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Abstract

While there is a large literature on the internationalization of economic activity (including R&D) at the corporate level, there
are not many studies of the degree of internationalization of innovation systems. The few studies that exist show that national
innovation systems are becoming internationalized, even if the institutions that support them remain country-specific. To the
extent that the far more numerous studies of internationalization of corporate R&D discuss innovation systems at all, they point
to the continued importance of national institutions to support innovative activity, even though that activity is itself becoming
increasingly internationalized.
© 2005 Elsevier B.V. All rights reserved.
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. Introduction

What do we know about internationalization of
nnovation systems? That is the question in this paper.

It seems fitting at a conference honoring the work
f Keith Pavitt in the area of innovation to take up a

� This paper was originally presented at the conference entitled
What Do We Know about Innovation?” in honor of Keith Pavitt,
PRU-Science and Technology Policy Research, University of Sus-
ex, Brighton, UK, 13–15 November 2003. I would like to thank the
iscussants and session participants as well as three anonymous ref-
rees for valuable and constructive comments. All remaining errors
nd omissions are those of the author.
∗ Tel.: +1 216 368 4112; fax: +1 216 368 5039.

E-mail address: Bo.Carlsson@case.edu.

particular strand in Pavitt’s research over the last 10
years focusing on the extent of internationalizatio
the R&D activities of large business firms (Patel and
Pavitt, 1991; Pavitt, 2001, 2002; Pavitt and Patel, 1999).
This research also deals with the relationship betw
“global” corporations and so-called national system
innovation. This is what motivates this paper. Pav
findings may be summarized as follows:

• The skills and know-how that give firms competit
advantage are less internationalized than all o
dimensions of corporate activity. Even very la
corporations in most cases perform most of t
R&D at home.
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• “As a consequence, companies’ innovative activ-
ities are significantly influenced by their home
country’s national system of innovation: the qual-
ity of basic research, workforce skills, systems
of corporate governance, the degree of competi-
tive rivalry and local inducement mechanisms, such
as abundant raw materials, the price of labor and
energy, and persistent patterns of private invest-
ment of public procurement” (Pavitt and Patel, 1999,
p. 94).

• “In general terms, basic research and related train-
ing improve corporate (and other) capacities to
solve complex problems. Most of the contributions
are person-embodied and institution-embodied tacit
knowledge, rather than information-based codified
knowledge. This explains why the benefits of basic
research turn out to be localized, rather than avail-
able indifferently to the whole world” (Pavitt and
Patel, 1999, p. 103).

• “[T]he technological competitiveness of firms
inevitably depends on national systems of innova-
tion, and national systems of innovation inevitably
depend on government policy. The level of business-
funded R&D is influenced by national policies
(e.g. competition, macroeconomics), and also by the
behavior of national institutions (e.g. agencies fund-
ing basic research, banks and stock markets, systems
of corporate governance)” (Pavitt and Patel, 1999, p.
110).
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perspectives on internationalization involve viewing
not only the activities of firms but also financial insti-
tutions, universities, business and policy agencies,
laws, culture and social norms at regional or national
levels.

Pavitt’s work in this arena coincided with the emer-
gence of research on innovation systems, particularly
national innovation systems, and influenced, as well as
was influenced by, this new research. It is interesting,
therefore, to examine what the literature on innova-
tion systems has to say on these matters, and how the
findings on innovation systems relate to those view-
ing innovative activities from other perspectives. Are
Pavitt’s views confirmed or not, and where do they
fit?

The paper is organized as follows. We begin with
a bit of background on the study of innovation sys-
tems. We then review the literature on innovation
systems with respect to internationalization, begin-
ning with direct empirical studies of international-
ization of innovation systems. This is followed by a
review of studies on globalization/internationalization
of corporate R&D, viewed from an innovation sys-
tems perspective. We then examine the literature on
institutional barriers to internationalization and related
issues. The findings are discussed in the concluding
section.

2. Background: the study of innovation systems
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Some of these findings, especially the first cla
re in many ways contrary to the popular view of

ncreasing importance of globalization of econo
ctivity. They are therefore controversial. Much of
ontroversy stems from viewing internationalizat
rom different perspectives. Most of the literature
lobalization focuses on the activities of firms as m

fested in international trade and foreign direct inv
ent. These activities have unquestionably incre

ver the last several decades. One of the impo
ontributions of Keith Pavitt’s research on internati
lization is that it focuses on theR&D activities of firms
s distinct from other activities within firms and fin

