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ABSTRACT

The paper addresses disruptive changes that globalization imposes on the
geography of innovation systems, and identifies potential benefits that developing
countries could reap from international linkages. The anaysis is centered on three
propositions. First, developing countries need to blend diverse international and domestic
sources of knowledge to compensate for initially weak national production and
innovation systems. Second, a greater variety of international knowledge linkages is
possible, as globalization reduces the spatial stickiness of innovation. Third, globalization
has culminated in an important organizational innovation: the spread of global production
networks (GPN) combines concentrated dispersion with systemic integration, creating
new opportunities for international knowledge diffusion. We argue that GPN provide
firms and industrial districts in developing countries with new opportunities for reverse
knowledge outsourcing. We explore resultant challenges that define the need for public
policy response, define the new agenda for industrial upgrading, and discuss what types
of policies and support institutions may help to reap the benefits from network
participation.
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INTRODUCTION

Evolutionary and structuralist theories (as defined by Lipsey in this issue) have
reached a certain level of maturity. Basic principles are now well established within the
economics profession: a focus on learning and innovation as a major source of economic
growth is no longer a minority position. Some key concepts are beginning to shape policy
debates in the OECD, the World Bank, and the European Commission ( e.g., OECD,
1999). It is time to move beyond the defense of basic principles to a policy-oriented
research agenda.

The paper suggests that some complementary work is needed to the systemic view
of innovation dynamics and policy r nses to technological change. The focus is on
national innovation system (NIS) theory™, simply because it addresses most directly our
concern of “integrating policy perspectives into research on technology and economic
growth.” (Bartzokas and Teubal, in this issue). Despite its impressive achievements, this
theory has two important weaknesses that frustrate an effective implementation of
technology policy in developing countries; it fails to address the disruptive changes
imposed by globalization on the geography of innovation systems; it also fails to identify
potential benefits that developing countries could reap from international linkages.

Three propositions are used to correct these weaknesses. In part 1, we argue that
developing countries need to blend diverse international and domestic sources of
knowledge to compensate for initially weak national production and innovation systems.
The challenge is to integrate this proposition explicitly into innovation system theory. The
bulk of the paper develops our second proposition: a greater variety of internationa
knowledge linkages is possible, due to the spatial impact of globalization (parts 2 and 3).
This runs counter to much of the established wisdom on the geography of innovation
(2.1.): a central proposition of the latter literature is that knowledge is spatially sticky:
innovation and inter-active learning require co-location. In part 2.2., we reconsider the
agglomeration economies argument, and ask how it needs to be revised in light of the
impact of globalization. We highlight the puzzle of concentrated dispersion:
agglomeration economies continue to matter, yet their spatial stickiness has been reduced
(2.3.); introduce the flagship model of concentrated dispersion (2.4.), and explore why
agglomeration propensities differ ( 2.5.).

In part 3, we argue that globalization has culminated in an important
organizational innovation: the spread of global production networks (GPN) combines
concentrated dispersion with systemic integration, creating new opportunities for
international knowledge diffusion. We first describe key features of systemic integration:
an increasing scope of international linkages (3.1.), and a growing intensity of such

! Important sourcesinclude: Freeman, 1987, 1995 and 1997; Lundvall, 1992; Nelson, 1993; Boyer et al,
1997; and Edquist, 1997. Mowery and Nelson, 1999 provides a complementary perspective on sectoral
innovations systems. For attempts to apply this concept to developing countries, see Shin, 1998, Gu, 1999;
and Ernst and Lundvall, 2000).



linkages (3.2.). We then highlight the capacity of GPN to enhance international
knowledge diffusion ( 3.3.) and discuss possible constraints (3.4.).

Finally, in part 4, we pursue this issue from a developing country’s perspective.
We argue that GPN provide new opportunities for reverse knowledge outsourcing for
firms and industria districts in developing countries (4.1.), explore resultant challenges
that define the need for public policy response (4.2.), define the new agenda for industrial
upgrading (4.3.), and discuss what types of policies and support institutions may help to
reap the benefits from network participation (4.4.).We emphasize that nothing is
automatic about these processes. the key to success are ingtitutions that facilitate the
concurrent leveraging of multiple and diverse sources of knowledge - the global
production networks of buyers and suppliers of both foreign and domestic origins, as well
as the diverse carriers of national innovation systems. Equally important is that the nature
and composition of such linkages needs to change over time as a country moves up the
technological ladder.

1. BEYOND NATIONAL INNOVATION SYSTEMS (NIS): BLENDING
INTERNATIONAL AND DOMESTIC SOURCES OF KNOWLEDGE
1.1. Achievementsof NISTheory

The concept of “nationa innovation systems’ (NIS) is an attempt to analyze the
ingtitutional determinants of learning, knowledge creation and innovation. A basic
proposition is that innovation is crucial for economic growth and welfare, and that it is an
inter-active and socially embedded process. A second characteristic is a focus on the
national economy: peculiar features of economic structures and institutions offer quite
distinct possibilities for learning and innovation, and hence shape the technological (or
economic) performance of a country. The economic structure determines specialization
(i.e. the product mix) and learning requirements (the breadth and depth of the knowledge
base). Ingtitutions, on the other hand, shape learning efficiency: they define how things
are done and how learning takes place. An important concern is the “congruence”
(Freeman, 1997:13) of different subsystems, which is necessary to create a virtuous rather
than aviciouscircle.

The strengths of this concept are well established: by bringing technical change
and institutional change back into the analysis as key explanatory variables, it has given
new life to the discourse on economic growth. A systemic view of innovation dynamics
has moved the analysis beyond the “internalist” bias that characterizes much of the
literature on industrial organization and the theory of the firm= This internalist bias has
its roots in Edith Penrose's observation that “... a firm’s rate of growth is limited by the

2 Two versions of the internalist bias can be distinguished. Teece (1998: 148) highlights a focus on internal
hierarchical control: “Economists, as well as many organization theorists, have traditionally thought of
firms asidands of hierarchical control embedded in a market structure and interacting with each other
through the price mechanism.” A second version of the internalist bias relates specifically to innovation:
capability-based theories of the firm have focused primarily on the internal accumulation of knowledge and
skills which underpins its productive activity (Coombs and Metcalfe (1998).



growth of knowledge within it”, which has drastically changed our perception of how
firms develop and compete™.

One way to overcome this internalist bias is to ask how firms organize inter-
organizational linkages, especially with regard to knowledge creation. Lundvall (1992)
highlights the interactive nature of innovation and documents how user-producer
interaction and other forms of inter-firm cooperation give rise to a national system of
innovation. And Coombs and Metcalfe (1998:3) have convincingly argued that
competitive success depends on a firm’s ability to manage inter-organizational knowledge
creation: “The creation of new capabilities is increasingly taking place through the
combination of the capabilities of several firms and research organizations.” Crzﬁr
organizational coordination of capability formation thus becomes of critical importance™

1.2. Neglect of the I nternational Dimension

Yet there are aso important weaknesses that we need to address to broaden the
acceptance of innovation system theory, and to improve itsEIpoIicy relevance. An
important weakness is a neglect of the international dimension®. NIS theory uses two
propositions to defend its focus on national linkages: First, globalization increases the
need for strong national innovation systems. Second, interactive learning requires close
interaction between co-located users and producers; national linkages are thus likely to be
more effective than international linkages.

We agree with the first proposition: a strong and specialized innovation system is
of critical importance in a globalizing world; diversity and speciaization are the keys to
sustained growth (e.g., Ernst and O Connor, 1989). For policy purposes, it obviousy
makes sense to start with a focus on the national innovation system. Thisisin line with
the current shift in the concept of development strategy away from a blind faith in
markets, emphasizing privatization, deregulation, and trade liberalization to a debate on
making both public and corporate governance more effective (e.g., Rodrik, 2000).

From a developing country’s policy perspective however, it is problematic to
argue that national linkages are more effective than international linkages. This

3 Penrose, 1959/1995, Foreword, 3d edition, “The Theory of the Growth of the Firm”, pages XV and X VII.
Ironically, thisinternalist biasis probably one of the few things that capability-based theories of the firm
share with the more traditional proponents of the economics of organization. Take transaction cost
economics. Williamson (1998) himself acknowledges that it is necessary to push the analysis“...beyond the
generic level at which it now operates’ (p. 15) to consider “... the strengths and weaknesses of a particular
firminrelation to itsrivals’ (p.29), peculiar characteristics of market niches and the overall “ strategic
Situation” (table 1).

* Thisisin line with population level learning theory (Miner and Haunschild, 1995) which shows that
organizational learning depends in important ways on the interaction of organizations, as opposed to
feedback from trial and error events inside the organization.

® This constitutes a common weakness of economic theories of innovation and the firm: “...most of the
work of scholars from these disciplines has not generally embraced an international dimension and, asa
result, our understanding of the way resources are organized and distributed across national boundaries has
been constricted.” (Dunning, 1998, p.291)



proposition is based on the (mostly implicit) assumption that a fairly homogeneous
industry structure can be taken for granted: “... the nation contains a broad set of
advanced producers and possible “lead users” ” (Andersen, 1992, note 6). In other words,
it is assumed that no huge productivity differences exist, and that there is a strong local
base of support industries. This in turn implies the existence of a broad local knowledge
base that local firms can access.

This assumption however does not hold univer%\IIyE! It excludes developing
countries and most NIEs and second-tier OECD countries, as one of their primary
features is a narrow and incomplete set of domestic linkages (e.g, Lall, 1997; Ernst,
Ganiatsos, and Mytelka, 1998). A basic characteristic is a dualistic industry structure,
with widely diverging productivity levels, with technologically advanced firms (mostly
foreign MNE affiliates) producing for export alongside weaker domestic firms importing
CKD parts for screw driver assembly of products to be sold in the domestic market. We
also find anarrow local knowledge base, and avery weak local base of support industries.
Very limited sharing and pooling of resources occurs within the country, and often even
within the export-oriented cluster.

1.3. Innovation Systemsin Developing Countries

More specifically, developing countries share four basic features which are not
well accounted for in NIS theory: highly heterogeneous economic structures constrain
agglomeration economies, weak and unstable economic institutions obstruct learning
efficiency; a limited domestic knowledge base implies that developing countries must
access and use external sources of knowledge; and a high vulnerability to volatile global
currency and financia markets constrain patient capital that is necessary for the
development of a broad domestic knowledge base. Initially at least, these countries thus
have few opportunities to build their innovation systems on localized clusters. For quite
some time, they have to rely primarily on foreign sources of knowledge as the main
vehicle of learning and capability formation. In short, international linkages need to
prepare the way for the development of national innovation systems.

Empirical research has shown that, as a developing country progresses in its
industrial transformation, it reliance on international technology sourcing and knowledge
linkages has substantially increased (e.g., Ernst and O"Connor, 1989; Hobday, 1995; Lall,
1997; and Ernst, Ganiatsos, and Mytelka, 1998). A peculiar feature of its innovation
system is a heavy integration into a variety of firm-specific regional and global
production networks (e.g., Ernst, 1994b, OECD; Ernst and Ravenhill, 1999; and Borrus,
Ernst and Haggard, 2000).

