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Foreign direct R&D investment in Central Europe: where do we stand?

Eric Rugraff, Institute of Technology Robert Schumand BETA, University of Strasbourg,
France

Abstract

This article questions the nature of the foreigiecti R&D investments in Central Europe. Do
the affiliates of the multinationals still underéadaptive R&D? Have they recently engaged
in innovative R&D activities in their Central Euregn affiliates? We assess the nature of the
R&D activities of the multinationals in Central Bye in three steps. In a first step we use the
OECD database on foreign direct R&D expenditure pasonnel to compare the foreign
affiliates’ R&D intensity with the indigenous firmBR&D intensity. We find few differences
between the two families of firms. In a second stepuse patents granted to foreigners in
Central Europe as a variable proxy to assess thkitean of innovative R&D activities in
Central Europe. We find that the patenting actgitof foreigners rose with the increase of
their R&D investments in Central Europe. We als@gast that the Central European
affiliates still have a marginal position in thetgating strategy of the multinationals. In a
third step we focus on the patent dafahe foreign affiliatesn the Czech Republie the
Central European leader as regards of foreign tdR&D investments —, in the major foreign
direct R&D sectors — electronics, electrical equgmty machinery and motor vehicles —. We
build a sample made of the ten multinationals regméng the most active R&D investors in
the country and assess the recent evolution of gagenting activity. We suggest that, (a)
even these major R&D investors still only margipadlpply for patents in their Czech
affiliates; (b) there is no under-evaluation of theovation activity of the Czech affiliates due
to a geographical separation of inventions — inGaech Republic — and patent location — in
Western Europe; (c) the researchers working inGhech affiliates are still not sufficiently
oriented towards innovation activities to be intdgd in the patenting-oriented international
teams built by the multinationals. Foreign dire&Rinvestments in Central Europe remain
mostly production supportive and associated withititernational exploitation of technology
produced in the Western headquarters and affiliddespite the strong engagement of the
Czech government towards foreign direct R&D, reabvative R&D increases very slowly.

Keywords: business R&D, multinationals, Central Europe, iratoxe R&D, patents.



1. Introduction

Multinationals hold a central position in the wofflor R&D activities (UNCTAD 2005).
Although there has been much debate among schalarghe extent and pace of
multinationals’ internationalization of R&D actiws, the literature provides evidence that
internationalization of R&D is a growing phenomeneinich started in the 1990s (Gerybadze
and Reger 1999) and grew in the 2000s (UNCTAD 2005g location abroad of R&D
activities changed the spatial organization of theltinationals and the comparative
advantages of the nations in many industries (Gassmand von Zedtwitz 1999, Kuemmerle
1999, Le Bas and Sierra 2002). Recent researchdateats a wider geographical dispersion
of R&D activities owing to the emergence of newoast such as China, in the world
economy (Filippaios et al. 2009). Despite a widenrld/ dispersion of R&D activities, the
important R&D activities of multinationals — basiesearch and applied research — still
remain highly concentrated in a few leading OECDrtoes (Patel and Vega 1999, Bergek
and Berggren 2004). When multinationals locate R&dlivities abroad they mainly choose
other leading OECD countries (Guellec and van Bfitteghe de la Potterie 2001). The extant
literature focusede factomainly on foreign direct R&D investments in OECBuatries (e.g.
Guellec and van Pottelsberghe de la Potterie 20019.literature focusing on foreign direct
R&D activities in developing and (post)-transiticountries remains extremely scarce. The
lack of studies can be explained by the fact thaitimationals traditionally locate little R&D
activity in developing and (post)-transition couegrand when they do, they tend to engage in
routine R&D activities (Amsden et al. 2001). Howevseveral Asian emerging countries
have recently succeeded in attracting important Ri&bvities and some multinationals have
located more sophisticated R&D activities in non@Ecountries (UNCTAD 2005).

Numerous studies and reports have stressed theatielo of production activities of
multinationals from developed countries, mainly tte@e European countries, to the new
member states of the European Union (e.g. PaviR@dd). The transfer to Central and
Eastern Europe of numerous production activities leal to a new European economic
geography in the automotive or electronics indast{Rojec and Damijan 2008). Since the
late 1990s, the location of activities by multioatals in Central and Eastern Europe no longer
exclusively concerns plants but also concerns R&stments. In the last decade, scholars
have detected an increase in the R&D activitieshef foreign affiliates of multinationals
located in Central Europe (Kalotay 2005, Lengyel &adil 2009, Sass 20135ince the late
2000s, there has even been a growing concern irEthiepean science and technology
debates about the risk of the erosion of technobdgiompetencies in the home countries
when multinationals relocate their R&D activitie®rh the core European countries to the
Central European periphery (Dachs et al. 2014) pDeghe increasing role played by the
multinationals in the R&D of the Central Europeauctries, studies remain rare. Pavlinek
and Zenka’s (2010) and Pavlinek’s (2012) work oe itlternationalization of R&D in the
automotive industry is one of the few exceptions.

The Central European countries possess four mananéages that might lead to an
increasing capture of foreign direct R&D investnserfeirstly, short geographical distance
reduces the cost of the exchange of knowledge Hernultinationals located in Western
Europe with their affiliates in Central Europe (e important role of spatial proximity in the
exchange of knowledge, see Jadteal. 1993, Almeida and Kogut 1999). Secondlythe
centrally planned economies, business R&D was takien in a handful of large firms.
During the transition period many large-sized firmmsre acquired by foreign investors, who
often decided to keep the R&D laboratories, andnesemetimes to transform them into

! In this article Central Europe refers to the CzBepublic, Hungary, Poland, the Slovak Republic
and Slovenia.



specialized R&D centers (UNCTAD 2005). Thirdly, thwage gap between research
personnel in Western and in Central Europe is widan the gap in the case of blue-collar
production workers (Szalavetz 2012). Fourthly, sitite mid-2000s the open-door policies
aiming at attracting manufacturing plants have psgjively been complemented by more
targeted policies among which the policies aimihg#racting R&D centers — mainly by
actively providing the foreign investor with finaacand fiscal incentives — have taken up a
prominent position (Rugraff 2008, Antaloczy et2011, Guimon 2013).

The extant literature provides increasing evidesfcgroduct and process upgrading in the
affiliates of multinationals located in Central Bpe (e.g. Domanski and Gwosdz 2009,
Jiurgens and Krzywdzinski 2009), but little is stitown about the R&D activities of foreign
affiliates. This paper aims at filling this gap ayalyzing the recent evolution of the location
by multinationals of R&D activities in Central Eyp®. The paper questions two opposite
hypotheses:

Hypothesis 1. The multinationals locate R&D activities in Ceritlaurope relatively
similar to those undertaken in the Western headgusiand affiliates. The Central European
affiliates of multinationals progressively becom&CRrivals of the Western affiliates. There
is a real risk concerning the relocation of R&D &dies from the West to the East as well as
a danger of the erosion of the technological comipets in the home markets.

Hypothesis 2.The multinationals locate R&D activities in Centralurope different to
those in the Western headquarters and affiliatese Tentral European affiliates of
multinationals remain specialized in adaptive R&he Western headquarters and affiliates
continue to undertake basic research and appliesbaech whereas the Central European
affiliates mainly undertake incremental developraeiihe Central European affiliates remain
poorly positioned in the internal division of R&Rtavities by the multinationals.

The two opposite hypotheses refer basically to thatives of foreign direct R&D
investments. The economic theory and extant lieeasuggest that the location abroad of
R&D activities is encouraged by three broad facttive necessity to adapt technologies to the
local demand, the possibility of reducing costs #mel opportunity to benefit from ‘reverse
spillovers’. The three motives of internationalieat correspond to a large extent to the dual
typology adopted in the international businesgdiiere: ‘asset-seeking R&D investment’
versus'‘asset-exploiting R&D investment’. The former mated to the growing significance
of increasing existing assets by absorbing and iangutechnological spillovers from
agglomerative effects in the host countries (Dugnamd Narula 1995). ‘Asset-exploiting
R&D investment’ is associated with a multinatiosafieed to invest in R&D affiliates abroad
in order to exploit the existing competitive adeges (e.g. by adapting the technologies to
the local demand) in conjunction with the locatgpecific advantages of the host country
(e.g. low labor costs) (Dunning and Narula 1995).

Methodologically, the determination of the dominamitives can be observed directly by
survey-based research and indirectly by statistitfR&D expenditure/personnel and patent
applications. In this paper, we chose to combire ttiree approaches. Our methodology
presents the advantage of combining a static approshich benchmarks the R&D
performance of the foreign affiliates in Centralr&gae and a dynamic assessment of their
patenting activity.

The remainder of the paper is organized as folldfes:next section presents the previous
literature and the conceptual framework. Sectiopr8vides an overview of the R&D
activities of the foreign affiliates in Central Eye. Section 4 describes the methodology.
Section 5 proposes a discussion of the empiricalli® Section 6 concludes the paper.

2 On the effectiveness of financial and fiscal irtdess in attracting R&D activities by foreign
affiliates, see (Hall and Van Reenen 2000).



