and work as ‘knowledge augmenting’ units
(“international creators’), others are characterized as ‘local adaptors’, ‘knowledge
exploiting’ units or “support laboratories’. The sccond category is designed to support
local production and to assimilate market knowledge and to apply it to customers’
salisfaction (Pearce and Papanastassiou, 1996).

Managemeni of Global R&D. The tlype of R&D that is carried oul at [foreign
subsidiaries also determines the international R&D organization (Chiesa, 1996).
Gassmann and Zediwitz (1999) confirm the trend of an increasing number of RéD
subsidiaries abroad and name the applicability of cerlain organization schemes to the
aim of R&D activities, Hemmert (2003, 2004) compares the impact of dilTerent R&D
organizations on innovation output in MNEs and argues that firms that have vertically
integrated R&D units in the host country experience the strongest influence of lows of’
technological knowledge from the host to the home country.

Extent of R&D internationalization. The degree to which firms internationalise their
R&D, meaning the number of different R&D locations, may also affect of how much
the headquarter can benefit from a global or local innovation network. A central R&D
orpanization is conducting all the necessary work to develop new products in one
location (Malecki, 1980). Some scholars have argued that centralization of R&D
facilities is the better R&D organization for research purposes (Malecki, 1980;



Gassman et al., 2004). One reason might be the existence of economies of scale in
R&D. The findings by Silverman and Argyres (1994) corroborate this point of view.
Using patent citations and US firm information to measure the importance of
innovations, their findings suggest that firms with centralized R&D organizations
generale innovations with greater technological impact (number of citations).
However, they also show that more decentralised R&D shows a greater influence on
the innovations’ impact than firms with only slightly decentralised R&D.

Absorptive capabilities, The integration of R&D abroad requires a certain stage of
R&D activencss of the firm at home. Firms should carry out R&D to keep up with
technological developments (Tilton, 1971) and therefore increase their ability to
identify, absorb and exploit existing information (Cohen and Tevinthal, 1989).

Knowledge Complemeniarity. Another moderating factor is the originality of
knowledge that can be gathered at the foreign R&D sites. A firm that sources
knowledge from (he host country is likely to benefit from these activitics when the
foreign knowledge complements existing knowledge in its R&D labs in the home
country. The concepl of complementarity suggests that two activities carried out
together are more promising than only one activily carried out alone (Schmicdeberg,
2008). Therelore, domestic and foreign R&D although both are firm internal but at
different locations are complements if they increase innovation performance, A variety
of complementaritics in R&D have been proved to influence innovation success
positively, Internal R&D have been found to be complementary to contracted R&D
(Schmiedeberg, 2008), external technology acquisition (Cassiman and Veugelers,
2006) and R&D cooperation for different industries and partners (Schmicdeberg,
2008; Cassiman and Veugelers, 2002, 2005; Schmidt, 2005; Arora and Gambardella,
1990). Some of the advantages apply to truly external firm innovation partners such as
risk and cost sharing (Love and Roper, 2004) and do not count for international
corporate research centres. Nevertheless, the access to additional sources of knowledge
abroad is consistent with the complementarity concept.

2.3 The Innovation Output of Firms with International R&D

The existing literature is providing only a scarce evidence of whether international
R&D is benelicial to firms® innovation performance, The to-date studies only use
patent data to analyze the impact of foreign knowledge sources on firms’ innovations.
Following this strategy, Iwasa and Odagiri (2004) have analysed the contribution of
R&D at home and R&D abroad to the number of granted patents for a sample of 137
Japanese MNE. Their results confirms the existence of technology sourcing as they
find innovative (not adaptive) R&D carried out abroad in the US and EU to have a
positive impact on the patent output, Penner-Hahn and Shaver (2005) use a panel study



