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Industrial influences on R&D transfer to Chinal

Peder Veng Sgberg

Baltic Business Research Center, Linnaeus Schd®lsiness and Economics, Linnaeus University, Kalma
Sweden

Abstract

Purpose— The purpose of this paper is to open a new relsdeontier concerning industry factors influergin
R&D transfer to emerging markets within Western tmakional companies (MNCs).

Design/methodology/approach- The paper presents a framework based on knowledgsfer, knowledge
creation, and innovation theory, which is illustihtin two cases from globally leading MNCs fromfeliént
industries and technological fields which have ldghed R&D units in China. It addresses the issfie
industrial influences on R&D transfer to emergingrkets, and the importance of complementary agsets
innovation performance.

Findings — The framework and empirical research suggestRBd transfer to new R&D units in emerging
markets is less challenging for companies withidustries characterized by slow technological dgualkent.
This is due to dynamics, which result in codifioatiand diffusion of technical knowledge, wherebigieasier
to transfer and absorb. When the transformatiom fexploration to exploitation of knowledge is simphther
than complex within an industry, R&D transfer isdechallenging. Leverage of local complementargtass
nurtures reverse R&D knowledge transfer — posiivglpacting innovation performance.

Originality/value — The paper addresses the gap in knowledge tratigfery concerning industrial R&D
transfer differences. The paper provides a framlkevior innovation related industrial contingencies R&D
transfer concerning emerging markets, and it acdestiee argument that complementary assets are tempdor
R&D in emerging markets. Implications for managemienChina are outlined. The term captive knowledge
transfer is coined.

Keywords Innovation, China, Research and development, Kedgd transfer, Emerging markets
Paper typeResearch paper

1. Introduction

China has become a major attractor of foreign R¥Pef et al., 2007) in spite of the knowledge gabieh still
exists between China and the West in many techigalbgreas, and which has been further exacerbatgdby
the Cultural Revolution, where the existing critinzass of research talent in China was spread drand most
research institutes and universities were closeand{Simon, 1989). Another historical legacy whichsh
contributed to the creation of the knowledge gap ba explained by applying the framework developgd
March (1991) where exploration can be considereddivity which can result in the development ofwvne
knowledge. Exploitation, on the other hand, cancbesidered an activity which makes use of knowledge
Confucianism and other cultural and historical dasthave developed a preference in the Chinesdaimpufor
exploitation as opposed to exploration. That knolgte creation for the sake of knowledge creationasa
preferred activity in China (Baark, 2007) may fentlsustain the knowledge gap between China andlVimst
(including Japan). A major objective for the Chimepvernment therefore concerns technological kadgéd
transfer to the country (Buckley et al., 2003).

! The paper has been published in Chinese Managestadies (2010) Vol. 4, No. 4, pages: 322-338
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Different approaches can be leveraged in orderridgbe the knowledge gap on a national level. R&D is
becoming more and more an international activitshimi multinational companies (MNCs). MNCs also sfam
R&D and innovation related activities to countriech as China (Von Zedtwitz, 2004). It seems evidest
foreign R&D centers in China play an important rleChina’s efforts to become a substantial forcglobal
innovation.

The literature is quite informative in terms of whWestern MNCs internationalize R&D activities. The
motivations behind this can be, for example, madkisten, production-driven, technology-driven, imation-
driven, cost-driven, or policy-driven (Gammelta®)06). In China, low wages combined with the hugd a
growing Chinese market is one reason (Gassmanhland2004); obtaining the advantages of having R&D
located with manufacturing already transferred in@ is another (Walsh, 2007). Many other reasams e
mentioned, however, an increasingly important abjedor Western MNCs establishing R&D units in Gaiis

to get access to the large and growing pool ofrtieah talent (Walsh, 2007; Lewin et al., 2009), @hiis
expected to further develop in China in the futunespite of the large output of new graduates yeyear in
China from more than 1,000 research institutesueuinekrsities with close to six million students @fed (Chen,
2006) the aforementioned knowledge gap still regtssa challenge, although local sources of knaydexhn
be identified and tapped in China (Harryson andeggb2009a). A difficulty for globalized R&D acthas
exists in that knowledge may be more likely to floetween people the smaller the geographical distén
between them (Allen, 1977; Allen and Henn, 2006thé case should be made against globalized R&D, i
would be relevant to mention that face-to-face acnis important for the exchange and creation e n
knowledge, and therefore globalized R&D may be kigihallenging in general (Sélvell, 2003, 2009).the
particular case of China, such barriers can alsaléstified (Gassmann and Han, 2004; Sun et aD6R0n
order for Western MNCs to bridge the knowledge gaghina and contribute to innovation performartés
necessary to transfer knowledge to R&D units estlabtl in emerging markets, such as China. Althowgh
know that R&D investments in China tend to be cotreged within high technology industries such as
biotechnology, chemicals, software, and telecomupatitns (Li and Zhong, 2003), we do not know if avity
the challenges of globalized R&D may differ in iméity across different industries.