2. Background

Three main factors tend to encourage the concemiraf the R&D activities, mainly in the
home country of the multinational: scale econonmesmnovation, agglomeration economies
and the risk of dissipation of trade secrets (Ku@®6). Foreign direct R&D investment is
also encouraged by three broad factors: the négessiadapt technologies to the local
demand, the possibility of reducing costs and tppodunity to benefit from ‘reverse
spillovers’ (Kumar 1996). ‘Traditional spillover§’om foreign direct investment are positive
externalities from the presence of multinationadgtee host economy (Blomstrém and Kokko
1998). However, multinationals may also benefit whavesting abroad from positive
externalities coming from domestic firms and othecal institutions (e.g. universities,
research institutions). These ‘reverse spillovenginly appear when the multinationals can
connect to national/regional innovation systemgaoohigh-level clusters in a host country
(Driffield and Love 2003). Since the most dynamiorld clusters remain concentrated in
developed countries, multinationals only very nalecate R&D facilities in developing and
(post)-transition countries to benefit from innavatactivities by local actors. Developing
and (post)-transition countries mainly attract fgnedirect R&D investment for adaptation
and cost reasons. Academic studies of the detentsirtd the localization of R&D activities
tend to confirm that adaptive R&D investments amdteeducing R&D investments are
important location factors of R&D facilities in deleping countries (Reddy 1997, Sun et al.
2006). Besides the three major factors of concgotv@nternationalization of R&D, the
firm’s decision depends on additional determinasetated to the firm’s characteristics (e.qg.
size, age, mode of entry into the foreign markeganization), related to the industry (e.qg.
R&D intensity, rivalry) and related to the host oty (e.g. proximity, size of the local
market, protection of intellectual property rightscal technological capability, tax and
incentive policies towards foreign direct R&D). Thexonomic literature fails to find
indisputable relationships between firm/industrykea characteristics and the decision to
internationalize R&D activities. Foreign direct R&RDvestment is a heterogeneous process
with considerable variation in the nature and &otiy across industrial sectors and
technology fields (Florida 1997).

Intellectual property rights provide a good exampie¢he heterogeneity of the process in
R&D investment. One may suspect the presence obsitiye relationship between the
strength of the intellectual property regime andeign direct R&D investment in a host
country. As expected, Kumar (1996) found that thength of the intellectual property
regime positively affected the US multinationalscid®n to locate R&D activities in
developed countries. However, Kumar’s study (1969 suggested that the strength of the
protection did not deter US multinationals from esting in R&D activities in developing
countries. The author also detected strong vanatazross industries in the effect of property
rights on the location decision of foreign dire&mRinvestment.

The effect of the size of the multinational on fgredirect R&D decision provides a
second example of the difficulty of finding reliabtieterminants for the internationalization
of R&D. R&D expenditure is highly concentrated argotie largest world companies: in
2004, the 700 multinationals spending most on R&DPoanted for almost half of the world
R&D expenditure (UNCTAD 2005). However, the concation of R&D spending among a
limited number of multinationals is insufficient tprove the existence of a positive
relationship between the size of the firms andrtR&D investment abroad. Pearce (1989)
suggested rather an inverted U-shaped relationstiyween foreign direct R&D investment
and the firm size.



The three motives for the internationalization af[R activities correspond to a large
extent to the dual typology adopted in the inteamatl business literature: ‘asset-seeking
R&D investment’ versus ‘asset-exploiting R&D investment’ (Dunning and MNiar 1995).
‘Asset-seeking R&D’ - or ‘home-base augmenting R&D’ (Kuemmerle 19963% related to
the growing significance of augmenting existing edssby absorbing and acquiring
technological spillovers from agglomerative effeatsspecific sectors and specific firms
(Kuemmerle 1999, Patel and Vega 1999). ‘Asset-etiptpR&D’ — or ‘home-base exploiting
activity’ (Kuemmerle 1996)- is associated with the multinationals’ need toestvin R&D
affiliates abroad in order to exploit their knowdedbase. However, the typology remains to a
large extent theoretical. Indeed, Criscuolo et(a005) suggest that most multinationals
undertake both adaptive and innovative R&D actgitsimultaneously in developed countries

Owing to the complex nature of innovation and irsimn systems, business R&D remain
less internationalized than other dimensions ofparate activities such as production
activities (Pavitt 2001). The innovative activitied the multinationals are significantly
influenced by their home country’s national systefnnnovation (Pavitt and Patel 1999).
Basic research and related training remain locdlinghe home country because they depend
on person-embodied and institution-embodied tawiivikedge rather than information-based
codified knowledge (Pavitt and Patel 1999). OvesdR&D affiliates often develop expertise
complementary to the core competence of the maltinal. In a great majority of cases,
multinationals locate their activities abroad inhteological fields in which they are strong at
home (Le Bas and Sierra 2002). In many industii@grnationalization concerns mainly
routine R&D, whereas basic R&D is embedded in allsmember of OECD home countries
(Patel and Vega 1999, Bergek and Berggren 2004hdrautomotive industry for example,
the centers of excellence remain located in a éicdhitumber of clusters in Europe, the U.S.
and Japan (Sturgeon et al. 2008). Some authors ewesider that the adoption of the
organization related to modular production incrélabe degree of R&D concentration in the
European core automotive clusters in the 20003 @8tun et al. 2008).

Although the firms’ R&D activities are less intetimaalized than other activities, Dunning
and Lundan (2009) recently identified three newdsein the internationalization of R&D
activities. Firstly, a notable increase in the legk internationalization; secondly, a much
stronger role for foreign affiliates in the knowtgdcreating activities of multinationals; and
thirdly a wider geographic dispersal of their inative activities. Numerous studies have
acknowledged the rapidly increasing internatioraion of technological activities, mainly in
the form of foreign direct investment in R&D by dg@r international companies (Gassmann
and von Zedtwitz 1999, Kuemmerle 1999, Le Bas aietr& 2002, Song et al. 2011). The
literature clearly shows a recent increase in thiermationalization of R&D activities
combined with a wider geographical dispersion owimghe emergence of new actors, such
as China, in the world economy (Filippaios et &l02). The empirical literature also detects
an increasing role of foreign affiliates in the kiedge-creating activities of multinationals.
Filippaios et al. (2009) stressed the increasingpirtance of the technological affiliates of the
world’s 100 largest food and beverage multinatisri@al the end of the 1990s. Kuemmerle
(1999) found that an increasing proportion of fgreiaffiliates of multinationals evolved
beyond a marginal local adaptation of technologyaddition to ‘asset-exploiting affiliates’, a
new type of ‘asset/competence-augmenting affilildtes emerged, which contributes to the
creation of new processes, products and technaldbet are used throughout the world by
other foreign affiliates and even re-imported te garent headquarters.

Affiliates with a strong innovation potential are@d®ewed with specific competencies.
Creative researchers and R&D personnel represent ingportant location-specific
competency. Creative researchers and engineemsftareintegrated into international R&D
teams which provide a greater potential for thesgiiertilization of technologies and access



to location-specific competencies (Criscuolo andua2007). The integration of researchers
and engineers active in an affiliate into the regiinternational network of R&D units
signals their innovation-augmenting potential otite multinational as a whole (Ambos and
Schlegelmilch 2004).

Finally, academic research detects a great deaktd#rogeneity among the affiliates of
multinationals in terms of R&D. Affiliates whichrsingly contribute to the innovation of the
multinational are endowed with capabilities asdeciawith knowledge absorption and
utilization (Phene and Almeida 2008) and succeethéidentification of an opportunity,
subsequent negotiations with the headquartersiaatlyf the commitment of resources to a
new initiative by the headquarters (Birkinshaw 109@n the other hand, affiliates with
relatively weak capabilities remain strictly corked by the parent headquarters (Hobday and
Rush 2007). In this kind of affiliate non-routinegineering decision making is decided at the
headquarters and the affiliate has little autonomMgst of the time, the R&D personnel is
specialized in adaptive R&D.

3. Overview of foreign direct R&D investment in Centrd Europe
3.1Role in business R&D

The multinationals have progressively increasedr tR&D implication in Central Europe
since the beginning of the 1990s (UNCTAD 2005:148e foreign R&D presence expanded
through the acquisition of large firms such as $kodthe Czech Republic or Tungsram in
Hungary. The newcomers have increased the R&D tatien of firms which used to carry
out R&D. R&D also expanded through greenfield petgein the manufacturing industry
when the multinationals located R&D activities dadoratories to adapt products to local or
regional needs. The foreign affiliates multipliedeit annual R&D expenditure by 3.2
between 2001 and 2009 in the Czech Republic, byl@taeen 2004 and 2010 in Hungary,
by 5.4 in Poland (2001-2009) and by 1.5 betweer®20@ 2007 in Slovakia (OECD database
2014). In a survey carried out in 1999 on a sarmplims in Hungary, Kalotay and Hunya
(2000) found that firms that were bought by foreignfollowing privatization deals increased
their R&D expenditure by 13.6% two years after thayre bought.

