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Preface

Sunil Mani and Henny Romijn

The association of the term technological dynamism with that of devel-
oping countries does indeed raise some eyebrows. This is because most
developing countries (the definition of which is based on a certain pre-
determined threshold of average per capita GDP) continue to employ
and reproduce technologies which are generated elsewhere. However,
this situation is slowly but steadily changing, although academic research
on the issue of technological dynamism has been restricted to a few
countries from the East Asian regions variously described as Asian tigers
and cubs.

Much of the discussion about the technological dynamism of develop-
ing countries has used a narrow neoclassical economic framework. In this
set-up, technical progress is very often quantified using a summary mea-
sure such as the rate of growth of total factor productivity. The recent
debate within the context of East Asian economies has shown that this
debate has more to do with quirks of methodology and indeed the type of
dataset that is employed to compute this indicator of the contribution
made by technology. Admittedly the discussions along these lines have
become very technical and therefore have run the risk of failing to iden-
tify specific instances of technological dynamism. In contrast, the papers
included in this volume employ a refreshingly new framework in identi-
fying cases of technological dynamism across a range of countries and
industries. The cases discussed vary from the recent growth of the com-
puter software industry in India to the case of the aircraft industry in

XVi



PREFACE xvii

Brazil. The cases covered thus touch upon technological dynamism ob-
served in both manufacturing and service oriented industries. Another
related issue that has merited attention in the book is the contribution of
a specific organisational form, namely the geographic agglomeration of
firms engaged in the production of related and complementary items —
or clustering, as it is more popularly known — in making sectors more
dynamic from the technological point of view.
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Introduction

Sunil Mani and Henny Romijn

Firms in developing countries secure their requisite technology through
two sources: foreign and domestic. Assimilation of technologies created
elsewhere is still the dominant mechanism for most of these countries.
However, some developing countries recently have attained the coveted
status of creators of new technologies. This status has been achieved
through a process of learning and incremental innovation, facilitated by
the introduction of complementary policies, institutions, and organisa-
tional arrangements.

Yet, in most discussions on technology development in the context of
developing countries, the term ‘““developing countries” is still being used
as if referring to a homogeneous group having an average per capita
income below a certain predetermined threshold (with the possible ex-
ception of the unique experience of a handful of countries from East
Asia, which have been singled out as special). Such a formalistic way of
grouping developing countries together tends to overlook the increasing
dissimilarities between those that have, at least, the potential to catch up
and even create new technologies on their own, and those that do not
have this capacity.

Against the background of increasing differentiation in technological
performance, the aim of this book is to highlight notable instances of
successful technological catch-up and endogenous technology creation by
developing countries and to point to important factors behind such suc-
cess. The book starts by mapping out the broad patterns of recent tech-

1



2 INNOVATION, LEARNING, AND DYNAMISM

nological dynamism among developing countries (chap. 2). Then it goes
on to explore specific cases of technological dynamism, and concentrates
on important factors that have contributed to this success. Two broad
themes are explored. The first theme, which takes centre stage in chapters
3-5, relates to the role played by the policy environment and the systemic
properties of the innovation process. These issues provide the setting for
a detailed study of some notable technological successes in specific de-
veloping countries. The second theme, explored in chapters 6-9, deals
with a particular organisational strategy that is increasingly being re-
sorted to by policy makers from the South to enhance the innovative
behaviour of firms and institutions. This organisational method draws its
sustenance from agglomeration economies and is popularly referred to as
“clustering”. The technological dynamism of specific clusters is analysed
in these later chapters and the economic and non-economic factors that
have contributed to this are identified. The main research issues ad-
dressed here are: how clustering of firms producing similar products or
services can lead to improved innovative performance of the firms con-
stituting the cluster; and under which conditions this is likely to occur.
Contrasting experiences from low tech clusters from Pakistan and the
Philippines and from a high tech cluster from India shed light on these
questions. A refreshingly new line of analysis is the role of culture and
other non-economic variables in explaining cluster dynamics.

There is thus a symbiotic link between the different chapters in this
book (fig. 1.1). The first chapter (chap. 2) sets the scene for the following
chapters, by empirically identifying a set of countries that have shown
some spectacular results in terms of local technology development. It is
found that developing countries are increasingly becoming exporters of
high technology or technology-intensive products, thus reflecting the
general trend observed in world trade. This chapter begins by asking the
question whether this is a statistical artefact or whether there are real
instances of technology dynamism. The chapters that follow furnish evi-
dence supporting the latter view, through a further exploration of specific
instances of countries, industries, and local regions in which such tech-
nological dynamism has been noticed. They contain an in-depth exami-
nation of the significance of technological performance in particular
cases, and delve into the issue of where that dynamism originated and
how it emerged. The chapters employ a variety of analytical approaches
deriving mainly from economics, geography, and anthropology, thus re-
flecting the diverse disciplinary backgrounds and training of the authors.
This gives each chapter its own flavour, and adds to the richness of the
book as a whole. This is thus a unique collection of chapters focusing on
technology and development, areas relatively unexplored in the literature.

We now turn our attention to individual chapters.
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Technological dynamism of
developing countries

Manifestation of technological dynamism:
Broad patterns and trends
Chapter 2: Exports of high technology products
from developing countries (Mani)

Measured by a
host of indicators
such as exports,
effective import
competition. etc.

Specific cases of technological dynamism:
The role of policy and the innovation
system

Chapter 3:Singapore — a leading exporter of
high tech products from the developing
world (Ebner)

Chapter 4: The Brazilian aircraft industry —
exports of high tech products from a
specific country (Marques)

Chapter 5. The Brazilian automobile industry
— a dynamic industry largely aimed at
domestic and regional markets (Kesidou)

Specific cases of technological dynamism:

The role of organizational form

Chapter 6: Technological learning in small-
enterprise clusters — conceptualisation and
application to the Pakistan farm equipment
industry (Caniéls and Romijn)

Chapter 7:Furniture exports from the
Philippines — the role of skilled workers in
technological learning (Beerepoot)

Chapter 8: Software exports from Bangalore’s
high tech cluster — economic determinants of
success (Vijayabaskar and Krishnaswamy)

Chapter 9: Software exports from Bangalore’s
high tech cluster — non-economic contributing
factors (Taeube)

Figure 1.1 Book structure

One important way to measure the technological dynamism of devel-
oping countries is by observing the structure of their exports.! If the
structure of exports is changing towards seemingly sophisticated items,
then one may conclude that these countries are becoming technologically
dynamic. Chapter 2 by Mani subjects this proposition to systematic em-
pirical scrutiny. This chapter first develops consistent time-series data on
the exports of high tech products from developing countries. Analysis of
the data shows that developing countries are increasingly becoming ex-
porters of manufactured products compared with primary products as in
the past. Second, world trade is increasingly becoming a trade in high
tech products. What is more striking is the significant increase in the
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technology content of exports from developing countries: very nearly a
quarter of the exports from developing countries are now high tech
products. Third, the share of developing countries in high tech exports
has dramatically increased from about 8 per cent in 1988 to about 23 per
cent in 1997. However, this increase is largely concentrated in a few
countries. The chapter then seeks to explain whether or not these devel-
oping countries are real exporters of high tech products. This is accom-
plished by a careful examination of the degree of product specialisation
by both developed and developing countries, by examining their record
with respect to patenting, and finally by analysing certain indicators of
high tech competitiveness. The technological capability of even the high
tech exporting countries varies greatly. At one end of the spectrum lie
Korea and, increasingly, Singapore, which have the local capability to
design, manufacture, and export high tech items. Malaysia is somewhere
in the middle, while Thailand and the Philippines appear to be at the other
end with (relatively speaking) a very low capability. However, the group
of developing countries as a whole is fast catching up with the developed
countries, so it may be unwise to write off this performance as a mere
statistical artefact.

The three chapters that follow document specific cases of technological
dynamism in developing countries, and shed detailed light on supporting
policies and the systemic features of innovation systems. Singapore is one
of the leading high tech exporters of the developing world. Ebner (chap.
3) analyses the nature and extent of technological development in Singa-
pore and traces the role of innovation policies in explaining its techno-
logical success. He begins by mapping out the spectacular technological
performance of the country. The aggregate research intensity, for in-
stance, rose significantly from about 0.26 per cent in the early 1980s to
close to 2 per cent by the late 1980s. This performance can be traced to
a number of proactive state policies. To illustrate, formal state involve-
ment in supporting domestic technology creation commenced with the
establishment of the National Science and Technology Board (known
since 2002 as the Agency for Science, Technology and Research). In
addition, a large number public research institutes were created and sev-
eral fiscal incentives were put in place. Technical education was also
promoted in a significant manner so that the country had an adequate
supply of trained personnel. At the same time the country also pursued a
vigorous policy of promoting foreign companies, particularly as regards
manufacturing. The main argument of the chapter is that the general
relevance of the Singaporean case lies in the increasing importance of
local agglomerations of high value-added activities which are fuelled by
the process of globalisation, for they receive their structural impact from
their roles as strategic hubs in multinational enterprise networks.
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Brazil occupies a unique position among the developing countries. Al-
though no more than 9 per cent of its manufactured exports are high tech
products, it is the only country from the developing world to have a civil
aircraft manufacturing industry. Aircraft, such as the ERJ 145 50-seater
jet and the ERJ 135 37-seater jet, are manufactured by Embraer, a for-
merly state-owned aerospace organisation which was privatised in 1994.
Marques (chap. 4) analyses the innovation system of the aircraft industry
(referred to as the BASI) especially after its privatisation. Embraer,
which employs almost 12,000 people and also manufactures a number of
components, has particular strength in constructing undercarriages, and
is a subcontractor for various overseas manufacturers of fixed/rotary wing
aircraft. Brazil does not build civil aircraft jet engines, so companies such
as Rolls-Royce and General Electric have established local subsidiaries
to fulfil this need. Marques shows that two sets of changes have affected
the BASI after privatisation in the mid-1990s. The first set of changes
affected the production system resulting in: (i) increased participation of
Embraer in the world civil aircraft market; (ii) increased participation
of first tier foreign suppliers in product development; (iii) localisation of
subsidiaries of first tier foreign suppliers in Brazil; and (iv) expanded
possibilities for local second tier firms supplying first tier foreign suppli-
ers. The second set of changes is related to the knowledge system and
includes: (i) a decrease in the role of the Aerospace Technical Centre
(CTA) as one of the main actors in the national knowledge system; (ii)
an increase in the role of foreign suppliers and foreign science and tech-
nology (S&T) institutes in transferring technological knowledge to the
Brazilian civil aircraft production system; (iii) an increase in the role of
other Brazilian organisations (universities and technological centres) in
supporting the application of basic technological knowledge developed
abroad to the local production system needs; and (iv) evolution of the
knowledge and production systems towards a wider configuration post-
1994. Other sources (in addition to Embraer and the CTA) of techno-
logical knowledge for the local suppliers have become available now that
there are localising foreign first tier suppliers closely related to local
suppliers as well as other S&T institutes (national and foreign).

Kesidou (chap. 5) analyses the role of technology policy in making the
Brazilian automotive industry very dynamic. Brazil’s automotive industry
is the tenth largest in the world and contributes about 12 per cent of
GDP. Brazil plays host to the largest number of car assembly plants in
the world and is the second largest target of foreign direct investment.
In the 1990s vehicle production increased over 60 per cent, domestic car
sales grew by 65 per cent, and exports expanded by around 9 per cent.
In 1997, at its peak, Brazil produced more than 2 million vehicles and
earned almost US$5 billion from exports; motor vehicles accounted for
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almost 10 per cent of the total value of Brazil’s exports for that year. By
the turn of the century production had dropped somewhat because of the
economic situation, but Brazil will soon be one of the five largest auto-
motive producers in the world, with the most modern factories. Brazil
exports vehicles to other members of Mercosur. This chapter analyses
historically the role of technology policy in shaping the industry since its
inception in 1952. As regards the nature and extent of innovation policy,
two phases are evident: the first phase concerns technology policy with
respect to the automotive industry from 1952 until 1974, while the second
phase relates to a structural shift in policy which is discernible during
the post-1975 period. Although the state was very much involved in
technology policy during the first phase, other agents, such as auto parts
manufacturers and transnational corporations (TNCs), also contributed
directly and indirectly to the decision-making. In contrast, the second
phase is characterised by a gradual withdrawal of the state from technol-
ogy policy, leaving the decision-making largely in the hands of the TNCs.
However, Kesidou argues that, although the power of the federal state
has been reduced, there has been considerable decentralisation of deci-
sion-making with respect to economic matters away from the federal
government to governments in the states (provinces) and to cities within
states. An interesting aspect of the second phase, and especially the
period since the mid-1990s, is the fact that car makers’ investment strat-
egies in Brazil were basically of the “market seeking with moderate trade
effort” (in the Dunning sense) variety. In other words, the industry took
advantage of liberalisation to import more without altering its export
orientation beyond perhaps including Mercosur in its market access
strategy. So, while the industry has shown much dynamism (in the nar-
rower sense), it has also become much more externally dependent.

Both the Singaporean and Brazilian cases thus show that developing
countries can achieve technological maturity, and that they can also
progress from being incremental innovators to being real innovators,
provided the governments of these countries have clearly articulated
policies for shaping the national and sectoral systems of innovation.
However, in both countries increasing integration of their economies
with the rest of the world has meant that the domestic systems of inno-
vation have come under some strain. While Singapore has successfully
managed to combine a programme of systematic globalisation with the
strengthening of its domestic system of innovation, the same is not the
case with Brazil, if judged by the experiences of the BASI and the auto
industry.

While the importance of supportive policies for the promotion of well-
functioning systems for domestic technological learning and innovation
has been recognised for some time among researchers and policy makers,
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awareness of the importance of spatial factors in this process is more
recent. Approximately from the 1990s onwards, a voluminous body of
literature has emerged which highlights the importance of regional ag-
glomeration for economic growth and competitiveness, in both advanced
and developing countries. However, despite liberal use of terms such
as “learning region”, ‘‘regional innovation system”, and ‘‘innovative
milieu”, so far little systematic attention has been devoted to the techno-
logical factors that supposedly underpin these economic benefits. This
important emerging gap in the literature is taken up in the four remain-
ing chapters of this book.

Caniéls and Romijn (chap. 6) set the scene with a framework that
shows how regional clustering of companies engaged in similar and com-
plementary economic activities could conceivably foster technological
dynamism at the company level. Taking Marshall’s agglomeration bene-
fits as their starting point, they elaborate a taxonomy of mechanisms
through which these benefits may impact on firms’ investments in tech-
nological effort and on the effectiveness of their learning processes. The
authors then proceed to apply the framework to the farm equipment in-
dustry in the Punjab region of Pakistan, a notable case of effective import
competition among eight local agglomerations of small- and medium-
sized firms. The clusters, which emerged in the 1950s, expanded to
employ approximately 5,000 workers by the 1990s and supported phe-
nomenal productivity growth in agriculture during the ‘“‘green revolu-
tion”. Although by the mid-1990s it could still be described as a low tech
industry, it was by then capable of manufacturing and incrementally
adapting well over 50 items of farm equipment. Cani€ls and Romijn
illustrate how the clustered nature of the industry facilitated the process
of reverse engineering that led to this achievement. Their analysis de-
scribes a range of spontaneous effects, including the establishment of
specialised parts and components suppliers due to the viable size of the
local market; transaction cost advantages and local knowledge spillovers
arising from face-to-face interactions with suppliers and customers; and
local dissemination of production knowledge and skills through inter-firm
movement of workers. Several policy-relevant insights emerge, which
deviate from those of earlier cluster studies with a less explicit focus on
technological dynamism. The latter have linked cluster dynamism mainly
to effective local inter-firm cooperation, and have accordingly tended to
emphasise the importance of building trust among local parties. Instead,
Caniéls and Romijn conclude that it might be better to single out a few
dynamic producers for help with their innovation efforts, and let sponta-
neous non-collaborative clustering effects take care of wider diffusion.
However, their analysis also suggests that such supply-side support
policies cannot be a substitute for the need to address stagnant economic
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environments in which producers have no incentives to innovate. Agglo-
meration can facilitate innovation, but it is by no means a sufficient con-
dition for it to occur.