Knowledge transfer is particularly interesting tmiire into — and also particularly challengingnianagerial
situations where a substantial knowledge gap eXistthe case of foreign invested R&D centers imn@hsuch
situations are commonplace. Whereas industries $&xwed as the reference point for the foundatfanszhool
of thought within the strategic management fieldhi(B 1965; Porter, 1981, 1996), inquiries pertajnto
industrial differences are less common within ti&DRmanagement field. This paper therefore opengw n
research frontier concerning industry factors iaficing R&D transfer to emerging markets, and ithfer
investigates the role of complementary assets latioa to innovation in emerging markets. Therefoae
framework relevant to this end is presented andiexpn the analysis of two cases of R&D transfeiCthina
within MNCs, which are global leaders within thiidustries, before relevant implications and cosiclns are
outlined. The focus is primarily on captive knowdedtransfer, meaning knowledge transfer which tgitase
within fully owned parts of a company.



324
2. Theoretical framework
2.1 Knowledge transfer

A number of factors may influence the extent toakhknowledge transfer is easy to do. In general,nore
codified knowledge is, as opposed to tacit (Polad@66), the easier it is to transfer (Teece, 19388).
“Sticky” information is costly to acquire, transfemnd use with the purpose of technical problemisgl(Von
Hippel, 1994). Similarly, “Internal stickiness” dia&terizes factors hindering the transfer of knalgke
(Szulanski, 1996, 2000). It can concern relatioiagtors between the sender and the receiver instayin
motivation (Kalling, 2003), and also factors asatail with the recipient’s lack of “absorptive capddCohen
and Levinthal, 1990; Szulanski, 1996; Gupta andi@arajan, 2000; Minbaeva et al., 2003; Chen, 200dng
et al., 2004). “Absorptive capacity” is the “abjlito recognize the value of new information, askitaiit, and
apply it to commercial ends” (Cohen and Levinti#90; p. 130). Knowledge transfer can be descraxeth
process in which an organization recreates andtaiafa complex, causally ambiguous set of routimesnew
setting” (Szulanski, 2000, p. 10). Knowledge transind knowledge creation goes hand-in-hand foersév
reasons. Although the location specificity of knedde may vary across different types of businetsities
(Anand and Delios, 1997), knowledge often tendbedocal (Hayek, 1945). If knowledge is local it yrize
necessary to re-create it in order to transfertie experiential character of knowledge (Penro8851 may be
an important reason why absorption of R&D relatadwledge and information is easier for a comparinglo
R&D, than for a company not doing R&D (Cohen andihthal, 1990).

Valuable knowledge creation contributes to the Vmtion performance of companies; however, in a pewl
established R&D unit in an emerging market, knogketransfer to the unit, may be required beforatwa of
new knowledge can commence. Knowledge flows to faoch a subsidiary can be categorized as primary,
secondary, and reverse knowledge transfer. Prikraowledge transfer is the transfer of knowledgenfiohead
quarter to a subsidiary, secondary knowledge tearisfthe transfer of knowledge between subsidia@ad
reverse knowledge transfer is the transfer of neamtedge from a subsidiary back to the head quéBieckley

et al., 2003). Primary knowledge transfer suppthrésdevelopment of an understanding of the existate-of-
the-art, in a new R&D unit in an emerging markéereby decreasing (or leveling out) the knowledgp, g
which might otherwise inhibit knowledge creatiordaraverse knowledge transfer from such R&D units.

Focusing on manufacturing technology, Teece (18T&asures the cost of transfer as the value ofemurces
utilized in order to successfully transfer techiggloA company which is good at transferring techgglat a
low cost may be good at primary knowledge transféswever, if the purpose of a new R&D unit in an
emerging market is that it should be able to cbatg to the innovation performance of a compantgims of
valuable reverse knowledge transfer, the purposknofvledge transfer is not likely to have beenilled
simply when knowledge, e.g. in terms of technoldwggs been transferred to a new R&D unit. The R&R un
should also be able to contribute to the existingWledge, not merely be able to understand it. atsikty to do
so may be influenced by certain industrial factors.