of 65 Japunese pharmaceutical firms and also employ the number of patents as
performance measure, They show that international R&D activities exert a positive
effect on patenting. Almeida and Phene (2008) confirm these findings by using the
number of firm patems of US semiconductor firms and find that patents which
originate from forcign subsidiary R&D labs increase the patent portlolio of the firm
significantly. More important, they find via patent citation analysis that knowledge
from other firms of the host couniry affect the scale of patented firm innovations
positively. By using the number of patent citations, Singh (2008) has analysed the
quality of the patents to observe the oulcome of international R&D activities. In
contrast, he finds a negative influence of R&ID activitics abroad. It has been argued
befote that patents might not always be the appropriate way to capture the innovation
success of R&D activities. Patents proof the result of inventive activities and display
the location of inventors. However, not all innovations result in patents (Griliches,
1990) and therefore patents cover only a threshold of the results from innovation
activities abroad (Levin et al., 1987; Arundel and Kabla, 1998). Some underlying
reasons are ime and costs which are involved in the patent application process, as well
as the aspeet of knowledge disclosure by patents and only new inventions can be
patented, new to the firm innovations arc not patentable. Therelore this paper aims Lo
contribute firm level evidence about innovation aclivities abroad to the analysis of
innovative oulcomes of foreign R&D activities and corporate growth.

The direct impact of performing R&D at numerous locations vs. centralized R&D
activities on innovative outcome has been analysed for the number of national R&D
locations within Finland (1lelfat and Teiponen, 2006). The results confirm that Ré&D
decentralisation fosters the extent and breadth of innovation outcomes. So far there is

no cvidence whemer these results hold also for international R&D decentralisation.

This
In our Pa:.pe Ef llow the rational of the knowledge-based view that a higher number

of R&D locations will give firms the opportunity to interact with a number ol
international actors and a wider range of knowledge sources. e ‘will hot ma
assumptions about the mlema] org.amzatum and capabilities to tmnsicr knuwlcd;,u
mthm the fi ﬂtc.lcn!ly We will draw assurrfpﬂmﬁ on these matters based on our
results ﬂ eses are simply based on the rational that firms’ international R&D
activities represent an advantage and results in a higher level of innovation output,

When the firm can enlarge its knowledge base by adding foreign knowledge it is likely
to build competitive advantages by enlarging the base of knowledge and therefore the
corporate resources, This resource base provides firms with the necessary platform Lo
decide which resources or capabilities to exploit, develop or discard as their
environment changes (Ndofor and Levitas, 2004). This perspective is typically
summarized as the knowledge based view of the firm (Grant, 1996).



2.4 Hypotheses

Overall, firms thal perform R&D intensive innovation activities abroad enrich their
existing corporate knowledge base by adding new sources of know-how. In this vein
we argue that firms accumulate more knowledge by decentralising their innovativencss
and therefore gain access to foreign knowledge pools which lcads us to our first
hypotheses: Fha

I1:  Firms with international R&D activities are more innovative than firms that
underiake R&D solely in their home country.

H2:  Firms with international R&D activities will have higher sales growth with new
products than firms that anly have domestic R&D capacities.

3: The higher the degree of R&D internationalisation, the more innovative the
firms are.

H4:  Firms with a high degree of R&D internationalisation achieve higher sales
growth due to new products than firms with a lower degree of R&D
deceniralisation and firms with domestic R&D only.

3 Empirical Analysis

3.1 Data Set ' z

For the empirical analysisiwc employ data from the Mannheim /Innovation Panel
(MIP), which incorporates the German corporate innovation data used for the
European wide Commumity Innovation Survey (CIS) since [‘)93.n {;la'l&M]_P survey is
carried out annually and targets legally independent firms with headquarters located in
Germany and with at least five employees in manufacturing, mining, energy and in
selecled service sectors, The survey is drawn as a stratified random sample and is
representative of the corresponding target population. Usually, the MIP goes beyond
the design and extent of the core CIS surveys and offers additional information on
innovation-related topics. The survey 2006 colleets data about foreign innovation
activities of firms. Firms were asked what type of innovation activity they perform
abroad, distinguishing into different categories (R&D, conceplion/design/construction
of new products, implementation of new processes, manufacturing of new products).

T '@Tha MIP is based on annual innovation surveys which are conducted by the Centre for European Economic
Rescarch (ZEW), Fraunhofer Institute for Systems and Innovation Research (I1S1} and infas Institute for Applied
Social Sciences on behalf of the German Federal Ministey of Education and Research (BMBF}.

