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1.0 Introduction

This paper explores two broad themes and advanoegmposition. At a general level, we seek to
understand the factors that explain the wide dffiees in economic growth through divergent paths of
development between East Asia and Sub-SaharaneAffite aim is to contribute to the debate on the
underlying factors of historical catch-up, an idbat has a long tradition of scholarship (Hamilton,
1791, List; 1885; Gerschenkron, 1962, Amsden, 19894; Schumpeter, 1934, 1950; Reinert, 2004).
The second theme examines the processes of tegitallcapability accumulation through learning
that is now widely accepted as underpinning hisedreconomic catch-up (Nelson and Winter, 1982;
Rosenberg, 1986, 1994; Freeman, 1987, 1989; Amsdle89; Lundvall, 1988). In taking a
comparative historical economic perspective, wermteunmindful of the deep rooted differences in
the history and cultures of the regions and coestas well as the political constituencies andcpedi
that shape the paths of development (see Nortt8)19%e feel that these differences may in fact help
to shed light on our analyses. We therefore assaipeori following Adelman (2001:128) that the
“development trajectory of countries is not onlynamique but also malleabfeThis informed the
title of the book from which much of the materials in this papeexsracted. Simply put, the paths of
development of nations are uneven in the sensecthattries chart unequal trajectories depending on
where they came from, the processes they adoptt-ependence), the natural endowment they
possess and its consequences for sectoral spatimiipatterns (Leamet. al, 1999).

The broad proposition is that explicit investmantachnological capability acquisition, an actiuityat

is central to modern economic development, is yndeed by unique and nationally distinct set of
institutions and organizations. In other words,usltdialization is not simply about the purchase of
machinery or simply increasing investment in reseand development (R&D). If this was the case,
the rich mineral and oil producing countries of therld would not need to exert much effort in
achieving modernization. It is also not just abadopting manufacturing as a policy over say,
agriculture or mineral processin@he factors that shape the paths of developarentather complex
but there a few areas of agreement, namely: tmatwledge, not just technological alone in its narro
sense, is critical; that certain leading sectoes able to propel economies in the direction ohhig
growth dynamics; that learning through diversityngetion (this is triggered in economic systems
through innovation) foster economic development #rat diversities of institutions and systems of
production (and innovation) explain the persistéifferences in the path of development and
ultimately the economic outcomes of national emdaes (Schumpeter, 1942; Gerschenkron, 1962;
Lundvall, 1988; Dosi et al, 1988). In other wordectoral specificities are an outcome of policy
decisions arising from political constituencies @t by the mediation of initial conditions at the

! This book assumes that policies and institutions are context specific and may be relevant only for a specific time. For
instance institutions that East Asians countries employed in early stages of catch-up to achieve unprecedented export
success may be irrelevant at another time. Global rules of the game have changed and new actors have emerged to
change the dynamics of trade and other exchange relations.

2 Uneven Paths of Development by Banji Oyelaran-@yeyand Rajah Rasiah (forthcoming, 2007, EdwaghEIUK).



manner of integration of host sites in the worldreamy, institutional development and therefore of
the learning and the direction for knowledge acclatmn.

The paper compares industrial development throgginological advance in a number of Sub-
Saharan African (SSA) countries with selected Esstin Countries (EACs). While Sub-Saharan
African and East Asian countries have been compiaré¢ide past, the studies have focused largely at
broad macroeconomic lev@lsHowever, no study that we know of has approachiadsubject from
the perspective of learning and technological céipalbuilding. Again, while East Asia has been
studied in respect of its “miracle”, studies on S8Ave invariably been coded in terms of the
“tragedy” of economic failures and regrés#/hile there are empirical facts to justify bofspeoaches,
our focus is different; ande look neither to tragedies nor miracles but to learning. The country
studies rely on evolutionary economic theorizinglegal to specific sectors that have been influéntia
in stimulating economic growth. Twenty years ago, one could have predicted that electronics
hardware would be the key driver of rapid growthGdfina. Neither could anyone have foreseen that
India would become a major exporter of software.

This new dynamic in Asia has implications for bathde and development in Africa. Much of East
Asia has become fully engaged in global trade imuffecturing and value adding services while
Africa remains connected largely through the sumblyaw materials. Significantly, the terms of tead
and volume as well as the destination of raw mategxports are experiencing geographical shifts, b
which Africa is progressively exporting more to Asand in the process, fueling growth in the
continent. But this might happen at the expenseasicent local manufacturing capacity where all
efforts are directed at feeding the new factories workshops of the world based in East Asia. For
instance, China and much of East Asia have tremendtrength in low-tech production such as in
consumer electronics and computer peripheralsymt and apparel and clothing. Africa has a fairly
long history in textile and garment manufacturirapd there is some promise of electronics
manufacturing in South Africa, Nigeria and Maumtiurhe African Growth Opportunities Agreement
(AGOA) with the United States in 1999 and the ‘gtleing but arms’ agreement between least
developed economies (LDEs) and the European Unior2001 has given some room for the
emergence of foreign-driven garment manufactunmg number of Sub-Saharan economies, but only
at the expense of displacement of the older garmesmufacturers in these economies. In the
background of these agreements is the removal efMhlti-Fibre Agreement (MFA) in 2004.
Available evidence shows that much of the AGOA- &hdirelated garment manufacturing remained
uncertain and the firms involved pay low wages waitihsocial safety instruments (see Ganesh, 2006).

There is therefore much that connects Africa anth Amd there are lessons of contemporary and
historical relevance to be learnt. However, what@rutmost interest for this paper are the lessioais
our comparative institutional study holds for bett@derstanding of theory and policy that promote
industrialization in latecomers.

The papelis organized in five sections. The next sectios sett a brief theoretical framework while
section three reviews the global trends of the éet@. Sections four and five explain the reasons f
divergent evolution of industry.

3 Past studies include Asia and Africa: legacies and opportunities in development (Lindauer and Roemer
1994), Asian industrialization and Africa (Stein 1995), Africa and Asia in comparative economic perspective
(Lawrence and Thirtle 2001) and Comparative development opportunities of Sub-Saharan Africa and East Asia
(Nissanke and Aryeetey 2003).

“ See World Bank (1989) for the former and Easterly (1989) for the latter.



2.0 Innovation in Latecomer development

There is little doubt that knowledge by itself aghbodied in different mediums (as human agentsifiedd
information, new machinery and equipment) partidyleiith the advent of the internet has been sgrepdt an
unprecedented rate but it is equally true thatdangathes of the globe are being left behind. Whrilewledge
bridges are occurring so are also knowledge dividilee spread of the internet across countries dsase¢he
adoption of related artefacts such as computerst@dommon telephone gives an indication of thensk
growth of human knowledge. But what lies behinduheven generation and diffusion of knowledge aitt iv
unequal development is the diverging developmeriknoiwledge appropriating and creating capabilitfest
differently, what factors separate the countried thade rapid progress in “catching up” and those tfell
behind"? This question has remained central to @wists for decades (Marx, 1860; Mill, 1844; Lis885;
Veblen, 1915; Young, 1928; Schumpeter, 1912; Kalti®b7; Lewis, 1956; Myrdal, 1957; Gerschenkror§2,9
Amsden, 1989) There are three broad identifiable historicalclbatp paths (clearly there will be others)
following from Veblen's account of Germany’'s indualkization, Gerschenkron’s institutional histotlica
approach and the more recent account of Japanthaedmast Asian successful industrialization (John4982;
Freeman, 1987; Fransman, 1985; Amsden, 1989; AmmsderChu, 2003; Mathews, 2002; Wade, 1990; Chang,
1994, 2003; Reinert, 1994). The stylized factshefd¢atch-up stories are as follow:

= The occurrence of earlier industrialization of foreners provide an opportunity ftatecomersto
initiate their own processes of industrializatibnough learning; not just to imitate the technotadi
process but also to configure new and context-eglevinstitutional instruments” (this is the term
used by Gerschenkron).

* This process of catching-up demands an institutiamangement that is peculiar to the endowment
of the particular country. The institutional instrents include financial incentive$o overcome the
scale effects of increasingly complex industriadnté, and the instruments to remove the barriers
imposed by the state of education of society atelite ones. As Abramovitz (1986) puts it: “The
state of education embodied in a nation’s poputatmd its existing institutional arrangements
constrains it in its choice of technology”. Instituins exert pervasive influence in a country’s batc
up process; it defines its future as much as inddfits past.

= The catch-up strategy has almost always succeédedgh the targeting of rapidly growing sectors,
an advice that was taken seriously the East Aaiéirsg with Japaf.

= Catch-Up involves an activist state; however thie f the state will differ in style and content
across countries and time. In Japan for example latet South Korea, the use of financial
instruments of the state (“directed credit”) wasmleand pervasive. In Taiwan the rise of the
country’s semiconductor industry was spearheadea tymbination of state-promoted policies. The
Industrial Technology Research Institute (ITRI) waskey actor while public-private research
consortia proved to be an effective institutionagtiument in developing laptop PC (Matthews,
2002).