2.2 Why slow technological development eases R&dfer

Old technology tends to be less costly to trandfecause it is often more codified than new teatmo(Kogut
and Zander, 1993). Emergent technologies tend tmbedified
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and undiffused, key technologies tend to be catlified undiffused, whereas base technologies mtest afe
diffused and codified (Boisot, 1995). Within induss having fast technological development, new rgev
technologies are likely to dominate, and hence R&bwledge is likely to be uncodified and undiffusaad
thereby more difficult to transfer. The opposite likely to be the case within industries havingvslo
technological development for a number of reasbtesely to have access to valuable technical infdionas
not enough to understand it in its totality. Inf@tion access may assist knowledge creation, howeverder

to develop absorptive capacity within a technolabarea, it is, as mentioned above, often necessaty R&D
within this technological field (Cohen and Levinth&990) whereby technical know-how needed in ortder
understand knowledge and information of a more dexfind can be developed. This being said, foreign
invested R&D units in emerging markets may haveeasier time improving the knowledge level of their
employees if technical information is easy to ascésthe following, the focus will be on the impaa primary
knowledge transfer and knowledge absorption of sndhstry factors as patent intensity and the sitgrof
tests required for innovations to be approved withdustries.

2.2.1 Intensity of tests required for innovatioashe approved eases primary R&D knowledge tran$fihin
many technical industries, it is necessary for cefibgrs to find a common ground in terms of techhand
other industry standards in order for the industrjunction in a good way for the different compats within
the industry, as well as their customers. For imsta customers of an industry may have certain ddman
terms of interoperability (Jardim-Goncalves et2006; Dahlberg et al., 2008) of products, provildgdiifferent
competitors within the industry. If an industryueable to meet such customer demands, the progrmtgled
by an industry may be less attractive for its congts, and the industry itself may be a less attaq@ace to do
business for a company. This can serve as exangde® why collaboration needs to take place before
competition can begin (Glimstedt, 2001a, b). Sondustry standards are induced by the industryf itsed
others are enforced by other authorities. One tfpadustry standard concerns the tests new inimvaineed
to go through in order to be allowed in the marketch standards may influence new product developtitee
and thereby, possibly, also to some extent inflaghe speed of technological development withimdastry.

In industries where extensive test procedures teebd carried out in order for a new innovatioméoapproved,
knowledge is also likely to be more accessiblegbse the companies need to be able to provide dotation
of new innovations to external parties in ordegéd them approved and accepted in the marketpldde.may
force companies to invest in and establish proesdfor the codification of R&D knowledge, wherelbyriay
become easier to transfer than it would otherwisg¢Kogut and Zander, 1993). On the other hands tekie
time and they may slow down technological develapime

2.2.2 Patent intensity eases R&D knowledge absmrptindustries characterized by slow technological
development tend to invest more in the protectibimportant knowledge assets in order to makefftcdilt for
companies other than the innovating company itsgffrofit from new innovations, since more timaigilable

to profit from investments made in new innovati@ss well as investments made in the protection e$eh
innovations against competition (Boisot, 1995). dAldess uncertainty may exist in terms of whether a
technology risks being outdated sooner than investsnin its protection have proved to be worthwhifl¢he
technological development is slow,
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as opposed to fast, within an industry. Some comepamay choose to protect their knowledge assetadans

of secrecy instead of patents and other types tdlléctual property rights which in some cases is
recommendable (Kumar and Ellingson, 2007). Howethes, is difficult, since product knowledge and gges
knowledge has to be shared with customers and isopptespectively. Also, for different reasonstsas the
existence of industry norms, both of these typdsofvledge are often available for competitors @8t 1995).
Therefore, secrecy is not an easy strategy to cautyn order to protect valuable knowledge asaatkpatents,
and other types of intellectual property rights roapstitute a better alternative.

In order to get a patent granted, all relevantrimfation about an invention needs to be sharedtiihest of the
world, in terms of exhaustive technical descriptidké a consequence, of this, the vast majority Ibf a
information which can be found in patents and tytithodels is publicly available in no other plagkan in
patent databases and archives (Cohausz, 2004} iSo surprise that patents emanate valuableniesdh
knowledge (Boisot, 1995). In summary, industriethvélow technological development are likely torbere
patent intensive and valuable technical knowledy# iaformation is therefore likely to be more caelif and
accessible within these industries, e.g. in patatabases, than it would otherwise be.

