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Internationalization of research and development: the case of Taiwanese firms

1. Introduction

Chwing to the increasing demands of market internationalisation and strategic (echnological alliances, companies in both industrialized
anid newly industrialized countries are increasing their international technological innovation and product development efforts.  While
this issue is important to multinational corporations, most of them continue to have more questions than solutions regarding management
practices.  Therefore, thorough case studies must be undertaken to clarify the mechanisms for global R&D. Additionally, most previous
resenrch is focused on the situations of developed economies, meaning fthe issue still needs to be studied from the perspective of
ideveloping countries.

This study explores the following questions:

1 What are the major motivations driving global R&TD?

2 How are international R&D units organized?

3 Do hardware and software corpanies differ in managing global R&D?
7

What are the mechanisms for coordinating global R&D and international technology transfer?

2  Background

2.1 Trend for Internationalisation of R&D

Chiesa & Manzini {1] pointed out that R&D has been traditionally treated as the last sciivity (o be migmationalized.  Few companies
other than the very largest multinational corporations have muek exerigper of mapafing slobal R&D,  Nevertheless, R&D activities
abroad have recently increased markedly during the past few years [1. 2, 3] Peters [4] also mentioned that the number of mternational
R& units of U.S. corporations grew significantly during the 1980s  Similurly, Miost [5] found that overseas subsidiaries of Canada's
multinational companies account for a greater percentage of patents than their home-pased corporations. Additionally, these companies
intend to build their core competence contributed mainly from the subsidiaries

Firms in some developing countries, particularly four dragons of Asiu, have shown & similar trend |6], For instance, Taiwan’s
computer information industry ranks in the top four in the world in terms of outpur and derives more than sighty percent of its revenues|
from overseas. Companies in this industry thus naturally consider building R&ID units abrond Furthermore, many of MNCs have
recently built their foreign R&I) cenires in both China and India due 1o these two countries' recent sconomic boom |7 £]

{TO BE CONTINUED (N NEXT PAGE)
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2 2 The Maottvacions for Imernationalisarion af RdD

Husingsses musl decide whether 1o concentrate R&D resources in central laboratories or to distribute them more widely. Meanwhile, a
minilar decision must be made regarding intemnationalisation.  Etemad and Dulude [9] pointed out that a2 company gains an advantage of
critical mass by concentrating R&D resources at home country headguarters. However, the higher cost of collecting technicall
information overseas is the disadvantage of taking this approach. On the other hand, dispersing R&D resources worldwide helps g
company to develop more local-market-oriented product, although the downside comes in the form of higher communication cost [10].
Florida [3] investigated 186 technical units of foreign comparnies set up in the U.S. and found that their major purposes were as follows: 1
create new product concepts; Z obtain local information; and 3 access high quality scientists, engineers, and designers. Chiesa [11] used|
centrifitgal and centripetal forces as a basis for describing the®0tives 0feeniralized and decentralized resources during the globalisation
of R&D. Meanwhile, Duyester and Hagedoomn [2] indicated that the driving forces of distributing R&D resources worldwide include:
1. enhancing the capability to respond fo cusiomer ngeds; 2. responding to the regulations of local government; 3. making it easier to
connect to high quality local suppliers_Other scholars mentioned that distributing E& 1) resources is an important means of gaining
exposure to global technologies [12,/13]). Finally, Sakalkibara-end Westney.{14) pointed out that cstablishing local R&D units abroad is
the best way to learn external technology.

Thus, the major reasons for globalizing R&D ¢an be divided into twa categories, namely technology-oriented and market-oriented.
While some firms regard access to technical knowledge, information, and human resgurces as the major benefits of globalizing R&D,

pthers consider access to market and customers maore important.

2.3 Organizing for Global R&D

Kuemmerle [15] grouped corporations with technical units overseas into two types: home-based-augmenting and home-based-exploiting.
The former describes units that Jeverage the technologies of localuniversities, research institutes, or even competitors in the host country.
Thus, the major information flow is from, overseas back to the home country. Many instances of this kind of arrangement exist. For
example, numerous non-U.S. firms assign Ré&D professionals to join the industrial liaison programs of famous universities, such as MIT,
Stanford, and so on. In another example, many multinational telecommunicationsseorporations (such as NEC, Siemens, Matsushita,
Alcatel) have built R&D centres close to Bell Labs and Princeton University. The second approach involves establishing R&D units
close to market and production plants, aiming to accelerate commercialisation. Numerous examples of this phencmenocn can also be
found throughout the past decade. Many international companies first establish overseas production facilities, then build a R&D centre
nearby because of increasingly complex product technologies, hoping to smooth the transition from the R&D to production. Chiesa 111]1
used the concept of technological innovation networks to analyse three major types of global R&D activities: technological development;
product deveiopment; and technical support. In the first type, the company’s R&D unit in the home country is the major location of R&D,
meaning that, the major purpose of the overseas units is to collect and feedback the relevant technical information. Regarding the