{ }"lt Ore 2 Im:'f“”



Firms were requested Lo state whether they performed these activities in 2005. In a [ree
text field firms were asked to state in which countrics they predominantly performed
the different of innovation activities.
L e oselyiil of )
The MIP is designed as a panel which allows us to analyze R&D activitics abroad in
one period and the innovation performance in subsequent periods by merging ditferent
P p
waves, We em loy the to-date latest available data survey results from the year 2009
and‘;rzfrﬁﬁ it e survey from 200§ ]This creates a time lack of 3 years between
L]

ww"']m_o_:hx_is;lingr corporate R&D aclivities abroad in 2005 (survey 2006) and the measurement

-

iyl . .
@ our three innovalion oulcome measures.
i

of innovation pérfonnanq:u in the period 2006-2008 (survey 2009). This approach
reduces potential endogeneity problems beiween R&ID activities and innovation output
which usually arise in cross-sectional analyses. Endogencity might occur because the
most innovative firms may have the prerequisites to perform R&D abroad, i.c. sell-
select into the sample of international Ré&D performing ﬁrr;l& M?“rsgvgé since firms
tend to carry out rather applied R&D at foreign locations we believe it is realistic to
capture the observed performance and innovativeness effects in a two-years lime
period.

The samples in 2006 and 2009 consist of 5563 and 7662 [irms, respectively. Though
the surveys are designed as a pancl, merging the two cross-seclions leads to a
reduction of ahout 50% in the amount of observations since participation is voluntary.
For estimation purposcs We further E%&L‘fﬂi firms with incomplete data for any of the
relevant variables. 2118 firms remain for the empirical analysis.

3.2 Dependent Variables

Given that many studies have analyzed the outcomes of domestic R&ID activities and
their market success (see e.g. Griffith et al,, 2006; Parisi, 2006), we follow these
studh’g{ b)&ﬁgﬁgmg the measurcment of our two sets of dependent variables for the
innovation performance of international l&ﬁ activities. The first sg ﬂ dependent
variables defines whether firms had introduced new products in the pcriod 2006 to
2008. Accofding to the Oslo Manual (OECD and Kurostat 2005) which provides the
guidelines for the CIS, these new products could be either new Lo the firm only (Firm
noveltics) or to the market (Market novelties). This leads to distinguish between three

kinds of innovations (new products / market novelties / finm novelties) that we us&g&
o W

e
Our second set of dependent variables will capture the sales growth due to these
innovations in the same manner as il has been done by many studies before (Criscuolo
and Haskel, 2003; Maircsse and Mohnen, 2005; Jefferson el al., 2006). That is, we

measure the market success with innovation outcomes as the growth rate with sales
neciprement 11 Mmede a‘



due to new products, market novelties and firm noveltics. The growth rate describes
the growth of sales due to the different kinds of innovations between the year 2006 and
2008. It is computed as the share of sales due o new products in year 2008 times sales
in 2008 divided by sales in 2006 (sce Harrison et al. 2008). Table | summarizes the 6
different dependent variables.

Table i: Definition of dependent variables

Dependent Variables Definition

Firms with Product imovations 1 if frm had new products (market or firm novelties) in 2006-2008
Firmes with Market novehties 1 if firm had market novelties. in 2006-2008

Firms with Firm noveltes 1 if firm had firm novelties i 2006-2008

Sales growth due 1o new products  |Growth rate of umover betw, 2006-2008 due to new products in that period
Sales growth due 1o market novelizs [Growth rale of wrnover betw, 2006-2008 due to market novelties in that period
Sales growth due 1o fim novelties  |Growth rate of turnover betw. 2006-2008 due to firm noveltics in that period

3.3 Explanatory Variables

Qe Qum o
We aim to compare the effects of national and international R&D performers on their
innovation outcome and their market success with innovations. Therefore our one's
prominent explanatory variables in this study are domestic innovating firms, which
only innovate in Germany and international innovating firms which have both R&D
labs in Germany and abroad. E‘:‘f further distinguished the international R&D
performers according to their degree of R&D internationalization. Thus, e c{{&a}:&
three variables for the intensity of firms® international R&D decentralization, Hereby
We use the number of countries in which the firms have R&D activitics. (A detailed

list of variable definitions is provided in Tahle 2).