Table 1 shows that by the end of the 2000s, theigoraffiliates employed 16,484 R&D
persons in the manufacturing sector and spent fpugBD1.5 billion in R&D in Central
Europe. Foreign direct R&D dominates the manufatuindustry. The foreign affiliates
represented 55.7% of the R&D expenditure and 42d8%he R&D personnel in 2009.
Slovenia excepted, the foreign affiliates’ role R&D is much more important in Central
Europe than in Western Europe (OECD, 2014). Fordiggtt R&D investment is particularly
strong in the Czech Republic, which is the Cerffalopean country that attracted the most
R&D activities. In 2009, almost half of the CentEalropean foreign affiliates’ personnel and
expenditure were located in the Czech Republic. ¢él@w, the Czech domination is to a large
extent due to Skoda’s important R&D activities ligchin the country. The R&D expenditure
of Skodaamounted to roughly USD 300 million in 2009 (Skaataual report 2010:2).

Table 1. Foreign direct R&D investment in the manufacturindustry in Central Europe,
2009 (in USD million and percentage)

Czech Hungary Poland Slovak Slovenia Total
Republic Republic
Foreign direct R&D personnel 7484 3942 3127 848 8310 16,484
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Foreign direct R&D expenditure, 731.3 274.0 260.6 88.7 162.0 1516.6
USD million

Share of foreign direct R&D
personnel in business R&D 53.3 48.4 32.0 58.0 21.3 42.9
personnel, %

Share of foreign direct R&D
expenditure in business R&D 67.8 53.4 54.3 72.4 33.8 55.7
expenditure, %

Sources:Author’'s calculations based on OECD database (R2@hdl World Bank annual
exchange rates.

3.2Sectors of foreign direct R&D investment

The contribution of the foreign affiliates to R&3 wery unevenly distributed across the
sectors in Central Europe. Unsurprisingly, hightedogy industries (pharmaceuticals,
computer, electronic and optical) and medium-higichhology industries (electrical
equipment and automotive) are particularly focusedR&D. Foreign direct R&D investment
is related to the presence of manufacturing planthe host countries. Since foreign direct
investments went predominantly to a limited numloérindustries belonging to high-
technology and medium-high technology industrieeaadful of sectors are concerned with
the R&D expenditure/personnel. Table 2 highlightse tsectors which attracted the
predominant share of foreign direct R&D investmentthe Czech and Slovak Republics,
Hungary and Poland. In 2009, the foreign direct R&Kpenditure in the motor vehicle
industry in the four countries counted for over aamder of the foreign direct R&D
manufacturing expenditure and for over four fififghe host countries’ motor vehicle R&D
expenditure.

The Czech leadership in business R&D is due togelaxtent to the central position of the
automotive industry in the economy: in 2009, thenofacture of motor vehicles accounted
for more than half of the foreign direct R&D. Skod®ne accounted for two thirds of the
R&D expenditure in the Czech motor vehicle indusind two fifths of the foreign direct
R&D expenditure. Figures on business R&D in Cerfialope remain therefore volatile since
they may be strongly impacted by the R&D investmentdisinvestment decisions of a
limited number of large firms. Besides the automwstindustry, two other sectors attracted
foreign direct R&D activities: pharmaceuticals {ire Czech Republic, Hungary and Poland)
and electronics (in the four countries). One cawo aetect national patterns: machinery and
equipment, and motor vehicles in the Czech Repupkiarmaceuticals, electronics and motor
vehicles in Hungary. In Poland and the Slovak Répulwhere foreign affiliates poorly
invested in R&D, the motor vehicles industry getenlaa predominant share of foreign direct
R&D activities (Table 2).

Table 2. Major manufacturing sectors of foreign direct R&ivéstment in Central Europe(a),
2009

ISIC Revision 4 (Division) (b) Share of foreignelit R&D in total business R&D
25-50 % 50-75 % +75%
R&D personnel CZ 26*, 27*, 28** Cz 21* CZ 29***
H 21***’ 28** H 26***, 27** H 29***

PL 19**, 20%, 21**, 27** PL 10%, 29***
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SK 25* SK 27**, 28** SK 22%*, 24%*, 29**

R&D expenditure CZ 26, 28* Cz 27 CZ 21%*, 29***

H 21%* H 28* H 26**, 27*, 29***

PL 19**, 21* 28* 30* PL 27* PL 10%***, 29%**

SK 22*, 27* SK 24*, 29%**
Total of the four Central European Pharmaceuticals (21) Electronics and  Motor vehicle (29)
countries electrical equipment
(26-27)

R&D personnel share of foreign direct
R&D in total business R&D 43.7 (c) 40.3 84.6
Share of sectoral foreign direct R&D in 11.1 (c) 17.9 27.4

total foreign direct R&D

Notes: The table only contains information on the ISIGotdigit divisions (10 to 33) for
which the share of foreign direct R&D in total busss R&D exceeds 25 % and for which the
share of foreign direct R&D of the sector (or IStision) in total foreign direct R&D
exceeds 5 %.

(a) Information for Slovenia is confidential; (I§1C Revision 4 can be consulted in Appendix
1; (c) Information for the Slovak Republic is caléntial.

* 5 % < Share of sectoral foreign direct R&D inabtoreign direct R&D < 10 %; ** 10 % <
Share of sectoral foreign direct R&D in total fapeidirect R&D < 20 %; *** Share of
sectoral foreign direct R&D in total foreign dirdR&D > 20 %.

Sources:Author’s calculations based on OECD database (R@bd World Bank annual
exchange rates.

3.3 Foreign direct R&D intensity

In the Innovation Union Scoreboard, the Europeami/member states are classified in four
performance groups based on their average innovatoformance (European Commission,
2014). The summary innovation index takes into antoeight dimensions when
benchmarking the innovation activity of the memlstates. Based on this summary
measurement, Denmark, Finland, Germany and Swedencansidered as ‘innovation
leaders’ with innovative performance well abovettbhthe EU average. The ‘innovation
followers’ gather together most of the other WeastEuropean countries and one Central
European country, Slovenia. Their performance isvabor close to the EU average. The
Czech Republic, Hungary, Poland and the Slovak BRéepielong to the third group of
‘moderate innovators’ with innovation performaneddw that of the EU average. The fourth
group gathers together the ‘modest innovator’ coesit When one focuses more specifically
on the business R&D investment, which is one ofdigiht dimensions, the classification of
the Central European countries is the same as englbbal measurement (European
Commission 2014:15). However, the Innovation Uni®ooreboard does not distinguish
between the R&D activity of indigenous firms anck tforeign affiliates of multinationals.
Table 3 focuses exclusively on foreign direct R&mvastment and measures their R&D
intensity by using three ratiosatio 1. R&D expenditure-person employedtio 2. R&D
expenditure-turnoveratio 3: R&D personnel-person employed.

‘Innovation leader countries, such as Germany, emglowed with indigenous firms
actively investing in R&D. These countries alsaaat affiliates of multinationals which are
strongly R&D-oriented (Table 3). Compared to thendvation leaders’ group of countries,
the foreign direct R&D intensity in Central Europamains low by the end of the 2000s. In
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Central Europe, foreign direct R&D expenditure person employed remains fifteen times
lower than in Germany. The share of intra-mural R&Rurnover is five times lower and the
R&D personnel proportion in total personnel is sev@mes lower. Interestingly, the

difference also remains important with Spain what$o belongs to the ‘moderate innovators’
group. In 2009, the foreign direct R&D expenditure-turnovatio was almost four times

lower and the R&D personnel share more than twegitower in the Czech Republic than in
Spain.

Table 3. Intensity of foreign direct R&D in the manufactugimndustry, in Central Europe,
Germany and Spain, 2009

R&D expenditure/number Intra-mural R&D Number of R&D personnel/
of persons employed, expenditure/total turnover, number of persons employed,
UsD % %
Czech Republic 1471 0.72 1.51
Hungary 928 0.40 1.34
Poland 414 0.21 0.49
Slovak Republic 435 0.19 0.42
Slovenia 4329 1.88 2.89
Central Europe 912 0.48 0.99
Germany 14,261 2.60 6.97
Spain 4176 0.77 3.53

Note: Germany belongs to the ‘innovation leaders’ wher&pain is, like the Central
European countries (Slovenia excepted), a ‘modénate/ator’.

Sources:Author’s calculations based on OECD database (R@bd World Bank annual
exchange rates.

Finally, the three tables demonstrate that: firgthyltinationals have increased their R&D
implication in Central Europe. Secondly, they dre dominant actors in the business R&D in
the manufacturing industry. Thirdly, the foreigmedit R&D investment is concentrated in a
small number of industries, mainly pharmaceuticalisgtronics and automotive. Fourthly, the
activity of the foreign affiliates is, globally, ¢dw R&D intensity.