hat this type of activity is less internationalized th
thers. Another perspective on internationalizatio
btained if one looks at networks or alliances am
rms; these are observed to be increasingly inte
ional while also being oriented towards R&D. Ot
The study of innovation systems began at SPR
he 1980s. Given the origin at SPRU, Pavitt was
ainly aware of this work, even if he was not direc
nvolved in it. The notion of ‘innovation system’
ooted in Friedrich List’s concept ‘national syste
f production’ (List, 1841). According to Lundvall
2003), Freeman (1982)first used the term ‘nation
ystem of innovation’ in an unpublished paper.
dea was picked up by several scholars in both Eu
nd the United States networking with Freeman
is colleagues at SPRU.Lundvall (1985)at Aalborg
niversity published a book in 1985 in which the c
ept ‘innovation system’ appeared (although with
he adjective ‘national’). The first publication usi
he term ‘national innovation system’ was Freem
ook on Japan (Freeman, 1987). The following year
n edited volume onTechnology and Economic Theory
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(edited byDosi et al., 1988) contained four chapters on
national innovation systems (Freeman, 1988; Lundvall,
1988; Nelson, 1988; Pelikan, 1988). Another book pub-
lished the same year (Freeman and Lundvall, 1988) also
contained a couple of chapters on national innovation
systems (Andersen and Lundvall, 1988; Gregersen,
1988).

A national system of innovation may be defined as

that set of distinct institutions which jointly and indi-
vidually contribute to the development and diffusion
of new technologies and which provides the frame-
work within which governments form and implement
policies to influence the innovation process. As such
it is a system of interconnected institutions to create,
store and transfer the knowledge, skills and artifacts,
which define new technologies. The element of nation-
ality follows not only from the domain of technology
policy but also from elements of shared language and
culture which bind the system together, and from the
national focus of other policies, laws and regulations
which condition the innovative environment (Metcalfe,
1997, p. 289).

It was soon recognized that, depending on the pur-
pose of the inquiry, the most useful definition of
innovation systems might not coincide with national
borders. Thus, in 1988 a group of Swedish scholars
commenced parallel work on ‘technological systems’
focusing on innovations in particular techno-economic
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The notion of innovation systems has spawned a
rich field of research in economics and related dis-
ciplines. By the end of 2002, about 750 publications
had appeared.1 This literature is surveyed inCarlsson
(2003). The task in the present paper is to examine this
literature with regard to internationalization of innova-
tion systems. About 250 of the 750 innovation system
studies have terms such as “global” or “international”
in their title, keywords or abstract (or table of con-
tents, in the case of books). After careful screening,
about 35% (87 entries) are labeled “global” or “inter-
national” in the classification scheme used in the study
(seeCarlsson, 2003for details). Most of these are
‘international’ in the sense that they make international
comparisons of systems at various levels (national,
regional, sectoral or technological). Only 36 entries
deal with the process of internationalization or glob-
alization of technology or of innovation systems. It
should be noted, however, that there is a vast litera-
ture on internationalization of corporate R&D, only a
portion of which appears in this database that deals
only with innovation systems. Twenty-two of the 36
entries are journal articles; the rest are books and book
chapters.

For the purposes of this study, the entries were
grouped under the following headings:

(1) empirical studies of internationalization of innova-
tion systems;

(2) internationalization/globalization of (corporate)
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reas. Such systems may or may not be geog
cally and institutionally localized within nations
egions but they may have links to supporting inst
ions elsewhere. This work has resulted in a strea
ublications beginning withCarlsson and Stankiewi
1991)and summarized in books edited byCarlsson
1995, 1997, 2002). Somewhat later the term ‘region
nnovation systems’ was used, focusing on inno
ive activities within geographic regions at the s
r supra-national level (Cooke, 1992). Similarly, in
997 the notion of ‘sectoral innovation systems’ w

aunched (Breschi and Malerba, 1997). Thus, there
re now four definitions of innovation systems co
only used in the literature: national, regional, s

oral and technological. In addition, recently there
merged a branch of literature dealing with other c
epts of innovation systems, particularly at the fi
evel.
R&D;
3) institutional barriers to internationalization;
4) other studies.

. Empirical studies of internationalization of
nnovation systems

It turns out that there are only five studies explic
xamining internationalization empirically at the s
em level (Niosi and Bellon, 1994, 1996; Bartholome
997; Fransman, 1999; Niosi et al., 2000).