lsecond activity, the firms set up R&D units in such a way (TO BE CONTINUED ON NEXT PAGE)
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s Lo explon local strenpths For exumple, Cricsson hes development centres in Australia, Italy and Finland for silicon and chip design,

while its centres for developing mobile telephone svsteme are located tn Germany, France, Spain and Greece. The central aim of this
approach is to slobally nteprate technelogicnl developmuent Finally, overseas R&D units focused on technical support are included in

sither production plants or markeiing branches

2.4 Technological Strategy and Innovation Process for the Globalisation of R&D

Mew technology, which (5 essental o company growlh and competitiveness, can be developed either internally or externally. While
in-howse RED remains vital, the strmegic importance of externil technology sources has recently increased significantly [16]. Mansfield

[17] compared the performance of 1.8, and Japanese fiems and [ound that the latter were able 1o gain a competitive advantage by smartly

leveraging external technology sources Interestingly, HowEr 78] indieates that global spending on external R&D has increased from
| 2% to 35% 65 a percentape of tolal R&D expenses o heanwhile, the figure fonJapanese firms has grown from 40% to 60%.
Many scholars have adopiad the concept of Faugaction costs 1o analyse companies’ choices to control outside uncertainty [19, 20].

[f the uncerainty of the transaction is teo high, the firm will choose o develop internally —When the transaction is certain, the company
will consider using the contract and “market” to manage the situation, However, Powell [19] pointed out that other types of
organizations, networks, between market and corporate hierarchies, exist. In fzct, networks and strategic alliances can be used to bring
obvious advantages to companies {21, 22]: | quickly get technology; 2 obiain economies of scale in R&D; 3 broaden the knowledge
base; 4 encourage and stimulate internal innovation; and 5 reduce the risk of R&D rigks. Regarding the internationalization of R&D,
firms can rely intermally on their overseas R&D units for technologies needed directly through other “external” ways such as|
licensing, contract R&D, cooperative research, direct investment, joint ventures, and mergers and acquisitions, The relationship between
internal and external R&D is actually complementary, and they are not a substitute for one another.

Other major issues related to global technological R&D strategies may inglude the strategic thinking of the technology leaderhship

versus followership and the level ol competence to build.

2.5 Communication

Successful technoiogical innovation and product deveiopment invoives intensive communications, not only among R&D personnel, but
also between Ré&D persomnel and other {unctions. Numerous studies have found that communication is a crucial influence on|
performance. Communications is even more critical in the transnational R&D activities. Examining a R&D communication network,
Tushman [23] found that engineers and scientists always use “face-to-face” oral communication for information exchange because it
makes relevant information real-time and quick feedback possible, Tushman’s research also indicated that different types of projects,
such as research, development, and technical services, require different communication patterns, Medcof [24] used a systemic approach
to explore the communication and organization of global R&D. Maedcof categorized the international projects into three types, like

Tushman and then (TQ BE CONTINUED ON NEXT PAGE)
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malyvsed how global R&D can be integrated with marketing, manufacturing, or both. Since the vartous functions might be locate;i iny
different countries, communication among them becomes complex. Additionally, a phenomenon well known to practitioners is the
"nor-invented-here (NIH)” syndrome. This phenomenon occurs as technological information introduced into the organizational unit
ffrom outside sources fails due to a lack of internal support.  One of the reasons for this phenomenon, explained by Martin [25], is that

extermally conceived technology is “throatening”, possibly reflecting badiy on the professional competence of internal staff,

2.6 Uk of Information-camuunication iechnology (1CT)

As the R&D activities become increasingly globalized and dispersed, enhancing communication among distributed R&D units becomes a
fresh challenge. Boutellier, Bacho and Roux [26] studied the case of IBM in detail, showing that globally dispersed R&D team can
overcome communication and coordination barriers through the use of imformation technologies and project management software. The
tools required to overcome the above problems vary for different stages. For example, face-to-face meetings are important in the early
stage, when socializing and building trust are important. Furthermore, database tscnniques might be critical in collecting information
about the customer needs. On the other hanc, communication through the intranet, e-mailsystern, and groupware may be sufficient
during the development stage, by which time the informal network has matured. McDonough and Kahn [27)] investigated how “hard”
technologies (information and communication) and “soft” technologies (managerial behaviors) atfect global product development
performance. The above investigators found that the frequency of use of hard technologies is greater for higher than for lower performing
global teams. Additionally, the set of hard technologies perceived to be important is different for higher versus lower performing global
LEEITS