In the next section we present the methodology usediscriminate between the two
hypotheses presented in the introduction of thelart

4. Methodology

It is very difficult to measure business R&D adie$ (Freeman and Soete 2009). Firms,
mainly small- and medium-sized firms, often develoformal innovation activities that are
hard to estimate and may be invisible in the intiomasurveys (Altenburg et al. 2008).
Activities that are a by-product of learning-by-al@i processes also remain unrecorded,
although those activities are often very relevantieveloping and (post)-transition countries.
The delimitation of R&D activities is also very cpiax. Some researchers consider that
prototyping and testing are separate elements dd Ré&hereas others consider that they are
central elements of the activity of R&D (Cohen &t2009). R&D remains an accounting
category which includes activities of differing iompance. Moreover, the declarations made
by multinationals to the authorities concerningrtf&D activities are influenced by the host
state incentive and fiscal policies towards busirie&D (Sass 2013).



The available empirical evidence on foreign difR&D investment consists of three types
of data: survey-based studies, statistics on R&Dpeesiture/personnel and patent
applications. In this paper, we chose to combire ttiree approaches. Our methodology
presents the advantage of combining a static approshich benchmarks the R&D
performance of the foreign affiliates in Centralréue and a dynamic assessment of their
patenting activity.

Our methodology is based on three steps:

Step 1 We use the OECD statistics database, Sectionvitgcof multinationals’ to
benchmark the R&D intensity of the foreign direck[R investments in Hungary and the
Czech Republic with the R&D intensity of the indigais firms (OECD 2014). This
comparison provides an initial assessment of thar@af the R&D undertaken in Central
Europe. The R&D intensity indicators provide a pret of the R&D situation by the end of
the 2000s. However, information regarding the ewofu of the foreign direct R&D
investments over the last twenty years is not abéelin the OECD data.

Step 2.In order to overcome this difficulty we work on pat dat& ‘A patent is a
document issued by an authorized government agegnagiing the right to exclude anyone
else from the production or use of a specific newiak, apparatus or process for a stated
number of yeargGriliches 1998:288). The invention must be naril (would not appear
obvious to a skilled practitioner), useful (hasaential commercial value) and novel to be
‘patentable’.Because patents result from the firm’s investment#n basic research and
applied development, patent data can be consideress a relatively good proxy of the
firm’'s genuine inventive activity.* We use the OECD patent database to assess thd globa
evolution of the patenting activity of the foreigaen Central Europe between 1990 and 2010.

Step 3.We then work on patent data to detect the possbilergence of a process of
upgrading of the R&D activities organized by foreigffiliates in the Czech Republic, the
leading Central European country regarding foredgrect R&D investments. We use the
AMADEUS database of the Bureau Van Dijk which camgapatenting and ownership
information of firms in Western and Central Eurdpedetect the emergence of innovative
R&D in the Czech Republic, as well as the poterttiahsfer of innovative activities from
Western Europe to the Czech Republic.

We took the information of the foreign direct R&@nters/activities delivered by the
Czech investment agency (Czechinvest 2013, 201@®) and crossed this information
with the information released by the multinationfdsinual reports, newsletters, etc.). We
constituted a sample of ten multinationals withfthilowing characteristics:

a) They own at least one Czech affiliate;

b) They belong to the electronics-electrical-machireumjomotive sectors (ISIC 26 to
29); these sectors have attracted the bulk ofdreegn direct R&D investments;

% The idea of using patent to assess the R&D aietividf firms and the process of innovation and
technical change goes back to Schmookler (1966Pakéds and Griliches (1980). Since the end of the
1990s, a large strand of the literature has uséehpatatistics to analyze the internationalizaidn
business R&D (Guellec and van Pottelsberghe deottef®e 2000, Cohen et al. 2009, Narula and
Guimon 2010). Regardless of the patent office ¢mali or international), five main types of
information are available in the patent documem: names and postal addresses of the inventor(s);
the organization to which the patent property right assigned and the legal address of the patentee
a detailed technological classification of the imien; the patentee’s specific claims regarding twha
the invention can do that could not be done befarel citations that indicate previously existing
knowledge, embodied in prior patents or other matlons, upon which the patent builds.

* We are aware that patent data does not uncovepthkinnovative activity of foreign affiliates in
Central Europe. Some R&D activities do not appeahe patent data because multinationals choose
not to apply for a patent (on the motives explanvhy a firm may choose not to apply for a patent,
see Cohen et al. 2000). However, these strateglgsrarginally impact our study.
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c) The Czech affiliate(s) employ(s) more than 50 R&Ergonnel: we eliminated the
Czech affiliates that only marginally invested i&[R activities and have a poor patenting
potential;

d) The affiliates were created/acquired before 200& fEchnological capabilities of the
R&D centers and their embeddedness in the locansfic and engineering communities
only develop progressively (Song et al. 2011). ibadquarters are also often more reluctant
at the beginning of the activity to confer impoitaasks and functions to their foreign
affiliates, mainly when the activities are of stgit importance for the multinational
(Birkinshaw 1997);

(e) The affiliates belong to active patenting mationals.In order to avoid a bias owing
to the presence in the sample of firms that neygyafor patents, we only took into
consideration affiliates that belong to multinatém that deploy patenting activities in
Western Europ@ All the firms in our sample regularly apply fortpats in Western Europe
and have located R&D activities in the Czech Rejpubl

We then used three proxy variables of innovativeDR&

- Proxy 1lis composed dProxy laandProxy 1b

o Proxy la.The patents granted to the Czech affiliates — eftém multinationals
in our sample — compared to the patents grantethéoheadquarters and
affiliates in the home country of the ten multioatals.

o Proxy 1b.The patents granted to the Czech affiliates coath#n the patents
granted to the other Western affiliates (outside tftome country of the
multinationals)’

The evaluation of the two proxy variables was dower two recent periods of three years,
2008 to 2010rersus2011 to 2013A significant increase in the patenting share l®/@zech
affiliates of multinationals would provide supptotour Hypothesis 1: the R&D activities of
multinationals in the Czech Republic progressivalgve from adaptive R&D to innovative
R&D.

Since it is difficult for authorities to detect tipatentee when several affiliates participate
in the development of a patent, the geographicaars¢ion of R&D and patent location is
relatively easy to implement. There can be a geigcal separation between the inventor
(e.g. a researcher working in the Czech Republn) the applicant (e.g. an affiliate in
Western Europe or the headquarters) creating avalisgion of the innovative activities in
the Czech Republic. The project risk can also hmpaered by a different affiliate from the
one hosting the R&D activity. Karkinsky and Ried2012) suggest that multinationals have
an incentive to locate their patents at affiliabggh a relatively small corporate tax rate and

® The sectoral reports of Czechinvest contain lstsnumerous foreign direct ‘selected R&D
investments’ and ‘selected technology centers’.(eglist of 46 ‘selected automotive R&D
investments and technology centers’ in Czechinvgdi4a). In reality, the majority of the
multinationals only possess a small testing anctldgwnent department which adapts the production
to local needs. ON semiconductor and Freescale ceanictor both have development centers of
approximatively 100 employees in Roznov. Howevasthmultinationals do not actively apply for
patents in Western European countries and cowelgtiin the Czech Republic. The two
multinationals therefore do not belong to our sangjlfirms.

® Basic R&D remains concentrated in the home mavkéte multinationals and/or the most dynamic
clusters in the more advanced countries (Sturgeah 2008). Since innovative R&D is less intense i
the Western affiliates of the multinationals — niaihose which are not located in dynamic clusters
a transfer of R&D activities to Central Europe isrmprobable than from the headquarters to Central
Europe.
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find that the location of the inventor and the agpit location differ in roughly 10% of the
cases.
- Proxy 2 assesses the geographical separation of invendiotispatent location. It is
composed oProxy 2aandProxy 2b

o0 Proxy 2a Czech patent location with foreign inventors lesgw 2008 and 2013.
This evaluation aims at detecting the existenca pfocess of patenting by the
Czech affiliates of inventions made abroad.

o Proxy 2b.Foreign patent location with Czech inventors irl20In order to
avoid an under-evaluation of the innovative R&Dtloé Czech affiliates, we
assess patents located in Western Europe that dmme the activity of
researcher(s) in the Czech Republic.

Because creative researchers/inventors boost the &#ciency of a multinational as a
whole, an increase in the participation of the ®zewentors in international R&D teams
could therefore be considered as an indicator @fethergence of innovative R&D capacities
in the Czech Republi@d significant increase in the participation of iméers from the Czech
Republic to regional/global R&D networks in multirmals would provide support to our
Hypothesis 1The third proxy variabléocuses on the international cooperation of re$esisc
(at least two researchers coming from two diffe@mnintries):

- Proxy 3.Presence of at least one Czech inventor amonpptdational teams in the
patents granted to the Western European affilisaesl headquarters of the
multinationals. Should we find few Czech inventararking in international teams, it
would suggest that the Czech R&D is, in 2013, ihcightly innovative to be
integrated in the R&D networks of the multinatianal

5. Empirical results

Do the Central European affiliates of multinationalogressively become rivals in the field
of R&D for the Western affiliate@Hypothesis 1)or do the Central European affiliates of
multinationals remain specialized in adaptive R&ypothesis 2)?