» The nature of demand has also been critical irhaapcstrategies (Malerba, 2006). Domestic demand
was critical in driving scale-based industriesdrge economies such as the United States, Germany,
Japan and Korea. However, export-oriented indsstiere central to all successful industries in
Taiwan.

3.0 TheInformation Hardwar e Sectoral System

Due in part to the complexity of treating natiosgbktems all at once particularly in a multi-country
study, we have selected for study a sector charaetkinitially by low value added and employment-
intensive operations where East Asia has madefsigni progress, that is the manufacturing and
export of computer hardware. With the exceptioraadynamic economy in Japan that had already
reached the technology frontier in industries salshipbuilding, steel, textile and garments befioee
mid-19" century to act as a driver of the East Asian entas, in some ways like Africa, the labour
force and institutions in the remaining East Assaonomies were also weakly developed initially.



But what justify the selection of the computer heace sector for study within such contrasting
regional settings and with such vastly differemtitutional capacities (and growing wider) are filre
main reasons:

(1) Global growth is currently driven by knowledge-imseve industries (Lall, 2003). At the
heart of this “new economy” are ICTs which are imnt driven by rapid advances in
information and computer systems. Africa and otteveloping countries would have to
take account of this new global dynamics and undeding how it works is an essential
start.

(i) Our approach is to examine the industry within atayic framework by which the
complex interactions of actors involved not justdiesign and manufacturing but also in
assembly and test, packaging, distribution, mankgetand services of computers and
components. In a global division of labour, all otries have an entry point in this complex
products system as increasingly “knowledge creatisnseparated from manufacturing
systems.

(i)  Beyond design and assembly of computers, the rotbeointernet as a General Purpose
Technology (GPT) has spawned a variety of new lidliapces including web phones,
game consoles, and so on through which countrigisare far from the global locus of
manufacturing (USA, Taiwan, China) could benefionfr value-adding services, which
offers African countries considerable opportunities generate wealth through fruitful
networking with Asia.

(iv)  African countries presently have to compete intBnsetheir home countries with scale-
driven products exported from Asia. It is importanain unpredictable world to understand
the policy and institutional context of how thisngoetition will be shaped.

(v) The processes of learning are expected to drimesfin African countries to move beyond
assembly and processing or simply selling comphaedware.

The aim of the study was not to demonstrate hovicafr countries could or should acquire capability
development in IH manufacturing and design. Thennabjective is to understand the underlying

dynamics of the convergence of institutional, tedbgical and policy factors that shape a latecomer
country’s attempt to learn from the forerunnergémerate economic wealth in a globally competitive
sector.

The evolution of the IH sub-sector in East Asia li@sroots in production relocation (largely
Singapore, Malaysia, Philippines, Indonesia, TimaiJaChina and Vietham) as well as market and
technological linkages (Korea and Taiwan) with nmaitional firms in the United States. Essentially a
new global locus of production is emerging whictdig/en in large part by state actions and strong
intermediary links between firms and institutioristbrically (Amsden and Chu, 2000; Ernst, 2006;
Rasiah, 2001) and sustained by a host of markehanémnarket phenomena (regional systems, global
networks) (Gereffi, Humphrey and Sturgeon, 2005%i&aand Lin, 2005).
This new global division of labour has created & h&ormation Hardware (IH) divide with:
= The diffusion of IH into technology-using indussiigsuch as textile and garments, and wood
and furniture in East Asia has transformed the atimimy between old and new economies. The
diffusion of enabler technologies such as IH, makerand mechatronics by technology



creating modern (high tech) industries into tradiél (previously considered low tech)
industries are increasingly removing such dichoeani
= East Asia continues to attract investment in IHdpition while Africa and the rest of

developing Asia remain as importers. Expansiomegroduction of export-oriented IH in the

transitional economies of Eastern Europe and thdiraged production operations in Latin

America has not slowed down the rapid expansioprotiuction in East Asia (see Rasiah,

2004).
Studies have shown that IH has impacted with vagrigvels of intensity on traditional sectors sush a
textiles and garments although the impact seerbg tmore profound in the sector itself which is also
the biggest employer of IH skills. Particularly coater use has been more concentrated in services
(aviation, banking, and financial services) as vesllmanufacturing. For instance, Computer Aided
Design/Computer Aided manufacturing (CAD/CAM) systeare widely used for pattern designing,
fabric cutting and stitching and colour identificat. Also, layout and organizational innovationyda
resulted in considerable IH applications in supghgin management for more efficient warehousing
and inventory control, reduction in defects andidbgs costs, and more effective qualitative and
guantitative demand-supply coordination (betweeadpcers and users). For example, integrated
materials resource planning (MRP2) has successfrdlysformed just-in-time production to lower
defects and delivery times while absorbing custotaste effectively in both producer-driven value
chains (e.g. automotives) and buyer-driven valunsh(e.g. garments and computers). In some cases
it has driven modularization to smoothen productmordination in supply chain management
(Gereffi, Humphrey and Sturgeon, 2005; Rasiah, 2006 some cases it has quickened the
introduction of design changes and strengthenedapacity of shrinking production space to deliaer
wider range of product models (Rasiah, 1994). Coattbn between small and medium enterprises
(SMESs) and large retailers in the US and Europedbtooms, Wal-Mart, Nike) has been facilitated by
IT through continuous flow of information on desjgirders, stock levels no matter the geographic
locations. These developments have transformed egarvalue chains so much that in some cases
producers coordinate manufacturing, packaging agstics without affecting buyers’ (brand holders)
position as drivers of the chains (see Rasiah, RO@7some cases, logistics operators act as the
interface between producers and buyers to redacketimes in the garment industry. African countries
have in the main been spectators and at best imaitaieripheral actors in this new global order
although things are beginning to change.

A number of Asian countries have progressively beedkey players in the manufacturing of IH
products although the depth of capabilities, mark@&ntation and the nature of actors vary across
countries. For instance, China and Malaysia haweix@d structure where firms produce for both
domestic and global markets and are engaged irvédwe added production of components, modules
and computers). Singapore specializes in foreigredr high value added operations in wafer
fabrication, designing and logistics (Mathew andoCBO0O00; Wong, 2005). Taiwan specializes in
original equipment manufacturing (OEM), R&D andtie supply of global services (see Rasiah and
Lin, 2005; Ernst, 2006). Understanding how this n@aduction and innovation dynamics evolved is
essential for our understanding the subject ohtha section.

4.0 Information Hardware: Global L eadersand the Rest

This section sets out the main elements of the cbenhardware innovation system. Our conceptiofsettor”
is different from the notion of an industrial secteghere firms are homogeneous; products are umdiff@ated
and only distinguishable by thgice. According to the perfect competition assumptiodjvidual actors have
no role to play and it is infinitesimal in the liimg case (Chang, 2003). In other words the aationdividual
agents or states have no effect on the economioimgt; which also means that interactive learniogzentral
to the systems concept is irrelevadhlike an industrial sector which only consistsfiofns engaged in the



production of sector-specific goods, we define etaal system of innovation to include firms andmamic
agents (including institutions) that connect thiougarket and non-market (e. social and technidatioaships
that are not price determined) links. It is undengid by the following: (a) firms (b) organizatioth&t support
and regulate (c) networks of actors (d) institwsiamd (f) knowledge base (Malerba, 2004). Usingradata on
European economies Malerba, Orsenigo and Per&iy)land Malerba (2002) expanded the sectoral digsam
to explain the persistence of innovations and Huoey relate to market structure variables. Secgystems also
allow the understanding of how particular knowledggse drives new innovations (see Malerba, Nelson,
Orsenigo and Winter, 2001).

The development of industry-specific knowledge basemetimes criss-crosses into other industry kedge
bases so that the components of these industriedapvto contain products that can figure any afséh
industries — e.g. the diffusion of software systefosmmand navigation systems and smart lights), and
electronics components (read only memory chipsahdr transistors in car stereo sets), as wellrasigon
tooling (e.g. moulds) in motorcar assembly has dnbitogether the machinery, electronics and aepaspa
industries (see Best, 2001; Rasiah, 2002).