1 There were several precursors (Bowers et al., 1981; Krupp, 198
aviotti, 1986) based on the engineering concept of ‘technolog
ystems’ referring to complex systems of physical artifacts su
arge electrical systems (Hughes, 1983; Bijker, Thomas and Pinc
987; Mayntz and Hughes, 1988). This literature is not included

his number.
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The most comprehensive of these studies are those
byNiosi and Bellon (1994, 1996).2 These authors stud-
ied the degree of openness of national innovation sys-
tems in the United States, Japan and leading countries
in Europe. Internationalization was measured by R&D
in multinational firms, international technical alliances,
international technology transfer, international trade of
capital goods and international flows of scientific and
technical personnel. They concluded that

(1) There are wide national differences between coun-
tries in the rate and types of globalization of their
NIS. Smaller countries are at one end of the spec-
trum, with high levels of flows of scientific and
technological knowledge and embodied technol-
ogy crossing their borders, while larger countries
are more self-sufficient and thus less affected by
international technological and scientific flows.

(2) All the types of flows studied are considerable,
most figures being in the 10–30% range as com-
pared with national stocks. Also, all types of inter-
national flows are growing and the rate of growth
of some of them has been accelerating over the past
10 years, as if globalization trends were speeding
up. NISs may appear less ‘national’ today than they
did 20 years ago.

(3) Different types of flows differ in their intensity,
with patents enjoying the highest degree of interna-
tional globalization (but being also the least indica-
tive of actual flows), and researchers (one of the
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(5) Finally, national policies seem to play a key role,
with some countries filtering the flows (Japan), and
others being more open to the entry and exit of sci-
ence and technology resources and products (like
the USA and Canada) (Niosi and Bellon, 1996, pp.
153–154).

The overall conclusion of Niosi and Bellon is that
through imitation, technology diffusion and transfer,
national systems may converge up to a point. They also
note that there are impediments to convergence in the
form of “different natural factor endowments, cumu-
lative effects of industrial organization and specializa-
tion, different national stocks of knowledge, different
national economic and political institutions” (Niosi and
Bellon, 1996, p. 156). Thus, while national innovation
systems are becoming more intertwined and complex,
the local and national networks are still important.

Bartholomew (1997)also studied the interdepen-
dence of national systems in several countries, namely
the United States, United Kingdom, Japan and Ger-
many. But the study is limited to biotechnology, and
thus covers only a portion of the overall national inno-
vation system in each country. Bartholomew found that
national patterns in biotechnology R&D are linked to
the configuration of country-specific institutional fea-
tures to form a system that either supports or impedes
the accumulation and diffusion of knowledge between
the scientific and industrial communities. She argued
that the “particular characteristics of national systems
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best indicators of flows) probably the lowest. S
entific international cooperation flows tend to
more intense than technological ones, reflec
the disembodied nature of pure knowledge, g
ernment support of internationalization and sc
tific creation within mostly public or semi-publ
institutions.

4) The European Union appears to be the only m
supranational scientific and technological bl
now emerging. Japan seems to be much less
nationalized (and its internationalization is aim
principally at the USA), and Canada–USA int
action (in spite of NAFTA) is less evident than
the EU.

2 Niosi et al. (2000)focuses primarily on Canada’s system of in
ation but touches also on the extent of its integration with th
he United States.
f biotechnology innovation form the basis for co
lex interdependence within the global system, thro

nternational technological cooperation and the cr
order adoption and adaptation of institutional fo
nd practices” (p. 141). She concluded that

apping into foreign innovation systems through in
ational cooperative alliances gives firms access
ider range of solutions to technological proble
orming cross-border alliances thus may be on

he most important means for firms to enhance
nnovative capability in biotechnology, underscor
he growing significance of inter-firm partnering in
ew age of alliance capitalism (p. 262).

Fransman (1999), on the other hand, made
n-depth study of a national innovation system
ts degree of internationalization, but the analysi
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restricted to only one country, Japan, and the develop-
ment of its national innovation system in the 1970s
and 1980s. Fransman used measures of internation-
alization similar to those used by Niosi and Bellon,
applying them to the activities of companies and gov-
ernment as well as universities. He concluded that even
though Japan still lags behind other countries in terms
of the globalization of its science and technology sys-
tem, the degree of internationalization has increased
significantly over the last decades; the Japanese sys-
tem is now less ‘self-contained’ than it was previously
(pp. 177–178). Fransman also discussed the role of the
Japanese government, particularly MITI (the Ministry
of International Trade and Industry), in strengthening
the science and technology base of Japanese compa-
nies. He noted that

while foreign companies were both allowed and
encouraged to join MITI’s national R&D programmes
from 1989, these programs continue to be set with
national objectives in mind. The objectives include
strengthening the competitiveness of Japanese compa-
nies and increasing basic and scientific research capa-
bilities in Japan. In other words, while foreign compa-
nies are encouraged to join these programs, they are
not allowed to influence the choice of program in the
first place nor the objectives of the program (p. 188).