In this section, we firstly compare the R&D intdgsof the foreign affiliates and the
indigenous firms in the major sectors of R&D inweent of the multinationals. We then
assess the foreign direct patenting activity in t@#rEurope. We finally study the patenting
activity of the multinationals’ R&D affiliates irhe Czech electronics, electrical, machinery
and automotive industries.

5.1Foreign affiliates’ versus indigenous firms’ R&D itensity

Our analysis is limited to the two countries, — Beech Republic and Hungary —, and the
three industries, — pharmaceuticals, electroniod amotor vehicles —, that attracted the
dominant share of foreign direct R&D activitiesGentral Europe. Table 4 displays two types
of indicators: the first category of indicators rmeges the R&D intensity of foreign affiliates
versusindigenous firms in terms of R&D expenditure an&DR personnel. The second
indicator assesses the difference in size of tleegnwups of firms.

Three main features must be taken into consideratocorrectly benchmark the R&D
intensity of the foreign affiliates:

Firstly, it is widelyaccepted in the literature thadultinationals possess R&D advantages
over non-multinationals (Caves 1982) and that theyest more in R&D than non-
multinationals (Dunning 1993). Multinationals alemd to be important in industries with a
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high level of R&D relative to sales (Markusen 199%)ne may therefore expect
multinationals to invest more in R&D than indigesdirms active in the same industry.

Secondly, the literature shows that multinationate larger than non-multinationals
(Dunning 1993). Owing to their advantage in sizd #meir competitive advantage in R&D-
intensive activities, multinationals should be mé&&D-oriented than indigenous firms in
general, but also more R&D-oriented than indigerfoass active in the same industry as the
multinationals.

Thirdly, the literature also suggests that the @rifuropean firms are poorly involved in
genuinely innovative activities (European Commissi14). Their R&D expenditure and
patenting activities remain weak and they sevelati the capabilities to develop creative
activities. The Central European firms remain maiokked in imitation (and not creation)
and specialized in non-R&D activities such as test@nd standards. The current business
R&D situation goes back to the central planning &aaisition periods. Hanson and Pavitt
(1987) demonstrated that the systems of innovatiorked according to completely different
models in the Eastern and Western world. The asitbrplained the poor business research
and innovation performance of Eastern Europe by dhetral planningof innovative
activities. An artificial separation between sciBntresearch — mainly carried out by the
Academy of Science — and industrial research achoig by branch R&D organizations, was
responsible for an absence of inter-organizatitesining and of in-house R&D. Innovation
was limited to routine tasks in production firms.the transition period a large part of the
inherited R&D structures collapsed, mainly orgati@as engaged in applied R&D
(Radosevic 1997). The empirical literature detecteghath-dependency in the ‘style’ of
innovation in the Eastern firms throughout the ®%hd 2000s. The inherited R&D
structures explained the poor R&D performance ef itidigenous firms in Eastern Europe
(Radosevic 1997, Hogselius 2005, Kapil et al. 2000ying to the poor innovation intensity
of indigenous firms in Central Europe, one may expiee foreign affiliates to outperform the
R&D of the indigenous firms.

Table 4 delivers mixed results. The ratio of R&Drgmanel in total persons employed is
higher for foreign affiliates than for indigenougnis in the Czech and Hungarian
manufacturing industry, but the ratio is lower imetpharmaceutical industry and in the
computer, electronic, optical industry in both cwigs. Indigenous manufactures of
pharmaceuticals and manufactures of computer,reléctand optical products also spend
more in R&D (Intra-mural R&D expenditure/total tunwer) than the foreign affiliates. In the
electronics industry the difference between the twoups of firms is very important: the
indigenous firms spend respectively twelve timed seven times more intramurally in R&D
than the foreign affiliates. Only in the motor wvahi industry do the foreign affiliates
outperform the indigenous firms.

These figures must be compared, firstly, to the R&fensity in Germany and Spain of the
two groups of firms and, secondly, to the average af the firms. The higher R&D intensity
of indigenous firms compared to the foreign affém does not mean that a new indigenous
R&D dynamic in the Central European major industi® emerging, but clearly signals the
low R&D commitment of the multinationals in Centélirope. Indeed, the indigenous firms
producing computer, electronic and optical produetaain roughly three times in the Czech
Republic and six times in Hungary less R&D intemsifin terms of intra-mural R&D
expenditure/total turnover) than in Germany. Ondtieer hand, the gap between the foreign
direct R&D investment in Germanyersusin the Czech Republic and Hungary is huge. The
gap is the widest for electronics R&D spendingdahare of the total turnover) of the foreign
affiliates in Germany and in Central Europe: theersl respectively fifty four times and
thirty six times more in Germany than in the Cz&sdpublic and Hungary. In Spain (which
also belongs to the EU-group of ‘moderate innov&tdhe foreign affiliates employ a much
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higher number of R&D personnel and spend more irDR&an in the Central European
countries. The comparison between the Czech RepuBlingary and Spain also clearly
stress the unique position of the pharmaceuticaldungary and motor vehicles in the Czech
Republic. These two industries represent exceptiorise Central European business R&D:
foreign affiliates are much more R&D-oriented theam comparable ‘moderate investor’
countries’

The two former industries excepted, the poor R&Zestment of the foreign affiliates in
Central Europe is all the more evident when onepares the average size of the foreign
affiliates with the indigenous firms. Foreign atites are, on average, much larger than
indigenous firms (Table 4). Basically large-sizéung, and mainly multinationals, used to
invest more in R&D than non-multinationals. Howeveespite their advantage in size,
foreign affiliates spend less in R&D in pharmacesitand electronics than locally-owned
firms. Even in the motor vehicle industry, largedign-owned firms only investment a little
bit more than smaller-scaled local firms. In Hungdhe automotive foreign affiliates are on
average twelve times larger than the automotivegerus firms. However the former R&D
expenditure (in total turnover) is only slightlyghier than the expenditure of the latter.

Table 4. Comparison of the R&D intensity of foreign affiletversusindigenous firms in the
Czech Republic, Hungary and Germany, 2009

ISIC, Rev.4 Number of R&D personnel/ Intra-mural R&D Number of persons
number of persons employed, expenditure/total turnover, employed/number of firms,
% % persons
foreign indigenous foreign indigenous foreign indigenous
affiliates firms affiliates firms affiliates firms

Czech Republic

Manufacturing 15 0.9 0.7 0.6 117.9 4.7
Pharmaceuticals 4.7 7.2 3.7 4.2 277.1 25.9
Computer, electronic 2.0 6.5 0.3 3.6 178.1 4.0
and optical products

Motor Vehicles 25 1.7 1.4 1.3 457.6 22.6
Hungary

Manufacturing 1.3 1.1 0.4 0.7 125.9 7.3
Pharmaceuticals 15.9 14.1 6.9 8.6 317.9 145.4
Computer, electronic 1.8 3.6 0.2 15 344.9 5.6
and optical products

Motor Vehicles 1.7 1.3 0.5 0.4 406.8 33.1
Germany

Manufacturing 7.0 3.6 2.6 25 228.9 32.2

" Additional information on foreign direct R&D invesents in the Hungarian manufacture of
pharmaceuticals can be found in Lengyel and C&fiD9) and for the Czech motor industry in
Pavlinek (2012).
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Pharmaceuticals 16.1 16.6 10.2 9.3 568.6 99.3

Computer, electronic 21.7 15.1 10.8 9.3 149.3 30.8
and optical products

Motor Vehicles 135 11.3 4.3 5.2 627.1 283.6
Spain

Manufacturing 35 2.5 0.8 0.8 209.3 9.3
Pharmaceuticals 8.2 16.7 3.0 6.0 426.3 73.3
Computer, electronic 9.7 13.7 2.1 5.0 136.8 10.9
and optical products

Motor Vehicles 29 3.9 0.5 15 533.8 30.0

Source Author’s calculations based on OECD database.

The comparison of the foreign affiliategrsusindigenous firms’ R&D intensity provides
a first indication that Central European R&D is tipgroduction supportive and associated
with the international exploitation of technologyoduced in the home country of the
multinationals.

5.2Foreigners’ patenting in Central Europe

Hypothesis lversusHypothesis 2 was further questioned by workingos patents granted
by the European Patent Office (EPO) and the USnPated Trademark Office (USPTO) to
foreigners in Central Europe. The bulk of the fgreiownership corresponds to patents
granted to the foreign affiliates of multinationalsgaged in R&D activities.

The patenting activity of foreigners rose with timerease of their R&D investments:
foreign ownership of domestic invention increasenfdld in Central Europe between 1990
and 2010 (Table 5). In 2010, 654 patents were gdattt foreigners in Central Europgersus
60 in 1990. However, Central Europe still holds argmal position in the patenting strategy
of the multinationals: in 2010, patents grantetheforeigners in Central Europe represented
only 3.27% of the totality of the patents granteddreigners across Europe. The marginal
position of Central Europe is all the more evidevtien one compares its position with Spain
or Germany. In 2010, patents granted to foreigrestws in the five Central European
countries was equivalent to the patents grantatidécsame actors in Spain, and represented
one tenth of the patents granted to foreign investoGermany.