Differences in intellectual property rights legtia across countries may impact different indestudifferently.
Within the pharmaceutical industry, the market lie tJSA is normally very important, and therefordsit
important to have patents there. A special chariatiteof the intellectual property rights legistat in the USA
is that it is important to be the first to invendther than being the first to file a patent fonew invention.
Simply put, companies need to be able to docuntentthey have invented something and when, andatsey
need to show that they have continued to work @matrder not to lose their opportunity to get éep& granted.
Therefore, companies who wish to get patents gdamehe USA are forced to continuously documer th
ongoing R&D activities. This is likely to make R&howledge more codified, and therefore easierdnstier
within and beyond the company.

The patent literature, in terms of databases, imlggavailable across the globe, as long as ieteaccess is
available. It is therefore likely that informati@md knowledge relevant for R&D activities is eagffind in
relation to industries of high patent intensityrttiamay be within other industries. However, p#teas a source
of information relevant to assist knowledge creatioe likely to differ in importance across indiedr Patents
are not made public until 18 months after theingj] and within industries of fast technologicavel®pment,
such information may already be outdated. Howewdthin industries of slow technological development
patent databases may be more valuable sourcefoohation.

2.3 Transformation from exploration to exploitation

As previously outlined, exploration can be defirmexicreation of new knowledge, whereas exploitasiamply
put, can be defined as the use of knowledge (Ma8R1). R&D activities are maybe more concerned wit
exploration than exploitation; however, both ofg¢hectivities may be required for innovation to eoatout.
Exploitation is likely to be a subsequent actiityexploration although iterations also may octumyvever, the
transformation from the exploration phase to thel@tation phase of innovation may not always bapé to
handle. Moreover, the extent to which
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transformation between exploration and exploitatisrcomplex as opposed to simple and may vary acros
industries. Software is easy to distribute throtiyh internet, and it does not need to be manufadt(ifeece,
1998). In relation to software development, thetfarmation from exploration to exploitation maytefore
often be simple rather than complex. This may leilai to the chemical industry and the pharmacaltic
industry (Harryson and Sgberg, 2009b). Within maits engineering industries, the picture may, haavebe
different. Transformation between exploration amgl@itation describes when knowledge is transfefredh
ideas to manufacturing, marketing and other cometeary skills (Kogut and Zander, 1993). Especiallizen
this is complex, it may require experience as asligood networks bridging groups of people havingrde
and complementary skills (Harryson, 2006) — twanglsi which most often accumulate over time and fhexe
represent a challenge for new R&D units in emergimarkets, unless they are provided, e.g. in terfns o
expatriates.

2.3.1 Complementary assets. For big and small coiepaalike, fast technological change and incrgasin
sophistication of technology can make it impossifile a company to possess all the skills as well as
complementary assets needed to commercialize itinogaeffectively (Teece, 1986). Complementary tsse
may not play a direct role in knowledge creatiorsash, but whether or not they are available madgrdéne
whether created knowledge can be packaged intécesrand products which can yield a value (Tee868)1
What complicates the transformation from exploratio exploitation might often be dependence onisfized

and maybe idiosyncratic complementary assets waiehnecessary to commercialize innovation. What may
further complicate global R&D is that complementassets relevant for innovation related activits;h as
idiosyncratic test facilities, may not necessadbiéyequally available across the globe. For instahieeasier in
China to get access to large test populations fedicme than it may be in other locations (Bougelland
Ullman, 2007).

The framework is summarized in Figure 1, whichioe important industrial factors influencing R&ansfer

to emerging markets within Western MNCs. The majpdthesis is that R&D transfer to emerging markets
within Western MNCs is less challenging in indwesdricharacterized by slow technological developraeial
simple transformation from exploration to expldat in relation to innovation than it is in induss
characterized by fast technological developmentahdre transformation from exploration to explodatis
more complex.

Fast

Technological
development

Slow

Simple Transformation Complex
From Exploration

To Exploitation

Figure 1. Industry factors influencing R&D transfer to emerging markets within Western MNCs
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Based on the literature presented above, it magdssible to hypothesize a distribution of industrie the
matrix as outlined in Figure 2. Figure 2 is onlegented here in order to provide an example of hads
possible to make use of the matrix rather thastitating empirical research. Instead, the framewdlkbe put
to work in the case presentation, and analysis.