Note that not all firms, not cven all innovators, are performing R&D activities in 2005
at all. Among the non-R&D performing firms we further dﬁ'ﬂmﬁﬁuﬂmw&en non-
innovative firms and firms which have introduced innovations but without any R&D
activities. The reference category in our analysis comprises innovators without R&D
activities in 2005. iy

In the literature of innovation performance (for overview see Peters (2006), Hall and
Mairesse (2006)) the main factors that have been examined to influence inmovation
output are firms® internal knowledge, R&D efforts and external knowledge. The
success with innovations in terms of sales growth based on new product developments
is supposed to be related lo imnovation input, absorptive capacity (Cohen and
Levinthal, 1989; Becker and Peters, 2000; Lanz el al,, 2004), technological capabilitics
and opportunities, market demand, knowledge capital (LGS and Heshmati, 2002),
ownership (JelTerson et al., 2006) among other factors.



The importance of internal firm R&D activities in this sense is emphasized by many
scholars. Becker and Peters (2000) have shown that firms with pronounced absorplive
capacities are more likely to have higher sales with new products. Therelore we
included variables that indicate the absorptive capabilities such as R&D intensity and
the share skilled employees. Since absorptive capacities are generated with internal
R&D the innovation efforts are reflected in the absorptive capacitics as well. We
innovation activities without R&D as another variable (o complement the R&D efforts.
Since the level of firm knowledge and skills is also indicated by the degree of product
diversification (Vermeulen and Barkema, 2002) and can have an impact on the firm
performance (Chatterjee and Wernerfelt, l%lf’fn"c ih%‘?ﬁiié“u‘-.e product diversity inar *
estimations. The access Lo exlernal knowledge is captured by ddy mnovating abroad
variables in this study. &E inc A variables 1o characterize the competitive
environment of firms by their industries, whether the compelition is rather price of
technology driven and if the firm also serves international markets. Control variables
include firm size, the location of the firm within Germany as well as the organization
and ownership structure of the firms.

Table 2: Definition of explanatory variables

Explanatory Variables Definition (Note: Data year of all explanatory variables is 2005)

Non-| 1 if firms s innovative but has no R&D

Inno domestic R&D only 1 ifthe firm has R&DD Tabs in Germany only

Inno foreign R&D 1 if the firm has R&D labs in Germamy and at least one R&D lab abroad|

4 (outside Germany)

In.nav.@: ceniralieed Dreign R&ED I ifthe firm has an R&D lab in only | country abroad

Innov. with medium centralized foreign R&D |1 ifthe firm has R&D kabs in 2 or 3 countrics abroad

lnnov, with decentralized foreign R&D 1 ifthe firm bas R&D labs in4 or more courtries abroad

R&I) intcnsity R expendilure per sakes

Non-Rée D-inte nsity Inoovation expendinre (except R&ED) per saks

High-Skilled Emplyees No. of graduated employees per tolal number of employees

Degree of product diversification 1 divided by the share of sales with the most important product

National group 1 if firm is a national group

Intern. Group with German 153 1 if fimm is an imernational group headquartered in Germany

Interm. Group with HQ abroad | if finn i an mtemational group headquartered abroad

Exporter 1 iMFinm & having expaorls

Finn size No. of employees (in log)

Firm in Last Germary 1 il firm i loeated i Eastern Germany

Competition: Price Average importance of price as ndicator of competition (at NACE 3
industry kevel)

Competition: Technokygy Average importance of technological advantage as indicator of
competition (al NACE 3 indusiry level)

3.3 Descriptive Statistic

After merging the two German innovation survey (MIP) waves from the survey year

2006 and 2009 via the identification number of firms we retrieve a sample of 2118
Ok rekneves



oun

innovation active firms in Germany. About 39% of the sample firms had product
innovations in the period between 2006 and 2008, of which 21% had market novelties
and 34% had firm novelties. The innovalion activities of 28% of the sample firms were
concentrated in the national innovation environment, 11% had innovation activitics in
both Germany and foreign countries. Most of the international innovating firms prefer
to focus their R&D work in one foreign country (5%). Two or three foreign countries
as sources in their innovation network are used by 3% o oui;amplc firms and 2% had
R&D labs in more than three countries, The average sales growth duc to new products
{growth between the data years 2006 and 2008) is about 13%, while the growth of
sales only due to market novelties is on average 3% and for firm novelties the average
growth rate is 10% in@ample.