Fransman summarized the role of MITI in the fol-
lowing way:
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dence is, for example, is the 10–30% figure reported by
Niosi and Bellon a large or small number? The quality,
content, type and therefore significance of interaction
are difficult to capture, especially at the national level.
More research is clearly needed. However, each of the
authors also emphasizes the importance of national
policies and institutions. That is, to say, whatever the
degree of internationalization of innovation systems,
national policies and institutions still play a crucial role.

4. Internationalization/globalization of R&D

Most studies on globalization of innovative activity
deal with R&D at the corporate level.3 Given that the
focus in the present paper is on the national or other
system level, only that part of the literature which links
corporate R&D to the system level is reviewed here.

There is no doubt that the R&D activities of firms
are being increasingly internationalized (as measured,
for example, by the proportion of industry R&D expen-
ditures financed from foreign sources, the number of
international alliances, etc.), although the degree of
internationalization varies among countries. Rather, the
question is how to interpret the evidence.

Patel and Pavitt (1991), Tidd et al. (1997), Patel
(1997), Pavitt and Patel (1999)and Patel and Vega
(1999)question the idea that technology is becoming
global even if R&D activities are being internation-
alized. Thus,Patel (1997)concludes that “there is no
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ITI has responded to the globalization of scie
nd technology by retaining its objectives of stren
ning both the competitiveness of Japanese co
ies and Japanese competencies in basic researc
cience; by internationalizing its national coopera
&D programs by allowing and encouraging the p

icipation of foreign companies; and by taking
nitiative in establishing fully internationalized coo
rative research programs whose objectives andmodus
perandi are negotiated with the other participat
ountries (p. 189).

Thus, the evidence we have from empirical s
es of internationalization of innovation systems is
xtensive, but it seems to point uniformly to incre

ng interdependence of innovation systems in var
ountries. It is less clear how important this interdep
d

ystematic evidence. . . to suggest that widespre
lobalization of the production of technology occur

n the 1980s. The evidence. . ., based on the U
atenting activities of 569 firms (based in 13 count
nd in 17 product groups), shows that for an o
helming majority of them technological activiti
re located close to the home-base” (p. 211). Th
onsistent with the evidence on patenting activ
broad. Patel concedes that there has been an in

n the proportion of activities undertaken by firms fr
verseas locations but notes that “the largest incre

n internationalization have occurred as a resul
ergers and acquisitions and not by means of org
rowth” (p. 212). He finds that UK large firms are

3 Overviews of this literature are available inArchibugi and Michie
1995, 1997), Archibugi et al. (1999)and a special issue ofResearch
olicy (vol. 28, 2–3, March 1999).
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most and Japanese firms the least internationalized
in terms of their technological activities. The main
idea is that even if the R&D activities of multinational
firms are increasingly being carried out away from
the home center, the internationalization has not gone
very far; R&D is much less internationalized than
other corporate activities, notably production.

Other authors take a different view. While it is
widely known that the volume of FDI has been increas-
ing rapidly over the last two decades, several authors
note that the increase in FDI is closely linked to the
strategies of firms with respect to technology acqui-
sition, diversification and exploitation and that these
strategies have varied over time (Cantwell, 1995, 1997;
Cantwell and Piscitello, 2000; Carlsson and Mudambi,
2003; Cantwell et al., 2004; Piscitello, 2004; Le Bas
and Patel, 2005). In the inter-war and early post-war
years, large firms tended to diversify their technological
competence by taking advantage of scale economies,
especially via exports from the home country. Their
internationalization was aimed primarily at the wider
exploitation in foreign markets of the basic competence
they had already established at home. R&D activi-
ties were internationalized only to a limited extent and
mostly oriented to adapting products to each market.

By the mid-1970s, these opportunities for large-
scale production had been gradually exhausted. Firms
began investing instead in broadening their competence
base for existing product lines while also expanding
their product lines (Granstrand and Sjölander, 1990,
1

nge
s for
fi ent
p onal
n for-
e m-
p and
t ate
t ,
2

T s an
i ri-
m es-
e , the
d otive
f d.

The required investments have tended to cluster in cer-
tain geographic regions. . .. This explains why there has
been a shift in attention away from the multinational
corporations (MNCs) as a mere vehicle of technology
transfer towards the crucial role it plays as a creator
of innovation and technological knowledge” (Carlsson
and Mudambi, 2003, p. 104).

Cantwell (1997)shows that not only the extent
but also the character of international R&D activities
of MNCs have changed. Instead of exploiting home
country-based advantages abroad they are now doing
R&D abroad.