3. Methodology

Since this holistic multiple case study incorposatempanies from different industries, it constitua good
foundation for the development of theory pertainindR&D knowledge transfer differences across it in
relation to foreign invested R&D in emerging masket

The abductive approach is the methodological giyabehind this research project. This approach asiphs
theory development as an iterative process of rrjdeory with reality and vice versa — walkingchand
forth between empirical findings and theoreticanfiework — whereby both co-evolve. Empirical finding
triggered a search for further theories wherebyoatinuous interchange and pattern matching (YirQ320
between empirical data and theory took place ireotd secure good empirical support for the thémakt
framework.

The basis for this process is an exploratory holigtultiple case study (Yin, 2003) including extiees
qualitative empirical material collected from twadddinavian companies which were chosen due to good
access to the companies, due to the fact thataireeglobal R&D intensive companies, and due ta tleeiding
positions, on a global scale, within their respectndustries. For inquiries into complex sociaépbmena, case
studies are preferable (Yin, 2003). More than 2@is#ructured qualitative interviews have been amted,
with the case companies in the period from Jan@@f7 to March 2010. Interviews have been condutted
several rounds in order to facilitate insights @ning how the cases develop over time. Interviek place

in person as well as on the telephone. They noynadlk around one and half hours and they werecatirded
and fully transcribed. R&D employees from both Ghiand Scandinavia were interviewed. Interviews were
conducted with managers in charge of the overalDR&ansfer process on different levels, as wellwith
expatriates and scientists working with R&D in tzese companies. The interviewees

Fast

Technological
Development

Slow

Simple Transformation Complex
From Exploration
To Exploitation

Figure 2. Example of a plot of industries according to industrial factors influencing R&D transfer to
emerging markets within Western MNCs
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predominantly have technically oriented educatianMaster’s or PhD level. In relation to six of timerview

sessions with local Chinese scientists who are iwgrfor Med Tech in China, a native speaking ChénBsD

student, who is also a good friend of the authais made use of in order to make it possible foirttezviewees
to speak freely in their maternal language, whigHikely to make it easier for the intervieweesepress
themselves without being inhibited by language [@wis (Marschan-Piekkari and Reis, 2004). The im@rv
questions relate to R&D transfer in particular adlvas broader questions concerning innovationlehgés in
general for the company, including the role of tesv R&D unit in relation to these innovation chaties.

Questions are also asked concerning networkingirgedaction within and beyond the company in rekatio

R&D activities, and related problems such as, mggllectual property related issues. As a consecgieof
within case and especially cross case analysisdasated above, the theoretical framework coewblfrem the
empirical data and relevant existing theory.

The empirical data are mainly of a primary kind lewer, secondary data have also been collectedughrihe
use of multiple sources for the case studies, nateralidity has been addressed for the case stuilieerms of
number of interviewees and their positions in thgaaizations. The issues of construct validity agléability

have been addressed as key informants have revibwexhse reports. External validity is enhanceddwering
two relativity different industries and by develogia relatively industry independent theoreticainfework
using the abductive approach outlined in this secti

4. Cases
Both case companies are impressed with the goawdtieal understanding and hard-working attitudetheaf

Chinese engineers working in the companies, andhgas within the companies express their conteritmi¢im
the establishment of R&D units in China.

4.1 Med Tech

The company established the R&D unit in Beijing the end of 2001. Important objectives with the
establishment were to:

« show commitment and willingness to develop Chicaelogically, in order to please the Chinese
government and ease the further growth of the compaChina;

» reach the developing talent pool in China; and

« develop a state-of-the-art biotech center in China.

In the long run the company also wishes to idernpidyential collaboration opportunities within Chiimathe
R&D field. Today, the R&D unit employs around 6Qestists. The R&D unit is preoccupied with the et
stages in the development of new products, pripnddlsed on protein research, often making use cfha.
The R&D activities conducted in the unit include tidentification of new targets for new drugs, gation of
potential drugs, and improvements of existing potsiu

Scientists within the R&D unit sometimes go to @rhces in order to get new inspiration.



330
Some Scandinavian expatriates have been located R&D unit but this is not taking place contingtyu

4.1.1 Speed of technological development. Intensitytests required for innovations to be approved.
Normally, new products take three to four yearsl@gelop and a further nine years are spent onppeoeal
process which is done using documentation andiagdiystems which comply with the requirements DRAF
(Food and Drug Administration in the USA). This ggva new product development time of approximataky

13 years.