The Korean way of building its innovation system in the electronics industry is
emblematic for a heavy reliance on international linkages, combined with the

® Much of the agglomeration economies argument has been developed for a handful for highly developed
clusters, such as Silicon Valley, Route 128, Northern Italy, Baden Wuerttemberg, and some industrial
districtsin Nordic countries.



development of complementary domestic linkages (Ernst, 1994a, and 2000b)E! The
government encouraged some of the leading chaebol to focus on learning and knowledge
accumulation through a variety of links with foreign equipment and component suppliers,
technology licensing partners, OEM clients and minority joint venture partners. By
licensing well-proven foreign product designs and by importing most of the production
equipment and the crucial components, Korean electronics producers were able to focus
most of their attention on three areas. i) the mastery of production capabilities, initially
for assembly, but increasingly for related support services and for mass production; ii)
some related minor change capabilities, ranging from "reverse engineering” techniques to
"analytical design" and some "system engineering" capabilities that are required for
process re-engineering and product customization; and iii) a capacity to ramp up new
production lines quickly and at low cost.

In order to succeed, Korean firms had to develop the knowledge and skills that are
necessary to monitor, unpackage, absorb and upgrade foreign technology. Equaly
important was a capacity to mobilize the substantial funds for paying technology
licensing feﬁ and for importing "best practice" production equipment and leading-edge
components.® Most Korean producers arguably would have hesitated to pursue such
high-cost, high-risk strategies had they not been induced to do so by a variety of selective
policy interventions by the Korean state. By providing critical externalities such as
information, training, maintenance and other support services, and finance, the Korean
government has fostered the growth of firms large enough to overcome high entry
barriers.

It is this co-evolution of international and domestic knowledge linkages that
explains Korea's extraordinary success. It has enabled Korean firms to reverse the
sequence of technological capability formation (Dahlman, Ross-Larson and Westphal,
1987). Rather than proceeding from innovation to investment to production, they focused
on the ability to operate production facilities according to competitive cost and quality
standards. Through "reverse engineering” and other forms of copying and imitating
foreign technology and by integrating into the increasingly complex globa production
networks of American, Japanese and some European global corporations (the network
flagships), Korean firms were able to avoid the huge cost burdens and risks involved in
R&D and in developing international distribution channels.

In short, international linkages provided an important initial catalyst for the
development of domestic capabilities. The latter have substantially benefited from
knowledge outsourcing through gradually more sophisticated international linkages. A
theory of innovation systems needs to focus on this blending of domestic and
international knowledge linkages. This raises an important question: Will globalization
act asacarrier or barrier for such a dynamic coupling?

" Taiwan provides another, albeit very different approach to the development of NIS through international
linkages (Ernst, 2000a).

8 Already in the 1970s, most Korean electronics firms had to pay on average roughly 3% of their sales for
technology licensing fees, a share which since then has increased to more than 12%.



2. GLOBALIZATION AND THE MOBILITY OF KNOWLEDGE
2.1. Established Wisdom: Spatial Stickiness of Knowledge

The guestion how globalization affects the geographic dispersion of knowledge
and innovation, and whether this fosters or constrains local capability formation has
played an important role for theoretical debates on the role of FDI and multinational
corporations (e.g., Cantwell, 1994; Dunning, 1998). More recently, this question has also
received attention in innovation theory, the theory of the firm, and economic geography
(e.g. Chandler et a, 1998).

The dominant position has been that innovation, in contrast to most other stages
of the value chain, is highly immobile: it remains tied to specific locations, despite arapid
geographic dispersion of markets, finance and production (e.g., Archibugi and Michie,
1997). The main reason for such spatial stickiness is the inter-active nature of innovation
(Kline and Rosenberg 1986; Lundvall, 1988): it requires dense knowledge exchange
between users and producers, much of it being tacit knowledge. Such information-rich
transfers require localized clusters within a nation, or even better, an industrial district, or
micro- region (e.g., Porter, 1990; Lundvall, 1992; Saxenian, 1994; Storper, 1997; and
Markusen, 1996). This reflects the importance of “dynamic agglomeration economies’:
co-location facilitates a continuous, intense and rapid exchange of new ideas about
technical, organizational and production improvements.

Knowledge and innovation thus do not easily migrate across borders: they do not
automatically follow, once production moves. If true, this would imply that even while
globalization extends its reach beyond trade and finance, giving rise to an extensive
relocation of production, this may not help to reduce the huge international gaps in
knowledge and innovation. For industrial countries, the spatial stickiness of innovation
may foster attempts to sustain their technological superiority. For developing countries
however, spatial stickiness of innovation may fundamentally constrain their sources of
growth, and hence perpetuate global inequality.

Our second proposition qualifies this argument. We argue that globalization has
created an explosive mix of forces that facilitate international knowledge diffusion,
increasing the variety of international knowledge linkages. This creates new opportunities
and challenges for the development of innovation systems.

2.2. Reconsidering the Agglomer ation Economies Argument

Proximity exerts a powerful constraining effect on the location of economic
activities: industries tend to agglomerate and cluster in particular geographic locations,
giving rise to persistent patterns of national and regional specialization. Alfred Marshall’s
pioneering concept of “externalities’ (1890/1916) helps to identify both static and
dynamic economies of agglomeration. While static agglomeration economies focus on



efficiency gains resulting from scale economies, transaction and transport costs, and
input-output linkages, dynamic agglomeration economies highlight the centra role of
learning and knowledge creation. Marshall emphasizes three advantages of an industrial
district: i) it provides a pool of skilled workers with industry-specific capabilities; ii)
intermediate inputs, especially non-tradable ones, are provided by local suppliers; and iii)
there is a continuous, intense and rapid exchange of new ideas about technical,
organizational anc(leﬁﬁiroduction improvements. In Marshall’s view, the latter is clearly the
decisive advantag

Marshall’s important observations have been forgotten for a long time: neo-
classical economists have neglected until recently the agglomeration or clustering of
related activities. Since Krugman (1991, 1995), economic geography has been re-
established as a respectable topic. This has brought back into economic theory
“increasing returns’ and other anomalies like the “path dependency” of spatial location.
Unfortunately, these debates have remained trapped in the static efficiency paradigm and
miss the importance of knowledge and learni nﬁ

There is however now a growing literature that analyzes the dynamics of spatial
agglomeration. It is argued that clustering effects are particularly important for knowledge
externalities and spill-overs (Porter, 1990; Enright, 1998; Spender, 1998; Porter and
Salvell, 1998; OECD, 1999c). Concentrations of companies succeed when they cooperate
as well as compete; the focus of cooperation is on the sharing of knowledge, skills and
technologies among the companies and with public agencies.

Dynamic agglomeration economies are considered to be an important determinant
of firm behavior. Resources and capabilities that are critical for a firm’s competitive
success “can often be found inside a region, rather than within any single firm”;
“...regiona clusters often involve activities that are shared across firms within the
cluster” (Enright, 1998: pages 315 and 316). A regiona cluster provides access to specific
resources and capabilities that are difficult to reproduce otherwise; it enables a firm to
engage in peculiar types of coordination and organization; and it allows the firm to share
activities with other cluster participants (ibid, pages 328-336). In short, the “... notion
that resources can be specific to aregion rather than afirm lies at the heart of many of the
major explanations for localization in industry. In regiona clusters, tacit knowledge can
be internal to an area, without being internal to any specific firm. Such knowledge can be

9« _..(P)eople following the same skilled trade get ....(substantial advantages)..from near neighbourhood to
one another. The mysteries of the trade become no mysteries; but are asit were in the air, and children learn
many of them unconsciousdly. Good work is rightly appreciated, inventions and improvements in machinery,
in processes and the general organization of the business have their merits promptly (DE) discussed: if one
man starts anew ideg, it is taken up by others and combined with suggestions of their own; and thus it
becomes the source of new ideas.” (ibid, p.271)

19 For Krugman ( 1991), agglomeration in essence results from three factors: i) substantial increasing
returnsto scale - both at the level of the single firm (internal economies) and the industry (external
economies). ii) sufficiently low transport costs; and iii) large local demand. Proximity matters, resulting in
agglomeration, once these three factors interact. For an excellent critique of the “New “Geographical™ Turn
in Economics’, see Martin, 1999



tradeable locally without being tradeable outside the regional cluster (italics added, DE).
“ (ibid., 326)

Attempts to construct a neo-Marshalian agglomeration theory are a positive
development, as long as we remain conscious of some inherent limitations. It is not
possible to use this concept today without substantial changes— We need an explicit
analysis of the impact of globalization on agglomeration economies and on international
knowledge diffusion. Research on globalization has clearly established that the centre of
gravity has shifted beyond the national economy. Cross-border linkages proliferate, with
the result that no country can exist any longer in isolation. The same is true for regions
and industrial districts: they are rapidly becoming internationalized, and increasingly
depend on international linkages (Dunning, 1998) to import key inputs and to export
outputs. Such external linkages cover both tangibles like materials and machinery, and
intangibles like finance and knowledge. A significant increase in the share of the latter is
an important distinguishing feature of current rounds of globalization.

Globalization thus poses some important puzzles that need to be addressed in a
revised agglomeration theory: Why is it that, despite the advantages of co-location, there
has been a massive geographic dispersion of certain stages of the value chain? More
specifically, what factors explain that some value chain activities are more prone to
geographic dispersion, while others are more sticky? How come that agglomeration
economies are no longer restricted to the home country basis? What makes it possible to
reproduce certain co-location effects at overseas locations? And what explains the
creation of dense cross-border linkages between these locations that facilitate cross-
border knowledge diffusion?

2.3. The Puzzle of Concentrated Dispersion

Despite the fundamental advantages of keeping production at home and at close
proximity, geographic dispersion has occurred on a massive scale. This reflects a shift in
the carriers of globalization: while intra-industry trade dominated till the mid-1980s,
since then, international production has grown considerably faster than international trade
(e.g., UNCTAD, 1998). By the 1990s, sdes of foreign affiliates of multinationa
enterprises (MNEs) far outpaced exports as the principal vehicle to deliver goods and
servicesto foreign markets.

In contrast to the assumptions of convergence theory, globalization does not lead
to the wonderland of a “borderless world” (Ohmae, 1991) where capital, knowledge and
other resources move freely around the globe, acting as a powerful force of

1 After all, Marshall’s analysis was shaped by value judgments which reflect a peculiar historical concern
of late 19™ century Britain (Lazonick, 1999, pages 10 passim): Will Britain be able to survive the new and
aggressive competition from emerging nations such as the US and Germany, with their highly concentrated
industries? Marshall believed that “a proliferation of small-scale proprietary enterprises was both amorally
superior form of industrial organization and more favorable to economic development. ... The implication
was that economic development did not require concentrations of power within industry, likein the US and
Germany.



equc':\lizationE.I Globalization does not rescind the gravitational forces of geography. It has

given rise to “ever more finely grained patterns of locational differentiation and
specialization” (Scott, 1998: 399). Inequality and diversity prevail. A breath-taking speed
of geographic dispersion has been combined with spatial concentration: much of the
recent cross-border extension of manufacturing and services has been concentrated on a
handful of specialized local clusters, both within the Triad and some so-called emerging
economies, especialy in East Asia.

Let us look at some indicators in the electronics industry, a pace setter of
globalization (Ernst, 1998). A good proxy of geographic dispersion are the growing
methodological problems that one encounters when one tries to determine the importance
of individual countries and regions in the world electronics market. The difficulties
reflect the fact that final products, amost without exception, involve substantial inputs
across the value chain that are produced in diverse locations across the globe.