The above demonstrates, that information technology has always been an auxiliary tool toresearch activities, and that its role|
becomes even more important as the communication technologies become more advanced and the R&D activities become morel
distributed. The basic roles of ICT include: 1 coordinating dispersed projects; 2 exchanging technical information; 3 enhancing the
creativity and quality; 4 forming  individual networks and building trust. Nevertheless, ICTs remain unable to substitute for face-to-face

contacts. Both are actually complementary.

2 7 Research Framework

According to the literature review, the irend which the firms from developing economies internationalise their R&D can be gradually
recognized. However, the motivations of different companies conducting R&D overseas may vary. The motivation variable is viewed
as an important factor affecting how industrial corporations leverage their international resouwrces to devise and support global R&D
strategies. Research has also shown some companies that are more experienced or capable in managing global R&D may implement
petter international technological strategies. In addition to strategy-level thinking, the firms also need to be concermed with
operation-Jevel skills while managing international R&D activities. As many scholars mentioned, communication is a critical issue inl
the internationalisation of R&D. Firms need to figure out how global innovation process can be managed in order to reduce thei

TO BE CONTINUED ON NEXT PAGE)
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communication barriers. Furthermore, another key issue to consider is how they can utilize ICTs to enhance their communication

uifectiveness and global innovation performance. Consequently, the author has developed the research framework {see Figure 1) as the

ficus of this study.

Figure I The research framework for the study of internationalisation of R&D

Strategic Thinking
+ Mativations and Organization
* Technological Strategy

Performance of Global
= Technological Innovation and
Produgt Devetopment

International Management
* Global Innovation Pracess
- Comununication and Use of

Information and Communication
Technology (ICT)

3 Research Methodology

[Regarding the effective management of global R&D, most companies continue to have more questions than answers. Therefore, this
study can still be regarded as exploratory, especially from the perspective of developing countries like Taiwan. The use of case study
approach for better understanding is thus appropriate [28]..+#5s to tHewease seleetioh, Yin [29] mentioned that three issues: the unit of
analysis, the criteria for selecting cases, and case screening need to be addressed. For the first issue, the study suggests the analysis at
the corporate level would be appropriate because the purpose of the research is to explore firms’ strategic thinking and international
imanagement in global innovation process. As far as the criteria for selecting cases are concemed, the researcher argues that software
companies should be included in the samples for the study because the worldwide revenues generated from software sector have been
greater than those from hardware sector in the information industry since the end of 1990s.  Furthermore, serveral studies indicated tht|
there are differences between managing software development and hardware development [30, 31].  Therefore, it would be worthwhile

I expand the studying issue (TO BE CONTINUED ON NEXT PAGE)
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into the area of managing global innovation, with potential to make comparison between two types of companies. In addition, both
large and experienced and small firms will be included in the samples because they are expected to behave differently. Regarding case
screening, it should be noted that conducting R&D abroad for Taiwanese firms during the period of this study around year 2000 was not
popular.  There was not much related informaticn available. Thus, the investigator needs to consult with experts from different fields
such as industrial practitioners and gather data from various information channels such as commercial databases, corporate annual
reports, governmental service agencies, etc.  Eventually, eight Taiwanese companies with overseas R&D units were studied hersin (see
T'able 1). The CEOs, top managers, R&D directors, and international product managers of these companies were interviewed. The
companies sampled herein were mainly from two industrial sectors, computer hardware and computer software, and four companies were
selected from each sector. Taiwan's computer industry is actually ranked in the top four in the world in terms of output, and thus has
sighificant demand and opportunity for overseas markets and product developments.  On the other hand, Taiwan’s software industry is
nnly just starting to boom, encouraged by the Stock Securities Commission relaxing listing rules several vears ago, making it easier for

software companies to go public and raise funds for further development.