Patent intensity. The company files many patentsplByees participate in patent courses and makefuthe
patent literature in relation to their projectstémms of reading valuable patents within their asEaesearch.
There is good communication with the patent orgation of the company and one person is appointadki®
care of patent applications from the Chinese R&D. @ther companies within the industry are geretaying

to file many patents.

4.1.2 Transformation between exploration and ekgioin. The R&D unit in China experiences probleims
terms of getting access to certain reagents/migeBame reagents/materials are not available ina&Cénd need
to be imported from outside which can take severahths. Manufacture of the products of the company
generally conducted by the company itself.

Complementary assets. Most of the initial ideasriew products of the company come from academi@sin
home country, the company has extensive univeesitgboration going on. The R&D unit in China ivatved

in collaboration with universities in terms of stud internships which are targeted at fourth-yeachklor
students or second-year Master students. Thesmships most often last between four and six months
Professors from Chinese universities are also sorastinvited to give seminars. The company donéteske
million US Dollars to the Chinese Academy of Scienit is anticipated that it would be beneficiah@ve more
collaboration with universities in the future, albecause it is anticipated that the Chinese uritiesswill
improve a lot which will make it worthwhile to haweore extensive collaborations going on. The coltation
projects which are going on now are mostly decigfetbp management, and some scientists exprespihien
that it would be more productive if scientists abtdke the initiative to collaborations individuall

As previously mentioned, complementary assetsrimdeof test populations are readily available inn@hlt
remains somewhat unclear to what extent this camgréary asset is exploited by the company, bugatss to
be done to some extent.

4.1.3 Innovation performance. In terms of new iratmns created in the R&D unit in China, the foliog/ can
serve as examples:

» Improvement of a protein purification process, whitas dramatically increased productivity.

« Improvement of an assay development process, gigntfy enhancing assay reproducibility.

« Improvements of production procedures for compouads used in cell-based bioassays.

« Development of a new process, from cloning to jatifon, for production of enzyme — an ingrediemt i
the hormone drugs of the company, making it
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unnecessary for the company to buy enzymes fromlisug who sometimes use the flu virus to produce
the enzymes which can be unsafe.

In relation to the first three examples mentionbdve, already existing project protocols have beewvided
from the Scandinavian part of the R&D activities the company, but the processes were not working
satisfactorily when the Chinese R&D unit receivieelse.

4.2 Mechanic Tech

In the beginning of 2005, the company initiated R&8tablishments in China. The R&D unit in focughis
paper was established by the end of 2006 in omiéndrease global footprint, enable sourcing in -logt
countries; adapt existing products to the Asianketaisupport local manufacturing, and in orderdgedop new
products by making use of the large pool of Chirezsgineers. Some activities are located in Beijirgyever,
today 70 engineers are working with R&D activitirsShanghai, primarily focusing on automation eqent.
Scandinavian expatriates are continuously locatékdd R&D unit.

4.2.1 Speed of technological development. Withendbmpany, new products are developed within tiamges
of six months to two years.

Intensity of tests required for innovations to Ippraved. It varies a bit, which tests are needgxutiés on the
product, but the test and approval procedures rnastlonger than two months in all. The testscareducted by
third parties. In Europe, the products of the comyphave to live up to strict and standardized sgcur
requirements. In Asia, however, the security regagnts are less restrictive. Otherwise, the pradattthe
company are quite similar across the globe.

Patent intensity. The company files patents butttbad is to require that a good potential busiresse is
available before patents are filed. If an inventiemot integrated in a product within a short titraizon, the
patent will be discontinued.

The extent to which other companies within the Bidu files patents intensively varies from company
company.

4.2.2 Transformation between exploration and exgtioin. The company sources all parts for its potglfrom
suppliers and in China it has been difficult todfigood suppliers who can deliver parts of good itua a

reliable way. This results in a lot of delays ahis ifrequently necessary to control shipments feuppliers. It
is not necessarily so that good suppliers canndbtyed in China but the volumes of parts demandgdhb

company may not be big enough to attract the hestliers with the best equipment in China. Howeesen
though the Chinese engineers in the R&D unit agllizitechnically talented, it is difficult for theto manage
the R&D projects and the coordination with the digpp. So far they have not succeeded very weh wits and
it has been necessary for the Scandinavian patieoR&D organization to support a lot, in orderfigish

projects so the products can be mass-produced.