One of the agglomeration mechanisms identified by Canié€ls and Romijn,
namely the contribution of skilled workers to the diffusion of skills and
knowledge, is chosen for detailed study by Beerepoot in his chapter
about a furniture cluster in the Philippines (chap. 7). Workers are fre-
quently mentioned as a major carrier of the region-specific knowledge by
which local communities gain and retain competitive advantage. How-
ever, very little is actually known about how they transmit knowledge,
and who is important for what purpose. The importance of local labour
market spillovers can hardly be overemphasised in export-based clusters
in developing countries, many of which consist of agglomerations of
labour-intensive industries manufacturing, for example, clothes, foot-
wear, furniture, and toys. Their competitive advantage is subject to quick
erosion due to rising local labour costs and the recent entry of cheaper
competitors (China!) on the world trade scene. As Beerepoot points out,
under such conditions it is pertinent to identify the feasibility of pursuing
an industrial strategy based on localised learning in order to cope with
these challenges. The effective utilisation of an industry’s best asset, a
highly skilled flexible workforce, is the greatest challenge in this devel-
opment trajectory. Beerepoot investigated this issue in Cebu, where a
furniture cluster that had its origin in craft production grew into the
prime furniture exporter in Southeast Asia during the 1970s and 1980s.
The spectacular dynamism of the industry is evident from the fact that
there are around 175 exporters in Cebu who provide employment to
roughly 45,000 workers and jointly contribute about 1.8 per cent of Phil-
ippine GDP. However, since the 1990s the industry has ceded market
share, mainly to China and Indonesia. Beerepoot found that keen com-
petition pits parties against each other and makes them protective of
their knowledge. The patterns are basically the same across the stages in
the value chain and horizontally between exporters. For example, en-
trepreneurs increasingly resort to informal subcontracting as a means to
cut costs and risk, not as a platform for sharing new ideas. Knowledge-
protecting behaviour is most in evidence among entrepreneurs, man-
agers, and designers, who stand to lose most from sharing their specialised
trade contacts and internal production knowledge. Skilled production
workers, in contrast, will readily teach their traditional craft skills to others
on the job. On the whole, Beerepoot’s findings suggest that embarking on
a collective learning strategy to cope with the cluster’s competitiveness
problems will not be easy in the prevailing competitive environment. In-
directly, his research also concurs with the previous chapter about the
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limited scope for interventions aimed at nurturing social institutions such
as trust.

The final two chapters focus on the recent rise of India as a major
export platform for software services since the early 1990s: exports
accounted for US$5,000 million in 2001. Bangalore, the largest cluster
and earliest starter, hosts several hundreds of software firms, including
around 70 leading multinationals such as Motorola, Texas Instruments,
and Hewlett-Packard. Bangalore also provided growing space for Indian-
owned companies, which have now become famous multinationals in
their own right. Firms are beginning to climb the value chain, moving on
from the provision of simple service tasks, such as data processing and
operation of call centres, to offering integrated service packages and
software development. Not surprisingly, this spectacular growth of tech-
nological dynamism has recently begun to attract widespread interna-
tional attention. Much effort has been devoted to explaining the success
in terms of particular constellations of resource endowments and Banga-
lore’s position in the international division of labour. The last two chap-
ters in the book add to this emerging body of literature by assessing the
role played by other factors which have remained relatively under-
explored to date.

Vijayabaskar and Krishnaswamy’s chapter (chap. 8) draws attention to
several organisational mechanisms specific to the Bangalore cluster,
which may critically influence its ability to upgrade technologically, and
thus its capacity to sustain its competitiveness in the world market. A
particularly striking observation is that internal inter-firm specialisation
in the cluster is still very limited. The authors ascribe this in part to the
fact that most firms are still involved in highly similar labour-intensive
operations. Few have entered into the domain of more skill-intensive
operations such as design. This is in fact very difficult to do, since the
prospective users are located far away, and close ongoing contact is often
needed to cater effectively for their needs. This organisational feature is
thus rooted in Bangalore’s particular position in the international divi-
sion of labour. Another notable characteristic of the cluster is the scarcity
of local inter-firm networks. Networks tend to be international rather
than local: there is no culture of local knowledge sharing, as in Silicon
Valley. Again this can be related to Bangalore’s position as a supplier of
software solutions to major overseas clients, who often enforce secrecy
on their software suppliers and discourage local outsourcing by them.
Further features unfavourable to technological upgrading are identified
in the labour market. In the absence of sufficient local opportunities
for upward mobility, workers with the best skills tend to migrate abroad
(although some later return with more experience). Labour mobility
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problems are particularly bad for local small- and medium-scale firms,
which cannot offer attractive enough career options. At this develop-
mental stage of the cluster, the costs of high labour market spillovers
appear to outweigh the benefits. While not discounting the considerable
benefits from export-led development that have occurred in the cluster,
the authors caution that the cluster’s current excessive export depen-
dence may well be the most important constraint on its further develop-
ment. They argue that state policies should be directed towards achieving
a better domestic—foreign balance.

The second chapter about Indian software by Taeube (chap. 9) inves-
tigates the role played by cultural factors in the recent achievements of
the information and communication technology (ICT) sector in southern
(and to some extent western) India. Tacube asks whether there is more
behind this success than the constellation of economic and geographic
features highlighted in the literature so far. Awareness of possible cul-
tural influences is especially vital when possibilities for replication of
India’s ICT “model” are being contemplated, which is always tempting
for policy makers. After surveying how different writers have conceptual-
ised the links between culture and economic development, Taeube pro-
ceeds to make the concept operational in the specific context of South
India. Hinduism serves as the relevant frame of reference here, not in the
narrow sense of religion, but in the broader sense of Indian civilisation
pervading all spheres of life. Two particular aspects, namely caste and
ethnicity, are singled out as important attributes that could have a bear-
ing on values and behaviour conducive to success specifically in the ICT
sector. A preliminary analysis of data from surveys previously conducted
in the sector supports the importance of these cultural attributes. In par-
ticular, the sector enjoys the participation of a disproportionate number
of Brahmins, the social group in India that has been traditionally found
in occupations concerned with knowledge, learning, and teaching. At
the same time, the Vaishyas, the merchant and trader castes, are under-
represented in the sector. Further, most of the key people in the Indian
software industry are located in South India and come from a South
Indian background in terms of ethnicity or family affiliation. Taecube then
tries to unravel the ways in which this caste and ethnic profile is suited to
the type of work that the ICT sector offers, and supplies some interesting
matches. While his work is still in its preliminary stages, these early find-
ings are promising and suggest that there is more behind India’s recent
ICT successes than “hard” economic and geographic determinants.

In sum, this book adds to the very small but growing literature on the
phenomenon of the technological dynamism of developing countries (for
a recent paper on this theme, see Mahmood and Singh, 2003). In the
existing methodology, this dynamism has been measured through the
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application of standard innovation outcome indicators such as patent
statistics. The book begins by marshalling considerable quantitative evi-
dence on inter-country variations in technological dynamism. However,
the uniqueness of the book lies not only in its extension of the analysis
from standard macro aggregates across countries to specific instances of
dynamism, but also in the incorporation of non-economic variables, such
as culture and ethnicity, in explaining this dynamism. This detailed and
interdisciplinary approach renders our analysis of this growing phenom-
enon quite distinct.

Note

1. The ability to manufacture and sell in the international market is taken as a good indi-
cator of a country’s competitiveness.
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Exports of high technology products
from developing countries: Are the
figures real or are they statistical
artefacts?

Sunil Mani

1 Introduction

In the ever burgeoning literature on economic growth, one of the most
important issues is the growth performance of a handful of East Asian
countries. These countries have earned a reputation, despite the recent
financial crisis, for being one of the fastest growing regions not only of
the developing world but also of the world itself. Despite the recent de-
bate on the sources of the growth of these countries, the contribution of
their national systems of innovation to certain elements of their economic
performance, such as their export performance, is relatively less well-
known. Given the fact that exports are an important engine of growth
and industrial competitiveness, it is important to analyse the contribution
of technology to achieving a fast and sustained growth in exports and
especially manufactured exports. Recent studies have shown that the
location of export production is moving from the industrialised to the
developing countries and that exports by the latter have grown rapidly
and diversified away from traditional resource- and labour-intensive
products to high technology manufactured products (Lall, 1998). How-
ever, this development has remained concentrated in a handful of coun-
tries. The precise reasons as to how these countries have emerged as
exporters of high technology manufactured products and the extent to
which their domestic innovative activities have contributed to this per-
formance need to be examined.

12
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This study is divided into six sections. First, I analyse the changing
structure of world exports of manufactured products and the place of
developing countries in this structure. Second, I develop a consistent
and rigorous series of data on the export of high technology products
from developing countries. This is accomplished by applying the OECD
definition of high technology to the COMTRADE database available
on-line from the UN Statistics Division. Employing the data series thus
developed, I measure the changing technological complexion of world
exports of manufactured products. This section also discusses in detail
the various datasets that are available for such a measurement. The third
section focuses on three main features of the export of high technology
products from developing countries: the concentration of these high tech
exports in approximately five countries; the catching up of develop-
ing countries; and the competitiveness of high tech exports both at the
country level and within each country at the product level. In the fourth
section I attempt to verify the “statistical artefact” hypothesis. Three
separate indicators are used for verifying the hypothesis. First, I analyse
product specialisation in both developed and developing countries. Sec-
ond, I analyse the patenting record of the developing countries espe-
cially with respect to high technology areas. Third, I analyse certain
summary indicators of high tech competitiveness. And finally, I analyse
the case of the largest exporter of high tech products from the developing
world.

It is no longer correct to classify all developing countries as a homo-
geneous category, especially in terms of their respective technological
development. Since the quantum and composition of a country’s exports
is considered to be one of the best indicators of technological develop-
ment, [ use export performance to classify the developing countries.
Before doing so, I present some general features with respect to the trade
performance of developing countries. In terms of science and technology
(S&T), only 50 countries in the world are active. In 1994, 98 per cent of
the world R&D spending, 95 per cent of the total number of scientists
and engineers employed worldwide, and 99 per cent of the patents issued
(by both the United States and European patent offices) were from these
50 countries.! The 50 countries comprise a very heterogeneous group,
which includes all the developed countries, most of the newly industrial-
ised countries, and some of the developing countries and countries in
transition. These 50 countries, on an average, have an economic growth
rate which is much higher than that of the remaining 130 countries:
between 1986 and 1994, the growth rate of the 50 countries was 2.4
per cent, or about three times higher than that of the rest of the world.
Countries lacking the human capital to make effective use of their natural
resources, productive systems, or imported capital goods do less well
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than those which have no natural resources, but which do have educated
populations, knowledge, and know-how.

2 Exports of manufactured products from developing
countries

Several points need to be mentioned. First, developing countries are in-
creasingly becoming exporters of manufactured products. For instance,
manufactured products now account for very nearly three-quarters of the
total exports of these countries. Second, the share of developing coun-
tries in total world exports of manufactured products has also been
increasing (fig. 2.1). Third, the export structure is increasingly moving
towards technology-intensive products such as capital goods (table 2.1).
Fourth, as such this export performance is not widespread, but is concen-
trated in a handful of the more developed of the developing countries. In
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Figure 2.1 Share of developing countries in world exports of manufactured
products.
Source: INTECH (2000).
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Table 2.1 Structure of exports of developing countries, 1988 and 1998

Standard
International Trade 1988 1998
Classification (percentage (percentage
(SITC) Category share) share)
0 Food and live animals 10 8
1 Beverages and tobacco 0 1
2 Crude materials, 7 4
inedible, except fuels
3 Fuel lubricants 6 6
4 Animal and vegetable 2 1
oils, fats and waxes
5 Chemicals and related 3 6
products, n.e.s.
6 Manufactured goods 19 15
classified chiefly by
material
7 Machinery and 29 39
transport equipment
8 Miscellaneous 23 17
manufactured articles
9 Commodities and 0 3
transactions not
classified elsewhere
in SITC
Total 100 100

Source: INTECH (2000).
Note: n.e.s., not elsewhere specified.

other words, most of the developing countries are still not participating
in export trade to any great extent. In fact, just 10 countries contribute
approximately 90 per cent of the total exports of manufactured products
from the developing world and most of them are from the high perform-
ing East Asian region (table 2.2).

India has emerged as a leading exporter of computer software prod-
ucts: the rate of growth of software exports has averaged around 50 per
cent per annum in the last 10 years or so. However software exports are
termed high tech services and, since my study, based essentially on the
COMTRADE dataset, is confined to high tech manufactured products,
this issue is not analysed here. Nevertheless, the rapid growth of exports
of high tech services is slowly emerging as an important area of inquiry.
It is against this background that I measure the changing technological
complexion of world trade.



91

Table 2.2 Value of exports of manufactured products® from developing countries, 1991-1997

Rank Country 1991 1992 1993 1994 1995 1996 1997

1 China NA® 66,756,208 73,831,029 99,524,547 124,843,984 127,259,126 155,907,301
2 Korea 66,594,157 70,863,334 76,268,605 89,041,263 114,394,669 114,920,742 118,240,707
3 Singapore 42,716,484 48,581,853 57,950,906 79,504,931 99,037,196 104,120,080 104,753,483
4 Mexico 13,820,892 32,802,591 38,679,112 46,838,911 61,634,515 74,699,958 88,818,438
5 Malaysia 20,791,987 26,232,553 32,809,037 43312385 55,084,725  59284,092 60,179,052
6  Thailand 18,558,400 21,671,504 26,354,921 32,637,019 41,140,927 39,670,035 41,078,884
7 Brazil 17,213,967 20263,187 22,635,767 23735481 24,582,607 25,188,181 27,969,348
8  India 12,816,947 15,135,526 16,291,168 19,978,984 23,184,129 24,090,966 25,702,920
9  Indonesia 11,814255 16,059,531 19438809 20,675,496 22,956,805 25,553,900 22,489,737
10 Philippines 6,169,838 4,039,489 4,664,959 5,739,295 7,051,196 17,005,027 11,134,693

Total for the above 10 210,396,926 322,405,775 368,924,313 460,988,312 573,910,752 611,792,108 656,274,562
Total for all developing 243,900,252 368,811,528 418,793,235 519,142,360 644,756,480 685,948,116 727,384,110
countries
Percentage share of the 86.26 87.42 88.09 88.80 89.01 89.19 90.22
top 10 in the total
developing country
exports

Source: INTECH (2000).

Note: Values are in thousands of USS$.

a. Manufactured exports are those exports defined in sections 5 through 8 minus division 68 (namely non-ferrous metals) plus
group 891 (arms and ammunition).

b. China has been listed in COMTRADE, Revision 3, only since 1992.
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3 Changing technological complexion of world trade in
manufactured products

It is hypothesised that the technological character of world trade is
becoming increasingly complex: table 2.1 shows that much of the world
export of manufactured goods consists of products, such as machinery,
with a high technology content. The first discussion of this topic was by
Kravis and Lipsey (1992) who showed that, for the market economies* as
a whole, trade in manufactured products has been shifting out of low tech
goods into high tech products. However, their study only covered the
period up to the mid-1980s and was based on UN trade data, while their
definition of high technology was based on that of the OECD (1986),
though the authors also state that the terms high, medium, and low tech-
nology are used throughout their study as shorthand for high, medium,
and low R&D intensity.

The first study based on developing countries is that by Lall (1998).3
The major conclusions of his study are as follows:

“Developing countries are rapidly increasing their shares of manufactured trade,
not just in labour-intensive products, but also in capital- and skill-intensive ones;
their shares are rising particularly rapidly in the high technology area. However,
manufactured exports remain highly concentrated in the developing world, with a
few countries dominating all forms of export. Within the successful exporting
countries, there are significant differences in the technology content of exports.”

However, the terms high, medium, and low technologies are not really
defined in any objective sense; only a list of products in each of the three
technology categories is given.

In this sense there is a gap in the literature. So in order to measure the
technology content of world trade, I first attempt a definition of high
technology and apply this definition to one of the most comprehensive
sources of data on international trade, namely the COMTRADE* data-
set, to arrive at a consistent series of data on exports of high technol-
ogy products from developing countries. In this study I adopt the UN
definition of a developing country. In very specific terms the list of
such countries contained in the United Nations Industrial Develop-
ment Organisation (UNIDO) Yearbook (UNIDO, 1999) is used.