Table 3: Descriptive statistics of model variables

Dependent and Explanatory Variables Mean  Std. Dev. Min Max
Firms with Product innowations 0.385 0.487 0 1
Sales growth due to new products 0.127 0.338 1] 7.282
Firms with Market nowelties 0.213 0.410 0 1
Sales growth due to market noweliies 0.028 0.125 1] 4.228
Firms with Firm nowelties 0.338 0.473 0 1
Sales growth due to firm nowelties 0.101 0.288 1} 6.948
Nen-Innovator 0.427 0.495 0 1
Innov. with domestic R&D only 0.276 0.447 0 1
Innov. with foreign R&D o111 0.314 L] 1
Innov. with centralized foreign R&D 0.051 0.221 0 1
Innov. with medium centralized foreign R&D 0.030 0.171 ] 1
Innov. with decentralized foreign R&D 0.016 0.125 0 1
Exporter 0.482 0.500 ] 1
Firm size 4.278 2.220 1] 12121
High-Skilled employees 0.186 0232 1] 1
Degree of product diversification 1.668 1.485 0 50
National group 0.179 0.384 0 1
Intermational Group with German HQ 0.132 0.328 1] 1
International Group with HQ abroad 0.068 0.251 0 1
R&D intensity 0.027 0.116 0 2.667
Non-R&D intensity 0.026 0.086 0 1.534
Firm in East Germany 0.349 0.477 o 1
Competition: Price 5122 0.400 3 ]
Competition: Technology 3.283 0.710 1 5
1.5 Estimation Method

+u Ol €OMeEN L .
To test our hypotheses we carry out two siep heckman cstimations. The selection

equation is designed to estimate the effects of the explanatory variables on the
likelihood to generate innovation outcomes (Product innovations, Market noveliies,
Firm novelties). The second step of the heckman estimation is designed to observe the



impact of the explanatory variables on the growth of sales duc o the innovation
outcomes (from the selection equation). For the second srep@ﬂo not include three
variables since they are only significant in the selection equafion but coniribute no
significance in the sccond equation (sec Table 4 for results of coelficients). Therefore
We, use fmn size, the share of high skilled employees and the degree of product
dwcrsshcatmn as identifying/instrument variables for (he heckman model (see

Wooldridge 2002).

Table 4: Results of Heckman estimation: Coefficients

Product Innovation Markat Novelties Firm Novellies
Yas/iNo Sales growth [ Yes/No Sales growth [Yes/Mo Sakes growth

Priar innovation aclivities (ref.
group: innovator without R&D)
Nondnnovator -0.831 = 0181 Q717 = 0.087 0778 " 0375
Innev. with domestic R&D only 0514 0143 0.499 = -0.030 0.550 "= 0.225°*
l!n_-‘u"_mv. with foreign R&D 0743 0208 % 0,832 = -0.058 0.800*~ Q.308 ™
Firm slze 0,138 *=* 0.004 0173 ™ 0028 " 0127 * 0024
High-Gkilled 0.336 * 0.005 0.520 =*  -0.072 0.254 0167
Degree of diversification 0.088 *** 0.001 0.045 -0.004 0.015 0.009
Exporter 0296 0019 0.436 **  -0.078 0238 =  0.074
MNational group -0.008 0.088 -0.088 0,080 * £.020 0.051
Intern. Group with German HQ 0.245 0.077 0.174 0.042 0.232 0.083
Intern. Group with HQ abroad -0.173 0.080 -0.236 0,140 = 0325 0023
RE&D intensity 2.244 ™ 0.638 2043 " 0.472 = 1.378 0.348 *
RED intansity*2 -2,024 *= - -7 - -1.601 * .
Mon-RED Intensity -0.385 0.466 0.621 0.844 = 0.178 0167
Non-RE&D intensity”2 0,328 0622 * £.138 0.847 == 0.350 <0.244
East Germany 0.020 0.048 0.166 * -0.028 0.014 0,093 =
Gomp: Price a3z~ 0013 0.151 0.073 £.357 **  -0.088
Comp: Technology 0.079 0.045 0.087 0.019 0.003 " 0.043