Complementary assets. The company does collabevike universities, however, some national science
initiatives in China are perceived by the compasypeing rather unrealistic and not anchored inmeatls. The
company provides technical equipment to universitieChina in terms of company products for theversity
students to play around with and ideally to devedmderences for.
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4.2.3 Innovation performance. Two patent applicetibave been filed on inventions made in the R&D inn
China. So far, no major breakthroughs have beetemntén the R&D unit but it is anticipated thatythveill come
at some point in the future.

5. Analysis

Table | compares the case companies along sevarahsgions making use of the words high, medium,lawg
along with other information which will be furthetarified subsequently in the remaining part of #malysis
following Table 1.

5.1 Speed of technological development

The development and approval process of new predsanuch longer for Med Tech than it is for Medban
Tech as indicated in Table I.

5.1.1 Intensity of tests required for innovatioms e approved. For Med Tech, the innovation approva
requirements are intense, since the company complith the medical requirements of, e.g. FDA. The
company, therefore, needs to be able to documenEDlA that they are living up to the requiremems.
exemplified in the case, extensive protocols obiration related activities of the company seemxisteSince
this knowledge is highly codified, it can more éasie transferred to China, where, based on thes®qbpls,
scientists can try to improve the processes destiibthe protocols. For Mechanic Tech, the requénets seem
less intense in comparison as indicated in Takdad, the company is therefore not forced to copléfsts of its
R&D knowledge to the same extent in order to lipeta industry requirements. R&D knowledge may tfene

be less codified and more difficult to transfeCtoina than within Med Tech.

5.1.2 Patent intensity. The technological develapméthin the industry where Med Tech is activersedo be
slower that it is within the industry where Meclailiech is active, as indicated in Table I. Mecharech is
selective in terms of what they file patents foredMTech is operating within an industry which isrenpatent
intensive than Mechanic Tech. The employees of Wiech seem to make more use of information whicly the
find in patents in relation to their everyday wadhian seems to be the case for the employees witbirhanic
Tech. The patent literature seems to be more mstntal for the scientists within Med Tech, in ortiedevelop
their own knowledge, than it may be for the empésysvorking for Med Tech. It may therefore be eafier
them to develop their knowledge, since they havesgto better sources

Med Tech Mechanic Tech
New product development time/time required High/12-13 years Low/0,5-2 years
Intensity of tests required for innovations to
be approved/time required High/9 years Low/2 months
Patent intensity High Medium
Degree of locally sourced manufacturing in China Low High
Complementary assets benefiting R&D in China  Test populations universities Universities
I-U collaboration Medium Medium
Reverse knowledge transfer High Low

Table |. Comparison of the case companies
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of relevant information outside the company, whinély can make use of in their efforts.
5.2 Transformation between exploration and expioia

The products of Mechanic Tech consist of parts twliicthemselves may be more or less sophisticdtied.
products of Med Tech may be highly sophisticated,tbey most often consist of parts which in theresare
not very sophisticated. This may be relevant ireotd understand why the transformation from exgtlon to
exploitation seems to be more complex for Mechdigch than it is for Med Tech, and it may therefaguire
more experience as well as good personal netwaikich is difficult for a new R&D unit in China tooatain
since these things may require time to develop.aiiqies may be instrumental in terms of overconsagh
deficiencies, and it is interesting to see thatatrxptes are far more common within the Chinese R&D of
Mechanic Tech than within the Chinese R&D unit addTech. In China the high extent to which the canyp
makes use of local sourcing in their products mayhér complicate the transformation from explanatto
exploitation, due to problems experienced in teogh&entifying suppliers who can deliver sufficignhigh
quality.

Taking the initiative with other people may be irmpat in terms of succeeding with the transfornratietween
exploration and exploitation, since it is likelyrequire orchestration of a multitude of skillsifraliverse groups
of people. This is a problem within Mechanic Teglaking the initiative with other people was inilyak
problem for Med Tech as well, however, the problemviously materialized in the exploration phasthea
than in the transformation between exploration exuloitation.

5.2.1 Complementary assets. For Med Tech, a newleonentary asset in terms of easy access to legie t
populations is available in China which is unavaigain Scandinavia. Both companies collaborate with
universities in China to some extent, and Med Texbects to be able to reap further benefits of ithithe
future. For Mechanic Tech, universities in Chinamseso far to contribute very little to the R&D krledge
creation in relation to the Chinese R&D activitedghe company.