3.1 Definition of high technology

Economists have been attempting to measure the technology content of
world trade. This is accomplished in terms of the technology embodied in
products exported from a country. Admittedly, it is a difficult exercise
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and no method is foolproof or perfect. The greatest difficulty is in classi-
fying a product according to the technology content embodied in it and
several attempts have been made in the past. In the following I under-
take a quick review of the methodologies. This is essential, as I will
attempt to show that, depending on the definition of high technology
employed, it is possible to arrive at significantly different results.

The first systematic effort in this direction was by Davis (1982). He
defined high technology manufactures as those manufactured products
that have the highest embodied R&D spending relative to the value of
shipments. To illustrate, the term “embodied R&D” means an aircraft
gets credit for the money spent on R&D by the computer industry which
supplied the avionics, as well as for the money spent on R&D by the in-
dustry supplying the tyres. Davis used input—output techniques to deter-
mine how much of the value of R&D embodied in the intermediate
products should be included as an indirect addition to the R&D spent
directly to produce the final product. Total R&D was thus the sum of
both direct and indirect R&D. Arranging the product groups in order
from the highest in technology intensity to the lowest, Davis designated
the top 10 as high technology. The product with the tenth highest level
of technology intensity was 30 per cent higher than that of the eleventh
product and more than double the average of all manufactures. The
Davis definition was based on the Standard Industrial Classification
(SIC) of the US Department of Commerce and as such this definition
could not be applied to international data classified according to the
Standard International Trade Classification (SITC). Hatter (1985) has
overcome this problem by mapping out a concordance between the SIC
and the SITC. This concordance was constructed on the basis of SITC
Revision 1. The World Bank (1999) have applied this definition to the
UN COMTRADE dataset and have arrived at a series of high technol-
ogy exports at the aggregate level for over 70 developed and developing
countries during the period 1962-1997. In the following I test whether
my dataset is sufficiently robust by comparing it with that of the World
Bank.

However, there are two major limitations with both the definition
(Hatter—Davis) and the dataset (World Bank, 1999). First, the definition
being applied to a rather aggregate classification such as the SITC Revi-
sion 1 is likely to overestimate the extent of high technology exports from
countries. Second, one cannot retrospectively apply a definition based on
estimates of embodied R&D in the 1980s to say the 1960s, because many
of the items that were considered to be ‘“high tech” in the 1960s are
unlikely to be considered ‘‘high tech” in the 1980s. More on these points
later.

The second definition of high technology is by Hatzichronoglou (1997)
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Table 2.3 High tech products list by the OECD

Product description SITC Revision 3 codes

Aerospace Sum (7922...7925)
Sum (71441...71491)
Computing and office 75113, sum (75131...75134), sum (7521...7527), 75997

equipment

Electronics and 76381, 76383, sum (7641...76492), 7722, 77261, 77318,
telecommunications 77625, 77627, 7763, 7764, 7768, 89879

Electrical equipment Sum (77862...77865), 7787, 77884

Non-electrical 71489, 71499, 71871, 71877, 71878, 72847, 7311, 73131,
equipment 73135, 73142, 73144, 73151, 73153, 73161, 73163,

73165, 73312, 73314, 73316, 7359, 73733, 73735

Scientific instruments Sum (7741...7742), 8711, 8713, 8714, 8719, 87211, Sum
(87412...8749), 88111, 88121, 88411, 88419, 89961,
89963, 89966, 89967

Chemical products Sum (52222...52269), 5251, 5259, 5311, 5312, 57433,
5911, 5912, 5913, 5914

Pharmaceutical 5413, 5415, 5416, 5421, 5422

Armaments 8911, 8912, 8913, 8919

Source: Hatzichronoglou (1997).
Note: List is based on SITC Revision 3.

who prepared a list of high technology products corresponding to the
three-digit SITC Revision 3 classification. This list was ‘“‘the outcome
of calculations concerning R&D intensity (R&D expenditure/total sales)
covering six countries (the US, Japan, Germany, Italy, Sweden, the
Netherlands)”. The number of countries covered is of no great impor-
tance since national considerations have no bearing on whether a product
is classified as high tech or not. The OECD definition (by Hatzichrono-
glou) appears to be better than the previous attempts because the prod-
ucts are immediately defined as high tech according to their SITC classi-
fication, thus obviating the need for any concordance tables. A list of the
high tech products according to this definition is given in table 2.3. As
mentioned above, such lists are not perfect: in very specific terms the
above definition has the following three limitations:>
¢ First, high tech products cannot be selected exclusively by quantitative
methods unless a relatively high level of aggregation is adopted. Re-
sorting to expert opinion does make for extremely detailed lists, but
the results cannot readily be reproduced in their entirety by other
panels of experts.
e Second, if the choice is not based exclusively on quantitative mea-
surements, it is difficult to classify products in increasing or decreasing
order.
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e Third, the data are not comparable with other industrial data on value
added, employment, or gross fixed capital formation published by other
agencies such as UNIDO.

3.2 Empirical results

First of all I compare my dataset with that developed by the World Bank
(1999). To recapitulate, the World Bank (WB) arrived at estimates by
applying the Hatter—Davis definition of high technology to the COM-
TRADE database, but the classification used is the older SITC Revision
1.¢ The main problem, as discussed earlier, is that an aggregate definition
is adopted. The WB estimates are therefore likely to overestimate the
quantum of high tech exports from all the countries of the world. This
can be checked by comparing the WB estimates with INTECH estimates
(fig. 2.2).

In figure 2.2, I present the ratio of WB estimates to INTECH estimates
for five developing and four developed countries.” The ratio is greater
than unity for all countries in my sample, thus indicating that the WB
figures are clearly overestimates. Second, there are also what I may call
“pure and simple” problems with the data. This can be demonstrated by
drawing up a list of the top high tech exporters in the world according to
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Figure 2.2 Ratio of World Bank estimates to INTECH estimates.
Source: INTECH (2000).
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Table 2.4 The leading high tech exporters in the world, 1997

According to

Categories WDI (1999) INTECH (2000)

High exporters (>50%) Singapore (71%) Singapore (57%)
Malaysia (67 %) Malta (56%)
Jamaica (67 %) Philippines (53%)
Ireland (62%) Malaysia (49%)
Philippines (56%) Ireland (47%)
Senegal (55%) USA (32%)

Medium exporters Netherlands (44%) Thailand (31%)

(25-50%) USA (44%) Korea (27%)

Thailand (43%) Netherlands (27%)
UK (41%) Japan (26%)

Australia (39%)
Korea (39%)
Hungary (39%)
Japan (38%)
Nicaragua (38%)
Sweden (34%)
Israel (33%)
Mexico (33%)
Hong Kong (29%)
Switzerland (28%)
Denmark (27%)
Saudi Arabia (27%)
Morocco (27%)
Trinidad and Tobago (27 %)
Germany (26%)
Jordan (26%)

Source: INTECH (2000).
Note: WDI, World Development Indicators. Figures in brackets indicate the
percentage share of high tech exports in total manufactured exports.

each dataset. Once again the WB dataset suggests some unlikely coun-
tries (table 2.4).

It is clear that the WB estimates of high tech exports with respect to
six countries, namely Jamaica, Senegal, Jordan, Nicaragua, Morocco, and
Trinidad and Tobago, are extremely doubtful. In contrast, Malta is the
only surprising country on our list.® This aspect is further examined by
comparing the absolute values of exports for each of these countries ac-
cording to both datasets (table 2.5).

The foregoing analysis clearly demonstrates that, despite imperfections
in the definition, etc., the INTECH dataset is quite suited to measuring
the technological content of world trade.

First, world trade is increasingly becoming a trade in high tech prod-
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Table 2.5 Comparison of World Bank and INTECH datasets

WDI INTECH

Value of high Share of Value of high Share of

tech exports high tech tech exports high tech

(millions of exports (millions of exports
Country US$) (%) US$) (%)
Jamaica 619 67 0.509 17.00
Senegal 145 55 Nil Nil
Jordan 183 26 Nil Nil
Nicaragua 61 38 Nil Nil
Morocco 622 27 9.51 0.65
Trinidad and 296 27 11.43 1.03

Tobago

Source: INTECH (2000).
Note: Data are based on the values for 1997.

ucts (fig. 2.3) with approximately 22 per cent of the exports of manu-
factures being of this type. What is more striking is the significant
increase in the technology content of exports from developing countries:
nearly 27 per cent of the exports from developing countries are now high
tech products. In this sense, my finding is very similar to that of Lall
(1998). Second, the share of developing countries in high tech exports has
shown a dramatic increase: it has increased from about 8 per cent in 1988
to about 23 per cent in 1997 (fig. 2.4).

Third, the exports of developing countries (1988-1998) have grown at
a much faster rate of 31 per cent per annum compared with the 15 per
cent per annum of the developed countries. This higher rate of growth is
not only at the aggregate level but also across the various products. In
fact, except for pharmaceuticals, the growth performance of the devel-
oping countries is much higher.

The World Bank (2000) has (in its latest World Development Indicators
2000) changed its 1999 methodology to that which I have employed in
this study (OECD) and there are therefore no differences now between
them.’

4 Main features of high technology exports
I consider four main features:

® The concentration of high tech exports in a few developing countries
e The catching up of developing countries in high tech exports
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Figure 2.3 Trends in high technology content of world exports of manufactured
products.
Source: INTECH (2000).

¢ The competitiveness of high tech exports from developing countries
e Net export ratio

4.1 Concentration of high tech exports

There is considerable concentration of high tech exports within both the
developed and developing countries. Approximately three-quarters of
the total exports of high tech products in the world are produced by just
10 countries, of which five are developing. Two rankings are possible,
one in terms of the absolute value of exports and the other in terms of
the relative share of high tech exports in the exports of manufactures
from each country (both developed and developing). The second ranking
refers more to the high tech export intensity. If one uses the first indica-
tor, the situation shown in table 2.6 emerges.

However, if one uses the second indicator, namely the relative share of
high tech exports, and ranks all the countries according to their high tech
export intensity, then the arrangement is entirely different (table 2.7).

It may well be that some of these countries, especially those from the
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Figure 2.4 The increasing share of developing countries in total world exports of
high tech exports, 1988—1998.
Source: INTECH (2000).

developing world and perhaps Ireland from the developed world, are not
real manufacturers of high tech products. This point will be examined in
some detail in sections.

4.2 The catching up of developing countries

At the outset it must be made very clear that I use the term ‘‘catching
up”’!%in a very different way from the normal sense of the term as used
in the literature on technology transfer and development. This is because,
although one country may have caught up with another country in terms
of export share, its ability to maintain that share over a long period of
time is questionable as market shares are inherently unstable. Second,
the catch-up is defined purely in terms of the quantum of gross exports
and not net exports. The issue of net exports is treated separately in
section 4.4. With these caveats, an examination of the data shows the
following:

e The developing countries have been catching up with the developed
countries. This can be shown by taking a ratio of developing country
exports to developed country exports (fig. 2.5). Within approximately
a decade the share of developing country exports has increased by as
much as 20 percentage points.
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Table 2.6 Concentration in exports of high tech products

Concentration within each category (in

Share of the top per cent)

10° high tech

exporting Share of top Share of top

countries (in five developed five developing
Year per cent) countries countries
1988 68 66 87
1989 77 76 87
1990 75 74 86
1991 78 78 82
1992 78 76 85
1993 77 76 86
1994 77 75 86
1995 76 73 87
1996 74 72 82
1997 75 72 85
1998 77 72 95

Source: INTECH (2000).

Note: Data are based on absolute values.

a. The top five developed countries are the USA, Japan, Germany, the UK, and
France and the top five developing countries are Singapore, Korea, Malaysia,
China, and Mexico.

® As a corollary of the above, the catching up is concentrated in certain
specific product groups, which are of course the most important within
the export basket of these countries (fig. 2.6).

¢ The maximum catch-up has occurred in the computing and office equip-
ment category followed by electronics. In contrast, the least catch-

Table 2.7 Ranking of developed and developing countries according to high tech
export intensity

Developed countries Developing countries
Average export Average export

Rank Name intensity” Rank Name intensity”

1 Ireland 42.82 1° Singapore 49.78
2 USA 31.90 2 Malaysia 43.13
3 Japan 25.11 3 Philippines 38.33
4 UK 24.96 4 Thailand 22.79
5 Netherlands 21.71 5 Korea 21.62

Source: INTECH (2000).

a. Average during the period 1988-1998.

b. Malta, which has an average export intensity of 55.72 per cent, is the highest in
the world. For the time being, this has been excluded (see endnote 8).
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Figure 2.5 The catching up of developing countries with respect to high tech ex-
ports (at the aggregate level).
Source: INTECH (2000).

up has occurred in the non-electrical machinery and pharmaceutical
products categories.

e Specific developing countries have caught up with specific developed
countries. The United States is the largest exporter of high tech prod-
ucts in the world. The top developing and developed countries (in
terms of high tech export intensity) are compared with the United
States in fig. 2.7. It is seen that the maximum catch-up is by Singapore.
As a matter of fact Singapore exports (as regards the absolute level of
exports) more high tech products than the United Kingdom, Germany,
or France.

¢ Specific developing countries have caught up with specific developing
countries. Malaysia is the developing country that has caught up most
(fig. 2.7): it has almost caught up with Korea and is fast catching up
with Singapore.

4.3 Competitiveness of high tech exports
Export success is generally regarded as a measure of the competitiveness

of a country’s industries. It has been noted that markets for high tech
products are growing faster than those for other products because of the
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Figure 2.6 The catching up of developing countries by product level.
Source: INTECH (2000).

higher income elasticity of demand and greater scope for product inno-
vation and productivity increases (Lall, 1998; UNCTAD, 1999). The im-
plication of this is that it is easier for a country to sustain export growth
if it can establish a competitive position in these products than in the
slow growing non-high tech products. So in the following I analyse the
competitiveness of high tech products from developing countries. This
is measured by computing indices of revealed comparative advantage
(RCA) (fig. 2.8).!!

The RCA indices are computed not only at the aggregate level but also
for each of the subsectors within. The developing countries are more
competitive than the developed countries for most years and especially
since the mid-1990s.

Singapore and Malaysia have the highest RCAs of the developing
countries (table 2.8).
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In the above, I have presented the main characteristics of high tech
exports from developing countries. In section 5, I will attempt to analyse
whether this performance of the developing countries is real or is a mere
statistical artefact.

4.4 Net export ratio

The entire analysis thus far has been with respect to gross exports. How-
ever, it is important to view the position of developing countries as re-
gards net exports, so I define a ratio of net exports (high tech exports
minus high tech imports) to gross exports. Being a ratio, it facilitates
inter-spatial comparisons. The ratio, though negative as far as the devel-
oping countries are concerned, has been improving over time (fig. 2.9). In
contrast, the ratio for the developed countries has been worsening.