A focus on a specific sector such as IH bringsidigtsyncratic issues because of the nature of ngritee
paths of innovation and the challenges faced hgstdiffer considerably depending on the compasitibthe
industry, and the embedding institutions. IH hasrba leading sector and as will be shown in theptér, a
source of considerable wealth creation for the aded industrial countries and much of East AsiailWkey
industries have engineered upswings to initiatenegoc long waves (Schumpeter, 1934; Perez, 1984),
successful developers starting from low income lewand from the bottom of the technology laddeemft
targeted selected lead sectors on the basis oftmest generation and linkage potential (see Hinseh) 1958;
1977). The history of successful latecomer indabgation has also been identified with leadingtcec
(Gerschenkron, 1962) and the computer hardwarersicpart of the electronics complex that has atrithe
economies of East Asia. The East Asian countresiisg with Japan followed later by South Korea aadvan
have all accumulated capabilities at different Isw® become major exporters. Whereas local firsisigy
creative duplication and licensing channels haweedrproduction of computer hardware in Japan, Kaed
Taiwan, foreign direct investment has been the @rohannel of growth in Singapore, Malaysia, Thailan
China, Philippines, Indonesia and Vietham.

African countries on the other hand have becomemneainsumers of electronic goods even though a euib
them have adopted key components of IH. Table Holvs the indicators of IH knowledge infrastructared

the normalized values of these indicators Basierifrt Infrastructure (BII) calculated over the 12984
period! Bll CAGR for China, India and Korea top the Asizountries while Ghana, Nigeria, Tanzania, Rwanda
have also been growing very rapidly in Africa. Tdgn@wth rate in Africa reflects the significant irstments
being made in telecommunications particularly inMcS



Table 1. Average Annual Growth Rate, Africa and Asia

Country Int. User PC Density | Td. Density | GDP Growth BIl Growth
2004 2004 2004 (1999-2004 (1999-2004)
China 72.52 40.88 241.05 7.82 53.09
Hong Kong 505.57 608.34 549.16 2.04 28.32
India 32.41 12.06 40.71 3.98 45.05
Indonesia 7.68 13.88 45.91 0.38 22.37
Korea 2.03 544.92 541.94 3.76 42.63
Malaysia 3.04 196.83 178.60 1.63 18.68
Philippines 3.90 45.13 42.11 1.59 31.29
Singapore 4.89 921.21 439.59 2.18 20.65
Botswana 33.91 45.22 77.13 4.89 31.70
Ghana 16.98 5.16 14.46 2.16 43.45
Kenya 44.81 13.17 8.94 -0.003 17.51
Nigeria 13.74 6.73 7.98 1.08 37.44
Senegal 42.33 21.25 23.13 1.40 33.43
South Africa 78.35 82.18 105.17 1.40 18.31
Tanzania 8.85 7.38 4.27 2.95 53.28
Rwanda 4.27 NA* 2.58 1.40 32.44

*NA — Information not available

Note: Basic internet infrastructure (BII) refersa@omposite index of internet users per capitesqral computer users per
capita (PC density), and telephone density (Tel).=B Internet User Index = {X j,i - Min (Xj,P{Max (X],i) - Min
(Xj,}, Xirefers to the Internet user per capéad |, and j refer to the number of countries répgrdata.

Data Source: Authors’ Calculations from World Deymhent Indicators, The World Bank 2005.

The IH industry is a complex network of firms tie@n only be fully understood when considered irlcba
and regional systemic framework. Components ofititistry range from microprocessors, peripherald an
components to complete systems, operating systemsapplications. There are also a plethora of actor
(OEMs, ODMs and OBMs) depending on the level ohtextogy and markets. The activities in which actmes
involved are complex and diverse such as developnoénnew products, design, production, R&D,
manufacturing, assembly, logistics, distributioales, marketing, service, and support. They thezefaclude
the largest multinational corporations (MNCs) todbsmall enterprises.

While the personal computer (PC) has been theHipgsf the industry for a long time, the notebo®B]
segment has emerged as a significant componensitirals a continuous advance in the evolutionigital
technology which is a shift in form factor. Presentt is the fastest growing segment of the indysiocated
largely in the United States, Japan, Taiwan anah&hi

The gradual shift of centres of manufacturing prtiten and increasingly design is one of the halkeaof
development in this sector. The move to the AsieifRaregion and particularly China has been dua twst of
factors. Both push and pull factors working simoétausly have been instrumental in the global spafad
manufacturing and design, as well as R&D activitie®Il-driven IH manufacturing began relocating in
economies such as Singapore, Malaysia, Thailantippihes, China, Indonesia and Vietnam, literaie lcost
labour in sites endowed with good basic infrastrest political stability, security and fairly effent
bureaucratic coordination (especially approvals anstoms). Singapore managed to stimulate consigera
upgrading in the industry through its leveragingtelgy. Malaysia, Thailand, Philippines and Indamdmve
remained entrenched in low value added operatidietnam’s experience with IH manufacturing is ssitlort
while China has managed to attract both types efaifpns — low cost operations in unskilled lababundant
sites and fairly high tech operations in scienaéga

Taiwan and Korea relied on preferential policiestimulate upgrading in local IH firms, accessinii®1know
how through licensing and appropriating learning @movation synergies through creative duplicatfsee



Amsden, 1989; Amsden and Chu, 2003; Kim, 1997; aasind Lin, 2005). Taiwan, Korea and China have
developed the capabilities to sustain export sgccdsese include the availability of knowledge akills base,
the creation of unique organizational and instidl structures, as well as policy and state coatatin that
fostered the growth of the sector. Within a pewbtivo decades, IH industry space in the world Wwhiad been
dominated by US companies is now shared by Japakesean, Taiwanese and Chinese companies.

The dynamics of foreign operations in developingnemies have also changed over the years. American,
European and Japanese firms only relocated asseanblytest operations in East Asia in the late 196Gb
1970s. The decomposition of manufacturing operatibrat started in the 1980s led to the contracbiugof
components and completely knocked down parts dpesato other American firms. American and European
firms subsequently began contracting out wafer i€akion (e.g. Taiwan Semiconductor Manufacturing
Corporation and United Microelectronics Corporafjooomputer manufacturing (e.g. Tatung) and related
components to Taiwanese firms from the mid-198@Mperations had become important players in khe |
value chain by the early 1990s. American (e.g. Saandabil, Flextronics and Solectron) and Europ@ag.
Infineon) firms too began to participate strongiytihese contract operations. Strong deepeningeitigih tech
infrastructure in Taiwan, Korea and Singapore hss belped attract innovation off-shoring by MN@sthese
countries (see Prasada, 2000; Ernst, 2006). Chasablecome a particularly attractive location fagioal
equipment manufacturing (OEMs) and contract elaedtrananufacturing (CEMs) from the USA, Europe and
Japan due in part to price competitiveness butifgigntly because of institutional reforms that sed
productivity and provided the platform for a moverh simple assembly to packaging, test and dedJige.
Chinese computer hardware industry has for thizeaence of factors risen from a peripheral acia global
producer and exporter over the last one and hafidke As shown in Figure 1, IH production valugdéased
from $645 million in 1990 to $81 billion in 2004utstripping US production for the first time.

The accelerated growth of Chinese production staatdecade earlier and in the process outpaceduforers
such Japan, Taiwan and Singapore (see Figure kje§thhardware production tripled in the last frears.



Figure 1: Leading IH Producing L ocations 1990-2004
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Source: Reed Electronics Research, Yearbook ofd/Ndéctronics Data.

China is producing a wide range of IH productstdahg personal computers, servers, desktop PCsaptap
PCs, but excluding mini/micro-computers and wortkstes).

Significantly, there has been a progressive ris¢han share of Asia in IH production and export with
increasing emphasis on a mix of low and high valdded products. While the US remains the top ezpoft
CH and also the destination of most exports, tienee been changes in the trends. Tables 2 andv@ tsigo
ranking of the global national leaders in IH pratituc and export.

Although the United States has retained exportdeskdp of IT hardware, China has continued to dbe
highest growth rate - at almost 40 percent (sedeJaBhina’'s manufacturing production capacity awmes to
rise and IH export increased from US$35.2 billion2002 to US$49 billion in 2003, and with this Ghin
became the second largest exporter to displacenJapa Taiwan to third and fourth places. What issimo
significant is that while China continues to galapan and Taiwan’s shipments fell by 19.2 and 3iedcent
respectively; a significant decline that has widktle gap between them and China. Table 4 andd-R@show
the rise of export by the Asia-Pacific area andttbad drop in the share of Japanese shipmentstehef the
developing world has also been catching up in égi+exports but Africa is not an important benafic



Table 2. Domestic Export Value Rankings of World Leading | H Producer Nations

2000 2001 2002 2003 03
Growth

us 85,772 69,605 61,268 62,511 2.0%
PRC 25,535 28,174 35,225 49,075 39.3%
Japan 52,153 39,204 27,673 22,371 -19.2%
Taiwan 23,081 20,124 17,291 11,864 -31.4%
Singapore 16,395 11,173 11,352 11,646 2.6%
South Korea 11,856 9,720 11,449 11,501 0.5%
UK 12,121 10,725 10,121 9,946 -1.7%
Germany 8,657 7,430 6,549 6,430 -1.8%
Mexico 9,400 8,211 8,246 8,297 0.6%
Malaysia 7,236 6,974 6,576 6,861 4.3%
Ireland 6,470 5,670 5,460 5,583 2.3%
France 5,618 4,732 4,334 4,313 -0.5%

Note 1: “IT Hardware” includes only the shipmentueaof computers and peripherals

Note 2: As some of the national data in the Yeakkiedoased on customs statistics, in some casedudes transshipment
trade.