Table1 PBackground of Taiwanese companies in the sampie

Trend Bauer Datasum HannStar Advantech  Primax Unitech ElE:ga ;
Migro Software Software Software Electronies Electronics Elecironics son
b=} 1998 1993 1992 1997 1981 1984 1979 1971
established
Sales = o - “ - 1 | | | y 4 -
{miilion 450 45 25 20 340 400 350 4000
US§,2003) [ 5 g %7 1 o
Antivirus Imaging Power
Products; System;
Major Software CAIL Industrial Computer Power
J for PC, Educationa Business 4 ap Personal
product Educationa Computer Peripheral; Supply to
) Server, & | Software Software Computer
lines | Software & Server Paper PC,
Internet ;
Gatews Handling Server;
S b Equipment UPS etc.
the U.S.,
US., the UK,

Locations  Japan,
of overseas Philippines the U.S. “hina the U.S,
R&D Units |, China,

India

the U.S., theU.S., theUS.  China,
China China China  Thailand,
Hong
Kong

(TO BE CONTINUED ON NEXT PAGE)
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4  Results and discussion

I'he following section presents and discusses the research findings, drawn mainly from the case studies. The presentation is based on the
Imajor constructs shown in he regearch ramework

A1 The motivarions dnd organization far global Rl

Rezarding the locations of overseas R&D umts, thes study [bond that seven out of the eight companies sampled have R&D organizations

in the United States (see Table 1) Manv of the respondents mentioned that the U.S. market is quite important to them, leading them to
esinblish R&D centres there o respond o the market there mogssguickly, For Trend Micro, one of the major purposes of building R&D!
units in the U8, was to be close 1o the huge 115, markae™_high percentage ofithis market needs anti-virus software for server instead of]
at for PC as in Taiwan. Meanwhile, Delta Electronics has located one of its R&D units in Oregorn in the U.S. to serve its major client
tel. The other important reasons for locating R&D centres in the U.S. are the ample pool of high quality technical and creative
ersonne] available there. The qualitysworkforce allows firms to leverage the resources for advanced R&D at which they may not excel.
his motivatior applies particularly for software and multimedia companies, which rely on U.S. counterparts for creative ideas and script|
generation in the early stage of software development. Taiwanese units then assume the subsequent development work, including
Iprogramming, testing and so on.

Six out of the eight companies sampled herein also have R&D units in China. Many Taiwanese firms select China as a iocation for
overseas R&D because of low labour costs and the shared linguistic and cultural ties there. Two of the software companies in the sample
conducted planning and script generation i Taiwan, while leaving programming and testing to the R&D team in China. The labour is
divided in this way because the latter tasks are basically labour-intensive. Surprisingly, only one company, Primax Electronics, set up aj
[R&D unit in China mainly for supporting production activities. Several firms.sel up R&D units for advanced research around Beijing and
Shanghai in China due to the availability of low-cost and highiy sophisticated scientists and engineers.

Regarding the organization of trans-national R&D activities, only Trend Micro and Deita Electronics organize their overseas R&D
activities according to product lines and business units. The remaining six companies sampled conducted trans-national research
lactivities as collaborative “projects”, with labour divided between Talwanese and overseas R&D unils. In most of the cases studied, the
imajor decision-making authority for decisions regarding trans-national technological innovation and product development is the home;

country, Taiwan.

4.2 Technological strategy for global R&ED

Among the eight companies sampled, Trend Micro appears to be the major firm that emphasizes a technological strategy for the
globalisation of R&D. The corporation’s president is a typical entreprencur and wants his company 1o be the leader in the area of
antiviras software. Thus, the company taxes an independent approach to developing the nscessary technologies. Trend Micro’s strategy is
to search for anything related to antivirus software with market potential. The president controls the organization, and plays a

‘gatekeeper’ role. The antivirus system is mainly (TO BE CONTINUED ON NEXT PAGE) |
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composed of user interface, database and module. The first item can differ from country to country owing to cultural and language

iifferences.  However, the latter two items could be fixed and embedded in a wide range of products. In fact, they can be built-up to
hecome the core competence of the corporation. Trend Micro uses R&D resources in the U.S., Japan, and Taiwan to respond to local
demand. Meanwhile, the company leverages its worldwide R&D resources to build its core competence through the integration of
vollection, analysis and data mining of viruses from all over the world. The company has thus consistently ranked number one in the
iritl-virus software sector by the Gartner Research Corporation of the U S.
Meanwhile, Unitech Electronics holds a global meeting annually, attended by all of the top managers of its worldwide subsidiaries.
The first aim of this mesting is to determine future technologies and products with potential. The managers then consider whether the
necessary technologies could be obtained through eijther licensing-in from other sources, independent development, or strategic alliances.
I independent development is chosen, the next step is to consider the division of labour between the Taiwan and overseas R&D units,
Finally, Delta Electronics has constructed an R&D cenire for advancedresearch at Raleigh to leverage the expertise of Virginia
Polviechnic Institute and State University in power-related research.