CONS 0.105 -0.141 -1.694 = -0.032 0.279 -0.218
rho 0.403 -0.393 0.860
sigma 0.480 0.235 0.546
lambda 0193 -0.082 0.470 *
W_all 4761 (16) ~* 87.81 (16) 23,68 (16)*
N® of observations 18 218 2118
censored obs. 1308 1666 1400
uncensored obs. 815 452 718

4 Empirical Results

Table 5 and Table 6 present the resulls ol our estimations for the innovation outcome
and the success with innovations of firms with international or national R&T locations
(Table 5) as well as for the different degrees of R&D internationalization (Table 6).
The tables report marginal cffects for a firm’s likclihood to generate product
innovations, firm novelties and market novelties. The innovation success is shown by
the sales growth due to product innovations, firm novelties and market novelties,



Innovation outcome

Our results show that the influence of international innovation locations is signilicant
positive on all innovation output measures. Having said this out prtme intention was to
compare national versus international innovating firms, Thi.?c"'s'ﬁ'lts show that our l“ st
hypotheses can be confirmed, firms with international R&D activities show ﬁtmngcr
marginal ellects for their likelihood to have product noveltics, market novelties and
ﬁ?ﬁ qﬁv?ﬁlfs The tests of the both cffect, domestic R&D and R&D at home and
abroad, of statistical equality show that these effects are signilicantly different from
each other. For market novelties the dilference of influence from national and
international R&D is the greatest which is also reflected in the test statistics (is
significant at the 1% level (0.005)). The influence of international R&D activities to
new product development and firm novelties is about one third hlghcr than the effect
of domestic innovation aclivities. These resulis confirm Dur assumplions ol the
knowledge-based view and that multiple locations are offering firms altractive sources
ol knowledge. In addition the results suggest that the foreign knowledge is integrated
into the innovation process of the whole firm and firms are actually carrying out
knowledge sourcing tasks. The degree of R&D mu:mauonall?atlnn is not showing a
linear relationship fo innovalion oulcomes in our results (Table 6). For market
novelties e fi [ d a stronger effect of international R&D centralization (one location
abroad) and an even stronger effect of medium internationalized R&D organizations
than only domestic R&D aclivities have. Having said this, the effects of medium
decentralized R&D abroad show a stronger impact than a higher degree of R&D
internationalisation for market novelties. In the case of firm novellies and new product
development %'éﬂcan observe thal domestic R&D activilies have a stronger influence
than centralized international R&D but medium decentralized R&D activities abroad
have a higher positive influence than purely domestic innovaling firms. Due to data
constraints We could not retricve results from the estimation for the effects of high
R&D internationalization on the likelihood Lo promote new product and firm novelties.
The underlying reason is that all firms in our samplc that have a high degree of R&D
internationalisation (R&D departments in more than three countries) have product
innovations and firm novelties. Therefore the explanatory variable predicts the
dependent variable perfectly and the results are dropped. The results reject our third
hypothesis that the elTects for innovation outcomes increase with the degree of R&D
internationalisation. The test of equality between the marginal effects of the domestic
R&D and the medium degree of R&D internationalisation and between the domestic
R&D and a high degree of R&D internationalisation (for market novelties only) is
rejected significantly therefore the marginal effects differ statistically from each other,

Our resulls for market novelties contradict the findings of Silverman and Argyres
Cihed 3



{(1994) that found that high decentralised R&D organizations exceed the positive
influence of medium decentralised innovation activitics bul are in line with Helfat and
Leiponen (2006) who find that two R&D locations are most beneficial to product and
process innovations as well as Lo any innovation.