Note 3: The data in this table has been adjustedrding to the revised product definitions and ovadi data included in
the latest edition of the Yearbook.

Source: JEITA, The Yearbook of World Economics DataK, KISDI; ITIS Project, MIC (2003.11)

Table3: Exports of |H Hardware by Regions

Asia Pacific

Export Global (excluding Japan) Japan Rest of the World"
Y ear $M M % M % ™M %

1999 454,646 43,685 10.63% 59,806 15.15% 46,412 37W.
2000 502,594 59,190 13.37% 70,745 16.41% 54,021 06%2.
2001 440,394 57,787 15.10% 59,957 15.76% 50,881 06%3.
2002 401,908 58,132 16.88% 52,142 14.88% 48,039 55%3.
2003 413,114 63,171 18.05% 53,488 14.87% 50,714 9993.

* Rest of the World stands for the rest of the dewieg world, excluding the U.S. and Western Europe
Source: Calculated from IDC, November 2004.



Figure 2: Growth of Export Value of Asia Pacific, Japan and ROW regions
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Table 4 shows exports of computers and electraroogponents. For instance in both the SITC 752 dfn€ S
75997 categories, the share of Taiwan and Chir20@0 equaled or surpassed that of a number ofaifest
European countries and these has taken place irdéwades. By 2000 East Asian economies accounted fo
around 50 percent of computer exports. The lab&ioiple” assembling and “mere copying” is increagty no
more appropriate a description of products andgsses of some developing world.

Table 4: Country Sharesin World |H Hardware Exports
Sharesof World Exports

SITC 752 SITC 75997
Computers Elec components
1992 2000 1992 2000

France 0.05 0.04 0.04 0.02

Germany 0.07 0.05 0.05 0.04

Ireland 0.02 0.05 0.05 0.06

Europe Italy 0.03 0.01 0.03 0.01
Netherlands 0.04 0.08 0.05 0.05

United 0.09 0.08 0.07 0.04

Kingdom

Hungary 0.00 0.01 0.00 0.01

Japan 0.21 0.08 0.16 0.04

Taiwan 0.07 0.09 0.04 0.09

Hong Kong 0.02 0.02 0.06 0.0
_ Korea Rep. 0.03 0.05 0.02 0.01
Asia China 0.00 0.06 0.01 0.04
Singapore 0.13 0.11 0.06 0.0

Thailand 0.01 0.01 0.03 0.05

Malaysia 0.00 0.04 0.04 0.0d
Philippines 0.00 0.03 0.00 0.0

USA 0.23 0.17 0.23 0.18

Canada 0.02 0.01 0.04 0.02
Americas  Mexico 0.01 0.04 0.01 0.02
Costa Rica 0.00 0.00 0.00 0.01




Source: UN Trade Statistics

Presently, China has assumed leadership in gladiebook production; the output is shared betweanedtic
and foreign multinationals, notably by firms thaigrated from Taiwan or managed by Taiwanese. Ddmest
actors have concentrated productive efforts oridt& markets and they have been quite successhaapting
imported technology to satisfy local demands. utné huge Chinese domestic demand, there is dicagnly
high share of foreign and joint-venture firms adsg to 75% in China’s exports.

The prominence of Taiwanese firms in China’s IHtses a result of declining profit margihi Taiwan (see
Figure 3). However, the locational shift was al$ded by a change in the legal constraints that qad
notebook production by Taiwanese firms in Chinas(Eoand Cheng, 2006). Again much of the OEM cahtra
was being moved to China by foreign vendors putpregsure on Taiwanese firms to begin to design ¢inn
design capability and additionally look for new kets. From production of peripherals they moved@mPC
production. A significant part of the output comé of mainland China, and has risen over the legtis years
(see Table 5). Taiwanese firms produced from 78-85&@mponents and peripherals offshore in 2000o€h
60-90% was produced in mainland China. Taiwanesesfimanufactured over 80 and 47 percent respeginfel
desktops and motherboards offshore. Taiwanese'fpragluced 45 percent of desktops and motherboards
mainland China (MIC, 2001).



Figure 3: Average Sales Pricesfor Notebook Salesin Taiwan
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Table 5: Taiwan Firm Production in China
Offshore production as China production

per cent of total® 1998
Type of product 1995 1998 2000 1998 2000
All products 25.0 43.0 51.7 NA NA
Components
Power supplies 91 95 64 90
Keyboards 91 95 59 86
Mice 89 95 74 95
Cases 75 80 45 71
Monitors 71 81 35 60
Sound cards 67 NA 68 NA
Mapping cards 64 NA 64 NA
CD-ROM/DVD/RW 59 78 43 69
Scanners 38 86 32 85
UPS 25 NA 25 60
Graphics/video cards 18 NA 18 20
Motherboards 36 47 34 45
PC systems
Desktops 89 84 8 45
Laptops .01 7 0 7

®Total production includes production in Taiwan, @hiand all other overseas locations (e.g., Therfsa® Europe, etc.).
NA — Information not available.
Source: (MIC, 1999b; MIC, 2001).

Among African economies South Africa is the onlymomy that shows significant numbers of PC exports,
albeit even there the numbers provide scant cosgrarnwith East Asia. In South Africa PC shipment was
774,784 units during 2002, reflecting a year-onrygr@wth of 1.5%. During 2002, South African PC kedr
revenues decreased 0.6% year-on-year, to reaciiRZ million (BMI-T, 2003).



The strength of the educational and public sectorspending — as well as a stable small medium bssin
(SMB) sector has been cited as the primary drieéi3 production in South Africa. SMB shipments warp
57.4% year on year in 2002. (BMI,) 2005

In 2004, the top ten vendors together accounted fo4.5% share of the total PC sales in South &fidis is
up from 72.6% reported in 2003. In revenue ternasttip ten held a 79.8% share of the market, sjighdivn
from 80.1% reported in 2003. The top five vendargtee South African PC market in 2004 respectivedye:
HP, Mustek, Dell, Proline and IBM (BMI, 2005).

5.0 Explaining Diver gent Paths of Industrialization

The central proposition of this essay is that duthé diverse set of polities that define learrang innovation
in particular industries, countries tend to follemperfect and uneven paths of industrial and telduical
evolution. Variations in initial conditions, the nature of institutions, infrastructure and state policy support
have led to the observed differentiated outcomes. We applied a systemic framework to understanddtheers
of learning, innovation and competitiveness in @dgelopment.

In order to understand the process of uneven deneat shaping the sectoral innovation system within
historical context but using the capability framekyove suggest a typology of sectoral systems ¢hatrged
out of the different country case studies. Whiligiah conditions and the accumulation of sectonabwledge
bases are important, governance should emphasizgifars of the system, viz., basic infrastruetunigh tech
infrastructure, network cohesion and global intigra A multitude of institutions constitute theufopillars.
The selection of an industry and the participatdrall critical economic agents in the developmehthese
elements should be coordinated by an actor-focosertlination agency.

5.1 Uneven Outcomes

The path-dependent nature of SIS and the ways iohwib has evolved in uneven fashions in the défer
countries was evident from our study. Initial cdimhs are important because historical precedest ciearly
evident in all the countries; more so, we have @eded on the a priori assumption that like all gtdalization
processes the evolution of the IH industry is @savolutionary process. Institutions and systeradterefore
closely connected because they co-evolve. As D@¥884, p. 215) observed: “Institutions typicallyoéxe new
functions and because these are added sequetttigdyare shaped by internal precedents”.

Sectoral systems are dynamic and they should naibeeived in static terms; we therefore placechttgu
systems within two broadomponent band or spectrui sectoral system has a number of componentshwhic
we set out earlier. For instance, while the Taiveanél industry is a more advanced SIS, it is plandgtle same
band as the Chinese SIS. The first SIS is a dynamicrapidly learning system, termBgnamic System of
Learning Innovation (SLI1)while the second is a non-dynamic system thatlasy to learn, termedNon-
DynamicSystem of Learning Innovation (SLIZYhat distinguishes the two systems are:

» The depth of computer hardware activities (assamgblhanufacture, design, systems integration);
» The sophistication of physical and high-tech infuacture (note the BIl);

* Quality of human capital required for CH manufaittgy design and new products; and

» Global integration into the CH value chain.