Table 5.Foreign ownership of domestic invention, 1990-2010

1990 1994 1998 2002 2006 2010

Number of patents granted to foreigners

Total EU-20** 7851 10,260 17,595 24 519 33,318 028,
Central European countries, 60 123 232 380 585 654
of which:
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Czech Republic 13 27 66 101 183 168

Hungary 24 36 64 126 170 204
Poland 23 38 63 87 140 212
Slovak Republic 0 5 16 20 48 26
Slovenia 0 17 23 46 44 44

% in total EU-20**

Czech Republic 0.17 0.26 0.38 0.41 0.55 0.84
Hungary 0.31 0.35 0.36 0.51 0.51 1.02
Poland 0.29 0.37 0.36 0.35 0.42 1.06
Slovak Republic 0 0.05 0.09 0.08 0.14 0.13
Slovenia 0 0.17 0.13 0.19 0.13 0.22
Central European countries  0.76 1.20 1.32 1.55 1.76 3.27

Notes * Patents granted by the EPO and the USPTO; **15U+ Central Europe.
Source Author’s calculations based on OECD database.

The low patenting activity of the affiliates in Gead Europe is a result to a large extent of
their moderate investments in R&D activities. Tkéstence of a strong relationship between
R&D and patenting is rather well documented inlitezature (e.g. Hall et al., 1986). Table 6
stresses this relationship in the OECD-countrigsttie foreign affiliates of multinationals:
there is a strong positive relationship between R&penses and R&D personnel of foreign
affiliates and their patents (See R-square in téple

Table 6. Relationship between R&D and patents of foreignliafés of multinationals in
OECD countries, 2009

R&D expenditure R&D personnel R&D expenditure and
and patents and patents R&D personnel
R-square 0.95 0.98 0.91
N 13 13 13

Source Author’s calculations based on OECD database.

Relatively poor R&D investments by foreign affiest in Central Europe explain its
peripheral position in the patenting activity of ltmationals. One could therefore expect an
increase in the patents granted with higher experadin R&D. However, patenting not only
depends on the quantitative level of R&D expenditur a country, but also on the patent-
R&D ratio (Kortum 1993). The patent-R&D ratio isnked to the motives for
internationalization of the R&D activities. Sincasset-exploiting R&D investments’ are
adaptive R&D investments and cost-reducing R&D tteeyd to have a low patent-R&D ratio.
On the other hand, the patent-R&D ratio of ‘assetkting R&D investments’ should be
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higher because this type of R&D investment contebuo the creation of new processes,
products and technologies.

We calculated in Table 7 the patent-R&D ratio af tbreign affiliates in Central Europe.
Interestingly, the Central European R&D leader, @mch Republic, has low patent-R&D
ratios compared to Hungary and Poland. In 2009, wéon dollar worth of foreign
affiliates’ R&D produced 0.27 patents in the Cz&gpublic (0.66 in Hungary); in the foreign
affiliates 37.4 persons (21.8 in Hungary) produce@ patent. Because the production of
patents varies widely across industries the sdcton@ntation of foreign direct R&D
investment plays an important role in the patenttRé&tios. The higher patent-R&D ratio of
Hungary compared to the Czech Republic may thexdber explained by the strong foreign
affiliates’ R&D investments in the Hungarian phageatical sector — which is the world’s
most active patenting sector —. Because foreign R&@stments in the Polish, Slovak and
Slovene industries remain limited, their patent-R&dios are difficult to interpret.

The Czech Republic — the country which attractezl dbminant share of foreign R&D
among the Central European countries —, is alsolgast efficient country regarding the
production of patents. In the second half of the@) the Czech Republic received two thirds
of the foreign affiliates’ R&D directed to Centrgurope, but represented only one third of
the patents granted to the foreigners. Table 7stémefefore to further accredit the Hypothesis
2: the Czech affiliates of multinationals remain spbzed in adaptive R&DThe Czech
affiliates mainly undertake incremental developreenthis result shows that the
multinationals’ priority regarding R&D is to devgldasset-exploiting R&D’. When foreign
affiliates invest in R&D in the Czech Republic theéy it mainly in adaptive developments.
Basic research and applied development remain Memyed. That is why the foreigners
rarely invent in the Czech Republic and rarely gpi patents.

Table 7.Patent-R&D ratios of foreign affiliates in CentEalirope, 2009

Number of R&D R&D Patents/ R&D R&D
patents expenditure, personnel expenditure, personnel/patent,

USD million USD million persons
Czech Republic 200 731.3 7484 0.27 374
Hungary 181 274 3952 0.66 21.8
Poland 208 260.6 3127 0.80 15.0
Slovak Republic 35 88.7 848 0.39 24.2
Slovenia 38 162 1083 0.23 285
Spain 591 1294 11,516 0.45 19.5
Germany 6251 14,285 73,546 0.43 11.8

Note: Patents granted by the EPO and the USPTO.
Source Author’ calculations based on OECD database.

5.3Patents and inventors in the Czech foreign affilest of multinationals

Table 5 demonstrates that the patents granted reagfers in the Czech Republic have
increased between 1990 and 2010. Table 5 also sti@awdoreigners still apply poorly for
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patents in the Czech Republic. However, the forsemtion presents three limitations that
need to be tackled. Firstly, the evaluation is base patents only granted by the European
Patent Office (EPO) and the US Patent and Tradertdfice (USPTO). Statistics may
change when taking into consideration patents gdarity national patent organizations,
mainly the Czech Industrial Property Office and therman Patent Office. Secondly, the
former evaluation concerns the whole of the Czemnemy. However, the foreign direct
R&D investments are concentrated on four main nmectufing sectors (see table 2). In these
sectors, the patenting activities of the foreigiliafes may have increased in a recent period,
suggesting the emergence of a new sectoral paifenmovative R&D activities. Thirdly, the
upgrading of foreign direct R&D activities takesn&. The detection of the emergence of
innovative activities must give the affiliates tineedevelop innovative activities.

We worked on patent datd the major foreign R&D investors in the Czech mi@actures
of electronics (ISIC 26), electrical equipment @S27), machinery and equipment (ISIC 28)
and motor vehicles (ISIC 29). Our sample is contd of the affiliates of multinationals
responding to the five conditions defined in thehndological section.

The three proxy variables of innovative R&D are serted in table 8 (the detailed
characteristics as well as the variables for eddheten multinationals can be consulted in
Appendix 2). We examined a sample of 2799 paterastgd in 2013 in Europe to the ten
multinationals. This sample represented 15% ofl$&59 patents granted in 2013 in Europe
to the ten multinationals.

Proxy la

In our sample, the number of patents granted tcCthech foreign affiliates increased by
71% between 2008-2010 and 2011-2013. The numbpatehts as well as their variation is
strongly influenced by Skoda’s patenting activiBetween 2008 and 2013, Volkswagen’s
affiliate Skoda patented more in the Czech Republén the nine other top foreign direct
R&D investors together. Skoda’s position in theepéing activities is absolutely unique in
the Czech Republic and in Central Europe. Howeaxan with Skoda, the Czech patent share
remains extremely low in the patenting activitytibé multinationals. Patents continue to be
predominantly assigned to the headquarters andadl slumber of affiliates in the home
country of the multinationalsSThe German automotive multinationals — seven ouheften
multinationals in our sample — still concentrateithinnovative R&D and their patent
applications on a small number of entities locate@ermany. For example, in 2013 almost
all of the patents granted to the Bosch automativision were attributed to the headquarters
in Stuttgart and roughly nine tenth came from thgearch activity of personnel working in
Germany® In 2013, almost all of the patents granted toStenens automotive division were
also attributed to one affiliate — located in Beri and nine tenth of the patents resulted from
the research activity of personnel working in Gemna

Proxy 1b

The gap between the Czech affiliates and the Westiifiates (outside the home country
of the multinational) is narrower than the gap lesw the Czech affiliates and the
headquarters in the home country of the multinal®nOver the 2010-2013 period, patents
granted to the Czech affiliates represented 2.3/6% with Skoda of the patents granted to
Western affiliates. The ratio remains relativelwloonsidering that the multinationals in our
sample have been the most active R&D investorsenCzech Republic. Moreover, theoxy
1b decreased over the two periods suggesting theneds# relocation of innovative R&D

8 German teams or international teams with peoplkiwg in Germany.
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activities from Western affiliates (outside the homountry of the multinationals) to the
Czech Republic.

Proxy 2a

Over the 2008-2013 period, 280 patents were graimtetie Czech affiliates of the ten
multinationals and only 2.1% of these patents c&oma the invention of personnel working
outside the Czech Republic. This result suggestisthiere was little geographical separation
of inventions — coming from abroad — and patenation to the Czech Republic. This figure
is low compared to the ratio related to the gedgi separation of inventions and patent
location. Indeed, globally in Europe in 2013, weedéed a geographical separation of
inventions and patent location in 8.4% of the pestegranted to the ten multinationa@3ur
result is in line with Karkinsky and Riedel's (201s2udy which found a separation in roughly
10% of the cases.