Two measures exist: one is based on company ownership, the other on the country
of origin of exports. Both market share measures were largely similar, as long as trade
was the most important vehicle for international market share expansion. Both indicators
however began to diverge, once production dispersed across borders. Take
semiconductors (Reed Electronics Research, 1998): there is a huge gap between the US
share of world exports (18%) and its market share based on company ownership (32%).
This suggests that a very high share of US production is taking place overseas. The gap
between ownership-based and export market shares is even higher for Asia (38% by
country of origin, versus 19% by ownership), which suggests that Asia has attracted the
bulk of investments not only from the US but also from Japan and Europe.

Geographic dispersion however is heavily concentrated in afew specialized local
clusters. For instance, the supply chain of a computer company typically spans different
time zones and continents, and integrates a multitude of transactions and local clusters.
The degree of dispersion differs across the value chain: it increases, the closer one gets to
the final product, while dispersion remains concentrated especially for critical precision
components.

On one end of the spectrum is final PC assembly that is widely dispersed to major
growth markets in the US, Europe and Asia. A good example is provided by Taiwan's
Acer group, one of Asid’s role modelsﬁgi how a small company can rapidly grow and
transform itself into a global competitor— Out of Acer’s 21 manufacturing sites, six are
large volume manufacturing sites located overseas. two in China, and one each in the
Philippines, Malaysia, Mexico and Wales. Equally important are Acer's 19 overseas fina
assembly and configuration centers that are much more geographically dispersed to major

12 For acritique, see Boyer, 1996; and Ernst and Ravenhill, 1999

3 From humble origins, Acer has grown within less than two decades into a global network flagship that
employs more than 32,000 people in 120 enterprises in 37 countries, supporting dealers and distributorsin
over 100 countries. Acer Group revenues in 1998 were US$ 6.7 billion (acer.com)



markets. Adding further complexity, Acer needs to integrate its networks into the GPN of
major OEM customers, like IBM (its largest customer).

Dispersion is still quite extended for standard, commodity-type components
(homogeneous products in the parlance of industrial economists), but less so than for
fina assembly. For instance, keyboards, computer mouse devices and power switch
supplies are sourced from many different sources, both in Asia, Mexico and the European
periphery, with Taiwanese firms playing a magjor role as supply coordinators. The sameis
true for lower-end printed circuit boards. Concentration of dispersion increases, the more
we move toward more complex, capital-intensive precision components. memory devices
and displays are sourced primarily from Japan, Korea, Taiwan and Singapore; and hard
disk drives from a Singapore-centered triangle of locations in Southeast Asia. Finally,
dispersion becomes most concentrated for high-precision, design-intensive components
that pose the most demanding requirements on the mix of capabilities that a firm and its
cluster needs to master: microprocessors for instance are sourced from a few globally
dispersed affiliates of Intel, two secondary American suppliers, and one recent entrant
from Taiwan, Via Technologies.

The hard disk drive (HDD) industry provides another example both for the breath-
taking speed of geographic dispersion, as well as for its spatial concentration (Ernst,
1997b) Until the early 1980s, aimost all HDD production was concentrated in the U.S,,
with limited additional production facilities in Japan and Europe. Today, only 1 percent
of the final assembly of HDDs has remained in the US, while Southeast Asia dominates
with almost 70% of world production, based on units shipped. Slightly less than half of
the world’s disk drives come from Singapore, with most of the rest of the region’s
production being concentrated in Malaysia, Thailand, and the Philippines.

2.4. The Flagship Model of Concentrated Dispersion

One major impact of globalization has been the spread of globa production
networks (GPN) that provide international corporations (the network flagships) with
quick access to lower-cost capabilities overseas that are complementary to their own core
competencies. This reflects the rising cost of innovation (OECD, 2000: chapter 2).
Flagships are also under increasing pressure to exploit complementarities that result from
the systemic nature of knowledge (Antonelli, 1998). We thus need to shift the focus of
our analysis away from the industry and the individua firm to the level of a network
flagship and its evolving GPN. This distinguishes our approach from earlier research on
international technology transfer through stand-alone foreign direct investment projects of
multinational corporations (e.g., Enos, 1989).

Take again the hard disk drive industry. Seagate, the current industry leader
provides a good example of the flagship model of concentrated dispersion (Ernst, 1998).
Today, Seagate operates 22 plants worldwide: 14 of these plants, i.e. 64% of the total, are
located in Asia. Asias share in Seagate's worldwide production capacity, as expressed in
sg-ft, has increased from roughly 35% in 1990 to slightly more than 61% in 1995 - an

10



incredible speed of expansion. Concentrated dispersion is also reflected in the regional
breakdown of Seagate's employment. Asias share increased from around 70% in 1990 to
more than 85% in 1995.

The fact that Asias share in employment is substantialy higher than its share in
capacity, while the opposite is true for the US, indicates a clear-cut division of labor:
volume manufacturing and the production of low- and mid-range components has been
shifted to Asia, while the US retains the high-end, knowledge-intensive stages of the
value chain, especially hard-core R&D. It is this network-specific division of labor that
determines distinct development trajectories for specialized industrial clusters in the US
and in Developing Asia.

We need to add a further aspect: an extreme spatial concentration within East
Asia. Slightly more than 92% of Seagate's capacity in Asia is concentrated in three
locations. in Bangkok (almost 32%), Penang (more than 30%) and Singapore (a bit less
than 30%). And almost 50% (26,000 out of 55,000) of Seagate's Asian employment is
concentrated in its plant in the outskirts of Bangkok. This indicates that network
specialization also defines the development opportunities of industrial districts within a
particular macro-region. Bangkok is the centre for low labor cost volume manufacturing.
Next comes Singapore with more than 27% (15,000), substantially more than Malaysia's
16% (9,000 people). For both Singapore and Malaysia, the low ratio of employment
relative to its share in Seagate's production capacity indicates that production facilities
have been rapidly automated and include now higher-end manufacturing activities such as
component manufacturing.

Over time, Seagate has developed a quite articulate regional division of labor in
East Asia. Bottom-end work is done in Indonesia and China. Malaysian and Thai plants
make components and specialize in partial assembly. Singapore is the centre of gravity of
this regional production network: its focus is on higher-end products and some important
coordination and support functions. It completes the regional production network, by
adding testing, which requires precision. This indicates that for individual specialized
industrial clusters, development trajectories are path-dependent.

In short, rapid cross-border dispersion coexists with agglomeration. Globalization
often occurs as an extension of national clusters across national borders. Thisimplies two
things. First, some stages of the value chain are internationally dispersed, while others
remain concentrated. And second, the internationally dispersed activities typicaly
congregate in a limited number of overseas clusters. This clearly indicates that
agglomeration economies continue to matter, hence the path-dependent nature of
development trajectories. What needs to be explained however is how they have changed
under the impact of globalization. There is a growing literature that explains the
bifurcation of geographic location patterns aong functional activities (Audretsch and
Feldman, 1996, McKendrick et al, 2000) or value-chain stages (Dicken, 1992; Erngt,
1997h).
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The essential point is that such distinctions should be made not on the basis of
different industries, but rather for different value chain stages.Earlier research has been
based on a distinction between low-wage, low-skill sun-set industries and high-wage,
high-skill sunrise industries. Such simple dichotomies however have failed to produce
convincing results, for two reasons: First, there are low-wage, low-skill value stages in
even the most high-tech industry, and high-wage, high-skill activities exist even in so-
called traditional industries like textiles (Ernst, Ganiatsos and Mytelka, 1998). Second,
both the capability requirements and the boundaries of a particular “industry” keep
changing over time, which makes an analytical focus on the industry level even more
problematic.

2.5. Diverse Agglomeration Propensities

Concentrated dispersion thus raises an important question: What factors explain
that some value-chain activities are more prone to geographic dispersion, while others are
more prone to proximity constraints? The usual suspects of course are differencesin labor
costs and knowledge-intensity. There is a strong presumption that high-wage and more
knowledge-intensive activities are more prone to agglomeration effects, and hence
resistant to geographic dispersion. By the same token, geographic dispersion can be
expected to be most prominent for low-wage, and low-skill value chain activities.

There is nothing surprising about these propositions - this is precisely what one
would expect from an agglomeration economies perspective. This would seem to imply
that a clear-cut separation is possible between low-end activities that are highly dispersed,
and knowledge-intensive ones that require localized clusters. Yet, reality is considerably
more messy. An important complication results from the diversity of agglomeration
propensities: co-location requirements differ across industries and product markets; they
also differ across firms. Those industry and firm-specific differences provide one possible
explanation for the diversity of development trajectories.

Take first industry-specific features. co-location becomes more important, the
greater an industry's volatility, i.e. the shorter its product-life cycle, the quicker the
required speed-to-market, and the greater the number of design changes. Yet, such co-
location can occur at different places. This is borne out by the example of the hard disk
drive industry. Due to its high volatility, HDD assemblers cannot afford to have a
geographically extended supply chain. Hence the importance for suppliers to locate close
to the main drive assemblers (Ernst, 1997b; McKendrick et al, 2000). During the early
stages of thisindustry, thisimplied co-location at home (primarily around IBM”s San José
facility in California). We have seen that globalization has given rise to the concentrated
international dispersion of such clusters.
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Agglomeration propensities also differ by type of supplierla.I For suppliers of

standard equipment and components, there is no need for close interaction with their
customers. Intense interaction is essential however for the client’s relation with high-end
suppliers of differentiated products that require proprietary technology. Paraphrasing
price theory terminology, we call these suppliers “technology makers’™: Now suppose
the client has established an overseas affiliate in country C. Here again, globalization has
broadened the co-location options. Interaction does not need to be localized, i.e. it does
not need to occur on the spot, at the client’s overseas facility in country C. It frequently
takes place at the client’'s or the supplier's home facilities that often may reside in
different countries A and B.

Intense localized interaction (i.e. interaction on the spot) is necessary only for
newly established and still relatively weak lower-tier suppliers (technology takers) who
need to be nurtured till they can stand on their own feet. In the electronics industry, for
instance, technology takers are frequently used as second sources. Their main purpose is
to provide the client with a price leverage against suppliers who are technology setters
and who are inclined to charge premium prices. Technology takers are aso used as
capacity buffers, especially when the technology setters resist client requests for price
cuts. Divergent agglomeration propensities by type of supplier thus provides us with
another differentiating factor that shapes distinct development trajectories.

Probably the most important cavesat to the agglomeration economies argument is
that dispersion is no longer restricted to lower-end activities. This becomes clear when we
look at the role played by GPN as carriers of international knowledge diffusion.