The sectoral policy focus on IH and related indastdirectly and indirectly starts from phase twoliable 6
and increases in intensity as regions evolve tdriier phase. The evidence from the country tdvagn the
book show that only Taiwan has reached phase fdrsgmiconductor firms participating in frontie¥search
activities in DRAM microchips. Computer and compotsefirms are also engaged in frontier activitias i
Taiwan. All four systemic pillars are rated higly both foreign and local firms in Taiwan, thougicdl firms
utilize the R&D institutions much more than foreifirms. Indeed, the extensive accumulation of kreuge
synergies in the IH industry has been driven syatmally through a sectoral policy focus by ERSO.



China is very much in the catch up phase with nodiengaged yet in frontier R&D activities. Althduthe
largest IH firms are only engaged in assembly a&stl dctivities, the institutional support in Chimas evolved
to support strong operations in wafer fabricationl @evelopmental research activities. Although glesind
R&D activities are dominated by local firms, flagstoreign multinationals such as Intel have altarted
R&D and wafer fabrication activities in China.

Malaysia is very much still in the learning phasehe computer and components industry. A handfuhe
computer (e.g. Dell) and component firms (e.g. llmed AMD) in Penang reported participation in
developmental R&D but none in Johor. Firms in Pgnamjoyed stronger network cohesion and global
integrated than firms in Johor. Basic infrastruetir the two states was similar. However, insiiidl efforts to
support a transition to the catch up phase haardoeken stalled by poor coordination between thtitions in
the high tech pillar and firms (see also Best aadi&h, 2001).

Without a sectoral emphasis on driving the catclpngeess, the IH industry is still limited to as$dyrand test
activities in Indonesia, Mauritius, Nigeria and 8ouw\frica. Local firms are engaged in the assentily
computers for the domestic markets, as well aspooents. The emphasis in Indonesia, South Africgeia
and Mauritiues has largely been confined to theafid€T. Liberal government policies in these coig# have
largely failed to encourage domestic capability Iding. Hence, lacking in institutional support IH
manufacturing in these countries have largely Bimaited to small batch localized assembly of fiftdlgoods
such as computers. Hence IH firms are hovering éatvphases one and two in these countries.



Table6: Policy Focus on Driving Systemic Pillars

Basic High Tech Networ k Integration in
Infrastructure Ingtitutions Cohesion Global Markets
Initial Conditions  Political stability and Critical mass of Social bonds Integrated in global
(1) efficient basic economic agents  driven by the spirit economy
infrastructure to compete and
achieve
Learning Phase  Strengthening of Import, learning by Expansion of Access to foreign
(2) basic infrastructure  doing and tacitly occurring knowledge through
with better customs duplicative social institutions  machinery and
and bureaucratic imitation. Human  to formal equipment import and
coordination capital intermediary FDI
development organizations to  Integration in global
stimulate value chains

connections and
coordination
between economic

agents
Catch Up Phase  Smooth integration Import, creative Participation of Access to foreign
3) with all institutions  duplication and intermediary and  knowledge through
in 4 pillars innovation. government licensing, acquisition
Developmental organizations in of foreign companies
research. Creative coordinating and imitation. Access
destruction is a technology to imports and

major source of inflows, initiation  exports. Upgrading in
technological catch of commercially global value chains
up (Schumpeterian viable R&D

Mark I).
Frontier Phase Novel basic Basic research Participation of Access to R&D
3) infrastructure (Schumpeterian intermediary human capital and
support instruments  Mark Il system) organizations in collaboration with
to support short lead two-way flow of R&D institutions,
times knowledge high tech resources
between producers and markets abroad
and users

Source: Authors

The results can be used to explain uneven develupaofighe IH industry. Some of these features agtured

in Table 7. Five key dimensions emerge from thel@we from the seven countries. Variations in &8ustry
development in these countries can be capturedrumee, composition in production mix; two demand
structures; three, firm-level technological captibs; three, network cohesion; and four, instdogl
differences. We explain briefly.



5.2 Compositional Differences

The composition of the IH industry varies in akktbountries examined. Taiwan enjoys leadershipniost all
the IH products manufactured by firms in these toes Manufacturing in Mauritius and Nigeria aanfined
strictly to labour-intensive assembly of a limiteshge of IH goods such as computers for the domesirket.

Following successful upgrading and rising productmosts Taiwanese firms relocated the labour-iitens
segments of assembly and test operations of IH oaemt, CKD and CBU to Southeast Asia initially froine
mid-1980s but especially China from the 1990s. Keff@iwan managed to support upgrading with human
capital deepening in the IH industry dominated MES initially.

With a huge domestic market and the world’s lardabburforce, China has attracted major multination
corporations and spawned domestic firms into aearidH activities in the country. Unlike the smailte of the
labour force and landspace, China’s sheer sizeatieacted component, high end and integrated dpegat
Almost all the leading IH multinationals have bddv end and high end operations in China, and oliteh
local firms have acquired IBM and entered into K3idn, fabrication and assembly of a number IH Clabg
CBUs. Indeed China has low assembly operationsodations such as Pearl river Valley and High end
operations in places like Shenzen and GanSu.

In Malaysia, multinational-driven component mantfising in low value added assembly and test hdk sti
dominated IH operations. Multinationals assembtarge of micro-chips, ink cartridge and printeigpacitors
and resistors, monitors and motherboards. Only adfibh of multinational firms assemble computers,
motherboards, scanners and monitors (Dell, AcerAaplént) and one has been engaged in wafer faiiyitan
2006 (Infineon).

None of the foreign IH hardware firms in Indonedidauritius, Nigeria and South Africa are engaged in
microchips and designing activities. The focudils\sery much on low value added activities. Sofinms have
entered computer assembly, and in hand phone absémlall four countries. However, the focus is on
assembly of local brands which are all sold in doenestic and regional markets. Both the CKD and CBU
computer assemblers in Mauritius and Nigeria largeld their brands in the local market with sompagts
going to other African countries. Semiconductomfirare still absent in these countries. Importsdiiminate
domestic demand in IH products in these countries.

Despite enjoying superior infrastructure and huroapital compared to Indonesia, Mauritius and Naette
lack of industrial policy support in IH developméras reduced South Africa to being largely an irtgyoof IH
products. Although the level of capabilities acleigvall below firms in Taiwan and China, some Soéfitica’s
IH firms have achieved multinational status.

5.3 DEMAND CONDITIONS
Demand coordination has been a critical drivehagrowth of sectoral production systems. The pdemand
drivers in the growth of IH firms in the Asian aAérican countries examined vary considerably.

China by far enjoys the largest domestic marketlabdur force, and hence has attracted the lapgeduction
base. Multinationals engaged in the assembly astdafelH products supply the domestic market ad asl
export. Local firms engaged in wafer fabricatiord atesigning activities largely sell in the domestarket.
However, China’s production and export structuréiiersified extensively and hence no one — inclgdiH
products — enjoys export shares reaching 15 pe(seatWTO, 2006).

China’s large domestic market (income per capita iough guide to the size of market and they diffe
significantly in the two sectoral systems) has jed a strong stimulus for innovation (Kline andsBoberg,
1986). Amsden (1977, 1985) had presented insiglaifabunts of the machine tools sector in Taiwanckvhi
point attention to the ubiquitous ways in which sieeandtypeof markets shape the rate of knowledge creation



as well as the division of labour. The ‘extent airiket’ or ‘size of market’ refers to the purchaspayver, rather
than to a geographic area or large population the tapacity to absorb a large annual output oflgto
Amsden makes a distinction between the notionipé*sand ‘type’ of market. Two markets of equal ghasing
power may be qualitatively different in their caji@s to consume large amounts of gdoddarkets in the
three African countries have relatively small sfd@ive on personal exchanges of kinship relatigressonal
loyalty and social connectiorlsdnd fits in very many respects markets charamtdriby low profitability,
limited economies of scale and low intensity leagnihat slows long run technological capabilitylthinig, see
table 8.

Table 8: Markets and I nstitutions in Latecomer Countries

Institution Signal Technology Signal

Size of Market Impersonal exchange, low purchasirigpw economy of scale
power,

Typeof Market Low income economic units, structualLow degree of specialization, low
rigidity, low aggregate demand innovation demand, low intensity

learning slows knowledg
division of labour

Orientationof Market Impersonal exchanges Signal competitiviéoreign demand signals high
institutions in well functioning marketsquality, high specialization and
while personal exchanges perpetugtacreases division of knowledge
inefficient and costly transaction. labour. Low domestic-oriented

demand structure slows
productivity growth, learning and
innovation.

Other Characteristics » Low per capita income and highDelays evolution to high quality

of Latecomer Markets price elasticity: a disincentive toproduction and slows

«  High entry costs for small firms.| Demanding markets calls forth
process and product innovation

consume high quality goods; specialization and innovatioT.

Despite active interventions, industrializationTiaiwan has been driven by export demand. The [Histrg
itself grew with strong integration in export matke Contract manufacturing for exports dominated th
evolution of Taiwanese firms from OEM to ODM and KRctivities. The export-intensity shares of IHig

in Taiwan have been high. As production costs eed the labour intensive segments of IH manufiagtur
were relocated in Southeast Asian from the mid-$38@ China from the 1990s.