5.3 Innovation performance

Although the development of new products and cotsciespone objective behind the establishment of R&D
both companies, so far Med Tech seems to havetheanost successful on this front. It can be arghatithe
company has conducted R&D in China longer than MeithTech, and the R&D employees may therefore be
more experienced, however, this is not likely tothe only reason for the apparent differences mowation
performance and reverse knowledge transfer asatetidn Table I.

Three of the mentioned examples of innovations defithin the Chinese R&D unit of Med Tech are
innovations, where the Chinese scientists havefgigntly improved existing processes within themmany,
based on existing project protocols, which theyehaceived from the Scandinavian part of the R&Ebvidies

of the company. It seems that at least part ostloeess created by the scientists within Med Ted@hina has
only been possible because much R&D knowledgegilyicodified within the company and therefore easd
transfer. Also, much R&D relevant
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information and knowledge seems to be availableségrching in patents and other literature, by gdng
conferences, and working in the lab, etc. the s$isisnwithin Med Tech can develop relevant knowkedgorder
to innovate and further improve the processes andugts of the company (Figure 3).
Figure 3 summarizes the analysis, and illustrdiasit is less challenging for Med Tech to transfed create
R&D knowledge within their Chinese R&D unit thamiiay be for Mechanic Tech.

6. Implications

6.1 Managerial implications

For managers considering where to locate R&D orgtbbe, it may be relevant to take into accountekignt
to which complementary assets are available (orbmrtreated) in potential locations, since thesg bma
important in order to enable a new R&D unit to citmite to innovation performance.

The extent to which the knowledge gap is diffidoltoridge in China differs across industries. Ityrb& easier
within industries characterized by slow technolagidevelopment and simple transformation from epgilon

to exploitation.

Within industries characterized by complex transfation between exploration and exploitation, it nimy
particularly important to make use of expatriatgpegienced in this critical part of innovation adfes, and
who have relevant personal networks.

6.2 Policy implications

China is likely to make its impact felt most withimdustries where the complementary assets thetigooan
provide for innovation related activities are madevant.

6.3 Implications for further research

» Proximity is important for innovation related adties (Allen, 1977; Allen and Henn, 2006; Harrysetn
al., 2008), which represents an intriguing probfenglobalized R&D, however, further research may
improve our understanding as to whether proxingtgnbre or less important across industries.

» The framework presented in this paper was develapesglation to two in-depth cases of captive R&D
offshoring to China. Future research may attempt to

Fast

Technological
Development

Slow

Simple Transformation Complex
from exploration
to exploitation

Figure 3. Industry factors influencing R&D transfer to the Chinese R&D units of the case companies
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operationalize the presented framework in a suraeg, thereby enable a larger sample size of corapaarid
industries in order to further test the framework.

7. Conclusions

Addressing a gap in the literature, this paper pasided a framework concerning industry difference
pertaining to R&D transfer to emerging markets withVestern MNCs. The developed framework, built on
knowledge transfer, knowledge creation, and infiomatheory, was illustrated and validated by twsesaof
foreign invested R&D establishments in China.

Industries characterized by slow technological gment may often have extensive requirementsrmgeof
required tests in order for innovations to be appdp and they are often patent intensive. The gitgof tests
required in order for new innovations to be apptbwéthin an industry makes R&D knowledge more ciedif
and it eases primary knowledge transfer. Withireptintensive industries, information relevantupsort R&D
knowledge creation, positively impacting innovatiparformance in terms of reverse knowledge trans$er
easier to absorb. When the transformation fromaaggibn to exploitation is complex within an indystit may
be difficult to perform for a new R&D unit in an enging market due to lack of experience and ladlelgvant
personal networks. As illustrated in the case mtagion and analysis, R&D transfer is less challeggvithin
industries characterized by slow technological tigyaent and simple transformation from exploration
exploitation, than it is within industries charatzed by fast technological development and complex
transformation from exploration to exploitation. el'ability of foreign invested R&D units in China toake
significant contributions to innovation performanodgerms of valuable reverse knowledge transfauisured if
the R&D unit is able to tap into complementary &sgethe local environment.

Implications for managers, policymakers and reseasc outlined in the last parts of the paper sugties
relevance of paying further attention to differen@eross industries as well as complementary asBeéy
further provide inspiration in terms of how to aglsls challenges of globalized R&D in general andiqudarly
in China.
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