3. SYSTEMICINTEGRATION: GLOBAL PRODUCTION NETWORKSAS
CARRIERS OF KNOWLEDGE DIFFUSION

Geographic dispersion poses increasingly demanding coordination requirements.
Global production networks (GPN) are an organizational innovation that enables network
flagships to combine concentrated dispersion with systemic forms of integration. These
networks integrate the dispersed supply and customer bases of a network flagship, i.e.
its subsidiaries, affiliates and joint ventures, its suppliers and subcontractors, its

4 Williamson's concept of site specificity, a particular form of physical asset specificity, provides a formal
treatment of this issue. A fundamental weakness however is the theory’s inherent incapacity to address the
issue of innovation. As Williamson himself explains.” The introduction of innovation plainly complicates
the earlier-described assignment of transactions to markets and hierarchies based entirely on an examination
of their asset specificity qualities. Indeed, the study of economic organization in a regime of rapid
innovation poses much more difficult issues than those addressed here.” (1985: 143). In the final analysis,
Williamson's theory explains the firm as a response to market failure: “The cause of this market failure is
“asset specificity” - atechnological condition that is given to the firm.” (Lazonick, 1999: 22)

% Price theory distinguishes perfect competition, where the firm isa“price taker”, i.e. has no choice but to
accept the price that has been determined in the market, and monopolistic competition, where the
monopolist can, if so inclined, raise his price (“price maker”). In anaogy, we distinguish “technology
makers’ that possess proprietary technology and hence can shape the design trajectory of a particular
product or service, and “technology takers’ that have no choice but to accept the design principles
established by the former.
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distribution channels and value-added resellers, as well asits R& D alliances and a variety
of cooperative agreements, such as standards consortia. The flagship breaks down the
value chain into a variety of discrete functions and locates them wherever they can be
carried out most effectively, where they improve the firm's access to resources and
capabilities, and where they are needed to facilitate the penetration of important growth
markets. Under certain conditions, these networks may enhance the diffusion of
knowledge across firm boundaries and national borders.

3.1. Scopeof Linkages

One reason to talk about systemic integrationElis a substantially broadened scope
for international linkages: a GPN encompasses both intra-firm and inter-firm linkages;
creates a diversity of network participants; links together multiple locations; and covers a
variety of value chain stages, including higher-end, and more knowl edge-intensive ones.

This raises a number of important issues that are highly contested in the literature.
For instance, GPN do not necessarily give rise to less hierarchica forms of firm
organization (as predicted for instance in Bartlett and Ghoshal, 1989). Network
participants differ in their access to and in their position within such networks, and hence
face very different challenges. We use a taxonomy of network participants that
distinguishes various hierarchical layers that range from flagship companies that
dominate such networks, down to a variety of usually smaller, local network participants.
The flagship is at the heart of a network: it provides strategic and organizational
leadership beyond the resources that, from an accounting perspective, lie directly under
its management control (Rugman, 1997: 182).

The strategy of the flagship company thus directly affects the growth, the strategic
direction and network position of lower-end participants, like specialized suppliers and
subcontractors.. The flagship derives its strength from its control over critical resources
and capabilities, and from its capacity to coordinate transactions between the different
netwark nodes. Both are the sources of its superior capacity for generating economic
rents—. This taxonomy helps to distinguish the different capacities of these firms to reap

18 The concept of aglobal production network (GPN) captures the spread of the value chain across firm
boundaries and national borders. It may, or may not, involve ownership of equity stakes. For details, see
e.g., Ernst, 1994b, 1997a, 1997b, 1998, 20003, 2000c, and 2000d. For empirical case studies on diverse
GPN, see Erngt and Ravenhill, 1999, and various chapters in Borrus, Ernst and Haggard (eds.), 2000.

Y partial integration is characterized by a loose patchwork of arms -length trade and stand-alone, unrelated
investment projects. Most of these focus either on access to domestic markets or on exploiting particular
resources (cheap labor). They are footloose, in the sense that they are prone to rapid closure and
redeployment. Partial integration implies a limited scope for international specialization. This is due to an
absence of interactions across functions and locations, and to alack of coordination.

18| refer of course to Penrose-type rents. Spender (1998, p.433) demonstrates that “ ... each type of
knowledge can, in principle, be associated with a different kind of rent and competitive advantage.” Tacit
social knowledge (which Spender calls collective) is of critical importance: “ The collective knowledge
which develops as key players interact under conditions of uncertainty leads to Penrose rents, so labelled
because such activity-based learning lies at the core of her theory of the growth of the firm.”
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potential network benefits, and the institutions and policies required to support weaker
network participants from developing countries.

One critical capability for instance is the intellectual property and knowledge
associated with setting, maintaining and continuously upgrading a de facto market
standard. This requires perpetual improvements in product features, functionality,
performance, cost and quality. It is such “complementary assets’ (Teece, 1986) that the
flagship increasingly outsources. This has given rise to a number of organizational
innovations that culminate in the spread of GPN. Take recent developments in the
electronics industry which has become the most important breeding ground for a New
Industrial Organization model (e.g., Chandler, et al, 1998). For instance, for a typical
flagship in the PC business, the cost of components, software and services purchased
from outside, has increased from less than 60 percent to more than 80 percent of total (ex
factory) production costs (Ernst and O"Connor, 1992, chapter 1). As external sourcing
relations become geographically dispersed and increasingly complex, they are fraught
with very high coordination costs: some firms report thaf_the cost of coordinating such
outside relations can exceed in-house manufacturing costs™ As a result, the focus of cost
reduction strategies is shifting from scale economies in manufacturing to a reduction of
the cost of global sourcing.

In the electronics industry, this has given rise to a proliferation of specialized
suppliers, segmenting the industry into separate, yet closely interacting horizontal layers
(Grove, 1996). The initial catalyst was the availability of standard components, which
allows for a change in computer design away from centralized (IBM mainframe) to
decentralized architectures (PC, and PC-related networks). As a result, new options
emerged for outsourcing, transforming an erstwhile vertically integrated industry into
horizontally disintegrated, yet closely interacting market segments (e.g., integrated
circuits, board assembly, disk drives, operating systems, applications software, and
networking equipment).

Each of these individual market segments became rapidly globalized. This has
given rise to the co-existence of complex, globally organized sector- specific value chains,
for instance for microprocessors, memories, PCs, HDD, and other components, a process
accelerated by the introduction of Internet-enabled virtual integration (e.g., Ernst, 2000c).
Each of these value chains consists of avariety of GPN that compete with each other, but
that may also cooperate. The number of such networks, and the intensity of competition
varies across sectors, reflecting their different stage of development and their
idiosyncratic industry structures. These fundamental changes in the organization of
international production have been largely neglected in the literature, both in research on
knowledge spill-overs through FDI, and in research on the internationalization of
corporate R&D.

¥ such costs are typically defined as"... all incremental cost associated with dealing with suppliers remote
fromthe initial design site and/or the final assembly site", with communication costs and administrative
overheads absorbing the largest share (Ernst and O'Connor, 1992, ibid.)
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Take the outsourcing of volume manufacturing and related support services that
enables globa brand-name companies in the electronics industry (especially PC and
telecommunications) to combine cost reduction, product differentiation and time-to-
market (Sturgeon, forthcoming, and Luethje, 1999). A peculiar feature of this new model
of industrial organization is that manufacturing is de-coupled from product development,
and is dispersed across firm and national boundaries. With an average annual growth of
more than 25%, the so-called electronics manufacturing services (EMS) market is one of
the fastest growing electronics sectors, expanding twice as quickly as the total electronics
industry=.

The network flagship outsources not only manufacturing, but also a variety of
high-end, knowledge-intensive support services. Most research on the location of
knowledge-intensive activities has focused on the role of R&D, but this may be a too
narrow focus ( for details, see Ernst, 2000f). It is necessary to cast the net wider and to
analyze the geographic dispersion of cross-functional, knowledge-intensive support
services that are intrinsically linked with production. Even if these activities do not
involve formal R&D, they may still give rise to considerable learning and innovation. The
latter include for instance trial production (prototyping and ramping-up), tooling and
equipment, benchmarking of productivity, testing, process adaptation, product
customization and supply chain coordination.

The result is that an increasing share of the value-added becomes dispersed across
the boundaries of the firm as well as across national borders. Take the spread of "turnkey
production arrangements” in the PC industry. A typical example is the contract between
Taiwan's Mitac Internationa and Compag: the latter has out-sourced all stages of the
value chain for a particular PC family, except marketing; and Mitac is responsible for the
design and development of new products, as well as for manufacturing, transport and
after-sales services at its manufacturing facilities in Taiwan, China, Britain, Australia and
the US. For Compag, Mitac's greatest attraction is its network of plants and sales
subsidiaries located in most of the world's key computer markets (Ernst, 2000a). What
matters for our purposes is that Mitac and other smaller Taiwanese companies can use
such arrangements as a catalyst for upgrading their firm-specific capabilities and their
collective knowledge base in the Taipei-Hsinchu industrial district.

This example illustrates a tendency to extend international subcontracting to
comprise an integrated package of higher-end support services, to be provided by a
foreign partner. With the exception of hard-core R& D and strategic marketing that remain
under the control of the network flagship, the supplier must be able to shoulder all steps
in the value chain. In some cases, it must even take on the coordination functions
necessary for global supply chain management. This necessitates dense linkages between

% The role model for such changes is Solectron that, only afew years ago was a typical SME, but has
transformed itself into the world’s largest EMS provider. With a CAGR of 43% over the past five years,
Solectron has now more than 46,000 employees in 41 locations worldwide, with more than 9 million square
feet of capacity. Revenues for FY 1999 were $ 8.4 billion.

16



geographically dispersed, yet concentrated and locally specialized clusters, and their
integration into GPN.

3.2. Intensity of Linkages

Systemic integration also implies that linkages between any two countries A and
B are no longer secondary, quasi optiona to their domestic linkages. Instead, existing
clusters in both countries supplement each other and may experience mutua inter-
penetration. Under such conditions, international linkages are essential for the continuous
growth of specialized cluster.

This is self-evident for network suppliers, especially lower-tier ones, whose
growth and strategic direction is heavily determined by the network flagship. Dependence
however also works the other way round. To the degree that the flagship has moved to
global sourcing, it may no longer have any credible domestic suppliers. This implies an
erosion of the collective knowledge which used to be a characteristic feature of the
flagship’s home location. In some cases, that collective knowledge may have migrated for
good to the supplier's overseas cluster(s).

The semiconductor industry provides a typical example (Ernst, 1983 and 1997b,
chapter 1V). Since the 1970s, leading American producers had moved much of their final
assembly and testing to Asia, with the result that knowledge had to follow suit. Take the
case of Texas Instruments. "As far as assembly and testing are concerned we have more
expertise here (i.e. in Maaysia) than we havein the U.S.. sometimes have to send our
Malaysian engineers to the States to solve their problems."="1n the case of Intel's Penang
subsidiary, such expertise became particularly strong for the design and production of
specialized automated assembly equipment. When Intel, in 1983, set up highly automated
assembly plants in Chandler/Arizona and in Ireland, the company had to rely on senior
Malaysian engineers from its Penang affiliate far, plant lay-out, equipment design, as well
as for sorting out technical teething problems™ Intel Penang even claims that the first
manager of its Mechanisation and Automation group has been seconded to automate
Intel's wafer fabrication lines in the United States and that its automation team makes
substantial contributions to upgrade the level of automation in Intel's worldwide
operations.

Over time, much of this knowledge has moved out of individual subsidiaries and
has become widely diffused across different network nodes, especially in East Asia. The
irony is that, today, chip assembly is no longer the uninspiring "back-end" of the
semiconductor industry. Assembly and packaging technologies in this industry have
become highly complex and play an important role for yields and performance features of
leading-edge devices. Knowledge diffusion through GPN has enabled chip contract
assemblers in Korea (e.g., Anam Industria, the world's largest IC contract assembler
being a prime example), Taiwan, and Singapore to accumulate design capabilities for

2 Author's interview at Texas Instruments Malaysia, May 1984
2 Author’s interview at Intel Penang (April 1992).
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innovative new circuit packaging technologies. This has provided ample opportunities for
the development of local SME-based clusters that support chip assembly.