Table 5: Results of threc Heckman estimations: Marginal Effects -
International vs. Domestic R&D

Product Innovation Market Novalties Firm Noveities |
Yes/Na Sales growth| Yes/No Sales growth |Yes/No Sales growth

Prior innovation activties (ref,
group. inpovator without RED) .
Nor-innovator [-g.202 =+ 0067 -0.130 =+  -0.018 0.251 ** -0.070 *
Innov, with domestic R&D only 185 = 0.054 * 0109 = 0,018 0188 **  0.046 ™
Innov. with foreign RAD Q.28 * Q083 Q.3 ™~ Qo7 0.304 ™ D073 ™
Firm size 0.051 * - 0.053 =* & 0.043 ™ =
High-Skilled 0124 =~ = 001 = 3 Q086 -
Degree of diversification 0.037 “ 0.008 = 0005 &
Exporter 0.108 **= 0.000 0.084 = -0.003 D020 ™™  0.007
National group -0.003 g.ca7 -0.016 0ma -0.007 0.021
Intarn. Group with German HQ 0.083 * 0.031 0.036 oo4 0.082 * 0.027
Intern. Group with HQ abroad -0.082 0.027 -0.040 = 0.034 = 0400 ** 03
R&D intensity 0.827 ** 0273 = 0.382 ~ 0161 =~ 0.466 0.143 *
R&D intansity*2 0.746 ** - -0.335 ~ - £.542 * -
Non-RED Intensity £.136 D188 ni1g 0.228 *** -0.080 -0.088
Non-R&D intensity*2 0.421 «0.263 * v LR = <0.240 ™ 0.118 <0.048
Eagt Germany 0.007 0.024 -0.031 * 0013 0,005 0.038 *
Comp: Price 0118 -0.008 1.029 0.016 <0121 ™ 0.019
Comp: Technology 0.028 0019 * 0.013 0.000 * 0.031 * 0.012
rho 0.284 0.503 0.407
sigma 0.470 0.224 0,444
lambda 0.134 0.123 = 0.180

s L S — r—
wW_all 47,83 (13) * | LA 24.91 (13)™
dom. R&D = for, R&D 0.088 0.232 0.005 0.931 0,057 0.213
N* of observations 2118 2118 18
censered obs. 1303 1666 1400
|uncensored obs. 815 457 718

Innovation success

The results for pup measure of innovation success are shown in the sales growth duc to
new products, markel novelties and firm noveltics. It becomes obvious that the
innovation success follows the results of innovation outcomes. Firms® benefit from
sales growth due to new product development and firm novelties receives higher
influence from international R&D activitics than from domestic innovation activities.
Thus, both R&D efforts show positive and significant effects, However, this is not the
casec for market noveltics. By lesting the significant effects of domestic and
inlernational R&D for equality we achicve no rejection of this assumption which
indicates that the results do not digé\r& s{tgtlsﬁmly. The results for the effect of different
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degrees of international R&D decentralisalion on Tnnovation success show that firms
with medium decentralised R&D abroad have a stronger significant impact on the
sales growth with product and firm innovations than firms which have R&D at home
only. These resulis also differ statistically from each other, For market novelties wo -

Eg\ no significant results fort he innovation success estimations. In this vein we
cannot confirm our last hypotheses. However, our results are in line with Leiponen and
Helfat (2006), they also find a positive significant influcnce from firms with two R&D
locations on Sales with innovations.