Further, all the countries are ranked according to the average net ex-
port ratio during the period under consideration. Singapore, Korea, and
Malaysia have positive net export ratios and figure in the top 19 coun-
tries. Thailand is also in the top 19, but has a negative net export ratio.
Only the Philippines does not figure in the list (fig. 2.10).
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Table 2.8 RCA indices of leading high tech exporters from the developing world

Year China Mexico Korea Philippines Thailand Malaysia Singapore

1988 - - 0.99 - 1.02 2.53 -

1989 - 0.53 0.94 - 1.00 2.02 1.96
1990 - 0.44 0.95 - 1.10 2.01 2.10
1991 - 0.46 1.04 1.74 1.12 2.05 2.15
1992 0.36 0.62 1.09 1.52 1.22 2.15 2.47
1993 0.38 0.62 1.08 1.61 1.10 2.18 2.46
1994 0.43 0.72 1.17 1.63 1.22 2.28 2.61
1995 0.52 0.76 1.30 1.75 1.22 2.30 2.70
1996  0.61 0.77 1.17 2.85 1.42 2.17 272
1997  0.61 0.82 1.24 2.47 1.44 2.29 2.66
1998  0.69 0.87 1.22 - - 2.48 2.66

Source: INTECH (2000).
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5 Verification of the statistical artefact hypothesis

It has been observed by Lall, Albaladejo and Aldaz (1999) that the same
product can use very different processes in different locations, exploiting
different sources of competitive advantage. For instance, according to
them, “‘semiconductor exports may involve complex design and fabrica-
tion in one country (and so be genuinely high technology) and only as-
sembly and packaging in another (and so be low technology). Many high
tech exports from developing countries are based on the relatively simple,
labour-intensive assembly of imported components.” In other words, the
high tech exports from developing countries are a mere statistical artefact
and are not really real. I propose to verify this hypothesis by examining:

e The product specialisation within each of the eight high tech product
groups by both developed and developing countries. In very specific
terms, I will examine whether the products specialised in by the de-
veloping countries are very different from those of the developed
countries. This will be done at a very high level of disaggregation.
If after the analysis I reach the conclusion that the nature and kinds
of products manufactured by developing countries and the developed
countries are not very different, it will be extremely difficult to maintain
the statistical artefact hypothesis. Needless to add, verifying by this
method has some limitations. Of course we can verify it if developing
countries are specialised in the same high tech products, but even if
these products have the same name they are not necessarily similar and
they could have a different technological content. For instance, a micro-
phone or a television camera can have a high range or a low range. The
trade classification does not make any distinction, but the technological
knowledge and know-how necessary to produce these products are
quite different.

e The innovative activity of the developing countries with respect to high
technology areas. If a country has real capability to design and manu-
facture (rather than assemble) high technology products, then that
capability should be reflected in terms of its patenting record.

e The indicators of high tech competitiveness developed by the Technol-
ogy Policy Assessment Center (TPAC).!? TPAC researchers define
four indicators of high tech competitiveness: (i) national orientation,
which indicates a country’s commitment to technology-based devel-
opment along the following dimensions: government policy, political
stability, entrepreneurial spirit, and acceptance of the idea that devel-
opment should be technology-based; (ii) socio-economic infrastructure,
which indicates the strength of each nation’s educational system, mo-
bility of capital, and encouragement of foreign investment; (iii) tech-
nological infrastructure, which captures the strength and contributions
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Table 2.9 Structure of high tech exports of developing and developed countries

(%)

World Developing Developed

Electronics and telecommunications 34.66 47.18 31.32
Office and computing 27.33 31.57 29.69
Aerospace 13.05 3.10 15.00
Scientific instruments 10.15 11.41 3.64
Electrical machinery 2.63 2.23 2.68
Non-electrical machinery 3.75 0.57 4.37
Pharmaceuticals 3.87 1.27 4.40
Chemical 4.56 2.67 8.88

Source: INTECH (2000).

of a nation’s scientific and engineering manpower, its electronic data
processing purchases, the relationship of its R&D to industrial appli-
cation, and its ability to make effective use of technical knowledge; and
(iv) productive capacity, which is the capability to manufacture tech-
nology-intensive products. It combines the value of electronics pro-
duction with three survey items related to manufacturing and manage-
rial capabilities to measure the amount and efficiency of resources
available. An examination of the scores obtained by the developing
countries enables one to draw some informed conclusions about their
technological capability to manufacture and export high tech products.

5.1 Product specialisation in developed and developing countries

At the aggregate level, developing countries specialise in the export of
electronics items and office and computing equipment (table 2.9).

Developed countries, in contrast, have a much better distributed export
structure. In addition to the above two items, they also export sizeable
quantities of both aerospace and scientific instruments. So, the impres-
sion is that the export structure of developing countries concentrates on
two items. I will now examine whether the export structures of the two
groups are very different within these two groups of electronics and office
and computing equipment (table 2.10).

It is seen that both the developed and developing countries are in-
creasingly specialising in the manufacture and export of components and
both electronic and office equipment parts. This is especially so in the
case of office and computing equipment where very nearly one-third of
the exports of both groups are automatic data processing machine com-
ponents. Based on this, it can be inferred that the degree of specialisation
of both developing and developed countries is similar. However, it is in-
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Table 2.10 Specialisation of developed and developing countries within electronics and office and computing equipment, 1991

and 1997
Developing Developed Developing Developed
Electronics and Office and computing
telecommunications 1991 1997 1991 1997  equipment 1991 1997 1991 1997
Video recording or 10.20 5.62 6.58 2.79 Auto typewriter, word 0.11 0.07 0.34 0.07
reproducing apparatus processing machine
Other sound reproducing 0.61 1.93 2.50 1.07 Electrostatic photocopying 0.05 0.14 0.17 0.09
apparatus (direct process)
Line telephones, etc. 4.97 6.38 9.27 1036 Electrostatic photocopier 0.21 1.64 4.52 3.56
Microphones, loudspeakers, 3.18 3.30 3.32 1.97 (indirect process)
amplifiers Non-electrostatic 0.00 0.01 0.15 0.03
Transmission apparatus for 3.38 3.82 7.07 11.36 photocopying apparatus
radio telephony, etc. of the contact type
Telecommunications 2.20 291  10.03 4.04 Analogue or hybrid 0.04 0.14 0.15 0.03
equipment, n.e.s. computers
Parts of line telephony 1.40 1.62 7.18 8.16 Digital computers 14.20 5.45 0.56 1.17
Parts of microphone, etc. 0.37 0.40 0.37 0.27 Digital processing units 2.37 5.02 7.02 7.43
Printed circuits 2.55 4.59 5.85 3.48 Input or output units 4359 2124 1891 19.32
Panels, etc., for voltage not 0.46 0.80 3.99 2.87 Storage units 460 31.11 7.16  14.85
exceeding 1000 V Parts of automatic data 3483 3520 3942 3819
Optical fibre cables 0.02 0.17 0.57 0.73 processing machines
Microwave tubes 0.03 0.06 0.37 0.42
Other valves and tubes 001 012 039 043 1ol 100.00100.00100.00° 100.00
Diodes, transistors, etc. 9.13 7.73 4.74 5.27
Electronic integrated 5549 5568 2933 3757
circuits and
microassemblies
Peizo-electric crystals 5.72 3.88 2.64 3.18
Recorded media n.e.s. 0.29 0.98 5.81 6.04
Total 100.00 100.00 100.00 100.00

Source: INTECH (2000).

Note: The percentage share of exports within each of the two categories is shown.
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correct to state that, while developing countries specialise in the export
of finished products, developing countries specialise in the export of just-
assembled finished products. In fact, we find that both are exporters of
components or parts, at least in these two categories.

A third way of checking the degree of specialisation of both groups is
to rank the top 10 products in terms of the value of exports. This is done
for both developing and developed countries for the two years 1991 and
1997, but on the basis of the ranks obtained in 1997 (table 2.11).

It is seen that the top two items in both groups are exactly the same.
The top 10 items account for over three-quarters of developing country
exports, while they account for only about a half of developed country
exports. In short, developing country exports are concentrated in a few
items. Once again, many of the developing country exports are parts and
components.

Thus my analysis of product specialisation clearly shows that both de-
veloping and developed countries are exporting, by and large, the same
types of products. The data do not support the conclusion that develop-
ing countries are specialising in the export of technologically less sophis-
ticated products (within the high tech sector).

5.2 Patenting record of developing countries

Patent data are a rather good, if imperfect, indicator of the technological
capability of a country. Pavitt and Soete (1980) have used patent data to
analyse the relative ““‘competitiveness’ of various countries, to construct
“revealed technology advantage” indexes for various countries, and to
describe and contrast the international location of inventive activity in
different industries.

Patents are not the only way to protect intellectual property rights:
copyrights and trade secret laws also protect certain types of intellectual
property. For example, computer programs and integrated circuit config-
urations are usually protected by copyright. However, because patenting
is the primary form of intellectual property protection, patent data are
considered to be the most available, objective, and quantitative measure
of innovative output (Griliches, 1990). Thus a country’s patenting activity
is an indicator of the strength of its research enterprise and technological
strengths, both overall and in particular fields of technology.

I start first with overall patenting activity by examining the trends in
the number of patents granted in the United States to researchers from
different countries since 1985 (fig. 2.11). Since the patent counts for the
countries in this study cover such a wide range, I have plotted them in the
logarithmic scale.

The patenting rate for many of the developing countries has increased
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Table 2.11 The top 10 high tech exports by developing and developed countries

Developing countries

Developed countries

1991 1997 1991 1997
Electronic integrated 13,914,501 49,127,995 Electronic integrated 28,987,309 79,558,903
circuits circuits
Parts of automatic data 5,804,825 25,343,488 Parts of automatic data 35,770,453 58,640,853
processing machines processing machines
Storage units 766,647 22,393,643 Aircraft, etc. ULW > 500 kg 41,340,065 37,889,184
Input or output units 7,265,324 15,289,681 Digital processing and 17,164,319 29,668,113
Diodes, transistors, etc. 2,288,920 6,822,845 storage units
Line telephones, etc. 1,245,314 5,626,230 TV, radio transmitters 6,982,483 24,066,462
Video recording and 2,556,952 4,962,619 Storage units 10,654,333 23,454,389
reproduction apparatus Input or output units 15,576,291 22,801,798
Printed circuits 639,905 4,050,710 Line telephone, etc., 9,159,223 21,934,176
Digital computers 2,366,679 3,920,626 equipment
Digital processing and 394,448 3,610,907 Parts of line telephony 7,091,715 17,278,829
storage units equipment
Total for the above 10 37,243,516 141,148,743 Parts of jet, turbo-prop 9,273,437 13,172,583
items engines
Total high tech exports 47,961,460 184,746,341 Total for the above 10 items 181,999,628 328,465,291
(78) (76) Total high tech exports 362,052,787 608,304,139
(50) (54)

Source: INTECH (2000).

Notes: Figures in parentheses indicate the percentage share of the top 10 items in the overall high tech exports of each category.
Values are in thousands of US$. ULW, ultra light weight.
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Figure 2.11 US patent activity by inventor country and grant year, 1985-1998.
Source: USPTO (1999).

dramatically in recent years. This is particularly true for Korea and Tai-

wan.!3 If the current patent growth rates hold, within a few years both

Taiwan and Korea will surpass the United Kingdom in the number of

United States patents granted annually. China and Singapore show the

fastest growth in United States patents, though the number of patents

granted to each is still small. Malaysia has the least number of patent
grants, but this is showing an increasing trend since the mid-1990s.

A recent study by the Office of Technology Policy (1998) has examined
the global patenting trends in five high technology sectors: health, ad-
vanced materials, the automotive industry, information technology, and
express package transportation logistics. Though these sectors do not
coincide with our definition of high technology, there are two common
sectors, the pharmaceutical industry and information technology. In
order to analyse the patenting records of the various countries in each of
the five sectors, the study considers three five-year periods: 1982-1986,
1987-1991, and 1992-1996.

e The study shows that the technological capabilities of Korea and Tai-
wan are increasing, with their growth strength most evident in ad-
vanced materials and information technology. Since 1995, both Korea
and Taiwan have exceeded the United Kingdom and Germany in in-
formation technology patents issued.
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¢ On the other hand, Malaysia and Singapore do not have enough pat-
enting activity in any of these sectors to be identified as high tech. This

fact could reflect these countries’ lack of a significant indigenous R&D

capability.
¢ This means that the exports of high technology products from these

countries are largely contributed by multinational corporations (MNCs)
with very little local R&D effort. However, this situation is changing
rapidly: Singapore in particular is investing very heavily in domestic

R&D and has also taken a number of steps to strengthen its domestic

innovative activity.

These findings are supplemented by my own analysis of the patenting
records of the top 15 most common United States patent classes'* for
inventors from Korea, Singapore, and Malaysia for the period 1994-
1998. Similar data for other developing countries such as Thailand and
the Philippines are not immediately available (table 2.12).

It is clear from table 2.12 that, while in the case of both Korea and
Singapore many patents are in the area of high technology (loosely de-
fined), the same cannot be said about Malaysia. Thus from my analysis of
the patenting records of developing countries, it appears that Korea and
increasingly Singapore have design capabilities in many areas of high
technology, especially information technology. Malaysia, Thailand, and
the Philippines, in contrast, do not appear to have such capabilities,
though Malaysia does seem to have a better record in this area than the
other two countries.

It is very instructive to examine the relative contributions of both for-
eign and domestic firms to the total number of patents issued.'> My
analysis (based on the United States Patents and Trademarks Office,
USPTO) shows that local firms account for all the patents procured by
Korean, Taiwanese, and Chinese inventors. In the case of Singapore, 58
per cent of the patents are issued to local firms. Of the patents taken out
by Malaysian inventors, 75 per cent are individually owned, while the
remaining 25 per cent belong to one foreign company. Thailand and the
Philippines have an insignificant number of patents.

5.3 Indicators of high tech competitiveness

As mentioned earlier there are four such indicators. The scores on these

indicators for the leading developing countries and two of the developed

countries, namely the United States and Japan, are presented in table

2.13. The following inferences can be drawn from this table.

¢ National orientation: This indicator attempts to identify those nations
whose business, government, and cultural orientation encourage high
technology development. Singapore has the highest score on this indi-
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Table 2.12 Top 15 most common US patent classes for inventors from Korea, Singapore, and Malaysia

Cumulative Cumulative Cumulative
number number number
of patents of patents of patents
Korea 1994-1998 Singapore 1994-1998  Malaysia 1994-1998
Semiconductor device 741 Cumulative total for all 8,747 Cumulative total for all 406
manufacturing process patent classes patent classes
Television 584 Semiconductor device 58 Communications:
Static information storage 468 manufacturing process electrical 5
and retrieval Active solid state devices 23 Horizontally supported
Active solid state devices 328 Electrical connectors 19 planar surfaces 4
Dynamic information 272 Television 14 Optical wave guides
storage retrieval Electric lamp and 11 Games using tangible 4
Dynamic magnetic informa- 271 discharge devices projectiles 4
tion storage or retrieval Electricity: measuring 10 Printing
Refrigeration 176 and testing Conveyors: power-driven 3
Television signal processing 168 Information processing 10 Information processing 3
Optics: systems and systems systems 3
elements 153 Coded data generation or 9 Hydraulics and earth
Electric lamp discharge conversion engineering 3
devices 150 Electricity: electrical 9 Wells
Radiation imagery 147 systems and devices Dispensing 2
chemistry Typewriting machines 9 Food or edible material: 2
Electric heating 145 Wells 8 processes, compositions 2
Miscellaneous active 132 Electric power 8 Stock material or 2
electrical nonlinear conversion systems miscellaneous
devices, circuits and Chemistry: molecular 8 Synthetic resins 2
systems Incremental printing of 7 Baths, sinks, etc. 2
Information processing 132 symbiotic information Brushing, scrubbing
system organization Electrical computers and 6 Cumulative total for the 1
Liquid crystal cells, 119 data processing systems above 14 categories 1
elements and systems Cumulative total for the 209 Cumulative total for all 41
Cumulative total for the 3,986 above 14 categories patent classes
above 14 categories 69

Source: USPTO (1999).
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Table 2.13 Indicators of technological competitiveness

National Socio-economic Technological Productive

orientation infrastructure infrastructure capacity
Hong Kong 74.4 69.6 23.0 43.0
Singapore 92.7 73.3 40.5 54.6
South Korea 81.9 69.6 42.6 46.4
Taiwan 81.1 74.5 37.4 43.1
China 62.3 46.4 38.6 332
India 524 46.4 33.0 38.6
Indonesia 62.5 49.5 25.3 24.8
Malaysia 81.1 63.7 34.3 47.5
Japan 86.3 72.7 83.7 92.7
USA 69.9 84.0 87.5 89.8

Source: National Science Foundation (1995).

cator. The country has a clear-cut government policy on the develop-

ment of high technology industry. This point will be further discussed

later.

® Socio-economic infrastructure: This indicator assesses the underlying
physical, financial, and human resources needed to support modern
technology-based economies. Singapore once again has a high score
reflecting its small size and the national plan for technology-based
growth.

e Technological infrastructure: This indicator evaluates the institutions
and resources that contribute to a nation’s capacity to develop, produce,
and market new technology. Among the developing countries, Korea
has the highest score. Singapore’s technological infrastructure was
rated nearly as high as that of Korea and better than that of Taiwan.