The foreign ownership dominated IH industry in Malia is also integrated strongly in export markéts.
products constituted over 50 percent of Malays&Xports in 2005 (see WTO, 2006). Giant multinatisna
helped connect Malaysian exports to global buyglthough the domestic market has increased itsrabsa

of intermediate demand (e.g. components and CKDd) fanal demand (example Dell computers), export
markets has remained the prime propellant of IHutjnan Malaysia.

Indonesia has a dual structure with multinationalying on export markets and domestic computendir
focused on supplying the domestic market. Foreignsf are dominated by low end assembly operations f
regional buyers in Singapore and Johor.

Mauritius is characterized by the smallest domeskcket. The Nigerian market is larger and henggpsers
more domestic assembly of IH CBU products suchaaspeiters. Although some local brands are expoded t
the African continent production of IH CKDs and C8ldre largely geared to the domestic market in both
countries. The same conditions apply in South Afric

5.4 UNEVEN TECHNOLOGICAL CAPABILITIES



Firms in the IH industry in the seven countriearained show different levels of technological calitéds.
The knowledge and technological capabilities deradriay these operations are very uneven. Only Talvean
reached the frontier with the R&D capability to dgsand engineer frontier semiconductor chips. &@mple,
the microchips engineered and fabricated by TSME€ among the key drivers of IH CKDs and CBUs.
Taiwanese firms also have the capacity of produeMOODM and OBM versions of IH products. Chinese
firms are headed in that direction with involvementsuch operations but presently still largelylizei
microchips to assemble Chinese OEM, ODM and OBMibducts. Firms in Malaysia are largely confined to
assembly and test operations of components andKBsCA handful of firms assemble IH CBUs such as
computers and fabricate low end wafers. IH FirmsNigeria, Mauritius and South Africa are limited to
assembly of IH products for the domestic marketarAfrom software firms in South Africa, IH firmseanot
engaged in high end operations in the three Afrmamtries studied.

The key human capital capabilities required to state innovation at the frontier in IH firms arelicians,
engineers and scientists. The segments in IH vahans comprise: (1) product design, (2) component
manufacturing, (3) assembly, (4) software develaptm@) marketing, and (6) distribution. Each ofsh sub-
stages require a combination of different kindgmdwledge and skills of actors from various discigs, some

as diverse as physics, informatics and computensei are required to facilitate innovation. The aedof
engineers and scientists is highest in the staigamduct design and software development.

Although some CBU assemblers in the IH industrivisuritius and Nigeria undertake designing actigititne
technological capabilities of these firms hoveruma labour-intensive and imitational capabilitieacking in
scale and lock-ins with lead firms as well as dffecinstitutional support, local firms in theseutiries have
simply absorbed and internalized prevailing tecbgplto assembly computers and mobile phones for the
domestic and African continental market. These petgllack the quality and price to compete in majquort
markets.

IH firms in South Africa excel in especially softeeatechnology. However, these firms connect lithiesctly
with local IH manufacturing operations. Insteadtwafe firms largely support the service sector jaliog
software solutions in South Africa and the regianalket.

Overall, IH firms in Taiwan and China clearly eitt@ready at the technology frontier or show cleavement
towards it. IH firms in Malaysia are at an impadse over a decade now as institutional weakness&ss h
restricted firms’ movement to the catch up phase lack of effective industrial policy has prevented IH firms
in Indonesia, Mauritius, Nigeria and South Africarh locating themselves in the IH manufacturingettory,
though the last has both human capital and maetetarks to make the transition.

5.5UNEVEN NETWORKING AND COORDINATION

The nature of connections and coordination betweeonomic agents — firms and institutions influence
production and innovation synergies. Geographicspapresents knowledge bases but these have stadife
differentially in the different systems (Saxeniah994; Rasiah, 1994, 2002; Oyelaran-Oyeyinka and
McCormick, 2007). An industrial cluster is a dersectoral and geographical concentration of entepri
comprising a multiplicity of actors such as prods¢ceuppliers, users, and traders. When an aggktioerof
enterprises exhibits strong attributes of an intiveacluster it becomes more than a geographicespdtere
firms co-locate. In such a cluster, we have striogy-firm interaction and specialization (Best020 Rasiah,
2002;).

Strong clustering is associated with high rateleafning and knowledge accumulation that contiyuallier the
knowledge base of the cluster. In addition thera @demonstrable evidence of a dense network ofdbamnd
informal institutions in Taiwan (see Rasiah and,L?905). (Clustering in Taiwan, China and Penang in
Malaysia show evidence of high connectivity and rdowtion and hence, high economic performance.
Clustering in Johor in Malaysia, Indonesia, MaustiNigeria and South Africa exhibit weaker degrafeater-



firm collaboration, lower intensity of learning ahdve poorly developed institutions (Oyelaran-Ogkgi and
McCormick, 2007).

Clusters in Taiwan, China and Penang in Malayséasarongly integrated in global factor and finabghuct
markets. Among the seven countries examined oniydra exhibits integrated networks throughout the
country. Even then there are wide regional diffeesnin the character of these clusters in ChinaMaldysia
dictated in the main by their differential knowledgharacteristics. For example, Penang in Malagsieetter
networked then Johor in Malaysia. Although the nfiacturing bases are concentrated in the Guangdong,
Jiangsu, Fujian province and Shanghai, Beijing ndiies, in these regions production is localizadhree
locations including Yangzi River Delta, Pearl Riigelta and Loop Bo Sea Region, which have transfdrm
into the computer manufacturing industrial clustershose regions. However, the three areas aleettby
different knowledge features; for instance, PeareRDelta has very strong costal manufacturingeldzessed on
import processing, Loop Bo Sea Region is the magilyn knowledge-intensive region with large numioér
low cost science and technology personnel, whileg¢aRiver Delta combines the above two factordcaigh

it does not have as much concentrated knowledgedmkoop Bo Sea Region.

The nature and intensity of cluster cohesion addew these economies also differed. For instaactye
involvement of the state government and its sudgkattempt to bring together the critical econoragents to
coordinate their security, production, buyer-sugpliraining and distribution needs helped spavenhiinth of
new firms and technology flow to other firms in Bag. However, the hands-off approach to industrial
coordination by state development corporationsidet®enang (Malaysia) limited their capacity tomobe
inter-firm relationships. The uneven roles—the madngerventionist role of the Penang Development
Corporation in Penang and the hands-off role oéiositate development corporations after firms oletitheir
operating licenses—resulted in uneven outcomesRas@h, 2002). Consequently, the strength of ystems

in regional clusters differs significantly, evertvin a single country.

In Mauritius and Nigeria organizations toter alia, promote interactions emerged and though the chesrdf
commerce has enjoyed growing numbers the coordmativolved is still very underdeveloped. There aliso
weaknesses in connections between IH firms and lrastitutions such as power and finance suppliers.

South Africa provided a different experience. Lackin industrial policy support to stimulate IH nodacturing

the South African government especially at theawragli level has encouraged strong networking to @roe 1T

use across the country. Especially software firrmgehmushroomed through such networks to support IT
services in South Africa.

Overall, Taiwan has enjoyed the strongest netwgrkirfiormally and informally - among the concentrati of
IH firms among the seven countries. China and tesa extent Penang in Malaysia have also enjoyielg fa
strong connections and coordination among thecatiagents. The extent of network cohesion amonfirtibs
in Johor, Malaysia, Indonesia, Mauritius, Nigeria&outh Africa have been less but regional looatioave
supported strong integration in software segmeng&outh Africa.

5.6 INSTITUTIONAL SUPPORT POLICIES

The policy frameworks supporting IH industries e tseven countries can be examined through twoosets
institutional categories, vi.z basic infrastructamed high tech infrastructure. Given the differahtrivers and
their consequences it will be appropriate to exantiem separately. Neo-liberal advocacy drove theigion

of good basic infrastructure in most of these eatine — especially in export processing zones.

Basic institutions
Taiwan (from the 1960s), Malaysia (from the ear®7Qs), China (from the 1980s) and Indonesia (fram t

1990s) introduced FDI policies by providing basifrastructure at export processing zones. The pi@mviof
security, smooth customs, beaureacratic and inesgteoordination, repatriation guarantees of ppfiberal



ownership conditions and coordination of utilityppliers, and the access to low wage but literateteinable
labour acted as a big incentive to attract largaestabour-intensive operations from abroad. Takdhys
helped augment further the attractions of thesessiBy and large the export processing zones imaChi
Malaysia and Taiwan has managed to provide exdddasic infrastructure.

Malaysia remains a good example of a country tlast done well in providing good basic infrastructtoe
attract labour-intensive IH activities. Indonesésmanaged to provide this following the leasingaduBatam’s
export processing zone to Singapore owned Temagi#ihy)s. However, security considerations and c¢usto
problems have discouraged further expansion ofclividies in other parts of Indonesia.