Technology leaders have altered the nature of inter-
national technology creation by pioneering the inter-
national integration of MNC facilities into regional or
global networks. Globalization in this sense involves
the establishment of new international structures for
technology creation. In the past, foreign technolog-
ical activity exploited domestic strengths abroad, it
was located in response to local demand conditions, it
assisted in the growth of other high-income areas, and
its role ranged from the adaptation of products to suit
local tastes through to the establishment of new local
industries. At that time the capacity to develop interna-
tionally dispersed innovations derived from a position
of technological strength in the firm’s home country
base, and led to similar lines of technological develop-
ment being established abroad. By contrast, today, for
c gical
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In the 1990s, the rate of technological cha

peeded up and it became increasingly difficult
rms to diversify their technology base at a suffici
ace. Firms began increasingly to rely on internati
etworks in order to exploit the competence of
ign centers of excellence. “A newly emerging co
lementarity between competence accumulation

he diversification and internationalization of corpor
echnology is thus at work” (Cantwell and Piscitello
000, p. 44).

hus, in the early post-war period, technology wa
mportant driver of exports and eventually of FDI p

arily in production facilities as the companies’ pr
nce in foreign markets increased. More recently
esire to acquire technology has been a major m

or multinational firms to locate R&D facilities abroa
ompanies of the leading centres, foreign technolo
ctivity now increasingly aims to tap into local fields
xpertise, and to provide a further source of new t
ology that can be utilised internationally in the ot
perations of the MNC. In this respect, innovation

he leading MNCs is now more genuinely internatio
r, in the terminology used here, it has become ‘g
lized’ (Cantwell, 1997, p. 236).

Cantwell notes, however, that

i]t is still true that the home country is generally
ingle most important site for corporate technolog
evelopment. . .. The affiliates of the leading com
anies in other major centers may be thought o
onstituting an interactive network. Cross-investm
etween the major centers in the most techno
ally dynamic industries. . . have probably helped
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reinforce the existing pattern of geographical special-
ization, and the importance of these centers as locations
for innovation. Having been the first to establish an
international spread of technological activity, MNCs
from the leading centers in a given industry now exploit
locational diversity in paths of innovation to a greater
extent than do other firms (Cantwell, 1997, p. 237).

Taking the analysis one step further,Cantwell and
Santangelo (2000), writing on corporate networks and
using US patent data, show that MNCs are now more
likely than in the past to expand their R&D activities
beyond their home-base, but they also find that the tech-
nologies they develop abroad are less science-based
and less dependent upon tacit knowledge than those
developed at home. However, within the science-based
industries, firms may generate abroad some technolo-
gies that are heavily dependent on tacit knowledge, but
normally in fields that lie outside their own core tech-
nological competencies. Thus, the knowledge base at
home still plays an important role.

Le Bas and Sierra (2002)confirm this view. They
studied the strategies of the 345 multinational firms
with the greatest patenting activity in Europe. They
found that nearly 70% of the firms locate their activi-
ties abroad in technological areas or fields where they
are strong at home, with home-base augmenting FDI
in R&D being a more prevalent strategy than home-
base exploiting FDI. Technology-seeking and market-
seeking FDI in R&D turned out to be much less fre-
q
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of R&D activity abroad has changed in the following
ways: it is largely conducted within corporate networks
(i.e. it is inter-national but intra-firm), it tends to aug-
ment home-base technological competence rather than
simply exploiting it abroad, it tends to be less science-
based than the R&D conducted at home, and in the
cases when it does involve science-based activities it
tends to be in fields outside the companies’ core com-
petencies.

“Technological competition has increasingly become
global in scope and related technology life cycles have
shortened; firms have correctly responded to this new
order by implementing multifaceted innovation strate-
gies that reflect a new philosophy about the interde-
pendence of competing firms. Speed in innovation is
increasingly becoming the strategic benchmark upon
which competitive survival will be benchmarked. As
such, firms are partnering with other firms, organiza-
tions and institutions in an effort to survive, and are thus
trading off a loss in appropriability for timing” (De la
Mothe and Link, 2002, p. 266).

These findings provide partial confirmation of Pavitt
and Patel’s views. Not only have the R&D activ-
ities of firms become increasingly internationalized
(as acknowledged by Pavitt and Patel); there are also
indications that through international networks, often
within multinational firms, technology has also become
increasingly globalized (contrary to Pavitt and Patel) at
l
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uent strategies.
On this latter point,Meyer-Krahmer and Reg

1999) take a slightly different view. They find th
ualitative motives, such as learning from techno

cal excellence in lead markets and dynamic inte
ions within the value chain, are increasingly driv
&D location decisions. They also find that the proc
f internationalization in research and technology
een accompanied by an increasingly selective f
n only a very few locations and the concentratio

nnovation activities on worldwide centers of exc
ence. Like many other scholars they note that inte
ional R&D activities are still heavily focused with
he ‘triad’ of the United States, Europe and Japan.