® Productive capacity: This indicator evaluates the strength of a nation’s
current, in-place manufacturing infrastructure as a baseline for assess-
ing its capacity for future growth in high tech activities. Singapore once
again has the highest score among the developing countries.

However, the scores secured by the developing countries on all the

indicators except ‘‘national orientation” are much lower than those

obtained by the developed countries.

In sum, my analysis shows that, as regards product specialisation, both
developing and developed countries specialise in the export of parts and
components. However, the high tech exports of developing countries are
concentrated in 10 products, while those of the developed countries are
more spread out. With respect to patenting, although only two of the de-
veloping countries have a significant number of patents in seemingly high
tech areas, the number of patents procured by these select countries
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shows a definite increase. However, some of the developing countries,
which are major exporters of high tech products, have no patents at all.
This means that they are merely acting as subcontractors to large MNCs
and as such they do not possess any real technological capability. Finally,
my analysis of certain summary measures of high tech competitiveness
once again confirms the view that only two of the top five developing
countries possess real capability in the design and manufacture of high
tech products. To confirm that even these countries are indeed real ex-
porters of high tech products, we require the following two sets of data:
(i) the share of local content in the exports; and (ii) the share of local
firms (as against subsidiaries of MNCs) in the total exports of high tech
products. However, these figures are hard to obtain.

6 Case study of a leading exporter from the developing
world

Singapore is the leading exporter of high tech products not only in the
developing world but also in the world itself. The general impression or
feeling is that many of the goods exported from Singapore come from the
subsidiaries of MNCs that operate in that country. An analysis of Singa-
pore’s growth process over the last three decades or so reveals at least six
characteristics (Huff, 1999), namely sustained rapid growth, strong export
orientation, high savings and investment, low inflation, low government
consumption, and fundamental structural transformation. This situation
has played an important role in enhancing the technological capability of
this small, but open, island nation. This role has been achieved through
two separate institutional mechanisms: first, through the establishment of
a specialised institution supporting technical change, namely the National
Science and Technology Board (NSTB); and second, through an imagi-
native use of industrial policies to increase spillover from the numerous
foreign manufacturing companies. These mechanisms are analysed in
some depth below.

6.1 Role of innovation policies

In order to further develop Singapore’s S&T capabilities and support
industrial clusters, the second five-year National Science and Technology
Plan 2000 was introduced in 1996. The NSTB is central to the plan.
Established in 1991, the Board is responsible for developing Singapore’s
S&T capabilities through strengthening its technology infrastructure and
supporting selected industrial clusters. The following clusters have been
selected for further development:
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Chemicals and environmental technology

Electronics components and systems

Life sciences (biotechnology, food, and agro technology)
Manufacturing and engineering systems

These industries are supported by 13 government research institutes
and centres which form a bridge between basic research carried out in
the universities and applied R&D undertaken by the industry.

The NSTB has two main goals. The first goal is to promote and de-
velop a techno-entrepreneurial environment in the country, which will
lead to vibrant technology-oriented companies. The second goal is to
develop capability through promoting and strengthening the technology
infrastructure in the country. The NSTB has established a network of
research institutes and centres (in 1998 they collaborated in approxi-
mately 310 joint projects with the industry, filed 67 patents, concluded 28
licensing agreements, and collaborated in a combined total of four high
tech start-ups) and also works closely with tertiary institutions to ensure
that collectively the industry can rely on a firm knowledge base to sup-
port current and future needs for manpower and technology. It has also
put in place the following measures and programmes to seed and grow
technology enterprises in Singapore: (i) the Business Angel Fund; (ii) the
Technology Incubator Programme; (iii) the Technology Development
Fund; (iv) the Innovator Assistance Scheme; (v) the Incubation Support
scheme; (vi) the Techno-entrepreneur Home Office Scheme; and (vii) the
Techno-entrepreneur Investment Incentive Scheme.

Consequent to these efforts, both gross expenditure on R&D (GERD)
and its intensity has shown some dramatic increases in the last few years
(fig. 2.12). Singapore’s research intensity, though lower by the interna-
tional standards of the developed countries, is fast catching up.

Of the total R&D investment, nearly two-thirds is contributed by the
private sector mainly out of its own funds: the Singapore government
only contributes about 10 per cent.

Within the private sector much of the R&D investment is accounted
for by the manufacturing sector and within that the electronics industry.
In other words, the electronics industry, which is the largest exporter, is
also the largest investor in R&D.

Another important point is that local enterprises invest much more
than foreign enterprises in R&D in most sectors, though in the manu-
facturing sector as a whole and within the electronics industry in particu-
lar, they account for only half of that expended by foreign enterprises.

The government has also actively promoted various types of technical
education and thereby increased the supply of scientists and engineers.
For instance, the number of scientists and engineers engaged in R&D has
increased from 18.4 (per 10,000 labour force) in 1984 to 65.51 in 1998.
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Figure 2.12 Trends in R&D expenditure and in research intensity in Singapore.
Source: National Science and Technology Board (1998).

6.2 Role of industrial policies

GERDI/GDP (in per cent)

Lall (1997) shows that the government in Singapore has actively in-
tervened through various types of industrial policies. The main policy

thrusts, according to him, can be divided into those that:

e Deepen the industrial structure: there is a very strong push into speci-

alised high tech industry for export markets, but without protection.

e Raise local content: under its Local Industries Upgrading Programme,
the government encourages MNCs to “‘adopt” a group of small- and
medium-sized enterprises (SMEs) and transfer technology and skills to
them. It pays the salary of a full-time procurement expert to work for

specified periods with the adopted firms and help them upgrade the
production and management capabilities to the standards required.

ir

e Support foreign direct investment (FDI) policies: aggressive targeting
and screening of MNCs is practised, with direction into high value-
added activities. The decisions of MNCs concerning what new tech-
nologies to bring into Singapore are influenced by the incentive system,
the provision of excellent infrastructure, and the direction offered by

the Government of Singapore.
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e Raise technological effort: MNCs are targeted to increase R&D.
e Change industrial structure: some public sector enterprises enter tar-
geted areas.

As a result of the combined effect of both technology and industrial
policies, there has been a dramatic increase in the share local companies
hold in the total industrial investment in the country.

Scientists from the World Technology Evaluation Center (1997) have
studied the technological capability of Singapore’s electronics industry.
According to this study, Singapore is moving more and more towards
increased research, with high-volume, low-cost manufacturers (table
2.14). Singapore is moving rapidly into design and development and is
increasing investment in research in all areas of electronics. The produc-
tion of integrated circuits (ICs), IC packaging, printed circuit board
(PCB) fabrication, and PCB assembly are well established. The Singa-
pore printed circuit board assembly industry is on a par with (or slightly
behind) that of the United States in terms of technology. The industry
has increasing design capabilities in all of these areas and is moving
into basic materials research to support next-generation component
development.

7 Summing up

The purpose of this chapter has been to develop a consistent series of
data on the exports of high tech products from developing countries. My
analysis has shown that, while the share of developing countries in high
tech exports is very large, it is highly concentrated in approximately five
countries. In other words, the majority of developing countries take no
part in the manufacture or export of high tech products. There is much
variation in the technological capability of even the high tech exporting
countries. At one end of the spectrum are Korea and (increasingly) Sin-
gapore, which have the local capability to design, manufacture, and ex-
port high tech items. Malaysia is somewhere in the middle, while Thai-
land and the Philippines appear to be at the other end with very low
(relatively speaking) capability. However, the developing countries as a
whole are fast catching up with the developed countries, so it may be
unwise to dismiss this performance as a mere statistical artefact.

The study has thus identified some areas for further research: mea-
surement of the import content of these exports and measurement of the
relative contribution of MNCs vis-a-vis local companies, because it is well
known that in some countries (for instance Malaysia) MNC subsidiaries
contribute many of the exported goods.
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Table 2.14 Model of Singaporean electronics technology development

Product technologies

Technology
stages Integrated circuit IC package PCB assembly PCB
Research Cell design Materials Materials Materials, plating, wet
chemistry
Design Logic design, module Mechanical characterization,  Circuit design, layout Layout
layout package design
Deployment  Production engineering  Production engineering Production engineering  Production engineering

Source: World Technology Evaluation Center (1997).
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This paper is based on a UNU-INTECH research project, Project 99431-1. Thanks are due
to Noi Kwanjai for excellent research assistance. I am also grateful for comments made by
participants of an internal seminar at UNU-INTECH and another seminar at the Institute of
Social Studies, The Hague, and especially Shulin Gu and Larry Rausch. Also grateful
thanks to Lynn Mytelka, Sanjaya Lall, Thomas Hatzichronoglou, Ashok Desai, and Jeffrey
James for their comments on an earlier draft. However, none of them are responsible for
any errors that may still remain.

1.
2.

10.

11.

12.

13.

14.

15.

See European Commission (1997) for a full list of the 50 countries.

Though Kravis and Lipsey refer to their estimates as relating to the world as a whole, in
fact they refer only to the market or OECD economies. See footnote “a” to table 1 in
their study.

. Lall’s study is based on the UN COMTRADE dataset, but the level of aggregation is

high at the three-digit level or higher in most cases. According to this study, high tech-
nology products include fine chemicals, pharmaceuticals, complex electrical and elec-
tronic machinery, aircraft, and precision instruments.

. The COMTRADE database of the United Nations Statistics Division (UNSD) is by far

the most comprehensive source of trade statistics as it covers over 110 reporting coun-
tries with time series starting from 1962 (SITC1), 1977 (SITC2) or 1988 (SITC3 corre-
lated to Harmonized System (HS) codes), 1988 (HS 922) and 1996 (HS 1996). For
details see http://unstats.un.org/unsd/comtrade/.

. Hatzichronoglou (1997) explicitly states these three limitations.
. To translate the Hatter—Davis industry classification into a definition of high technology

trade, Braga and Yeats (1992) used the concordance between the SIC grouping and the
SITC Revision 1 classification. In preparing the data on high technology trade, Braga
and Yeats considered only SITC groups (at a four-digit level) that had a high technol-
ogy weight above 50 per cent. Examples of high technology exports include aircraft,
office machinery, pharmaceuticals, and scientific instruments. It is worth noting that this
methodology rests on the somewhat unrealistic assumption that using United States
input—output relations and trade patterns for high technology production does not in-
troduce a bias in the classification (World Bank, 1999).

. These nine countries together account for over 95 per cent of the world exports of high

tech products.

. However, Malta is one of the fastest growing countries in the world. Its per capita in-

come has been growing at a rate of 4.5 per cent per annum since the mid-1970s. Exam-
ining how this country has become an important exporter of high tech products would
be very instructive.

. The World Bank has acknowledged me in its section on “Credits”” in World Develop-

ment Indicators (World Bank, 2000: 372).

For an excellent review of the literature on international technology transfer and the
mechanics of “catching up”, see Radosevic (1998).

This is computed by dividing a country’s share of high tech exports in the world by its
total share of world exports.

TPAC of the Georgia Institute of Technology. For details of the construction of the
high technology indicators, see http://tpac.gcatt.gatech.edu/.

I do not have the data on high tech exports from Taiwan.

According the classification system followed in the USPTO, it divides patents into ap-
proximately 370 active classes. However, concordance tables between this classification
system and the UN SITC are not available.

Revision 3 classes are not available. Therefore I am not in a position to classify the pa-
tent grants according to my definition of high technology.



46 INNOVATION, LEARNING, AND DYNAMISM

REFERENCES

Braga, C. A. Primo and A. Yeats (1992) How Minilateral Trading Arrangements
May Affect the Post-Uruguay Round World, Washington, D.C.: The World
Bank, International Economics Department.

Davis, L. (1982) Technology Intensity of U.S. Output and Trade, Washington,
D.C.: US Department of Commerce, International Trade Administration.

European Commission (1997) Second European Report on Science and Technol-
ogy Indicators, Brussels: European Commission.

Griliches, Z. (1990) “Patent Statistics as Economic Indicators: A Survey”, Jour-
nal of Economic Literature XXVIII: 1661-1707.

Hatter, V. L. (1985) U.S. High Technology Trade and Competitiveness, Office of
Trade and Investment Analysis, Staff Report, Washington, D.C.: U.S. Depart-
ment of Commerce, International Trade Administration.

Hatzichronoglou, T. (1997) Revision of the High-Technology Sector and Product
Classification, OECDE/GD(97)216, Paris: OECD.

Huff, W. G. (1999) “Singapore’s Economic Development: Four Lessons and
Some Doubts”, Oxford Development Studies 27(1): 33-55.

INTECH (2000) Exports of High Technology Products from Developing Coun-
tries 1988—1998, data on CD-ROM, Maastricht: United Nations University,
Institute for New Technologies.

Kravis, I. B. and R. E. Lipsey (1992) “Sources of Competitiveness of the United
States and Its Multinational Firms”, The Review of Economics and Statistics
LXXIV(2): 193-201.

Lall, S. (1997) “Policies for Industrial Competitiveness in Developing Countries:
Learning from Asia”’, Oxford: Queen Elizabeth House, University of Oxford,
unpublished.

(1998) “Exports of Manufactures by Developing Countries: Emerging
Patterns of Trade and Location”, Oxford Review of Economic Policy 14(2):
54-73.

Lall, S., M. Albaladejo and E. Aldaz (1999) “East Asian Exports, Competitive-
ness, Technological Structure, Strategies”, Oxford: Queen Elizabeth House,
University of Oxford, unpublished.

National Science Foundation (1995) Asia’s New High-Tech Competitors, NSF 95—
309, Arlington, Va.: National Science Foundation.

National Science and Technology Board (1988) National Survey of R&D in Sin-
gapore, Singapore: National Science and Technology Board.

OECD (1986) OECD Science and Technology Indicators No. 2, Paris: OECD.

Office of Technology Policy (1998) The New Innovators, Global Patenting Trends
in Five Sectors, Washington, D.C.: U.S. Department of Commerce.

Pavitt, K. and L. Soete (1980) “Innovative Activities and Export Shares: Some
Comparisons between Industries and Countries”, in K. Pavitt, ed., Technical
Innovation and British Economic Performance, London: Macmillan, pp. 38—66.

Radosevic, S. (1998) International Technology Transfer and Catch-up in Eco-
nomic Development, Cheltenham (UK) and Northampton, Mass. (USA): Ed-
ward Elgar.




EXPORTS OF HIGH TECHNOLOGY PRODUCTS 47

UNCTAD (1999) World Investment Report 1999, Geneva: United Nations.

UNIDO (1999) International Yearbook of Industrial Statistics 1999, Vienna:
United Nations.

USPTO (1999) Industrial Patent Activity in the United States, part 1 on CD-ROM,
Washington, D.C.: USPTO.

World Bank (1999) World Development Indicators 1999, on CD-ROM, Washing-
ton, D.C.: World Bank.

(2000) World Development Indicators 2000, Washington, D.C.: World

Bank.
World Technology Evaluation Center (1997) “Electronics Manufacturing in the
Pacific Rim”, online at: http://itri.loyola.edu/em/toc.htm.



3

Development strategies and
innovation policies in globalisation:
The case of Singapore

Alexander Ebner

1 Introduction

Building institutional networks for the assimilation of technological in-
novations has emerged as an indispensable policy rationale in sustaining
economic development, and providing opportunities for catch-up growth
and structural upgrading in a global economy which has been shifting its
technological foundations quite rapidly towards information and com-
munication technologies. This type of developmental institution-building
implies a strategic coupling of innovation policies and development
strategies. Innovation policies may be perceived as specific policies for
the promotion of local capabilities in the domain of innovation and tech-
nology assimilation, focusing on firms while accounting for institutional
networks among private and public agents. These policies are framed by
more comprehensive development strategies which denote those struc-
tural and institutional components that promote the realisation of a broad
set of socio-economic goals, thus informing strategic efforts regarding
policy coordination on a micro-, meso-, and macro-economic level. How-
ever, in dealing with the developmental challenges which are actually
posed by globalisation, a complex set of technological, institutional, and
spatial aspects needs to be considered.