The lack of financial incentives and weaknessemfiastructure to support short lead times and Kedge-
intensive operations has discouraged large scaleresriented assembly activities in Mauritius adidjeria.
Also, investment coordination for IH firms remaimgly developed in these economies. In fact, fareig
ownership is low in IH activities in these coundrie

Several regions enjoy excellent basic infrastrectur South Africa. However, the lack of specialafeial
incentives to attract FDI into IH manufacturing hdiscouraged the relocation of FDI-driven IH com@ot
CKD and CBU firms in South Africa. Hence, much lbétT firms in South Africa are confined to localmed
software operations supporting the service sector.

High Tech Ingtitutions

There exists much higher variance in policies suppup high tech institutions than basic institusoim these
countries. Whereas strong basic insititions arécatito coordinate labour intensive low value ati@detivities
upgrading to higher value added activities regsinglar support from high tech institutions.

Taiwan has managed to support IH firms’ participrtin strong creative accumulation activities. Frimw
value added activities government policy transfatnrethe 1970s to support upgrading through investnm
high tech institutions. The initial targeting fragovernment came from the creation of the Indusfrethnical
Research Institutes (ITRI) in 1973, which led wélectronics wing — ERSO - driving catch up ircetmics
technology. The acquisition of RCA in the late 19&hd subsequently the joint-venture with Philips986
helped Taiwanese firms incubated in ERSO to makectich up in DRAM and ASIC technology. Other IH
firms also made significant strides in technolobicatch up in components, CKD CBU products through
support from ERSO, the facilities offered at Hsim&@cience Park and the science and technologyypmiants
(see also Mathews and Cho, 2000; Rasiah and LO§)2@mooth coordination and the participationiwh$ in
the development of human capital in technical insts and universities, and R&D coordination wittiversity
and other labs (e.g. ERSO) has helped strong maveshd aiwanese firms to the technology frontier.

In China the support for catch up activities hasobee strong. Although foreign multinationals hagtcated
wafer fabrication and R&D operations in IH actigiiin China, much of the design activities arethhito local
firms. Nevertheless, institutional support has sastully driven catch up in these firms. Indeedpagnother
examples, Lenova’s acquisition of IBM’'s computernuiacturing division has also assisted catch ughen
industry. Like in Taiwan strong coordination witlmiversity courses and R&D labs has also helpedsfirm
movement in the technology ladder.

In addition, human capital policies in Taiwan ankir@ were coordinated strongly with upgrading: r@asg
modern production and manufacturing capabilitiegweingineers as well as skilled technicians anderiag
design and re-design of already matured produdirgers rather than research scientists tend tondoenthis
set of activities. The locus of activity here i flactory and manufacturing centers.

Taiwan and China have thus been able to deepere thetivities through the graduation of IH firms
progressively from OEM to ODM and finally to OBMtadties. Another critical step is the shift intbet design



and engineering of components which involves syatenengineering and scientific specification obghucts,
processes, systems including computer hardwaresaftebare. The importance of design was shown by the
evolution of the Chinese computer hardware whitérdily took off on the wings of re-design rathba
simply learning to produ¢e The acquisition of IBM’s computer manufacturiniyision by Chinese owned
Lenova was a major step in the catch up process, drich is symptomatic of the Schumpeterian Mark |
system of creative destruction.

The opening of the Malaysian Institute of Microgtenics Systems (MIMOS) in 1985 and the Action
Plan for Industrial Technology Development (APIT@f 1990 and subsequent institutional
development offered considerable promise for ahcaie to occur in the IH industry in Malaysia.
However, institutional failures have restricted #fgectiveness of these institutions. Unlike Chameal
Taiwan, incentives for building capabilities and &imulating higher level manufacturing and R&D
activities have not been well developed in Malaysia

The lack of proactive policies to support upgradadiivities in IH manufacturing in Indonesia, Mdius,
Nigeria and South Africa means that these countriag& remained without a significant concentratiériH
firms.

From our typology, the observed differences in B4S as much to do with policy choices and init@iditions

as it is with institutional evolution all of whiclinfluence economic performance (North, 1996)he
comparative study carried out by Nelson (1993) atiomal Sls showed that countries generally develop
different knowledge bases in both R&D and the cipdor innovation. For instance, he noted the eliéinces
that size makes in Sls: “The differences in theoiration systems reflect differences in economic poldical
circumstances and priorities {while} size and tlegee of influence matter a lot” (Nelson, 1993:)507 other
words, policy political choices in a given institutal context influence the shape and direction tha sector
takes. Table 9 sums up the state of the differgstems.

Table 9: Comparative Sectoral Systemsof | T

Country Actors Prime operation Poalicies Institutions Organizations and
in Value Chain Network Forms
China MNCs and local Integrated JVs between local and Rules change to integrateEconomic zones that
firms operations with MNCs; central and research and industry; toform high-tech clusters;
R&D, and labour provincial government convert military to civilian state-like enterprises that
intensities demand to stimulate local research centres, uniqueoperate with measures of
assembly production; etc... laws to form quasi public- business autonomy etc...
operations . . private business
Strategic Interventionist partnerships
Taiwan World class local High Value Strategic Interventions to ERSO, Hsinchu Science Highly developed and
firms added R&D drive upgrading Park play important role in integrated IH Cluster
driven operations driving learning and
innovation
Malaysia Dominated by Labour-intensive Incentive driven MIMOS is a failure inIH Clusters. Failed
MNCs assembly driving learning and incubators

innovation. MITI's success
in coordinating investment
continues to sustain MNC-
driven assembly

Indonesia Dual structure: Labour-intensive Liberal with no emphasis No specific instrument to
MNC assemblers assembly on IH manufacturing. promote IH manufacturing
of components; Promotion of ICT use.
Local computer
assemblers
South Africa MNCs Labour-intensive Liberal with no emphasis No specific instrument to Designated zones or

assembly on IH manufacturing. promote IH manufacturing regions

Local Assembling Promotion of ICT use

Nigeria Local assemblers Labour-intensive  State cymement but Weak knowledge base and SpontaneasteCl



assembly weak policy poor institutions of finance

Mauritius Local Service Labour-intensive Policy towards services No specific instrument t®esignated but
Producers assembly of promote IH manufacturing underdeveloped IH
computers incubators

Source: Authors

6.0. SUMMING UP

The Information Hardware sector is made up of cexmroduction sub-systems underpinned by structofres
knowledge comprising closely located clusters alt aewith knowledge bases in far-flung locatiotisoaer
the world. The path of innovation generation iswameand is characterized by constant changes asetiter
develops including making difficult policy choicdsow income countries are often disadvantaged rimgeof
cognitive and geographic proximity to knowledge dsaand markets because the sector thrives on Witks
global knowledge systems in order to access teahaitd scientific expertise. Local firms drove ¢atp in the
IH industry in Taiwan. Multinationals have dominatéH manufacturing in Malaysia. Export-oriented IH
manufacturing in components and CKD products irohvesia are dominated by multinationals but logahgi
dominated ownership of computer and mobile phoserably for the domestic market. Local firms doménat
manufacturing in Mauritius and Nigeria, which isgaly targeted to the domestic market. Despitengtimasic
infrastructure and software capabilities, IH goads largely still imported from abroad to Southiéd:

In addition to links with global networks, locahks with key actors have been important particyldor
Taiwan and China. China has turned what could Hmeen an institutional burden to a dynamic advantage
illustrating in very direct ways, the impact of tinl conditions. The role of scientific and techogikal
manpower built up in the communist era in China tredquality of pre-existent national human andistdal
capabilities meant for other purposes such as thitary was successfully transformed to commerdtdl
production. The institutional transformation of tredationship between universities/research insstand the

IH industry that subsequently emerged from theuositiates the persistence of institutions and theepof path
dependent development. In Institutional deepenim@aiwan — especially strong high tech institutiarmsl
cohesive integration between firms and these utslits was instrumental in firms upgrading to OEMDM

and OBM operations.

Policies that reintroduced generous tax incentares the maturation of Malaysia’s labor force, cameli with
imports of cheap foreign labour from Indonesia &amgladesh led to the relocation of labour-intemdow
value added firms in Johor, Malaysia. The synergiesated by these firms, as well as the high cobts
operations in Singapore, attracted IH component @K@ assembly firms from the 1990s to Johor. Even
though China and Vietnam began to offer attractimancial incentives to all firms in 1998 on theslsaof
investment ensured that several labour-intensividimationals stayed in Malaysia. However, this &gy along
with ineffective coordination with upgrading instiions has restricted Malaysia’'s capacity to folldaiwan
and it has now been overtaken by China in the w@olgy ladder. Quite evidently, knowledge basesitstic
policy choices, initial conditions, differentiatabordination mechanisms and institutions exert iclemable
impact on the evolution of sectoral systems.