3.2. New Opportunitiesfor International Knowledge Diffusion

We have seen that the main purpose of GPN is to gain quick access to lower-cost
foreign capabilities that are complementary to the flagship’s own competencies. To
mobilize and harness these external capabilities, flagships are forced to accept a certain
dispersion of the value chain. They also must broaden their capability transfer to
individual nodes of their GPN. The (often unintended) result is a creeping diffusion of
knowledge to external actors abroad. This opens new opportunities for international
knowledge linkages that developing countries should strive to loit. It however also
raises complex challenges for policies as well as firm organization™.

A GPN can create a virtuous circle of international knowledge diffusion for two
reasons. First, it increases the length of a firm's value chain, as well as its logistical
complexity. This creates new gaps and interstices that can be addressed by small,
specialized suppliers. While in some cases (like for instance “screw-driver” contract
assembly), such entry may be short-lived, this is not necessarily so. Outsourcing
requirements have become more demanding and have forced specialized suppliers to
develop their capabilities. Over time, they may be able to upgrade their position from
simple contract manufacturers to providers of integrated service packages, and hence
increase the benefits that they can reap from network participation.

A typical example is Solectron, the world's largest electronics manufacturing
services company that we mentioned before. Founded in 1977 as a tiny contract
manufacturer of electronic controllers for solar energy equipment, it only began to grow
once it moved into circuit board assembly for the PC industry, acting as a low-cost buffer
for the periodic capacity deficits of large electronics equipment producers. Given the low
entry barriers of this business, this market was soon inundated with lower-cost
competitors. Competitive survival required a focus on quality and speed, necessitating
substantial investments in assembly automation (surface-mount-technology), leading-
edge process technology, and training. This high-risk strategy paid off, as it allowed
Solectron to move up the ladder in the contractor hierarchy and to a become a preferred
supplier of leading electronics companies. This in turn required investments in overseas
facilities (geographic dispersion) to provide manufacturing and design services where
required. Since the late 1990s, the company has further upgraded its capabilities. It
defines itself now as a global supply chain facilitator: “...customers can turn to Solectron
at any stage of the supply chain, anywhere in the world, and get the highest-quality, most
flexible solutions to optimize their existing supply chains (Solectron, 2000: 1).

Second, once a network supplier successfully upgrades its capabilities, this creates
further pressure for a continuous migration of knowledge-intensive, higher value-added

% Part 4 addresses policy implications for developing countries, while management implications are
explored in Ernst (2000d)
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support activities to individual network nodes. This may aso include engineering,
product and process development. This reflects the increasingly demanding competitive
requirements. In the electronics industry for instance, product-life-cycles have been cut to
six months, and sometimes less (Ernst, 1998). Overseas production thus frequently occurs
soon after the launching of new products. Thisis only possible if key design information
is shared more freely between the network flagship and its overseas affiliates and
suppliers. Speed-to-market requires that engineers across the different nodes of a GPN are
plugged into the lead company’s design debates (both on-line and face-to-face) on a
regular basis.

3.4. Constraints

Important constraints exist to the diffusion of knowledge within GPN. Of
particular importance are changes in organizational routines that result from geographic
dispersion. Once a network flagship extends its value chain across national boundaries, it
is faced with complex coordination problems and the risk of abrupt disruptions. Four
sources of disruption can be discerned: (1) those caused by suppliers, either through late
delivery or through the delivery of defective materias; (2) unforeseen fluctuations in
demand and abrupt changes in demand patterns; (3) a variety of production problems that
result from the transfer of immature products and production processes. and (4) abrupt
changes in management decisions, for instance last-minute corrections of product launch
dates and performance features.

Flagships have tried to reduce the likelihood of such disruptions - yet so far with
only limited success (Levy, 1995). While production-related disruptions decline with
increasing product maturity, this has not been the case for demand-related disruptions and
for abrupt changes in management decisions that have been imposed by financial
markets. On both counts, the geographic dispersion of GPN has considerably increased
the pace of change and uncertainty. This poses increasingly complex trade-offs between
specialization advantages from geographic dispersion and the dynamic benefits from
learning and innovation. Coping with these trade-offs requires far-reaching changes in
existing organizational structures. This has given rise to a debate about how firms can
improve cor porate coherence, as more and more value chain activities migrate to externd
actors (Teece, Rumelt, Dosi and Winter, 1994).

Another constraint to the diffusion of knowledge within GPN are differences in
the approach to knowledge creation. It has been argued that peculiar features of national
institutions have led to distinctive national approaches of firmsto learning and knowledge
formation and that this constrains knowledge sharing and inter-organizational learning
across national borders (Lam, 1998). The dominant form of knowledge held in
organizations, its degree of tacitness, and the way in which it is structured, utilized and
transmitted can vary considerably between firms in different societies. This reflects
differences in socia institutions, especially with regard to knowledge formation, labour
markets and occupational systems.
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Knowledge outsourcing through GPN thus requires lengthy trial-and-error
learning processes and substantial investment to strengthen the absorptive capacity of
different network nodes and participants. This implies that network flagships may now
have a vested interest in the formation of regional clusters of specialized capabilities that
are located within or in close proximity to their main growth markets. This has important
implications for devel oping countries, to which we now turn.

4. IMPLICATIONS FOR DEVELOPING COUNTRIES

For developing countries, integration into GPN poses a fundamental dilemma. An
increased mobility of firm-specific resources and capabilities may enhance the diffusion
of knowledge across firm boundaries and national borders, and hence provide new
opportunities for development strategies. Nothing however guarantees this outcome.
Network integration may equally well may erode a country’s sources of competitive
advantage. It may also erode the strengths of existing clusters. This may increase the
divide between firms and districts that have and those that do not have access to the
information and knowledge that is necessary to reap the benefits of network participation.
Many people are understandably concerned that this may lead to a decline in economic
growth and welfare.

4.1. Opportunities: the Dual Nature of Knowledge Outsour cing

There is however cause for cautious optimism: network participation may provide
new opportunities for reverse knowledge outsourcing for firms and industrial districtsin
developing countries. Our analysis has shown that GPN are powerful vehicles for
knowledge outsourcing across firm boundaries and national borders. It is important to
emphasize its dual nature. Most debates focus on the strategic rationale underlying
knowledge outsourcing by large global network flagship companies, and their
organizational implications (e.g., Patel and Pavitt, 1991; and Granstrand et a, 1993.). For
developing countries however what matters is the other side of the coin: participation in
GPN can facilitate reverse knowledge outsourcing by smaller, lower-tier network
participants that may help them to overcome some of their knowledge-related
disadvantages.

Three effects of such reverse knowledge outsourcing can be distinguished: First, it
can act as a conduit for knowledge diffusion for state-of-the-art management approaches
as well as product and process technologies. At the same time, these international
linkages can also act as catalysts for knowledge creation and capability development
within firms and industrial districts in developing countries. Thirdly, over time these
linkages may also give rise to joint knowledge creation, with roughly symmetrical
contributions from the global network flagship and from the developing country network
participants.
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Take the participation of Taiwanese computer firmsin GPN (Ernst, 2000a). Let
look at the most important of such linkages, i.e. manufacturing on an OEM basis™.
Taiwan’s involvement in the OEM business has gone through different incarnations, from
very simple arrangements to highly complex ones. Each of these stages has givenriseto a
peculiar pattern of knowledge outsourcing. It started with very simple OEM arrangements
covering low-end desktop PCs and labor-intensive peripherals that generated limited
opportunities for knowledge outsourcing. In response to such draw-backs, some
Taiwanese computer companies have tried to move up into own brand-name
manufacturing (OBM) sales. Most of them failed and are now content to consolidate and
upgrade their position as OEM suppliers. Paradoxically, this increasing reliance on OEM
arrangements has had positive effects for knowledge creation in Taiwan's computer
industry. In contrast to a widespread perception (e.g., Hobday, 1995), successful
knowledge outsourcing does not necessarily require a sequential move from OEM, up to
ODM, and then further up to OBM. Instead, Taiwanese suppliers were able to learn and
to create knowledge through concurrent implementation of these different knowledge
outsourcing approaches.

It is important to emphasize the diversity of such linkages and their non-linear
evolutionary character. International linkages include a variety of ties with sales,
manufacturing, and engineering support affiliates of foreign firms; they aso include
different forms and trajectories of integration into global production networks (GPN).
Taiwanese firms for instance have typically pursued different approaches in parale,
rather than concentrating exclusively on one particular linkage. It is through such
concurrent and multiple linkages that a virtuous circle between knowledge outsourcing
and knowledge creation becomes feasible.

4.2. Challengesthat Definethe Need for Public Policy Response

To reap the benefits of network participation, developing countries must broaden
their domestic knowledge base and generate specialized capabilities. This cannot be left
to market forces alone. Markets are notoriously weak in generating knowledge and
capabilities, as both are subject to externalities: investments are typically characterized by
a gap between private and socia rates of return (K. Arrow,1962). Reducing this gap
requires corrective policy interventions that provide incentives, as well as the necessary
infrastructure, support services and human resources.

While the neo-classical concept of “market failure” provides a rationale for policy
intervention, it is of limited value for designing its contents (Lipsey, in this issue). A
fundamental weakness of this concept is its general equilibrium assumption: defined as a

% Definitions of what constitutes an OEM (original equipment manufacturing) contract keep changing.
Probably the most widely accepted definition refers to arrangements between a brand name company (the
network flagship) and the contractor (the supplier) where the customer provides detailed technical
blueprints and most of the components to alow the contractor to produce according to specifications. Using
this definition of OEM arrangements, we can then distinguish ODM (original design manufacturing) as
arrangements where the contractor is responsible for design and most of the component procurement, with
the brand name company retaining exclusive control over marketing.

21



deviation from the market clearing equilibrium under conditions of perfect competition,
the remedy is to return to a theoretically achievable static optimum. It is now well
accepted that perfect competition hardly ever reigns in markets that characterize modern
industry. It is thus misleading to think of market failure as something that can, or should,
be ‘remedied’ so that the economy can be brought back to a desired static optimum

In any case, this concept is patently inappropriate for defining the agenda for
public policy response in the context of rapid technological change (such as ICT) and
globalization. Both accelerate the pace of change in markets and technology and increase
uncertainty and the volatility of market structures, industrial organization and firm
behavior (e.g., Ernst, 2000c). Equally important, ailmost all aspects of knowledge creation
and learning are characterized by market failure: this is true for information and codified
knowledge, and even more so for tacit knowledge. Information/codified knowledge is
difficult to trade in a market: whenever information is imperfect, “externaities’ diffuse
and markets incomplete, which is invariably the case with technical change, free markets
cannot in principle meet the strict requirements of optimal resource allocation (Stiglitz,
1998). And “... tacit knowledge is plain market failure in the sense that it cannot, as such,
be transacted in the market.” (Lundvall and Borras, 1997: 49).

The result is that there is now a much greater need for public policy that goes well
beyond the “market failure’ rationale. This does not imply areturn to the status quo ante
of the strong developmental state (as suggested for instance by Wade & Veneroso, 1998).
The challenge is to redefine the role of government intervention (Rodrik, 2000). The real
guestion, then, is no longer whether national policies and institutions can make a
difference. Instead, it is what kind of policies and institutions will prove most conducive
for unlocking new sources of economic growth.