Infrastructural investments and institutional adaptations are crucial ele-
ments of the development process, which may be assessed with respect to
the evolution of specific techno-economic paradigms, perceived as ideal

48
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types of productive organisation (Dosi, Freeman and Fabiani, 1994: 11n).
In coping with paradigm changes, then, systems of innovation denote
those institutions within a territorial setting that take part in the genera-
tion and diffusion of innovations, combining components such as R&D
facilities, education programmes, and patent systems. This institutional
setting, as well as the specific industrial structures that shape interactive
learning among users and producers, thus determines the local capacity
for international competitiveness (Ebner, 1999: 143n). The impact of
globalisation, however, points to the international restructuring of inno-
vation systems, involving a drive towards commercialisation through
transnational private—public partnerships.! Related to these efforts are
attempts to build alliances between local authorities and transnational
capital with an emphasis on the structural level of interaction (de la
Mothe and Paquet, 1996: 26n).>

Indeed, technological globalisation is based on the geographically dis-
persed and locally specialised operations of multinational enterprises, inte-
grated within corporate production and innovation networks that arrange
technology flows among corporate centres and subsidiaries (Cantwell,
1999: 238). In this context, technology assimilation in developing econo-
mies should promote modification of established production structures,
allowing for internal improvements and further spill-over effects which
may stimulate local capabilities for innovation (Bell and Pavitt, 1993:
259n). Consequently, development strategies increasingly focus on the
attraction of foreign direct investment, providing appropriate institu-
tional conditions for industry-specific technology assimilation, as well as
supporting the international expansion of local enterprises.® This in-
volves continuous learning, although strategies of leapfrogging in the in-
frastructural domain seemingly succeeded in the East Asian economies
(Hobday, 1995: 161). However, adaptive technological learning in late
industrialisation may face stagnation as soon as the technology frontier is
approached. Thus the local formation of sufficiently efficient innovation
capabilities remains an indispensable factor in the orientation of innova-
tion-based development strategies (Amsden and Hikino, 1993: 243n).

Accounting for these aspects, the present paper argues that the Singa-
porean development experience illustrates most convincingly the prospects
as well as the limits of innovation policies and development strategies in
the context of globalisation. Indeed, Singapore has been singled out as a
successful example of industrial policies promoting development efforts
by strategic intervention, especially in terms of fiscal and investment
incentives, framed by public policies that aim at safeguarding the con-
ditions for structural change (Soon and Tang, 1993: 18). In particular, the
Singaporean development experience highlights the attraction of foreign
direct investment as a means of employment creation and technological
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upgrading. This orientation has been set in relation to Singapore’s re-
gional position as a manufacturing and service hub, for Singapore is
viewed as an infrastructural nodal point interconnected to transnational
business networks, and thus adapting to the changing structural con-
ditions of the world economy. Indeed, the Singaporean policies for loca-
tional competitiveness are based on a persistent structural adjustment,
aiming at a pragmatic harmonisation of the needs of international inves-
tors with local developmental objectives (Ho, 1993: 47n). Consequently,
reflecting the spatial dimension of technological globalisation, Singapore
has been assessed as a role model for the development of an innovation-
oriented metropolitan agglomeration (Castells, 1996: 390).

In order to sustain the competitive position as a trade, service, and
communication hub, various infrastructural efforts have been launched,
promoting the developmental vision of Singapore as an ‘“intelligent
island” in a global knowledge-based economy. However, obstacles in the
realisation of the corresponding strategies may be due to problems of
infrastructural and technological leapfrogging. The latter has been sub-
ject to further controversies on the internal causes of a seemingly less
favourable performance of total factor productivity in the Singapore
economy. However, this paper argues that an assessment of the Singa-
porean development trajectory still needs to account for explanatory
factors underlying the macro-economic aggregates, thus favouring the
institutional factors of the development process. This implies a reconsid-
eration of the institutional embeddedness of technology assimilation, also
pointing to the specific institutional foundations of innovation policies
and development strategies in the Singapore economy.

Accordingly, the research questions guiding this paper are as follows:
What are the specific development strategies and innovation policies that
have shaped the performance of the Singapore economy? What is the
role of innovation and technology assimilation in that performance, and
what are its specific institutional foundations? In resolving these ques-
tions, this paper proceeds in two sections. First, the economic contours of
the Singaporean development process are considered, accompanied by a
discussion of current efforts in sustaining its dynamism by implementing
innovation-oriented policies with a conceptual bias towards locational
aspects. Second, the emerging Singaporean system of innovation is ex-
plored, with university—industry relations as well as the relationship
between local government and international capital as essential charac-
teristics. This leads to the conclusion that the changing techno-economic
paradigm offers persistent challenges for a structural upgrading of the
Singapore economy. Strategic problems then pinpoint the formation of
institutions for the support of knowledge spill-over effects which should
contribute to the evolution of local innovation capabilities.
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2 Contours of the Singaporean development experience
2.1 The Singaporean trajectory of growth and development

The Southeast Asian city-state of Singapore, an island of about 3 million
resident inhabitants at the southern tip of the Malayan peninsula, repre-
sents the smallest of the East Asian newly industrialising economies re-
garding territory and population. Singapore exhibits the highest GNP per
capita in East Asia while occupying a very favourable position with re-
gard to other development indicators (World Bank, 2000: 230n). Singa-
pore’s development from a formerly British colonial entrep6t trade port
to the major business location in the present ASEAN area is due to var-
ious factors. It was established as a trade post by the British for logistical
motives in an international context. A favourable geographical location
meant it lay on major naval trade routes and has benefited from corre-
sponding communication networks since the nineteenth century. Staple
port activities related to trading fuelled the development process, laying
the structural foundations for service and manufacturing activities (Huff,
1994: 7n).

The corresponding outward-oriented growth mode of a re-export
economy regained its importance after Singapore’s independence, fol-
lowed by factual expulsion from the Malayan Federation in 1965. The
economic success of export orientation, involving free trade policies and
the attraction of foreign direct investment, reflected a favourable eco-
nomic setting with expanding volumes of international trade and invest-
ment, benefiting all the Asia-Pacific economies (Islam and Chowdhury,
1997: 10n). Confronted with comparatively poor initial endowments in
physical and human capital, the Singaporean government attempted to
capitalise on infrastructural assets inherited from the British, primarily
the port and its refinery equipment (Huff, 1994: 273n). Policies of infra-
structural upgrading then encouraged incentives for international invest-
ors, thus supporting Singapore’s emergence as a manufacturing location
and service hub for multinational enterprises, including its role as a
financial centre.*

Among the most striking features of Singapore’s development since
the 1960s are the high growth rates of per capita GDP, the outstanding
role of exports in manufacturing, and the structural transformation to-
wards manufacturing as well as financial and business services, accom-
panied by high savings and investment rates, low inflation rates, and
macro-economic stability (Huff, 1994: 301n). The growth of aggregate
output in the Singapore economy from 1965 to 2001 is indeed impressive,
as depicted in table 3.1, illustrating a sustained growth path that was also
characterised by strong recovery impulses in the aftermath of recessive
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Table 3.1 Output and national income in Singapore, 1965-2001

GNP (current Per capita GNP GDP (1990
market prices), (current market market prices),

Year $™M prices), $M

1965 3,052.0 1,618.0 7,718.0
1970 5,861.0 2,825.0 13,882.0
1975 13,566.0 5,903.0 22,329.0
1980 24,188.0 9,941.0 32,881.0
1985 40,330.4 14,740.6 45,344.9
1986 40,212.9 14,712.0 46,388.0
1987 43,140.6 15,547.0 50,899.9
1988 51,505.5 18,097.0 56,821.1
1989 59,736.0 20,381.5 62,288.8
1990 68,306.3 22,645.0 67,878.9
1991 75,328.2 24,378.8 72,860.9
1992 82,433.8 25,938.9 77,393.8
1993 93,466.0 28,675.8 85,473.2
1994 109,060.6 32,424.7 95,230.2
1995 121,483.3 35,021.9 102,808.1
1996 130,129.7 35,454.0 110,729.5
1997 149,450.4 39,394.0 120,190.8
1998 145,827.7 37,193.0 120,081.2
1999 143,507.2 36,323.0 128,404.5
2000 160,913.4 40,051.0 141,571.5
2001 154,644.5 37,433.0 138,682.6

Source: Department of Statistics (1996a: 2; 1996b: 4n; 2000: 2; 2001: 2).

phases. In the period under consideration, Singaporean GDP at 1990
market prices increased almost 18-fold, while per capita GNP at current
market prices increased 23-fold. Accordingly, from the 1960s to the 1990s,
average annual growth rates of GDP were 8-10 per cent, expressing sus-
tained hyper growth of national income (Low et al., 1993: 30n).

Even recession phases in the early 1970s, the growth slowdown of the
mid-1980s, and the Asian financial crisis in 1997 could not reverse this
process, for on each occasion the growth performance soon regained its
strong impetus. However, the dependence on foreign markets, especially
the United States and Japan, has continuously exerted its influence on
Singapore’s export-oriented economy (Ministry of Trade and Industry,
2001: 14).

Moreover, gross fixed capital formation grew at an average annual rate
of 11 per cent from 1965 to 1995, with brief phases of decline only during
recessions in 1975, 1985, and 1997. This performance was paralleled by
exceptionally high savings rates which increased from 11 per cent of GNP
in 1965 to 50 per cent during the 1990s (Department of Statistics, 1996b:
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3n, 2001: 2). This pattern of macro-economic growth variables may be
related to government-sponsored saving mechanisms, channelled by the
social security schemes of Singapore’s Central Provident Fund since the
1960s. It has been argued that corresponding positions of fiscal surplus
enabled the government to act as a public venture capital investor, in-
volving investment abroad, whereas domestic investment efforts were
backed by capital inflows in terms of foreign direct investment (Huff,
1994: 332n).

Supporting this role of the external sector, including the expansion
of Singapore’s foreign trade volume which has currently exceeded GNP
threefold, a stability-oriented exchange rate policy has accompanied the
established trade regime. Another aspect of macro-economic stability in
conditioning economic growth has been provided by the low inflation
rate, as reflected by the consumer price index. These factors seem to be
at odds with the situation of labour shortage in the Singaporean work-
force. However, they illustrate the result of the regulation of industrial
relations and wage formation by the tripartite corporatist National
Wages Council (Soon and Tang, 1993: 34n). Consequently, Singapore’s
growth trajectory, as performed by macro-economic indicators, rests
upon specific institutional foundations which need to be associated with a
pattern of governmental interventions, in the formation of factor prices,
which has not blocked the market price system for goods and services.

As depicted in table 3.2, the rapid growth of the Singapore economy
has been paralleled by structural changes in the composition and contri-
bution of sectors and industries, most clearly related to the expansion of
the manufacturing industries. These were continuously marked by the
impact of electronics and chemical industries, with almost half the manu-
facturing industries’ output and value addition provided by electronic
products and components during the 1990s (Department of Statistics,
2000: 88n). The latter derived their growth dynamism principally from
international demand for semiconductors and computer peripherals,
confirming Singapore’s role as a manufacturing hub in the transnational
business networks of the electronics industries. However, adding to the
expansion of financial and business services which have come to domi-
nate the service sector, almost 70 per cent of Singapore’s GDP is made
up of service activities in a broad sense (Ministry of Trade and Industry,
2001: 14n). The service sector has an equally high employment share in
total workforce allocation, with a majority of the workforce absorbed by
local small and medium enterprises which tend to exhibit comparatively
low productivity levels (Ministry of Trade and Industry, 2001: 21n, 61).

Accordingly, the decisive impulses for Singaporean growth and devel-
opment have been provided by the manufacturing and service activities
of multinational enterprises, which have replaced the staple port economy
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Table 3.2 Structural change in the Singapore economy, 1965-1995

GDP by industry (current market prices), percentage distribution

Financial
Transport  and
Manu- Con- Com- and com- business  Other

Year facturing Utilities struction merce munication services  services

1965 15.2 2.2 6.5 272 11.5 16.6 17.6
1970 20.2 2.6 6.9 27.4 10.7 16.6 12.9
1975 233 1.8 7.9 24.8 10.8 18.2 11.1
1980 28.1 21 6.2 20.8 13.5 19.0 8.8
1985 22.0 1.9 10.0 15.9 12.6 25.6 11.0
1990 272 1.8 52 17.9 12.2 25.0 10.3
1995 24.9 1.5 6.7 18.6 11.1 26.9 10.0

Source: Department of Statistics (1996b: 8n).

with its trade-related services (Huff, 1994: 299n). Indeed, the outward-
oriented attraction of foreign direct investment through the provision of
institutional and infrastructural resources, in terms of both physical and
knowledge infrastructures, has been a key concern in Singaporean
development strategies, allowing for a shift from labour-intensive to
capital-intensive industries, which are currently oriented towards knowl-
edge-intensive activities. The operations of multinational enterprises thus
have been a major factor in the evolution of local technological capa-
bilities (Wong, 1999: 272n).

The outstanding impact of foreign direct investment in the manufac-
turing sector of the Singapore economy is depicted in table 3.3, focusing
on foreign and local net investment commitments in the manufacturing
sector. Since the 1970s, both the foreign and local sectors have experi-
enced a massive expansion of net investment commitments in manu-
facturing industries, with the foreign sector accounting for about 70 per
cent of the total investment commitments in manufacturing. A gradually
increasing role of local enterprises has been registered, as their relative
contributions to total investment commitments seemed to suffer tempo-
rarily from the aftermath of the 1985 recession, yet experienced a steady
expansion through the 1990s. However, an assessment of local enterprises
and their investment performance needs to account for government-
related local enterprises as a representation of the specific Singaporean
blend of governmental entrepreneurship (Vogel, 1991: 80n).

Concerning the origin of foreign investment resources, Japanese firms
have taken the top position in cumulated foreign equity investment dur-
ing the 1990s, reflecting the regional integration of the East and South-
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Table 3.3 Foreign and local net investment commitments in Singapore’s manu-
facturing industries, 1972-1999

Year Foreign ($M) Local ($M) Total ($M) Local/total (%)
1972 156.3 38.2 194.5 19.6
1980 1,199.0 218.9 1,417.9 15.4
1985 888.0 232.4 1,120.4 20.7
1986 1,191.0 259.0 1,120.0 23.1
1987 1,448.0 295.0 1,450.0 20.3
1988 1,658.0 350.0 1,743.0 20.0
1989 1,625.0 333.0 2,007.0 16.6
1990 2,217.9 269.5 2,487.4 10.7
1991 2,461.1 472.9 2,934.0 16.1
1992 2,733.0 748.0 3,481.0 214
1993 3,177.1 745.5 3,922.6 19.0
1994 4,327.4 1,437.2 5,764.6 24.9
1995 4,852.4 1,956.7 6,809.1 28.7
1996 5,791.8 2,293.3 8,085.1 283
1997 5,963.8 2,524.6 8,488.4 29.7
1998 5,257.1 2,615.9 7,829.4 334
1999 6,257.1 1,780.3 8,037.4 22.1

Sources: Department of Statistics (1996a: 96; 2000: 95), Low et al. (1993: 361).

east Asian economies. There is also marked expansion of foreign equity
investment in financial services, denoting a segment that parallels foreign
investment in manufacturing, quite in agreement with Singapore’s global
city status (Department of Statistics, 1996b: 14). Still, the United States
has remained the decisive country of origin for foreign net investment
commitments in manufacturing, providing almost 50 per cent during the
1990s (Department of Statistics, 2000: 71, 95). This pattern is in agree-
ment with the macro-regional structure of the world economy, as well as
with Singapore’s orientation towards electronics industries.

Nonetheless, outward-oriented industrialisation has not yet produced a
coherent internal structure of economic activities, for the productivity
performance of a majority of local small and medium enterprises, espe-
cially in the local service sector, fails to meet international standards
concerning cost and price competitiveness, thus pointing to a persistent
lack of local technological capabilities (Yun, 1998: 398n). It may be sug-
gested that those local firms which interact with multinational enterprises
as suppliers and subcontractors are those that benefit most decisively from
technology assimilation in terms of sustained learning effects. Indeed,
this assessment has been corroborated by empirical observations in the
Singapore electronics industry (Hobday, 1995: 136n). The development
strategies of the Singaporean government therefore delegate a crucial
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role to local learning effects as a strategic element in the restructuring of
the Singapore economy, which has been challenged again by a changing
techno-economic paradigm.