REFERENCES

Abramovitz, M. (1956) “Resource and Output Trendghie United States since 187@&merican Economic
Review 46, pp. 5-23.

Amsden, A.O. 1985. The Division of Labour is Lindtdy the Rate of Growth of the Market: the Taiwan
Machine Tool Industry in the 19708ambridge Journal of Economic#ol. 9, no. 3, pp. 271-284.

Amsden, A. (1989Asia’s Next Giant: South Korea and Late Industdation (New York, Oxford University
Press).

Amsden, A., Tschang, T. & Goto, A. (2001) “Do FgriCompanies Conduct R&D in Developing Countries”,
Working Paper No. 14, (Tokyo, Asian Development IBarstitute).

Amsden A.O. and Chu W.W. (2003) Beyond Late Development
Taiwan's Upgrading PoliciesCambridge: MIT Press.

Audretsch, D. (2002) “The Dynamic Role of Smallmfs: Evidence from U.S."Small Business Economjcs
18(1-3), pp. 13-40.

Barry, Frank., Van Egeraat, Chris. August 2005. Eastward Shift of Computer Hardware ProductionwHo
Ireland Adjusted. Paper prepared for presentatmmadnference on “Relocation of Production and Jabs
CEECs: Who gains and who loses?”, Hamburg, 16-pfeB#er 2005.

Bell M. and Pavitt K. (1995) “The Development of ch@ological Capabilities”, in 1.U. Haque (edjrade,
Technology and International Competitivenas®orld Bank: Washington DC.

Best, M. 1990The New CompetitigrCambridge, Harvard University Press.

Best, M. 2001The New Competitive Advantagexford, Oxford University Press.

Booth A. (1999) “Initial Conditions and Miraculowarowth: Why is South East Asia Different from Taiwa
and South Korea’'World Developmen®7(2): 301-322.

Dhanani S. (2000) Indonesia; Strategy for Manufd@mgu Competitiveness, Vol. II: Main Report,
UNIDO/UNDP Project, Jakarta.

Brusco, S. 1982. The Emilian Model: Productive Deadisation and Social Integratio@ambridge Journal of
Economicsvol. 6, no. 2, pp. 167-184.

Ernst, D. and O’'Connor, D. 1988echnology and Global Competition: the ChallengeNewly Industrializing
EconomiesParis, Organization for Economic Co-operation Bedelopment.

Ernst, D. 2003. “Global Production Networks and &ldoevelopment”, Research Proposaimeo.

Ernst D, Ganiatsos T. and Mytelka L. (eds) (19%8chnological Capabilities and Export Successsdoms
from East AsiaLondon: Routledge.

Ernst, D. and Guerrieri, P. 1998. Internationaldeidion Networks and Changing Trade Patterns in BEsis:

the case of the Electronics Indusi®xford Development Studiesol. 26, no. 2.

Figueiredo, P.N. (2002) “Learning processes featwed technological capability accumulation: expta
inter-firm differences”,Technovation22, pp. 685-698.



Figueiredo, P.N. (2003) “Learning, capability acauation and firms differences: evidence from lataeo
steel”,Industrial and Corporate Changé2(3), pp. 607-643.

Freeman, C. (1989) “New Technology and Catching;Uiropean Journal of Development Researbfi),
pp. 85-99.
Hirschman A. (1958The Strategy of Economic Developm&gw Haven: Yale University Press.

Hirschman A. (1970)Xxit, Voice and Loyalty: Responses to Decline irmBj Organizations, and State
Cambridge: Harvard University Press.

Hobday, M. (1995)nnovation in East AsigCheltenham, Edward Elgar).

Kim, L. (1997)From Imitation to Innovation(Cambridge, Harvard Business School Press).

Kim, L. (2003) “The dynamics of technology develagm lessons from the Korean experience”, in: 9. &a
S. Urata (eds)competitiveness, FDI and Technological Activitfmst Asia (Cheltenham, Edward Elgar).

Kim, L. & Nelson, R. (eds) (200I)echnology, Learning and Innovation: Experiencedlefly Industrializing
Countries (Cambridge, Cambridge University Press).

Krueger, A.O (ed.) 198Trade and Employment in Developing Countriékicago, The University of Chicago
Press

Lall S. and Streeten P. (197Foreign Investment, Transnationals and Develop@muntries Basingstoke:
Macmillan.

Lall S. (1992) “Technological Capabilities and Isthialisation”,World Developmen®0(2): 165-186.

Lall, S. (1996)Learning from the Asian TigeréBasingstoke, Macmillan).

Lin, Y. (2003) “Industrial Structure and Market-Cplamenting Policies: Export Success of the Eledtsoand
Information Industry in Taiwan”, ADB Working papseries, Manila.

List, F. (1885)The National System of Political Econgrfiyondon, Longmans, Green & Company).
Lundvall, B.A. (1988) “Innovation as an Interactif®ocess: From User-producer interaction to theoNat
System of Innovation”, in: G. Dosi, C. Freeman, Slverberg & L. Soete (eds)echnical Change and

Economic GeographyLondon, Frances Pinter).

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

Mai, C.C., Wang, J.C. and Tsai, K.H. 2002. “Inndasatand Economic Development: the Case of Taiwan’'s
Information Electronics Industry”, working paperipei: Chung-Hua Institute for Economic Research.

Malaysia (2004) “Science and Technology datahpublished (Kuala Lumpur, Ministry of Science,
Technology and Environment).



Mathews, J.A. 1995High-Technology Industrial Development in East Asie Case of the Semiconductor
Industry in Taiwan and Kored aipei: Chung-Hua Institute for Economic Research

Mathews, J.A. 1996. “High Technology Industrialisatin East Asia”Journal of Industry Studiesol. 3, no. 2,
pp. 1-77.

Mathews, J.A. 1997. “A Silicon Valley of the Eagreating Taiwan’s Semiconductor IndustrZalifornia
Management Reviewol. 39, no. 4, pp. 26-54.

Mathews, J.A. & Cho, D.S. (20D0iger Technology: The Creation of a Semicondutitdustry in East Asia
(Cambridge, Cambridge University Press).

Mathews, J.A. (2005) “The intellectual roots ofeledmer industrial developmenthternational Journal of
Technology and Globalizatipi(3/4): 433-450.

Nelson, R.R. & Winter, S.G. (1982)n Evolutionary Theory of Economic Chand€ambridge, Harvard
University Press).

Nelson, R. (ed) (1993yational Innovation System@ew York, Oxford University Press).

Okamoto Y. and Sjoholm F. (2003) “Technology Depeh@nt in Indonesia”, in S. Lall and S. Urata (eds),
Technology Development in East Astheltenham: Edward Elgar.

Oyelaran- Oyeyinka, B. (2003) “Human Capital angt8gns of Innovation in Africa”, in: M. Muchie, B.A.
Lundvall & P. Gammeltoft (eds Putting the Last First: Building Systems of Imation in Africa (Aalborg,
Aalborg University Press).

Rasiah, R. (2004) “Technological Capabilities irsEand Southeast Asian Electronics Firms: Does bidgtw
Strength Matter?"Oxford Development Studie32(3), pp. 433-454.

Rasiah R. (2007) “Human Capital and Cluster Syieergrhe Case of Penang and Jalisco”, A. J. SooltiGa.
Garofoli (eds.Development on the Ground: Clusters, Networks aggidds in Emerging Economjdsondon :
Routledge.

Rasiah R. and Lin Y. (2005) Learning and Innovatidarket, Trust and Government in the Developmédhe
Information Hardware Industry in Taiwarlhiternational Journal of Technology and Globalizati 1(3/4): 400-
432.

' For instance, and increasingly, the so-called “low-tech” sectors (salmon in Chile for instance) revolutionalized by new
technologies, are increasingly been used as sources of wealth generation. Also see Von Tunzelmann and Acha (2005).

" The catch-up challenge has recently occupied the attention of leading economists working on innovation and
technological change. Through the Globelics and “Catch-up” groups, the latter initiated by Richard Nelson, several
research projects are presently being carried out across regions. Also see Faberberg (2005) for a summary of the debate
from which this section draws.

il Gerschenkron’s famous example is Germany’s use of investment banking as an institutional instrument to foster
industrialization. He equally alluded to the forms of state support in Russia as another. In recent times, East Asian
countries have deployed an array of institutional instruments that co-evolved with targeted industries. As Mathews and
Cho (2000:187) puts the case of Taiwan: “The Taiwanese approach to the upgrading of technological capabilities within
industry has been pursued using innovative institutional frameworks over the course of three decades. These frameworks
have co-evolved with the industries they fostered. The major sources for leverage have been training and engineering
development; multinational investments and joint ventures; institutional support infrastructure such as the Hsinchu
Science-based Industry Park;... innovation alliances; and government coordination”.
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