The overall impression one gets from this lite
ure on internationalization of corporate R&D is t
he degree of internationalization has indeed incre
ver the last couple of decades and that the na
east after 1990.4

Does this mean that national policies and natio
nnovation systems are becoming irrelevant? Th
he question to which we now turn.

. Are national systems of innovation still
mportant?

Pavitt and Patel claim that, “far from being irr
vant, what happens in home countries is still v

4 But it is still true that R&D and innovative activities are le
nternationalized than other activities of MNCs such as produ
nd FDI (this was Pavitt and Patel’s main point), and to the e

hat R&D activities cross national borders they are still more in
ational (involving more than one country’s institutions) than glo
involving most or all countries).
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important in the creation of global technological advan-
tage for firms. Thus, for policy analysis it becomes
important to understand the nature of the country-spe-
cific factors that have an influence in creating national
technological advantage, including the competitive cli-
mate, the financial system and education, training and
basic research institutions” (Patel, 1997, p. 212).

On this point there is not much disagreement among
authors. For example,Freeman (1995)argues that in
spite of increasing internationalization of innovative
activity, national and regional systems of innovation
remain essential. Their importance derives from the
networks of relationships, which are necessary for any
firm to innovate. While external international connec-
tions are of growing importance, the influence of the
national education system, industrial relations, tech-
nical and scientific institutions, government policies,
cultural traditions and many other national institu-
tions is fundamental. In many ways, such institutions
are what make each system unique. They represent
a legacy of the past and change only very gradually,
thereby creating strong path dependence. AsPavitt
(1998)has argued, the national science base is socially
constructed: it is influenced by the country’s level of
economic development and the composition of its eco-
nomic and social activities.Nelson (1992), reflecting
on a major comparative study of national innovation
systems, notes that there are both similarities and differ-
ences among countries in institutional arrangements,
that they are persistent over time, and that the distinctive
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“[T]he specificities of the innovation systems, to which
each intellectual property rights regime is linked, are
an obstacle to the standardization of these regimes. To
achieve a single, global regime would thus require a
reduction in the diversity of the innovation systems
themselves. However,. . . this kind of diversity is a key
feature of the process of scientific and technological
change. . . [and] has been the central feature of west-
ern capitalism [which] has been. . . characterized by a
truly extraordinary pattern of organizational diversity”
(Foray, 1995, p. 128).

Other institutions exhibit similar features. Educa-
tion (including higher education) is predominantly
publicly funded in most countries. This gives the edu-
cational system in each country its distinctive features.
This is likely to remain so. Even if high-level scientists
and doctoral students work and study abroad, the inter-
national flows will not materially affect the large bulk of
students at home. Also, most funding of basic research
comes from public sources (some military) and tends
to reinforce existing areas of strength in each country;
international funding of transnational research projects
is not likely to materially change the research pro-
files of nations. Other public infrastructure, financial
institutions, fiscal, monetary and trade policies, laws
and other institutions change only very gradually. For
reasons such as these,Gregersen and Johnson (1997),
for example, in discussing how the process of Euro-
pean integration affects national systems of innovation,
a ith
n only
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r
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Many of the institutions relevant to innovation s
ems are national while others are important at
egional or even local level, and others yet are spe
o particular sectors or technologies. Their influe
ay be positive or negative with respect to the ev

ion of an innovation system in a particular domain.
mportant point is that while institutions are import
or the formation and functioning of particular inn
ation systems, they may also, by their very nat
mpede internationalization of innovation systems

For example,Foray (1995)analyzes the persi
ence of national specificities in the intellectual pr
rty rights systems. He shows that the path-depen
ature of any institutional arrangement is an obst

o the international standardization of the national
ems of intellectual property rights (p. 126):
rgue that European integration will not do away w
ational systems of innovation in Europe and that
very partial European system of innovation in a

ow sense of the term is likely to emerge.