2.2 Development strategies for economic growth and
international competitiveness

After a brief phase of import substitution within the Malayan Federation,
lasting until 1965, Singapore attempted to combine the autonomy of a
nation-state with the locational advantages of an infrastructurally well-
endowed city-state. Hence, soon after attaining national independence,
Singapore promoted the policy of locational competitiveness, aimed at
attracting foreign direct investment by providing an institutional and in-
frastructural environment conforming with the needs of international in-
vestors.> Attracting labour-intensive foreign direct investment as a means
of creating employment has dominated the policy rationale since the mid-
1960s, moving gradually to a more capital-intensive investment pattern in
the mid-1970s, which implied a shift in the pattern of incentives provided
by the Singapore authorities (Rodan, 1989). In the aftermath of the re-
cession of 1985, and also due to the emergence of locational competitors
in the newly industrialising economies of the ASEAN area and beyond,
Singapore’s government turned to a strategy of providing opportunities
for high value-added business activities, primarily knowledge-intensive
segments that should preserve Singapore’s role as a service and manu-
facturing hub (Islam and Chowdhury, 1997: 206n).

The complex array of economic policies associated with that devel-
opmental strategy has been designed as a flexible and pragmatic ap-
proach towards maintaining competitiveness in support of a continuous
upgrading of the value-added operations of the subsidiaries of multi-
national enterprises, and local enterprises interacting with them, involv-
ing spill-over effects as well as self-directed benefits. Indeed, not only
structural policies, but also monetary and fiscal policies have been
subordinated to the primacy of maintaining locational competitiveness.
For instance, the government-guided corporatist tripartite arrangement
that regulates nominal wages and governs industrial relations within the
National Wages Council has been perceived as a locational policy in-
strument (Chew and Chew, 1996).

The intensity of regulation efforts differs with regard to the relevant
production factors. While the immobile factor land and the compara-
tively immobile factor labour have been subject to intense regulative in-
terventions, the mobile factor capital has been subject to measures with a
rather indicative character, involving a broad range of material incen-
tives. This incentive-based approach has allegedly worked as an effective
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mode of indicative development planning (Huff, 1994: 339n). The lack of
rent-seeking behaviour in the determination of market interventions
seems to have contributed most successfully to that policy (Bercuson,
1995: 18n). Nonetheless, Singapore’s government remains a most influ-
ential economic agent, as it is continuously intervening in the business
sector, despite ongoing privatisation of state enterprises and government-
related enterprises which face liberalised markets, most prominently in
the telecommunications sector.®

In addition to the facilitative activities of government regarding the
provision of institutional and infrastructural resources that are conducive
to the market process, state-owned enterprises have played a decisive
role as institutional supporters of entrepreneurship.” This situation has
been held responsible for excluding local entrepreneurship, basically
overseas Chinese business networks (Huff, 1994: 320n). Furthermore,
Singaporean government boards have exercised entrepreneurial func-
tions directly by stimulating economic restructuring and technological
change, thus introducing routine-breaking innovations in the economic
sphere. These procedures represent a specific blend of neo-mercantilist
development planning and market-oriented policies (Ebner, 2004).

The Economic Development Board (EDB) may be perceived as the
core organisation in Singapore’s policy networks, exercising a leading
function in the hierarchy of government boards. The EDB has been
continuously guiding Singapore’s development trajectory through “stra-
tegic pragmatism”, that is the practice of matching the strategic interests
of the government with the corporate needs of international investors
which are subject to the volatile conditions of global markets (Schein,
1996). Indeed, the EDB was primarily concerned with the provision of
industrial estates in the 1960s, evolving as a major organisation in Singa-
pore’s development planning in the 1970s, then heralding the restruc-
turing efforts of the 1980s towards higher value-added operations in
targeted industries. This implied a broader approach to service provision
in terms of cooperative interactions with multinational enterprises as a
rationale of locational policies during the 1990s, coordinated by the EDB
with other government boards and agencies (Low et al., 1993: 63n).8

The pattern underlying these activities seems to provide evidence for
ongoing learning efforts regarding policy orientation and implementa-
tion. Singapore actually experienced cases of government failure which
had to be corrected immediately. The high-wage policy in the early
1980s, for instance, was originally initiated in order to support the re-
location of labour-intensive manufacturing, with the aim of enforcing a
local expansion of high value-added production segments with sustained
productivity and income effects. However, this wage policy for the pro-
motion of factor substitution was confronted with an actual shortage of
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skilled manpower, accompanied by an unwillingness of foreign investors
to comply with the wage constraints imposed by the government. All of
this contributed to an economic downturn in 1985 (Yun, 1998: 381n). The
failure of this strategy, which had to be cancelled in the aftermath of that
brief recession, marked a policy reorientation towards technological up-
grading and structural competitiveness by means of distinct innovation
policies that should also reinforce the participation of foreign investors in
local policy networks. These aspects were essentially formulated in a
government report on policies for maintaining Singapore’s international
competitiveness (Ministry of Trade and Industry, 1986).

This outward-oriented responsiveness is well illustrated by the fact that
Singapore’s development strategies have accounted for the restructuring
of multinational business networks through the strategic perception of
localisation and regionalisation as parallel processes in the context of
globalisation. In addition to the establishment of Singapore as a business
and communication hub, an attempt was made to assist multinational
enterprises actively in their relocation efforts throughout East and
Southeast Asia (Low et al., 1993: 157n). Regionalisation as a policy focus
has been also addressed by the ‘“‘growth triangle” strategy, that is an
effort to establish special zones for labour-intensive manufacturing pro-
cesses in Johor and Riau, border regions of Singapore’s land- and labour-
affluent neighbours Malaysia and Indonesia. Local enterprises, however,
should be supported in building up ventures overseas, focusing on
ASEAN, India, and China, again supporting Singapore’s role as a re-
gional hub. It has been argued that this kind of responsiveness mirrors a
continuous ‘‘reinvention” of governance mechanisms, assessed as a key
indicator of Singaporean state capacity in governing the economy (Low,
1998: 269n).

The post-recession orientation of the late 1980s pinpointed strategies
for industrial restructuring that were dedicated to total factor productiv-
ity, combining it with structuralist perspectives on competitiveness.” An
important influence on this plan was exerted by the cluster approach, as
formulated by Michael Porter, which underlines the systemic nature of
institutional conditions and industrial linkages that constitute the clusters
of competitive industries. According to the related development stages
model, an economy usually passes, first, a stage of factor-driven growth
with comparative advantages in factor endowments and extensive use of
these factors. Investment-driven growth, the second stage, with invest-
ment and foreign technology fuelling the growth process, is followed by
the third stage of innovation-driven growth, whereas a final wealth-
driven stage signals stagnation (Porter, 1990: 545n). Porter suggested that
Singapore performs at the factor-driven stage, lacking “home base”
qualities for the development of competitive local industries (Porter,
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1990: 566). Lessons for developing economies, also of relevance for Sin-
gapore, underlined the formation of industrial clusters, advanced R&D
capabilities, appropriate education systems, upgraded infrastructures, the
internationalisation of domestic structures, and the nurturing of local
firms to become multinational enterprises (Porter, 1990: 676n).

These conceptual positions have guided Singapore’s restructuring
efforts since the late 1980s. The government report on Singapore’s com-
petitiveness, which responded to the mid-1980s recession, dealt primarily
with cost competitiveness, focusing on wage regulation, whereas long-
term development was said to be based on Singapore’s role as a business
and service hub. In this framework, the expansion of R&D activities
was reconsidered with regard to tax incentives and funding schemes, ac-
companied by manpower provision and a distinct R&D infrastructure
(Ministry of Trade and Industry, 1986: 147n). Subsequent government
proposals such as the “Strategic Economic Plan”, published in 1991, re-
iterated these motives. This policy programme aimed at attaining the
status of a developed economy by the year 2030, focusing on the real-
isation of an innovation-driven development pattern in the sense defined
by Porter. This should imply the expansion of institutional networks for
innovation, based on the infrastructures of a knowledge-intensive techno-
economic paradigm. Strategic thrusts included the enhancing of human
resources in terms of education and training, the coordination of tri-
partite regulation with key economic interest groups, and an intensified
international orientation regarding knowledge infrastructures and net-
works, as well as the promotion of an innovative milieu containing skilled
manpower and R&D facilities (Economic Planning Committee and
Ministry of Trade and Industry, 1991: 57n).

These efforts should be accompanied by specific industrial strategies,
namely the development of manufacturing and service clusters, as well as
the redevelopment of local enterprises, with the aim of productivity en-
hancement. Economic resilience in carrying out these strategies should
be addressed by the maintenance of international competitiveness
through flexible wage formation and other institutional arrangements in
the domain of unit labour costs, productivity, and profitability, accom-
panied by efforts in structural diversification regarding “home base”
qualities for multinational and local enterprises alike. Indeed, multi-
national enterprises should be viewed as long-term partners in promoting
economic development (Economic Planning Committee and Ministry of
Trade and Industry, 1991: 71n). All of this was translated into assistance
schemes for cluster development, innovation support, business service
incentives, and schemes for the funding of overseas infrastructural proj-
ects, administered by the Economic Development Board (1996).1° A re-
lated cluster development initiative was launched in 1999 under the label
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of the “Industry 21" plan, with information technology and life sciences
as prominent areas of concern (Economic Development Board, 2000:
10n).

Moreover, in agreement with the notion of an emerging techno-
economic paradigm based on information technologies, Singapore has
been set to become an ““intelligent island”’, based on the design of a com-
petitive national information infrastructure (National Computer Board,
1992). Related policies have been marked by an emphasis on liberalisa-
tion and privatisation, paralleled by a refinement of infrastructural faci-
lities and services, as illustrated by the “Singapore One” initiative in
establishing an economy-wide broadband network. This coincides with
operations in strategic domains such as e-commerce and e-government
(Ministry of Trade and Industry, 2001: 78n). All of these activities hint at
a decisive shift in Singapore’s development strategies which also affected
the domain of innovation policies, perceived as policies for supporting
the local assimilation of new technologies. Examining the institutional
foundations of that process implies an exploration of the Singaporean
system of innovation.

3 Evolution of the Singaporean system of innovation
3.1 Innovation policies for technology assimilation

The Singaporean system of innovation may be portrayed as an institu-
tional network that co-evolves with its technological and spatial environ-
ment, combining the policy capacity of a national government with the
metropolitan features of a global city. In particular, its institutional net-
works include multinational enterprises, public enterprises, government-
related enterprises, private local enterprises, and government boards and
agencies, as well as research and education facilities. However, due to the
structural dominance of multinational enterprises, the Singaporean inno-
vation system has been perceived as a model that leverages on foreign
direct investment, focusing on the facilitation of technological learning
in local enterprises, as induced by foreign direct investment (Wong, 1995:
20n).!'! Accordingly, the subsidiaries of multinational enterprises domi-
nate R&D activities in the private sector, accompanied by the related
activities of their local suppliers as well as by strategic operations per-
formed by government-linked companies and public statutory boards.
However, apart from the position that multinational enterprises need
to be viewed as strategic partners in economic development, thus repre-
senting a constitutive component of the Singapore economy, the struc-
tural specificity of local enterprises in the manufacturing industries needs
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to be underlined. This is most important with regard to local efforts in
R&D, which have been singled out as an important domain of policy in-
tervention. R&D activities are carried out by local firms such as small-
and medium-sized enterprises in segment supporting multinationals,
government-linked companies in technology-intensive industries, and
private sector start-up firms in promising technology sectors (Wong,
1995: 15n). This pattern implies that appropriate policies need to account
for an actually existing structural diversity of innovation activities. Con-
sequently, user—producer relations in the generation of innovation have
been also dominated by multinational enterprises. It has been maintained
that they have insufficiently affected the performance of small- and
medium-sized enterprises in the service and manufacturing sectors, at
least during the early phases of Singaporean catch-up growth.!?

Therefore, Singaporean policies for building an innovation system are
concerned with establishing bridging institutions that facilitate knowledge
spill-over and learning effects, thus combining the rationale of interna-
tional competitiveness with a cooperative approach to skills development
and the technological upgrading of local enterprises. The structural di-
mension of the Singaporean innovation system, with its specific linkages,
is complemented by an institutional pattern in support of technology
assimilation. In general, this consists of Singapore’s education sector,
with its two universities and four polytechnics, accompanied by public
research facilities that are also associated with the cooperative efforts of
multinational enterprises. Moreover, industrial training facilities have
been set up in cooperation with international partners, addressing foreign
enterprises as well as foreign government agencies. This underlines again
the outward-oriented character of the Singaporean innovation system,
although an extended interaction between private sector enterprises and
public research facilities on an international scale has become a promi-
nent policy topic only since the mid-1990s (Ebner, 2004).

Singapore’s government shapes R&D activities and further innovation
policy measures through its National Science and Technology Board
(NSTB), while the EDB, as a hegemonic government board in terms of
strategic relationships with foreign investors, exercises primarily an in-
direct influence by moulding the policy context, which is of course also
affected by other government boards and ministries. Still, investment
schemes administered by the EDB also promote innovation activities.
However, during the 1980s, technological innovation was of minor im-
portance, as Singapore’s development orientation was originally based
on the provision of manpower and infrastructure for standard manufac-
turing and service operations, yet with a continuous concern for increas-
ing productivity levels. It is noteworthy that the Ministry of Technology
was disbanded during a reorganisation phase in 1981, aimed at increasing
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administrative efficiency, and government boards were established in-
stead. The recession of the mid-1980s and subsequent policy debates then
heralded the emergence of a distinct innovation policy, leading to the
establishment of the NSTB and the formulation of the National Tech-
nology Plan in 1991. This plan announced the promotion of industrial
R&D, perceived in terms of private sector activities concerning applied
innovation activities. Related measures should include the selective
funding of R&D, as well as the provision of manpower and institutional
infrastructures (National Science and Technology Board, 1991).

The essence of the Singaporean approach to building a national inno-
vation system is well described by the notions of service provision and
market orientation, quite in accordance with the official goal of trans-
forming Singapore into a technologically advanced service hub, including
the provision of R&D facilities. Indeed, the Singaporean system of inno-
vation has been bound to complete a ‘“‘total business centre” strategy
(Economic Planning Committee and Ministry of Trade and Industry,
1991). Schemes for attracting high value-added business headquarter
functions have been paralleled by the implementation of research grants
and fiscal incentives for the support of innovation activities, benefiting
companies such as Hewlett-Packard and Philips which have set up their
regional R&D centres in Singapore and greatly expanded their local
production and service capacities, yet also affecting local firms in their
expanding innovation efforts. In this domain, grants such as the Research
Incentive Scheme for Companies and the Innovation Development
Scheme accompany fiscal schemes for the tax deduction of R&D expen-
diture. However, another decisive component in that programme, next
to the important aspect of physical infrastructure, hinted at the educa-
tion and training of manpower which should meet the requirements of
an increasingly knowledge-intensive type of production (Mani, 2000:
25n).

Still, a lack of basic research and a shortage of skilled manpower in
science and technology remain critical features of the Singaporean in-
novation system. In the mid-1980s, the government explicitly decided to
avoid supporting basic research due to both the uncertainty concerning
returns on investment and financial risks, as well as the lack of adequate
manpower (Ministry of Trade and Industry, 1986). This argument should
also account for the investment behaviour of multinational enterprises
with their tendency to adjust R&D towards local knowledge agglomer-
ations. Moreover, it should mirror related aspects of the Japanese and
Taiwanese systems of innovation, perceived as benchmarking models,
with their original focus on applied research in contrast to the strong
performance of basic research in the United States. Singapore’s emphasis
on the commercial segments of scientific and technological activities,
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prepared in cooperation with multinational enterprises, thus has ne-
glected the need to develop local capabilities in basic research as an
indispensable component of a sustainable innovation portfolio. This is
reflected by a low level of interaction between established public re-
search facilities and private enterprises, accompanied by a lack of net-
working interaction among local small- and medium-sized enterprises
(Wong, 1995: 34n). Assessing these arguments implies an empirical re-
consideration of the Singaporean innovation performance.