Table 6: Results of three heckman cstimations: International Decentral R&D vs.
Domestic R&D

Product Innovation | Market Novelties I Firm Novelties |

YesiMo Sales qmﬂ o5/MNa g5 grovdh Y es/No Sales growin
P innovatien achivities (ref. growp: imovalor
without R
Non-innovator 0305 == 40051 0128 = 0.8 -0.267 =+ L0071 "
Innov, with domestic RED only 0.166 *~ 0.050 = 10,106 ™= 0.m7 0156 =  0.040
Innov. with centralized foreign R&D 0.155 0.080 0144 == 0.8 0183 = 0.050
innov. with madium central. foreign R&D 0.526 ~~  0.182 ~** 0arz =t Q.08 0443 =+ 0132 =
Ilnnmr. with decentralized foreign RED = 0.044 10365 = 0.008 - 0.032
Firm size 0.052 - 0.037 - 0.045 =* -
High-Skilled 0.134 * - 0.110 = - 0.093 * .
Degree of diversification 0.035 = - 0.008 - 0.008 -
Exporter 013~ 0001 0082 =  -0.003 0086 =+ 0.008
Mational group £0.002 0.028 0015 0.ma 0.005 0.022
Intern. Group with Garman HQ 0.091 * 0.022 0.026 0.014 0.084 * 0.022
Ilnbrn. Group with HQ abroad 0.059 0.025 0040 * 0033 * <{.092 = 0.m1
RED Inke nsity 1.071 = 0.283 ~* 0303 = 0.188 ** 0714 = 0.1a0 =
RAD Inte naity*2 D17 = - 0324 = - DT -
Non-R&D inte neity 0. 184 0.197 0112 0.305 *** -0.083 0.085
Non-RED intonsity*2 0.178 258 * 0018 0.247 * 0.163 40.050
East Germany o.om 0.028 0033 " 0.m3 0.000 0.038 =
(Comp: Price D113 = 0001 0.023 0.7 Oz = 0.8
Comp: Technology 0.028 0.018 0.011 0.008 0.033* 0.012
rha 0.218 0.482 0.407
sigma 0470 0249 0.444
lambda 0.102 0.123 = 0180
W_all 46.00 (15) = B1.53 (13} 26,75 (15)
dom. R&D=cent. for. RAD 0.807 0.759 0.568 0.884 0.871 0.749
dom, R&D=med.cent. for. R&D 0.m7 0.007 0.002 0.442 0012 omz
dom, R&Dsdecent for. R&D - n.aa1 0oay 0.532 - 0.802
N° of obacrvations 2088 2068 2086
censored obs. 1658 1658 1343
uncensored obs, 427 427 893

5 Conclusions

Bl
The central theme of this paper is the result of firms® international R&D activities. We

investigated whether firms with R&D activities outside their home country benefit
trom these venlures in terms of a better innovation outcome and higher innovation
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success. We analysed how the degree of R&D internationalisation moderates firms’
innovativeness and innovation success. To show the benefits of international dispersed
R&ED we compared the estimation outcomes with the resulis of firms that only
innovate within the borders of their home country. Against the background of the trend
to expanding R&D facililies increasingly %resmts of are useful for firms’ decision to
internationalisc their R&D activities as well as to their decision to extend their existing
overseas R&D locations. The literature review of this study has revealed that existing
studics answer the question of international R&D benefits insufficiently by using
patent data. This paper contributes by adding addition information about innovation
outconies that would be not captured by patent data, such as firm novelties and overall
product innovations, as well as probably a certain share o market novelties as well. In
addition we have also related the added value of international R&D activities to the

rgarket success wilh innovations.
ne'a
Our results show that firms that follow the trends and internationalize R&D activities

have a great potential to strengthen their innovation performance. Firms with
international R&D have a higher probability to develop product, market and firm
noveltics in comparison with firms that gather all their innovation efforts at the
domestic headquarter. In addition, firms with international R&D centres are also more
successlul with their innovations on the market. Their sales growth due to new
products, market or firm novelties is higher than for firms with only domestic R&D
activities. In% analysis we also observed how the number of locations influences the
innovation outcome and innovation performance. The results show (hat a moderate
number of locations is most beneficial for generating innovation outcomes (product
innovations, market and firm noveltics) and for the sales growth due to new products
and [irm novelties.

To sum up. international R&D scems to ease the access to new knowledge which
evidently results with a higher probability in innovations and therefore contributes to
the competitiveness of the firm. However, for the decision to set up R&D facilitics at
foreign subsidiaries, fanagéry should careful choose the specific locations and limit
the number to a moderate extent.
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