. Other barriers to internationalization

Besides institutions there are other impedimen
nternationalization of innovation systems. For ex
le, R&D-intensive industries such as biotechnolo
oftware and computers tend to be highly concentr
patially. This is due in large measure to the natur
nowledge: often tacit and therefore difficult to tra
er. Knowledge spillovers are mostly local, not natio
nd certainly not international. Close geographic p

mity and good connectivity among the entities
equired for successful spillovers to take place;
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leads to the formation of clusters. Leading research uni-
versities tend to play an important role in such clusters.
Foreign-owned multinational firms may locate activi-
ties in such environments in order to take advantage of
spillover opportunities (through joint research ventures
or hiring of competent personnel), thus overcoming
the barriers imposed by the nature of knowledge. It is
often easier to absorb new knowledge and appropriate
the results within an organization than across organi-
zational boundaries. Indeed, this is an important part
of what internationalization of R&D is all about.

Industry clusters and regional innovation systems
can thus be viewed as vehicles for internationalization
of technology. The technology flows can obviously go
both ways, i.e. both outbound and inbound.Mowery
and Oxley (1997), for example, discuss the role of
national systems of innovation in inward technology
transfer during the post-war period. They reach three
broad conclusions:

(i) The mix of channels through which an economy
obtains technology from foreign sources appears
to be less important than the overall effort to
exploit foreign sources of technology.

(ii) The contribution of national innovation systems
to the inward transfer of technology in the early
stages of this process operates mainly through
the creation of a skilled production and technical
labor force.

(iii) The contribution of national innovation systems to
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international leaders in semiconductors in the 1990s
by systematically building their national innovation
systems so as to take advantage of technology in the
United States and Japan.Sung and Carlsson (2003)
examined a similar strategy in building up computer
numerical control technology capability in Korea. Both
of these studies show how national policies (e.g. trade
and industrial policies) and institutions (e.g. financial
system and industrial research institutes) were built to
support the activities of private firms.

Internationalization of innovation systems through
strategies of tapping into innovation systems elsewhere
as not confined to developing countries in a catching-up
phase, however. For example,Carlsson (1995)shows
that Sweden, arguably the world leader in the use of
factory automation technology in the 1980s, relied on
foreign suppliers and networking with foreign firms
for three-quarters of the relevant technology. This is
unlikely to be an isolated and rare case. The func-
tion of the relevant institutions at both the national
and technology-specific levels is primarily to enhance
the ability of entities within the system to learn from
the leaders in the field regardless of location. One sus-
pects that when innovation systems are studied at sub-
national levels, the knowledge and technology flows
across geographic boundaries (including national bor-
ders) will be found to be substantial. But thus far there
are not many studies of that sort. Studies of institutions
that make up the innovation systems at the national
level are unlikely to provide such evidence.

7

ple
s tiv-
i me
c is
a em-
s nsti-
t

na-
t at
t s of
t ys-
t d the
i na-
t ous
inward technology transfer and competitivenes
critically affected by overall economic and tra
policies, which are most successful when t
enforce competitive pressure on domestic fi
in a relatively stable macroeconomic environm
(Mowery and Oxley, 1997, p. 162).

Mytelka (2000)also deals with the notion of nation
nnovation systems as vehicles for integrating the
f transnational corporations and international r
nd disciplines in learning and innovation in dev
ping countries and transforming local clusters

nnovation systems.
Some countries (especially Taiwan and So

orea) have built their development strategy on le
ng from the leaders in specific targeted areas. T
ave built their innovation systems to benefit fr
pillovers. For example,Chang (1999)studied how
outh Korea and Taiwan were able to catch up with
. Reflections and conclusions

As shown in the preceding section, there is am
upport for the claim by Pavitt that the innovative ac
ties of firms are significantly influenced by their ho
ountry’s national system of innovation. But there
lso evidence that national innovation systems th
elves are becoming internationalized, even if the i
utions that support them remain country-specific.

Although there is a large literature on the inter
ionalization of economic activity (including R&D)
he corporate level, there are relatively few studie
he degree of internationalization of innovation s
ems. The handful of studies that have addresse
ssue empirically uniformly show increasing inter
ionalization. To the extent that the far more numer
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studies of internationalization of corporate R&D dis-
cuss innovation systems at all, they point to the con-
tinued importance of national institutions to support
innovative activity, even though that activity is becom-
ing increasingly internationalized. Several studies have
shown that there are barriers to internationalization
inherent in innovative activity in the form of spatial
boundedness of knowledge spillovers as well as cer-
tain features such as national specificities of intellectual
property rights that make national innovation systems
unique. Nevertheless, there are examples of strategies
that have overcome such barriers, especially in Taiwan
and Korea.