Concerning the acquisition of technologies from other sources, some of companies studied even utilize the M&A (merger and)
pcquisition) approach.  Trend Micro acquired a Japanese firm and quickly obtained R&D personnel and distribution channels in Japan.
Similarly, Delta Electronics acquired a Hong Keng company and gained wico#ss to professional notebook-PC-related power supply,

designers

.3 Managing global innovation process

1As a firmn becomes increasingly exposed to overseas markets and environments, the company wotld naturally show more interest i

globalizing technological and R&D actidtigh WS of the companies studied, suchygs UnitechElectronics, Trend Micro and HannStar,
cooperated with multinational corporufiong (MNGs) through OEM (original equipment manufacturer) and ODM (original design
manufacturer) amrangements in their Witial oresnizatiog s “deyzlopment’” These companies not only learned and upgraded their
technological capabilities but also absorhed managerial skills from the MNCs. Firms conducting ODM business, usually have to build
internal RéeD units to be capable of desipming® what clients réguest. As both the domesgic and overseas markets continue to grow,
lcompanies started to consider sefting up B&Dugit: abroadeen eithen serve the market effectively or upgrade their technological
capabilities

Regarding the management of global R&D activities, this study found that larger companies, such as Trend Micro and Delta
lectronics, tend to use product managers to coordinate trans-national R&D activities  This practice may arise because the organization|
is mainly based on product lines or business units. Meanwhile, the product managers themselves are in charge of the development of]
products for the whole overseas subsidiary. The product manager may also sometimes contact personnel with other functions from the;
home country. However, the purpose of this contact is to integrate other functionaiities, not for R&D itself. The other six companies}
in the sample conduct their frans-national R&D activities through cosperation berween the project managers from the home country and
loverseas.  This type of collaberation is particularly notable in the development of software,  For companies with overseas Ré&D units

in the U.S., pre-production and script generation are first completed there, and the oversens project manager then goes to Taiwan for

detailed discussions, normally lasting about three weeks.  The Taiwanese (TO BE CONTINUED ON NEXT PAGE)
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fproject manager is in charge of programming and testing. A similar interaction can be found between Taiwan and China: the project|

manager in Taiwan takes charge of plarning and creative script generation, the project marager in China oversees the programming and
lesting. In the case of hardware companies, the Taiwanese project manager dominates the decision-making regarding trans-national R&D

CHIvInes

4. Communications in global Rd )

Academics have indicated that communication, collure and language are some of the important influences on the performance of
trans-national R&D activities [24] Many respondents in the study did mention the importance of the aforementioned factors. Two
["d.‘ipundu[li'& noted that the NIH (not-mvented-here) svndrome was made even worse by the globalisation of R&D activities, despite R&D
people belonging to the same company. Indeed, most giethe Companies are working hard to resoive the problems and to reduce

mternational communication harrier

Unitech and Delw Electronics are developine standard manuals and guidelines for global product inmovation. Based on their
experiences, these companies think thee®mpley process of cross-national product development can be made smoother by adopting
consistent procedures. Delta Eleciromcaitsel! has even ¢ 1 gned 5= leral senior personnel as international liaison officers for coordinating]

Irens-national K& activities; As 1o the language probleny seme of the firms studied used English as the language for communicating|
with overseas R&D units. Addiienally, a few gompanies require that project managers have excellent language capabilities for
[international R&D activities. Meanwhile, several corporations preferred to recruit technical professionals with roots in either Taiwan orf
China to reduce barriers from communication and cultural differences
Regarding the use of information-communication technology (ICT), most of the firms studied herein employ various tools to
increase the effectiveness of global communication, Normally, telephone. fax and/or e-mail are used to comnunicate with technical
people overseas. However, for some products, particularly hardware design, video conferencing or electronic bulletin boards are used
for enhanced visualization and thus better communication. Incases where the discussion needs simultaneous inputs from internationally
dispersed technical groups, the compaties adopt groupware for global group meetings. Unitech Electronics introduced a database
management system for managing global product innovations, including developing product module for configuration. The system
helps Unitech to integrate its woridwide R&D activities so that onee a specificarion changes in one location, other locations will|
immediately be notified. Meapwhile, Trend Micro set up a sophisticated database system to collect worldwide information about

computer viruses and eventually build its core competence. (TQO BE CONTINUED ON NEXT PAGE)
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