4.3. The New Agenda: Industrial Upgrading through International Linkages

Coping with these new opportunities and challenges is simply not possible as long
as development strategies continue to stick to the old recipes. Fundamental changes are
overdue. Talking about such changes is no longer taboo. After decades of exposure to
liberalization, earlier naiv expectations are now being challenged by a more realistic
definition of the policy agenda. A consensus is emerging in Latin America, the ex-Soviet
bloc, and (since 1997) also in Asia it is no longer possible to assume that a passive
reliance on foreign capital and technology inflows guarantees sustainable industrial
upgrading. In brackets, one may add that such debates are aso high on the agenda in
major OECD countries. Earlier assumptions and prescriptions need to be reconsidered.

Of course, nothing goes without a consolidation of the financial sector that
reduces the vulnerability of volatile international capital. Equally obvious is the need for
reforms of public aswell as corporate governance that improve transparency, reducing the
likelihood of moral hazards. There is also no doubt that this needs to be combined with
cost-cutting and a reduction of surplus capacity in key sectors. But, and thisisabig BUT,
very different approaches are possible to financia and governance reforms and to
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corporate restructuring. Much depends on how one defines the long-term development
model.

The concept of “industrial upgrading” (IU) can serve as a focusing device. This
concept has recently gained acceptance among economists who are interested in
identifying new sources of growth, both in industrialized and in developing countries. It
attempts to model the link between innovation, specialization and Hirschmann-type
linkages (“industrial deepening”’), and possible consequences for economic growth
through induced improvements in productivity. All four elements are essential
prerequisites for improving a country’s capacity to raise patient capital that is necessary
for facility investment, R& D, human resource development and welfare expenditures.

This requires a development model that focuses on knowledge and innovation as
major sources of economic growth. This is in line with the leading-edge in economic
theorizing, such as endogenous growth theories (Romer, 1990; Grossman and Helpman,
1991; Aghion and Howitt, 1992, and Helpman, 1998); Lipsey's structuralist growth
theory (Lipsey, 1997; Lipsey, Bekar and Carlaw, 1998 a and b); evolutionary economics
(e.g., Penrose, 1959/1995; Richardson, 1960/1990; Nelson and Winter, 1982); and
attempts to reunite economic growth and innovation theory and business history (e.g.,
Lazonick, 1999).

Industrial upgrading essentially implies that a country shifts to higher value-added
products and production stages through increasing specialization: the more a country
focuses on higher-end, knowledge-intensive products and support services, the more it is
expected to experience sustainable export growth and increasing export revenues.
Drawing on Chenery (1960), Chenery and Syrquin (1975) and Ozawa (2000: 2-3), one
can construct ataxonomy that distinguishes four forms of IU (Ernst, 2000, SSRC):

e inter-industry upgrading with capital and technology deepening within a
hierarchy of industries that proceeds from low vaue-added industries (e.g., light
industries) to higher-value added industries (heavy and higher-tech industries);

sinter-factorial upgrading within a hierarchy of factors of production that
proceeds from “endowed assets’ or “natura capital” ( natural resources and unskilled
labor) to “created assets’, i.e. “physical capital”, “human capital” (specialized skills), and
“social capital” (aregion'ssupport services);

 upgrading of demand within a hierarchy of consumption, that proceeds from
“necessities’ to “conveniencies’, to “luxury goods; and

* upgrading along functional activities within a hierarchy of value-chain stages,
that proceeds from sales & distribution to final assembly and testing, to component
manufacturing, system integration, and knowledge-intensive support services.

Most research has focused on a combination of the first two forms of U, based on
a distinction between low-wage, low-skill sun-set industries and high-wage, high-skill
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sunrise industries. Such simple dichotomies however have failed to produce convincing
results, for two reasons: First, there are low-wage, low-skill value stages in even the most
high-tech industry, and high-wage, high-skill activities exist even in so-called traditional
industries like textiles (e.g., Ernst, Ganiatsos and Mytelka, 1998). Second, both the
capability requirements and the boundaries of a particular “industry” keep changing over
time, which makes an analytical focus on the industry level even more problematic.

We define IU as a broadening and deepening of a country’s product
specialization. Both necessitate a strong domestic knowledge base. A broadening
specialization stands for a move to higher-end and increasingly complex product groups.
This can happen within a given industry, but it can also involve an extension beyond
industry boundaries. A deepening speciaization stands for the creation of forward and
backward linkages, and the strengthening of knowledge-intensive and higher value-added
stages. Our analysis focuses on the determinants of firm behavior, smply because these
are the main actors in the game. There is a growing consensus that industry structure is
insufficient to explain the dynamics of innovation, and that firm behavior (organization
and strategy) has an important bearing on the strength as well as the kinds of innovation
activity (Teece, 1998: 134). It is also necessary to move beyond the internalist bias that
characterizes much of the literature on industrial organization and the theory of the firm.
Policies thus need to consider the sources of innovation and growth in a broader frame of
reference that extends between the boundaries of the firm.

Most importantly, we do not share the assumption that IU ends at the national
border, and that it occurs only if improved specialization generates pressures to create
dense forward and backward linkages within the economy. This assumption is
problematic, to the degree that globalization and IT increase the scope for cross-border
forward and backward linkages. As argued in this paper, this is precisely what is
happening as a result of the spread of GPN. This obviously raises important issues for the
industrial upgrading agenda, especially in small nations that heavily depend on
international trade and investment. But this is true even for a large, quasi-continental
economies like the U.S,, Brazil, China or India. In al of these countries, the importance
of knowledge outsourcing through international linkages has drastically increased, hence
internationalizing forward and backward linkages.

In short, while the first priority needs to be a continuous upgrading of the
domestic innovation systems, this needs to be complemented with a variety of
international linkages. This is a necessary caveat to Rodrik's otherwise refreshing
statement that it is domestic investment that makes an economy grow, not integration into
the global economy (Rodrik, 1999, p. 16). After all, investment is only half of the story; it
needs to be complemented with knowledge (Nelson and Pack, 1995) which requires
international linkages.
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4.4. Policy Implications

What role can public policy play in increasing the benefits from network
participation?

Taxonomy

Drawing on Evans (1995), once can construct a taxonomy of four roles of public
policy inindustrial development: (i) the “custodian” role in which the state regul ates the
market, generally privileging the policing function over promotional policies; (ii) the
"demiurge” in which the state plays an entrepreneuria role, not just to provide public
goods but out of a presumption that private capital is not adequate to attain the whole
gamut of production; (iii) “midwifery” where instead of substituting for the private sector
the state tries to shape it out of a belief that the capacity of the private sector is malleable
and (iv) “husbandry” in which the state takes along term view by recognizing that even if
it successfully induces private groups to tackle promising sectors in its role of midwife,
thisis only just the beginning of along process of industrial upgrading. As globalization
poses new opportunities and challenges that local firms are ill-equipped to address on
their own, public policy must continue to cgole and assist these firms by signaling
opportunities, reducing risks, engaging in R&D etc.

It follows from our earlier discussion of the transformations imposed by GPN on
the geography of innovation systems that very limited scope exists for the custodian and
the demiurge role of public policy. The challengeis to design policies and institutions that
alow to combine midwifery and husbandry. This implies that the key to success is to
“catalyze, not replace, the private sector” (McKendrick et al, 2000, chapter 10, p.21) and
to monitor and to hold firms accountable for their use of incentives and subsidies. Once
the initial catching-up phase is over, equal treatment should be provided to domestic and
foreign firms, subject however to one important exception: the promotion of risk-taking
and innovative smaller companies (e.g., Ernst, 2000a).

Globalization, paradoxically enough, has increased the necessity of such policies.
But there is a'so now more space for nationa policy and politics to vary and to make a
difference. A growing body of research on economic policy-making in advanced
industrial countries has demonstrated that choice is possible, in terms of institutions and
policy instruments, and that this applies to macro-economic policy-making as well as to
industrial and technology policies (e.g. Berger and Dore (eds.), 1996). The same is true
for developing countries.

There is now a growing consensus that liberalization of trade and investment
flows should not be equalized with a retreat of the state (e.g., Rodrik, 1999; UNCTAD,
1999, WIR). Liberaization needs to be complemented with proactive and sophisticated
industrial, innovation and investment policies. Without such policies, it may well produce
negative results: instead of improving alocative efficiency and growth, liberalization may
increase a country’s vulnerability to highly volatile international finance and currency
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markets; and it may divert attempts to strengthen local capabilities and innovation. Asthe
example of small Nordic countries and the Netherlands demonstrate, the scope for pro-
active technology and industrial policiesin aliberal ownership regime is far greater than
commonly assumed. Taiwan, Singapore and recent developments in Korea also illustrate
that a variety of approaches is possible to such policies, involving a variety of interesting
hybrid combinations. The choice is much larger than normally assumed.

Generic Principles

The following generic principles can help to delineate key components of such
policies. There is a broad consensus that monetary and macroeconomic stability is of the
essence to provide appropriate incentives for investment and innovation. These
fundamentals are a necessary, but not sufficient condition for economic growth. Equally
important are sector-specific policies that take into account the peculiar requirements of
particular industries, as well as the strengths and weaknesses of sectoral production,
support and innovation systems. This is inevitable in any economy where markets are
based on a sophisticated socia division of labor.

Such policies however differ significantly from sector to sector, in scope, in kind,
and in impact, as documented in Mowery and Nelson (1999: 377). They also differ across
countries. For instance, there is now less resistance to the idea that direct support via
protectionism and subsidies can help to promote effective catching-up in DCs (e.g.,
Stopford, 1997). There is also agreement that the value of these policies becomes
doubtful, once a country has reached the limits of catching-up. In short, there is no one
best optimal solution; rather, such policies are context-specific; they aso need to be
adjusted over time.

A third important generic policy principle is that competition policy is of critical
importance (e.g., OECD, 1999b and 2000; Mowery and Nelson, 1999): firms will only
invest in productivity-enhancing technology, learning and innovation if competition and
regulatory reform force them to do so. It has been argued for instance that the relatively
stringent postwar competition policy of the U.S. weakened the ability of incumbents in
such industries as computers and semiconductors to control new technologies and
markets, and hence facilitated new market entry (e.g., Langlois and Steinmueller, 1999).
This is contrasted with much less aggressive competition policies in Europe and Japan
which has left incumbents in control of the development of new technologies, yet often at
a much slower pace. Competition may also help to lower costs, say access charges for
telecommunications and internet services - a key factor in the diffusion of knowledge
(OECD, 2000).

Competition however is only part of the story - it needs to be balanced with the
requirements of 1U. Intellectual property rights provides an example. Initialy, libera
cross-licensing and weak IPR may be required to facilitate knowledge diffusion. Yet,
once catching-up has been achieved, the pendulum may swing in the opposite direction,
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with strict IPR enforcement gaining in importance. Equally important are policies that
provide support for innovation and for the rapid diffusion of knowledge.

Fourth, implementing such policies however poses daunting political and
administrative challenges. Combining liberalization with the development of a robust
national innovation system (NIS) requires fundamental changes in the objectives and
policy instruments, and a deep understanding of the global competitive dynamics. Not
less, but actually more knowledge and expertise are required in the public sector. More
specifically, developing a viable NIS requires a deep understanding of sectoral
specificities, rather than a sector-neutral and minimally active policy stance. It requires an
understanding of the widely varying technological properties of specific industries, the
logistical and strategic concerns of multinational businesses, the fundamental
transformations in the organization of their globa production networks, and the rapidly
evolving international investment environment.