Proxy 2b

The reverse process — location of patents in Wedkairope of inventions made in the
Czech Republic — is very rare (0.06% of the case0il3) suggesting that the estimation of
the innovative R&D done in the Czech Republic dieeflects the real state of the country’s
R&D activity. There is clearly no under-estimatiohthe innovative activity in the Czech
Republic due to the declaration by Western aféabf patents coming from innovative R&D
undertaken in the Czech RepublRroxies 1a and 1b represent good evaluations of the
position of the Czech R&D in the European divisioh the R&D activities of the
multinationals.

Proxy 3

In our sample of firms, patents with inventors fralifferent countries remain far fewer
than patents with inventors from one country. I12087.6% of the patents resulted either
from the activity of one single person or a teamstituted of people working in the same
country. 12.4% of the patents came from the colafian between inventors working in
different countriesProxy 3aims at assessing the connection of the Czech R&Bopnel to
international R&D teams. The patenting activitytié Czech affiliates of the multinationals
might remain low although some Czech researchergefcparticipate in intra-multinational
R&D networks and patent creations. However, oueaesh suggests that the Czech research
personnel working in the Czech affiliates of theltmationals remain marginally present in
the international teams. In 2013, the Czech rebgagcsonnel were only represented in 1% of
the international teams which were the inventorsgpftents. In only one company out of the
ten multinationals, did the Czech researchers @gtisontribute in 2013 to patents located in
the Western headquarters. The R&D undertaken irCech affiliates is still insufficiently
oriented towards innovation to allow the Czech eaegrs and researchers to actively
contribute to the R&D activities of the multinatada and to be actively integrated into intra-
multinationals R&D programs.

Table 8. Patents and inventors of the ten major foreignctliR&D investors in the Czech
Republic (in ISIC 26-29)

Proxy 1  Patents granted to the Czech affiliates dhe ten multinationals

Proxy 1a Patents granted to Czech affiliates compared tenpaigranted to
headquarters and affiliates in the home country tbg
multinationals, %
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Period 2008-2010 105/34,356 = 0.3%
Period 2011-2013 175/49,014 = 0.4%
Proxy 1b  Patents granted to Czech affiliates coathéw patents granted to

Western affiliates of the multinationals (outsidle home country),
%

Period 2008-2010 105/1322=7.9%
Period 2011-2013 175/3154 = 5.5%
Without Skoda:

Period 2008-2010 3.4%

Period 2011-2013 2.5%

Proxy 2  Geographical separation of inventions and gent location of
the ten multinationals

Proxy 2a Czech patent location with foreign investho Czech inventor),
2008-2013, % 6/280 = 2.1%

Proxy 2b  Foreign patent location with Czech invest@ll the inventors are
Czech), 2013, % 10/18,559 = 0.06%*

Proxy 3  Participation of Czech inventor(s) in intenational teams of the
ten multinationals

Participation of Czech inventor(s) in internatibteams in patents
located in Western Europe, 2013, % 22/2305= 0.95%*

Note: *confidence interval of 10% at the 99% confidenselle

Our methodology was the following: firstly, we kst the European affiliates/headquarters of
each of the ten multinationals to which patentsengranted in 2013. Secondly, we examined
all the patents of the affiliates/headquarters vaitsmall number of patents (less than 150
patents in 2013). Thirdly, we calculated the sangit® needed for affiliates with a large
number of patents (more than 150 in 2013) for afidence interval of 10 % at the 99%
confidence level. Fourthly, we examined the patemtked out at random to assess the proxy
variable for each affiliate of each multinationgifthly, we summarized the information for
each multinational (see Appendix 2) and then fertdn multinationals.

Source Author’s calculations based on the Amadeus da&lsee Appendix 2).

Finally, our analysis fails to detect a processrafhsfer of innovative R&D from Western
Europe to the Czech Republic in a recent perioge ThechRepublic has become a major
hub in the European car and components productiime location of large-scale
manufacturing plants by leading automobile manuises (Volkswagen-Skoda, Hyundai,
Toyota-PSA Peugeot Citroén) has attracted a vastbeu of global component suppliers
which have established plenty of plants acrossthmtry (Czechinvest, 2013, 2014a, 2014b).
With 2880 R&D personnel and an intra-mural R&D exgieure of USD 400 million in 2009,
the foreign-owned automotive sector in the CzecpuRbc is the most active in R&D in
Central Europe. However, Skoda excepted, the patgiictivity of the Czech automotive
affiliates remains a marginal phenomenon. HyunBaigeot-Citroén (PSA) and Toyota did
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not have any patenting activity at all althoughytlecated production facilities in the country
in the mid-2000s. Major global automotive supplisteh as Bosch, Lear, Faurecia, Denso,
Behr, Valeo, each owns several production facdiiie the Czech Republic (e.g. five for the
Bosch Group) but still do not apply for patentsggesting the absence of real innovative
activities. The automotive manufacturers and coreporsuppliers still come to the Czech
Republic for production reasons and not to prontbtsr innovation potential by taking
advantage of local competencies and ‘reverse spiifo.

Only very few Czech R&D centers have been transéortmy multinationals into regional
‘centers of excellence’ or ‘flagship R&D centerBasic R&D is almost totally absent from
the R&D centers, even in the R&D centers considéoelge important by the multinationals.
Most of the time, they are either design centersl@relopment and testing centers. Four
multinationals consider that their Czech R&D certas taken up a prominent position in
their European R&D organization: the ‘global R&Dnter® of Honeywell in Brno, the
‘flagship R&D center*® of Visteon in Novy Jicin, the two ‘global developnt centers’ of
Siemens in Prague and Ostrava and Skoda’s ‘developeenter’ in Cesana near Mlada
Boleslav. Skoda states thatith the facility in Cesana, [it] has the third-largegévelopment
center within the Volkswagen Group and one of thestnmodern ones in the entire
automobile industry™* Yet, only Skoda is engaged in innovative R&D. metCzech
Honeywell and Visteon R&D centers — although coeed as important R&D affiliates by
the multinationals —, the patenting activity rensamarginal. Over the 2008-2013 period only
seven patents were granted to the Czech affiliditéianeywell and none to Visteon’'s
affiliates.

The Czech affiliates’ position in the R&D organipat of global players can be
exemplified by the case of the German multinatioB&mens. In 2013, the company
possessed seven factories with integrated develuprdepartments and two ‘global
development centers’ in the Czech Republic (Siem2044). The development center in
Prague is one of the 176 main R&D locations in wWerld. In 2013, the Czech affiliates
employed 9700 people, and among them 540 were viedolin R&D. Although the
multinational belongs to the most active R&D comparnin the country, it remains clearly
specialized in production: the Czech affiliates tped 2.7% of Siemens’ world staff, but
only 1.8% of the world R&D personnel. The main gqeation of R&D personnel in the Czech
affiliates can be assessed by studying Siemenshpapplications. In 2011, Siemens was the
world leader regarding patent applications to theogean Patent Office and was positioned
at the tenth position among the owners by the U®rPaand Trademark Office. Siemens
applied in Europe for over 4700 patents in 2013p@mlix 2). However, the Czech affiliates’
patenting activity remains totally marginal: duritige period 2008-2013 only 26 patents were
granted to Czech affiliates and there was evenangtdecline between the 2008-2010 and
2011-2013 periods. The 540 people engaged in Ré&ivites do not participate to the
Siemens international teams for patents (see pB»yg Appendix 2). The Czech R&D
remains oriented towards design, testing and var@daptive activities. Siemens did not
engage in innovative activities in the Czech Rejoyblespite the opening of so-called ‘global
development centers’.

° downloaded on 10 September 2014 from:
http://honeywell.jobs.cz/working-at-honeywell/homes}l-in-czech-republic/en/

®downloaded on 10 September 2014 fréwtp://www.hvceglobal.com/en/company/network
“downloaded on 10 September 2014 frbottp://www.skoda.fr/actualites/2012-09-25-engigsting
center
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6. Conclusion

This article questions the nature of the foreigiecti R&D investments in Central Europe. We
test two opposite hypotheses.

Hypothesis l1states thatafter an initial period devoted to the locatiorQantral Europe of
production facilities and production-related R&D mainly for cost reasons — the
multinationalshave recently engaged in a new generation of R&®stments. This new
generation of foreign direct investments undertakesvative activities and no longer only
incremental developments. Foreign direct R&D takexe and more the form oasset-
seeking R&D investment’ aiming at augmenting thestaxy multinational’'s assets by
absorbing and acquiring technological ‘reverse@ypars’.

In Hypothesis 2,the creation of production facilities remains thajon determinant of the
investments in Central Europe. Foreign direct R&ivesstments aim at facilitating the
production by adapting it to the local conditiodultinationals possess an innovative
advantage that they want to exploit in the hostntgu In this hypothesis, the division of
R&D activities between on the one hand the headgusarand Western affiliates of the
multinationals, and on the other hand, the Cerft@opean affiliates remains strict. The
former continue to host the major R&D centers sgex®d in basic research and applied
research whereas the latter undertake incremeeatalabments when needed for production
reasons or required by the customers.