A few reflections on these findings seem warranted.
One is that, in view of the fact that most studies of
innovation systems focus onnational innovation sys-
tems, it is not surprising that little direct evidence is
found that innovation systems are becoming global.
The main focus in this literature is on institutions at the
national level. But national institutions may influence
innovation systems at regional, sectoral or technolog-
ical levels differently. However, at these lower levels
there has been little work done with a view toward
internationalization ofsystems (as distinct from corpo-
rate innovative activity). Also, not all institutions are
national. For large firms, national institutions may be
most important, while for small and new firms, sub-
national institutions may also be important.

Another reflection is that innovation systems may
have become more ‘leaky’ over time. The role of
t ge
s ies
w orp-
t owl-
e rks
a rms
b ion
s niza-
t fer
w ion
t r to
t 20s
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tems are in generating economic growth, one would
have to include the demand side as well, including
entrepreneurial activity and business formation.
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Facing the Technological Revolution. Pinter, London and
York, pp. 262–278.

regersen, B., Johnson, B., 1997. Learning economies innov
systems and European integration. Regional Studies 31
479–490.
innovation strategies of multinational enterprises: lesson
technology policy in Europe. Research Policy 28 (7), 7
776.

owery, D.C., Oxley, J., 1997. Inward technology transfer
competitiveness: the role of national innovation systems
Archibugi, D., Michie, J. (Eds.), Technology Globalisation
Economic Performance. Cambridge University Press, C
bridge, pp. 138–171.

ytelka, L.K., 2000. Local systems of innovation in a globali
world Economy. Industry and Innovation 7 (1), 15–32.

elson, R.R., 1988. Institutions supporting technical change i
United States. In: Dosi, et, al. (Eds.), Technical Change and
nomic Theory. Pinter, London, pp. 312–329.

elson, R.R., 1992. National innovation systems: a retrospecti
a study. Industrial and Corporate Change 1 (2), 347–374.

iosi, J., Bellon, B., 1994. The global interdependence of nat
innovation systems—evidence, limits, and implications. T
nology in Society 16 (2), 173–197.

iosi, J., Bellon, B., 1996. The globalization of national innova
systems. In: De la Mothe, J., Paquet, G. (Eds.), Evolutio
Economics and the New International Political Economy. Pi
New York, pp. 138–159 (Chapter 6).



B. Carlsson / Research Policy 35 (2006) 56–67 67

Niosi, J., Manseau, A., et al., 2000. Canada’s National System of
Innovation. McGill-Queen’s University Press, Montreal.

Patel, P., Pavitt, K., 1991. Large firms in the production of the Worlds
technology—an important case of non-globalization. Journal of
International Business Studies 22 (1), 1–21.

Patel, P., 1997. Localized production of technology for global mar-
kets. In: Archibugi, D., Michie, J. (Eds.), Technology Globali-
sation and Economic Performance. Cambridge University Press,
Cambridge, pp. 198–214.

Patel, P., Vega, M., 1999. Patterns of internationalisation of corpo-
rate technology: location vs home country advantage. Research
Policy 28 (2-3), 145–155.

Pavitt, K., Patel, P., 1999. Global corporations and national sys-
tems of innovation: who dominates whom? In: Archibugi, D.,
Howells, J., Michie, J. (Eds.), Innovation Policy in a Global
Economy. Cambridge University Press, Cambridge, pp. 94–119
(Chapter 6).

Pavitt, K., 1998. The social shaping of the national science base.
Research Policy 27 (8), 793–805.

Pavitt, K., 2001. Managing global innovation: uncovering the
secrets of future competitiveness. Research Policy 30 (1), 176–
177.

Pavitt, K., 2002. The globalizing learning economy. Academy of
Management Review 27 (1), 125–127.

Pelikan, P., 1988. Can the innovation system of capitalism be out-
performed? In: Dosi, G. (Ed.), Technical Change and Economic
Theory. Pinter, London, pp. 370–398.

Piscitello, L., 2004. Corporate diversification coherence and eco-
nomic performance. Industrial and Corporate Change 13 (5),
757–787.

Saviotti, P.P., 1986. Systems theory and technological change.
Futures 18 (6), 773–786.

Sung, T.K., Carlsson, B., 2003. The evolution of a technological
system: the case of CNC machine tools in Korea. Journal of
Evolutionary Economics 13 (4), 435–460.

Tidd, J., Bessant, J., et al., 1997. Managing Innovation: Integrating
Technological, Market and Organizational Change. John Wiley
& Sons, Chichester, UK.


	Internationalization of innovation systems: A survey of the literature
	Introduction
	Background: the study of innovation systems
	Empirical studies of internationalization of innovation systems
	Internationalization/globalization of R&D
	Are national systems of innovation still important?
	Other barriers to internationalization
	Reflections and conclusions
	References