Finally, organizational and policy innovations are critical for reaping the benefits
of globalization. So far, such innovations have taken place primarily in the private sector:
under pressure to cope with globalization, a handful of MNEs and financia firms are
pioneers in organizational innovations, such innovations however are patently absent in
the public sector. For developing countries, the challenge is to learn from these
organizational innovations introduced in the private sector, and to use them to improve
the efficiency in public institutions and government policies. This does not imply that one
subscribes to the ideological prescriptions of neo-liberalism: the underlying rationale in
fact is to strengthen the corrective forces to the market.

CONCLUSIONS

A central proposition of this paper is that the spread of GPN has substantially
enhanced the scope for international knowledge diffusion. This implies that it would be
anachronistic to stick to “go-it-alone” development strategies. Of critical importance is an
openness to foreign ideas and knowledge, and a capacity to absorb these and blend them
with existing capabilities. International knowledge linkages can help to broaden the range
of options. This is especially true for developing countries where the best policies on
paper are useless if weak ingtitutions prevent their effective implementation. The
dynamics of change adds additional requirements. Policies and support institutions need
to be adjusted to frequently unpredictable changes in technology and markets. Thereis no
“one-size-fits-all” approach to policies and institution-building: both need to be context-
specific and open to continuous adjustment. Hence, the critical importance of diversity,
flexibility and adaptability in both policy instruments and institutions. Here again, an
international perspective can help.

One important reason for international cooperation is that a national system might
be locked into paths that are sub-optimal. The sharing of knowledge between actors of
different national systems of innovation (NIS) may increase the chances to pursue more
potential options, and hence to reduce the lock-in risk. But there is a more fundamental
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reason: the de facto internationalization of local capability clusters and industrial districts
through GPN. Rather than denying this, it is better to try to shape this process. NIS can no
longer exist in splendid isolation: they need to open up and internationalize.

This requires a progressive internationalization of public R&D institutions and
knowledge service providers. Take the example of the Fraunhofer Society (FhG), a key
component of Germany's NIS: over the last years, FhG has established overseas affiliates
in world excellence centres (example: graphic data processing in the US) as well as in
potential markets for German technology (i.e., Malaysia). This needs to be complemented
with policies that help to improve the absorptive capacity of an NIS, i.e. its ability to tap
into sources of knowledge world-wide and to pass relevant knowledge quickly on to
domestic industries. The focus should be on the rapid application of new knowledge.

Equally important are policies that induce global network flagships to locate
relatively knowledge-intensive activities to create dynamic clusters (e.g., Best, 1999), and
to continuously upgrade these activities. At present, there is a mismatch between the
location decision criteria used by network flagships and policy debates on what
constitutes an optimal location. Policies must be adapted to the important changes in firm
behavior that we have described in this paper. Locational debates must shift from an
exclusive concern with costs (static efficiency) to the development of speciaized
capability clusters (dynamic efficiency based on dense forward and backward linkages).
In principle, an optimal location would combine attractive lead markets, a highly
developed production structure (supply base) and excellent research conditions. But very
few locations can fulfil al three criteria simultaneously.

A lack of world-leading R&D excellence centres does not necessarily disqualify a
country/region/location from participating in a GPN. The experience of East Asia
demonstrates that the development of a competitive production base can be a good
starting-point. Over time, this needs to be complemented however with the development
of lead markets and a gradual improvement of R&D capabilities. These are essential
requirements for industrial upgrading.

Globalization however also raises a fundamental dilemma. On the one hand some
degree of stability must exist in policies and institutions: without such stability it is very
difficult to mobilize resources and to provide incentives for learning and innovation. On
the other hand, globalization, combined with ICT, imposes disruptive changes on the very
same ingtitutions and policies. While the latter may have been successful during certain
periods, for instance for rapid catching-up, they may well become barriers at a later stage.
Any attempt to preserve the status quo ante of institutions and policies in the context of
rapid change and increasing uncertainty is likely to constrict learning and innovation that
are necessary for industrial upgrading.

In short, continuity needs to be combined with continuous adaptation in

institutions and policies. It is obviously very difficult to achieve the right balance. Change
however should be constrained by the need to build on accumulated capabilities. “Big
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Bang” change, which discards the latter, often involves prohibitively high opportunity
costs; it may also destroy social consensus, i.e. the most fundamental prerequisite for
economic development.

29



REFERENCES

Aghion, P, and Howitt, 1992, “A Mode of Growth Through Creative
Destruction”, Econometrica, Vol 60: 323-51

Andersen, E.S., 1992, “Approaching National Systems of Innovation”, in: B.A.
Lundvall (ed.), National Systems of Innovation. Towards a Theory of Innovation and
Interactive L earning, Pinter, London and New Y ork

Antonelli, C., 1998, The Microdynamics of Technological Change, Routledge,
London etc

Archibugi, D. and J. Michie, 1995, “The Globalization of Technology: A New
Taxonomy”, Cambridge Journal of Economics, 19:1

Arrow, K.J. (1962), "The Economic Implications of Learning by Doing", Review
of Economic Studies, June

Audretsch, D.B. and M.P. Feldman, 1996, “R&D Spillovers and the Geography of
Innovation and Production”, American Economic Review, Vol. 86: 630-640

Bartlett, C.A. and S. Ghoshal, 1989, Managing Across Borders: The Transnational
Solution, Century Business, London

Bartzokas and Teubal, in thisissue

Berger,S. and R. Dore (eds.), 1996, National Diversity and Global Capitalism,
Cornell University Press, Ithaca and London

Best, M., 1999, “Regiona Growth Dynamics. A Capabilities Perspective’,
Contributions to Political Economy, 18: 105-119

Borrus, M., D. Ernst and S. Haggard (eds.), International Production Networks in
Asia Rivalry or Riches?, Routledge, London

Boyer, R., 1996, “The Convergence Hypothesis Revisited: Globalization but Still
the Century of Nations?’, in: Berger,S. and R. Dore (eds.), 1996, National Diversity and
Global Capitalism, Cornell University Press, Ithaca and London

Boyer, R. et al, eds., 1997, Les systemes d'innovation a |l ére de |la globalization,
Economica, Paris

Cantwell, J.A. (ed.), 1994, Transnational Corporations and Innovatory Activities,
Routledge, London

Chandler, A.D. et a (eds.), 1998, The Dynamic Firm. The Role of Technology,
Strategy, Organization, and Regions, Oxford University Press, Oxford etc.

Chenery, H.B., 1960, “Patterns of Industrial Growth”, American Economic
Review, September

Chenery, H.B. and M. Syrquin, 1975, Patterns of Development: 1950-1970U,
Oxford University Press, Oxford etc.

Coombs, R. and Stan Metcafe, 1998, “Distributed Capabilities and the
Governance of the Firm”, paper presented at DRUID 1998 Summer Conference, June

Dahlman, C., B. Ross-Larson, and L. Westphal, 1987, "Managing Technological
Development: Lessons from the Newly Industrialising Countries', World Development,
Vol. 15/6

Dicken, Peter, 1992, Global Shift: The Internationalization of Economic Activity,
2nd edition, Paul Chapman Publishing, London

30



Dunning, J.H., 1998, “Globalization, Technology and Space’, in: Chandler et al
(eds), The Dynamic Firm. The Role of Technology, Strategy, Organization, and Regions,
Oxford University Press, Oxford etc.

Edquist, C., ed., 1997, Systems of Innovation: Technologies, Institutions and
Organizations, Pinter Publishers, London

Enos, J.L., 1989, “Transfer of Technology”, Asia Pacific Economic Literature,
Vol.3, No.1

Enright, M., 1998, “Regional Clusters and Firm Strategy” in: Chandler et a (eds),
The Dynamic Firm. The Role of Technology, Strategy, Organization, and Regions,
Oxford University Press, Oxford etc.

Ernst, D., 2000a, “Inter-Organizational Knowledge Outsourcing. What Permits
Small Taiwanese Firms to Compete in the Computer Industry?’ , in: Asia Pacific Journal
of Management (John Wiley), specia issue on “Knowledge Management in Asia’,
Vol.17/2: 223-255, August

Ernst, D., 2000b, “Catching-Up and Post-Crisis Industrial Upgrading. Searching
for New Sources of Growth in Korea's Electronics Industry”, in: Deyo, F., R. Doner and
E. Hershberg (editors), Economic Governance and Flexible Production in East Asia,
Rowman and Littlefield Publishers

Ernst, D., 2000c, “ The Economics of Electronics Industry: Competitive Dynamics
and Industrial Organization”, in: The Internationa Encyclopedia of Business and
Management (IEBM), editors: Malcolm Warner and William Lazonick

Ernst, D., 2000d, “Placing the Networks on the Web. Challenges and
Opportunities for Managing in Developing Asia’, paper presented at the Second Asia
Academy of Management Conference “Managing in Asia: Challenges and Opportunities
in the New Millenium”, December 15-18, 2000, Shangri-La Hotel, Singapore

Ernst, D., 2000g, “Internet, Global Production Networks and Industrial Upgrading
— A Knowledge-Centered Conceptual Framework”, paper presented at Social Science
Research Council (SSRC) international working group meeting on “Industrial Upgrading
and Equity”, Costa Rica, October 12-14

Erngt, D., 2000 f (forthcoming),” The Internationalization of Knowledge Support
Functions: Global Production Networks in Information Industries’, Research Policy

Ernst, D., 1998, “High-Tech Competition Puzzles. How Globalization Affects
Firm Behavior and Market Structure in the Electronics Industry”, Revue d Economie
Industrielle, No.85

Ernst, D., 1997 a, “Partners in the China Circle? The Asian Production Networks
of Japanese Electronics Firms’, in: Barry Naughton (ed.), The China Circle, The
Brookings Institution Press, Washington, D.C.

Erngt, D., 1997b, From Partial to Systemic Globalization. International Production
Networks in the Electronics Industry, report prepared for the Sloan Foundation project on
the Globalization in the Data Storage Industry, The Data Storage Industry Globalization
Project Report 97-02, Graduate School of International Relations and Pacific Studies,
University of Californiaat San Diego (94 pages)

Ernst, D.,1994a. What are the Limits to the Korean Model? The Korean
Electronics Industry Under Pressure, A BRIE Research Monograph, The Berkeley
Roundtable on the International Economy, University of California at Berkeley

31



Ernst, D. 1994b, "Network Transactions, Market Structure and Technological
Diffusion - Implications for South-South Cooperation”, in: L. Mytelka (ed.), South-South
Cooperation in a Global Perspective, OECD, Paris

Ernst, D., 1983, The Global Race in Microelectronics, with a foreword by David
Noble, Massachusetts Institute of Technology (MIT), Campus Publishers, Frankfurt and
New Y ork, 290 pages

Ernst, D. and Bengt-Ake Lundvall, 2000, “Information Technology in the
Learning Economy - Challenges for Developing Countries’ in: Erich Reinert (editor),
Evolutionary Economics and Income Inequality , Edward Elgar Press, London

Ernst, D. and J. Ravenhill, 1999, “Globalization, Convergence, and the
Transformation of International Production Networks in Electronics in East Asia’,
Business & Palitics (University of Californiaat Berkeley), Vol 1#1

Ernst, D, T. Ganiatsos and L. Mytelka (eds.), 1998, Technological Capabilities
and Export Success - Lessons from East Asia, Routledge Press, London etc

Ernst, D. and D. O'Connor, 1992, Competing in the Electronics Industry. The
Experience of Newly Industrialising Economies, Development Centre Studies, OECD,
Paris, 303 pages

Ernst, D. and D.O'Connor, 1989, Technology and Global Competition. The
Challenge for Newly Industrialising Economies, OECD Development Centre Studies,
Paris, 149 pages

Evans, P.,1995, Embedded Autonomy. States and Industrial Transformatio,
Princeton University Press

Freeman, Chris, 1997, “Innovation Systems: City-State, National, Continental and
Sub-National”, SPRU, University of Sussex, December

Freeman, C., 1995, “The National Innovation Systems in Historical Perspective’,
Cambridge Journal of Economics, 19:1

Freeman, C., 1987, Technology Policy and Economic Performance: Lessons from
Japan, Pinter Publishres, London

Granstrand, O., L. Hakanson and S. Sjoelander, 1993, “Internationalization of
R&D - asurvey of some recent research”, Research Policy, vol.22

Grossman, G.M., and E. Helpman, 1991, Innovation and Growth in the Global
Economy, MIT Press, Camb ridge/Mass.