The two hypotheses are assessed in three stefise liirst step, we use OECD data on
foreign direct R&D expenditure and personnel, tanpare the foreign affiliates’ R&D
intensity with the indigenous firms’ R&D intensityVith the presence of multinationals
belonging to the major players in world industioe®e would expect a significant difference in
the R&D investments of the two categories of actbtswever, the analysis suggests little
difference between the foreign-owned and indigersmmpanies providing a first indication
that Central European foreign direct R&D is mogtipduction supportive and associated
with the international exploitation of technologyoduced in the home country of the
multinationals.

R&D data does not provide information on the nawir¢he R&D activities of the firms.
Patent data does. Indeed, patents result from atn@vR&D. We therefore use, in a second
step, patents granted to foreign affiliates in @drEurope as a proxy variable of innovative
R&D to assess the evolution of innovative R&D aiti@s in Central Europe. An increase in
patents granted to the foreign affiliates of matianals in Central Europe would be the sign
of the emergence of innovative R&D. We find thag fhatenting activity of foreigners rose
with the increase of their R&D investments in Caht&urope between 1990 and 2010. But
we also demonstrate that the Central Europeanasdt still have a marginal position in the
patenting strategy of the multinationals.

In a third step, we focus on the patent ddtthe foreign affiliatesn the Czech Republie
the Central European leader regarding foreign tiR&D investment —, in the major foreign
direct R&D sectors — electronics, electrical equgmty machinery and motor vehicles —. We
build a sample made of the ten foreign multinatism&presenting the most active R&D
investors in the four sectors in the Czech Repudniid assess their recent patenting activity.
We find that, with the notable exception of Skodalkéwagen, even these major R&D
investors (regarding R&D employees and R&D expemdjt still only marginally apply for
patents in their Czech affiliates. We also showt tiiere is no under-evaluation of the
innovation activity of the Czech affiliates duea@eographical separation of inventions — in
the Czech Republic — and patent location — in Wedteirope —. We finally demonstrate that
the researchers working in the Czech affiliates i not sufficiently oriented towards
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innovation activities to be integrated in the pétegroriented international teams built by the
multinationals.

All these results suggest that in the middle of28&0s, foreign direct R&D investments in
Central Europe remain mostly production supportared associated with international
exploitation of technology produced on a nationakib. Even the multinationals that
announced — in annual reports, newsletters, etice 4ocation of so-called ‘regional flagship
R&D centers’ still today only rarely apply for pats. Finally, our study is in line with
Pavlinek’s (2012) former work suggesting that roetR&D activities dominate in the R&D
activities of the automotive multinationals in CGahtEurope. We demonstrate that this
phenomenon is not limited to the automotive industnd we detect no recent shift in the
R&D strategy of the multinationals towards an aerxaion of the location in Central Europe
of innovative R&D. Our evaluation based on objestimformation — patents —, completes
existing field research which assesses the natbirtheo R&D activities of affiliates by
subjective information delivered by the staff o timultinational (e.g. Sass 2013).

The extant literature detects an increase in thernationalization of R&D activities
towards emerging economies. Some studies alsa dtresncreasing role played by foreign
affiliates, located in emerging markets, in the R&movative activities of multinationals.
Our study highlights the increase of foreign dirB&D investments in Central Europe, but
does not find a shift towards innovative R&D adies. Even global players who have
located numerous production affiliates in Centratdpe for more than a decade still carry out
few innovative R&D activities.

Our results question the efficiency of the goveental R&D policies in Central Europe.
In the Czech Republic, but also in Hungary, poficeEming at attracting foreign direct
investments — in the 1990s — and foreign direct Re&dilvities — since the 2000s — have been
the pillars of the government’s economic strate@uitnon 2013). Most of the policy actions
— e.g. the Czech supplier development programCtiexh cluster program, the Czech R&D
cooperation program — were launched to facilitageforeign direct R&D activities. Generous
incentives were devoted for a couple of years ¢odtitraction of this type of foreign investors.
Moreover, since the Czech Republic’s entry intoEueopean Union in 2004 a large share of
the structural funds received from the EU has hessd to provide incentives and to support
foreign direct R&D activities (Guimon 2013:4). Ti@&zech policy succeeded in attracting
R&D by multinational firms and in transforming theuntry into the major destination among
the new EU-members of foreign direct R&D activitieldowever, despite the strong
commitment of the Czech government to foreign diFRR&D, real innovative R&D increases
very slowly. This situation offers few opportungief transfer of advanced technology to
indigenous firms which still fail to catch up oretimnovation performance of the firms of the
core European Union countries. The tools and meatlobthe Czech industrial and innovation
policies need therefore, at least, to be re-asdesse
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Appendix 1. Excerpts of ISIC, Revision 4

Division Description

10 Manufacture of food products

19 Manufacture of coke and refined petroleum pregluc

20 Manufacture of chemicals and chemical products

21 Manufacture of pharmaceuticals, medicinal, clsairand botanical products
22 Manufacture of rubber and plastics products

24 Manufacture of basic metals

25 Manufacture of fabricated metal products, excegthinery and equipment
26 Manufacture of computer, electronic and opforaducts

27 Manufacture of electrical equipment

28 Manufacture of machinery and equipment, n.e.c.

29 Manufacture of motor vehicles, trailers and seailers

30 Manufacture of other transport equipment
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Appendix 2. Main foreign direct R&D centers/departments in @&ech Republic (in ISIC 26-29): patents and ingent

Multinational Country of Type of Location  Date of Number of Proxy Proxy Proxy Proxy Proxy Sepa-
origin R&D activity creation R&D la 1b 2a 2b 3 ration
ofthe  personnel, inven-
R&D 2013 tion/
facility patent
2008- 2011- 2008- 2011- 2008- 2013 2013 2013
2010 2013 2010 2013 2013
Bosch Auto Germany Dev.and Ceske 2005 300 0/10,058 0/15,760 0/19 0/9 - 1/6250 1/100@0/6250
tech. center Budejovice
Continental ~ Germany Dev. center  Ostrava 1993(a) 160 0/2421  28/31 0/96 3/271 0/3  0/1340 0/126 77/1340
Hella Germany Dev. dep. Mohelnice 1992(a) 340 5/535 3/508 5/5 3/1 0/8 0/1870/7 0/187
Magna Canada Product devLiberec 2000(a) +50 0/- (b) 27/-(b) 0/401  27/558 /270 0/202 0/13 6/202
center
Rieter Switzerland Design centddsti nad 2003 + 50 34/143 37/132 34/49 37175 1/71 2/6510/15 24/65
Orlici
Siemens Germany Dev. and Letohrad 2007 0/10,399 2/15,788  0/312  2/1573 0/2 0/4762 0/795 /&P
Auto testing Prague 540(c)
centers Ostrava
TRW Germany Tech. supporDacice 2006 + 50 1/328 1/229 1/32 1/98 0/2 0/1511/2 0/151
center
Valeo France Tech.and Prague 2002 70 2/974 4/1606 21279 0/444 0/6  0/1013/78 49/1011
dev. center
ZF Germany Dev. center  Plzen 2007 150 0/2248 0/3033 26 0/ 0/38 - 7/1157  7/66 58/1157
VW (Skoda) Germany Tech. dev. Mlada 1992(a) 1800 63/7250 98/8838 63/103 98/87 5/161 0/3434 0/203 57/3434
department Boleslav (d) (d) (e) (e) ® ®
TOTAL 105/ 175/ 105/ 175/ 6/280 10/ 22/ 1565/
34,356 = 49,014= 1322= 3154= = 18,559 2305 = 18,559 =
0.3% 0.4% 7.9% 55% 2.1% =0.06% 1.0% 8.4%
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Notes:Proxy 2a, proxy 2b and proxy 3: confidence intenfal0% at confidence level of 99% for Bosch, Goantal, Siemens, Valeo, ZF and

VW. All the patents granted in 2013 were evaludtediella, Magna, Rieter and TRW.

Total number of patents analyzed: 2799, which reed 15.1 % of the patents granted in 2013 iof&uto the ten companies. In details, we
assessed 202 patents granted to Bosch (out of #8ats), 382 to Continental (out of 1340), 18H&dla, 202 to Magna, 65 to Rieter, 265 to
Siemens (out of 4762), 777 to Valeo (out of 1026)% to ZF (out of 1157) and 304 to VW (out of 34134

(a) date of creation of the affiliate; (b) infornwat in the Amadeus database is limited to Europe540 employees involved in R&D in eight

affiliates in the Czech Republic; (d) patents gedrib Skoda compared to the patents granted tddheswagen and Audi headquarters/affiliates
in Germany; (e) patents granted to Skoda compardtieg patents granted to the Seat headquarterpam;Jf) Seat excluded, because the
address of inventors is unavailable.

SourcesAmadeus database; Czechinvest; information retelagehe multinationals (various years).
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