Grove, A.S., 1996, Only the Paranoid Survive. How to Exploit the Crisis Points
that Challenge Every Company and Career, Harper Collins Business, New York and
London

Gu, ShuLin, 1999, China's Industrial Technology. Market Reform and
Organizational Change, Routledge, London and new Y ork

Helpman, E. (ed.), 1998, Genera Purpose Technologies and Economic Growth,
MIT Press, Cambridge, Mass.

Hobday, M., 1995, Innovation in East Asiaz The Challenge to Japan, Edward
Elgar, Aldershot

Kline, S.J. and N. Rosenberg, 1986, “An Overview of Innovation”, in: R. Landau
and N. Rosenberg (eds.), The Positive Sum Strategy, Washington, D.C., National
Academy Press

32



Krugman, P., 1991 , Geography and Trade, MIT Press, Cambridge/Mass.

Krugman, P., 1995, Development, Geography and Economic Theory, MIT Press,
Cambridge/Mass

Lall, S, 1997, “Technological Change and Industrialization in the Asian NIEs:
Achievements and Challenges’, paper presented at international symposium on
“Innovation and Competitiveness in Newly Industrializing Economies’, Science &
Technology Policy Institute, Seoul, Korea, May 26-27.

Lam, A., 1998, “The Socia Embeddedness of Knowledge: Problems of
Knowledge-Sharing and Organisational Learning in International High-Tech Venturs’,
DRUID Working Paper 98-7, Department of Business Studies, Aalborg University

Langlois, R.N. and W.E. Steinmueller, 1999, “The Evolution of Competitive
Advantage in the Worldwide Semiconductor Industry, 1947-1996”, in: D.C. Mowery and
R.R. Nelson (eds.), Sources of Industrial Leadership. Studies in Seven Industries, pp. 79-
132, Cambridge University Press, Cambridge

Lazonick, W., 1999,”Innovative Enterprise in Theory and History”, INSEAD,
March, 40 pages

Levy, D., 1995, “International Sourcing and Supply Chain Stability”, Journal of
International Business Studies, second quarter

Lipsey in thisissue

Lipsey, R.G., 1997, “Globalization and National Government Policies: An
Economist’s View”, in: J.H. Dunning (ed.), Governments, Globalization and International
Business, Oxford University Press, London etc.

Lipsey, R.G., C. Bekar and K. Carlaw, 1998a , “What Requires Explanation?’,
chapter 2, in: E. Helpman (ed.), General Purpose Technologies and Economic Growth,
The MIT Press, Cambridge/Mass. & London

Lipsey, R.G., C. Bekar and K. Carlaw, 1998b , “ The Consequences of Changesin
GPTs’, chapter 8, in: E. Helpman (ed.), General Purpose Technologies and Economic
Growth, The MIT Press, Cambridge/Mass. & London

Luethje, B., 1999, Produktionsstrategien, Zulieferernetze und Arbeitsbeziehungen
in der EDV-Industrie des “Silicon Valey™ (= Production Strategies, Subcontractor
Networks and Labor Relations in the Computer industry of Silicon Valley), Habilitation,
department of socia science, Johann Wolfgang Goethe-Universitaet, Frankfurt am main

Lundvall, B.A., (ed.), 1992, National Systems of Innovation: Towards a Theory of
Innovation and Interactive Learning, Pinter Publishers, London

Lundvall, B.A., 1988, "Innovation as an Interactive Process. From User-Producer
Interaction to the National System of Innovation”, in: Dosi, G. et a (eds.), Technica
Change and Economic Theory, Pinter Publishers, London

Lundvall, B.A. and S. Borras, 1997, The Globalising Learning Economy:
Implications for Innovation Policy, report prepared for the TSER programme, European
Commission, Brussels

Markusen, A. , 1996, “Sticky Places in Slippery Space: A Typology of Industrial
Districts’, Economic Geography, 72: 293-313

Marshall, A., 1890/1916, Principles of Economics. An Introductory Volume, 7%
edition, London, Macmillan

33



Martin, R., 1999, “New "Geographical” Turn in Economics’, Cambridge Journal
of Economics, January

McKendrick, D., R. Doner, and S. Haggard, forthcoming, From Silicon Valley to
Singapore: Location and Competitive Advantage in the Hard Disk Drive Industry, book
manuscript, Information Storage Industry Center, University of California, San Diego

Miner, A. S. and P.S. Haunschild, 1995, “Population Level Learning”, Research
in Organizational Behavior, Vol.17, pages 115-166.

Mowery, D.C. and R.R. Nelson (eds.), Sources of Industrial Leadership. Studies
in Seven Industries, pp. 79- 132, Cambridge University Press, Cambridge

Nelson, R. R. (ed.), 1993, National Innovation Systems, Oxford University Press,
London etc.

Nelson, R. and H. Pack, 1995, “The Asian growth miracle and modern growth
theory”, manuscript, School of International and Public Affairs, Columbia University,
December

Nelson, R. and S. G. Winter, 1982, An Evolutionary Theory of Economic

OECD, 2000, A New Economy? The Changing Role of Innovation and
Information Technology in Growth, Paris

OECD, 1999a, Benchmarking the Knowledge-Based Economies, Structural
Policy Branch, , Paris, September

OECD, 1999b, Managing National Innovation Systems, Paris

OECD, 1999c, Boosting Innovation: The Cluster Approach, Paris

Ohmae, K., 1991, The Borderless World: Power and Strategy in the Interlinked
Economy, Harper and Row, New Y ork

Ozawa, T., 2000, “The New Asian Drama: The End of “Flying-Geese” Catch-Up
Growth and FDI as a Catalyst to Crisis-Triggered Restructuring”, research proposal, East-
West Center, August

Patel, P. and K. Pavitt , 1991, “Large Firms in the Production of the World's
Technology: An Important Case of "‘Non-Globalisation™, _Journal of International
Business Studies, 22: 1-21

Penrose, Edith, T., 1959/1995, The Theory of the Growth of the Firm, Oxford
University Press, Oxford

Porter, M., 1990, The Competitive Advantage of Nations, Macmillan, London

Porter,M. and @. Salvell, 1998, “The Role of Geography in the Process of
Innovation and the Sustainable Competitive Advantage of Firms’, in: Chandler et al
(eds), The Dynamic Firm. The Role of Technology, Strategy, Organization, and Regions,
Oxford University Press, Oxford etc.

Reed Electronics Research, 1998, Y earbook of World Electronics Data, Volume 2
- America, Japan & Asia Pacific, Sutton, Surrey

Richardson, G.B., 1960/1990, Information and Investment. A Study in the
Working of the Competitive Economy, Clarendon Press, Oxford

Rodrik, D., 1999, The New Global Economy and Developing Countries: Making
Openness Work, Overseas Development Council Policy Essay No.24, Johns Hopkins
University Press, Baltimore, MD

Rodrik, D., 2000, “Development Strategies for the Next Century”, manuscript,
Harvard University, February

34



Romer, P.M., 1990, “Endogenous Technologica Change’, Journal of Political
Economy, 98: S71-S102.

Rugman, A.M., 1997, “Canada’, chapter 6, in: J.H. Dunning (ed.), Governments,
Globalization and International Business, Oxford University Press, London etc

Saxenian, A., 1994, Regiona Advantage: Culture and Competition in Silicon
Valley and Route 128, Harvard University Press, Cambridge, Mass.

Scott, A.J., 1998, “The Geographic Foundations of Industrial Performance’, in:
Chandler et al (eds), The Dynamic Firm. The Role of Technology, Strategy, Organization,
and Regions, Oxford University Press, Oxford etc.

Shin Jang-Sup, 1996, The Economics of the Latecomers. Catching-Up,
Technology Transfer and Institutions in Germany, Japan and South Korea, Routledge,
London and New Y ork

Solectron, 2000, “What is a Globa Supply-Chain Facilitator?’, at
www.solectron.com, 15 pages

Spender, J.-C., 1998, “The Geographies of Strategic Competence: Borrowing
from Social and Educational Psychology to Sketch an Activity and Knowledge-Based
Theory of the Firm”, chapter 18 in: Chandler et al (eds), The Dynamic Firm. The Role of
Technology, Strategy, Organization, and Regions, Oxford University Press, Oxford etc.

Stiglitz, J, 1998, “Knowledge and Development: Economic Science, Economic
Policy, and Economic Advice’, paper prepared for the Annual World Bank Conference
on Development Economics, Washington, D.C., April 20-21

Stopford, J. M., 1997, “Implications for National Governments’, in: J.H. Dunning
(ed.), Governments, Globalization and International Business, Oxford University Press,
London etc

Storper, M., 1997, The Regional World: Territorial Development in a Global
Economy, The Guilford Press, New Y ork

Sturgeon, T. (forthcoming), Turnkey Production Networks in Electronics, PhD
dissertation, University of California at Berkeley, Department of Urban Planning

Teece, D., 1998, “Design Issues for Innovative Firms. Bureaucracy, Incentives
and Industrial Structure”, in: Chandler et a (eds), The Dynamic Firm. The Role of
Technology, Strategy, Organization, and Regions, Oxford University Press, Oxford etc.

Teece, D., 1986, “Profiting from Technological Innovation”, Research Policy,
15/6: 285-306

Teece, D., R. Rumelt, G. Dos and S. Winter, 1994, “Understanding Corporate
Coherence: Theory and Evidence’, Journa of Economic Behavior and Organization,
23/1: 1-30

UNCTAD, 1998, World Investment Report 1998. Trends and Determinants,
Geneva

UNCTAD, 1999, World Investment Report 1999. Foreign Direct Investment and
the Challenge of Development, Geneva

Wade, R. and F. Veneroso, 1998, “The Asian Financia Crisis. The
Unrecognized Risk of the IMF's Asia Package,” paper presented at the Nordic Research
Seminar on the Economic Crisisin East and Southeast Asia, Centre for Development and
the Environment (SUM), University of Oslo (January 23-24).

35



Williamson, O.E., 1998, “Strategy Research: Governance and Competence
perspectives’, Haas School of Business, University of California, June

Williamson, O.E., 1985, The Economic Institutions of Capitalism. Firms,
Markets, Relational Contracting, The Free Press, New Y ork and London

36



	WP No. 9 ABSTRACT.pdf
	ABSTRACT
	Key words
	JEL


	WP No. 9 text with references.pdf
	REFERENCES