3.2 The innovation performance of the Singapore economy

R&D activities are usually appreciated as activities which add high value
and thus they play a prominent role in Singaporean innovation policies.
Still, innovation processes are also of an informal and tacit nature, espe-
cially in small- and medium-sized enterprises, and are not altogether
obvious when focusing on R&D as an input indicator of innovation.
Moreover, output indicators, such as granted patents, are not of primary
relevance in the Singaporean policy rationale, although they have recently
been approaching the Hong Kong level of activity, as far as patents
granted in the United States are concerned (Mani, 2000: 12). However,
the level of expenditure on R&D as well as employed R&D manpower
may serve as a useful approximation of the complexity of innovation
activities in the Singapore economy. Table 3.4 depicts the development
of R&D activities: Singaporean efforts in expanding R&D operations
are obvious. Gross expenditure on R&D (GERD) increased more than
30-fold between 1981 and 1999. They continued to grow even in the midst
of the Asian crisis, reaching $2,492 million in 1998 and $2,656 million in
1999. This corresponds with the fact that the GERD to GDP ratio grew
from 0.26 per cent in 1981 to 1.84 per cent in 1999 (National Science and
Technology Board, 2000: 3).

Nonetheless the Singaporean system of innovation still exhibits a
“GERD lag” as compared with the other East Asian newly industrialised
economies, not to mention the Japanese innovation system (Masuyama,
1997: 3n). In spite of a rapid growth performance, Singapore’s GERD to
GDP ratio still indicates a policy failure when the Singapore govern-
ment’s original ambition of achieving a 2 per cent ratio by 1995 is taken
into consideration, although these target numbers primarily serve as
rather symbolic yardsticks (National Science and Technology Board,
1991). Currently, these numbers have been projected more realistically,
thus the modified target level of the GERD to GDP ratio of 1.6 per cent
for the year 2000 has been attained earlier than projected. The corre-
sponding goals of a ratio of 40 research scientists and engineers (RSEs)
per 10,000 labour force as well as a minimum share of 50 per cent private
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Table 3.4 Innovation input indicators in Singapore, 1981-1999

Research scientists

Gross expenditure GERD/GDP and engineers per
Year on R&D ($M) ratio (%) 10,000 labour force
1981 81.0 0.26 10.6
1990 571.7 0.86 27.7
1991 756.7 1.02 33.6
1992 949.3 1.19 39.8
1993 998.2 1.07 40.5
1994 1,175.0 1.10 41.9
1995 1,366.6 1.16 47.7
1996 1,792.1 1.39 56.3
1997 2,104.6 1.50 60.2
1998 2,492.3 1.80 65.5
1999 2,656.3 1.84 69.9

Sources: Ministry of Trade and Industry (1997), National Science and Technol-
ogy Board (2000: 3n).

sector R&D expenditure have already been met in 1995. Even the modi-
fied projected level of 65 RSEs per 10,000 labour force, originally calcu-
lated for the year 2000, was achieved in 1998 (National Science and
Technology Board, 2000). However, all international benchmarking
positions are inadequate, given Singapore’s city-state status and its role
as a metropolitan agglomeration. Benchmarking efforts with reference
to global cities and metropolitan regions would provide more suitable
material for a comparative assessment.

With respect to table 3.5, depicting sectoral contributions to R&D
expenditure, it becomes obvious that firms in the private sector, mostly
multinational enterprises, take the lead position, accounting for two-
thirds of gross expenditure. Indeed, between 1990 and 1999, private sec-
tor R&D expenditure increased fivefold, from 309 million Singapore
Dollars to 1670 million Singapore Dollars (National Science and Tech-
nology Board, 2000: 9). In 1999, private sector R&D spending con-
centrated on engineering sciences, focusing on the electronics, electrical,
and mechanical segments, together with computer and related sciences,
as well as chemical science. This reflects the impact of the lead industries
in the manufacturing sector, and thus the proximity of the dominant
pattern of R&D to the needs of industrial production. R&D expendi-
tures in the public domain, including government, higher education, and
public research facilities, also seem to follow this pattern, shaped by the
industry-specific articulation of private sector concerns for the commercial
application of new knowledge. Accordingly, the bulk of R&D expendi-
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Table 3.5 Expenditure on R&D by research area, 1999

Higher Public
Private education Government research
sector sector sector institutes  Total
Research area ($M) (M) (M) (M) ($M)
Agricultural sciences 3.97 1.17 1.91 19.08 26.13
Computer and related  395.81 29.20 56.48 58.54 540.03
sciences
Engineering 896.14 154.76 62.74 149.83  1,263.48
Aeronautical 5.06 0.00 6.53 0.00 11.58
Marine 9.87 1.77 6.35 0.00 17.99
Mechanical 298.29 34.40 16.48 18.17 367.34
Biomedical 2.88 6.33 0.00 0.00 9.21
Civil and 3.35 33.85 1.98 0.00 39.19
architecture
Electrical and 479.35 47.43 22.17 90.64 639.59
electronic
Material sciences 83.31 28.01 9.23 41.03 161.58
and chemical
Metallurgy and 14.02 2.96 0.00 0.00 16.99
metal
Biomedical sciences 34.22 46.79 29.05 3.62 113.68
Natural sciences 106.94 54.02 23.55 83.36 267.87
Biological 7.10 19.55 8.25 59.99 94.89
Chemical 98.10 12.73 6.98 0.94 118.76
Earth and related 1.42 0.60 0.85 20.02 22.88
environmental
sciences
Physical sciences 0.32 21.15 7.48 2.41 31.35
and mathematics
Other areas 233.78 24.03 131.12 56.18 445.11
Total R&D 1,670.86 309.97 304.85 370.61  2,656.30
expenditure

Source: National Science and Technology Board (2000: 11).

ture is concerned with experimental development and applied research,
amounting to 86 per cent of total expenditure, whereas the pure and
strategic types of basic research amount to 14 per cent, with a compara-
tively strong presence in public research institutes and centres, as well as
in higher education (National Science and Technology Board, 2000: 10).

Table 3.6 depicts sectoral R&D expenditure contributed by local and
foreign companies in 1999.1% According to these data, multinational en-
terprises take the lead in providing the Singaporean innovation system
with R&D impulses. This is immensely relevant in those industries which
belong to the technologically most advanced production segments. Thus,
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Table 3.6 R&D expenditures of local and foreign companies by industry, 1999

(1) Foreign (2) Local
companies companies (3) Total  (2)/(3)

Industry group (M) ($M) ($M) (%)
Manufacturing 780.99 585.05 1,366.05 42
Electronics 518.32 237.80 756.12 31
Chemicals 99.89 26.69 126.58 20
Engineering 102.41 237.73 340.14 69
Precision engineering 84.13 191.93 276.05 69
Process engineering 6.02 3.72 9.74 38
Transport engineering 12.26 42.09 54.35 77
Life sciences 58.55 31.13 89.68 34
Light industries/other 1.82 51.71 53.52 96
manufacturing
Services 151.84 152.98 304.82 50
IT/communications 71.17 105.70 176.87 59
Finance and business 18.98 12.25 31.23 38
Other services 61.69 35.03 96.72 36
All industry groups 932.83 738.03 1,670.86 44

Sources: National Science and Technology Board (2000: 34), calculations by
author.

Note: Definition of local: 30% or more locally owned; definition of foreign: less
than 30% locally owned.

the local content of R&D activities amounts to only 31 per cent in elec-
tronics and 20 per cent in chemicals, well below the average 42 per cent
level of the whole manufacturing sector.

Moreover, it is noteworthy that the IT-related services segment is still
dominated by local contributions with a 59 per cent share, the highest
local industrial share apart from the transport industry. Indeed, this ser-
vice area is most important for the “intelligent island” development
strategy which underlines the necessity of international co-investment
and concentrated R&D efforts. Thus, regarding the developmental im-
portance of information and communication technologies in the hierar-
chy of government priorities, and reconsidering the sustained efforts in
mobilising international partners for upgrading Singapore’s national in-
formation infrastructure, the actual representation of foreign investors
seems to be rather weak. In this case, R&D profiles may also illustrate
the strategic limits of building an innovation system with a high degree of
outward orientation, especially in a domain with exceptionally high initial
investment volumes. The strategies and expectations of multinational
enterprises do not necessarily meet host country needs, or at least the
strategies of the host country government. Still, apart from the design of
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a national information infrastructure, it seems that Singapore’s innova-
tion policies have accounted for this fact more effectively, as exemplified
by the evolution of cooperative research, education, and training facili-
ties. Sustained international contributions to institution building in this
domain of knowledge generation and dissemination have actually as-
sisted in establishing the institutional core of the Singaporean innovation
system.

3.3 Industry—university relations, education, and skills formation

Reflecting the spatial dynamism of globalisation, Singapore’s character as
a regional manufacturing, trade, and service hub in Southeast Asia serves
as the basis for realising the developmental goal of turning the city-state
into a knowledge-intensive agglomeration, including academic centres of
excellence which should have access to the global innovation networks of
multinational enterprises with their high-level knowledge flows. Accord-
ingly, establishing a local science base becomes crucial for sustaining
Singapore’s locational competitiveness under the conditions of techno-
logical globalisation.'* The evolving science base of Singapore’s innova-
tion system is founded on interactions among private and public as well
as local and international agents, with an exposed role for local tertiary
education institutions and their affiliated research institutes. Indeed, Sin-
gapore’s innovation policies have recently promoted the establishment of
R&D facilities in the education sector, providing a knowledge infra-
structure for R&D collaborations with multinational corporate partners, as
well as supporting local entrepreneurial spin-off ventures in knowledge-
intensive industries. Beyond the confines of innovation policy, therefore,
these research institutes and centres represent an institutional corner-
stone in Singapore’s currently implemented development strategies (Na-
tional Science and Technology Board, 1999).

What does this exposed position of the academic sector imply in ana-
lytical terms? Regarding the evolution of knowledge-based agglomer-
ations with a global reach, the outstanding role of universities and re-
search districts in driving the agglomeration of entrepreneurial ventures
has been exemplified by the cases of Silicon Valley, with nearby Stanford
University, and the Route 128 district around Boston, with Harvard and
MIT as neighbouring academic centres of excellence (Saxenian, 1994).
On a conceptual level, then, efforts to establish industry—university rela-
tions within the Singaporean innovation system may be interpreted in
terms of the set-up of a ““competence block”, denoting agents and organi-
sations that are involved in the creation of increasing returns to innova-
tive research. This points to the core functions of universities and science
parks in the evolution of an innovation system, for they provide filters
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and institutional bridges from scientific research to the market sphere,
while additionally supplying skilled personnel for the domains of both
research and entrepreneurship (Eliasson, 2000: 236n).'>

This fundamental role of tertiary academic institutions in Singapore’s
development strategy may be exemplified with reference to the forma-
tion of an R&D cluster in the “technology corridor”, set up in the south-
west of the island. This corridor is aimed at making structural as well
as institutional connections between the Jurong industrial estates, pro-
minent as a location for the manufacturing operations of multinational
enterprises, and the surrounding universities and polytechnics, accom-
panied by neighbouring business, service, and science parks. The corridor
is thus meant as an agglomeration of knowledge-based agents from the
private and public sectors, operationally biased towards R&D activities.
The expansion of the science park located next to the main campus of the
National University was announced as a first step in developing the cor-
ridor, referring to the pioneering establishment of science park facilities
in 1980 (Economic Development Board, 1996). Indeed, illustrating the
impact of that strategy, a second district belonging to the science park
project was established in a nearby area in the late 1990s, with further
expansion of its facilities under way. All of this represents the institu-
tional realisation of an evolving competence block within Singapore’s in-
novation system.

In this context, the National University of Singapore (NUS) is not only
the leading academic organisation in higher education, but also a deci-
sive player in university—industry collaboration on applied R&D. In
order to fulfil its obligations, NUS provides a campus location for re-
gionally outstanding research institutes, such as the Institute for Systems
Science, the Institute for Molecular and Cell Biology, and the Institute
for Microelectronics, indicating a research focus on information and
communication technology, microelectronics, and life sciences. Reflecting
the strategic bias towards international private—public partnerships, these
institutes cooperate with multinational enterprises and international re-
search partners. Corresponding modes of collaboration range from con-
tract research to mutual agreements of understanding with partner com-
panies such as IBM and Sony (National University of Singapore, 1996).

The second major academic player is Nanyang Technological University
(NTU) where research is performed by institutes such as the Advanced
Materials Research Centre and the Gintic Institute of Manufacturing
Technology. Compared with NUS, R&D activities at NTU seem to have
an even more applied orientation, closer to the innovation segment of
product improvement (Nanyang Technological University, 1996). This
assessment holds also for Singapore’s four polytechnics, which are en-
gaged in R&D activities only on a comparatively minor scale: Ngee Ann,
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Singapore Polytechnic, Nanyang, and Temasek. Despite their focus on
the support of local enterprises, international collaboration also remains
relevant, as illustrated by the Japanese—Singapore Institute of Software
Technology, set up by the Singapore polytechnics as a joint bilateral effort
in applied research.

Nonetheless, despite these complex activities, it has been argued
that the pattern of institutional interaction in the domain of industry—
university relations needs to be singled out for further improvements, es-
pecially with regard to the integration of those small- and medium-sized
enterprises in the local manufacturing and service industries which do not
belong to the high tech segment of the private sector (Wong, 1999: 281n).
Indeed, it seems that the spill-over effects from the knowledge-intensive
high technology industries all over the Singapore economy, with its large
segment of small enterprises in the service sector, have been rather in-
significant so far, at least with regard to the corresponding productivity
profiles. At this point, the logic of technological globalisation, with its
combination of local specialisation and global flexibility, may contradict
integrative development strategies which tend to seek a strengthening
of structural cohesion in the local economy. However, the problem of
comprehensive restructuring towards a knowledge-based economy in-
volves not only knowledge-intensive industries and their specific linkages
on a local and international scale, but also the provision of adequate
manpower.

Indeed, the developmental role of higher education is not confined to
the provision of R&D facilities. With an immense scarcity of both capital
and land, labour has been Singapore’s only readily available local re-
source. Thus, education and training of the workforce have been a fun-
damental component of the Singaporean development trajectory ever
since the 1960s.'® The formation of specialised highly skilled manpower
depends on Singapore’s selective tertiary education system, in which the
local academic élite has been traditionally educated at the National Uni-
versity with its focus on advanced academic research. This academic tra-
dition had traditionally neglected engineering as an academic discipline.
However, the engineering sciences have been identified as a decisive ele-
ment for local skills development, and engineering enrolment numbers
have been continuously increasing (Department of Statistics, 2000: 232).
In contrast to the intellectual style of Singapore’s National University,
Nanyang Technological University offers a more work practice-oriented
education which focuses on engineering and business administration. A
broad area of technological education is also supplied by the four poly-
technics with their practice-oriented mission. In spite of these efforts, it
has been proposed that the steady provision of local manpower for tech-
nologically advanced industries remains a critical factor in the evolution
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of the Singaporean innovation system (Wong and Ng, 1997: 139). This
applies not only to knowledge-intensive industries with their specific
workforce segments, but also to those comparatively labour-intensive
industries in the manufacturing and service sectors which are subject to
diverse skills upgrading schemes.

Therefore, an assessment of Singapore’s innovation policies and de-
velopment strategies also needs to account for the continual provision of
workforce training programmes, which has been interpreted as a positive
feature in all the East Asian newly industrialising economies, for skills
upgrading most effectively supports firm-specific learning processes and
thus allows for sustained efforts in technology assimilation (Hobday,
1995). A strategy of enforcing productive discipline informed the related
labour policies in the 1960s and early 1970s, then shaped by political
struggles between Singapore’s single party government and an opposition
of militant trade unions. However, since the 1970s the emphasis of these
policies has shifted towards the promotion of productivity enhancement
by skills upgrading, which should also legitimise increasing real wages,
while labour-intensive manufacturing activities have been gradually re-
located to neighbouring low-wage areas in the Asia-Pacific area (Rodan,
1989). Completing the shift from mere workforce adaptation to labour-
intensive manufacturing operations in local subsidiaries of multinational
enterprises towards the developmental goal of achieving international
standards in high value-added skill segments on an economy-wide scale,
then, the orientation of these schemes reflects a persistent concern with
Singapore’s locational competitiveness.

The most important skills development programmes are implemented
by the Singapore Standards, Productivity and Innovation Board
(SPRING), established in April 2002 as a successor to the Productivity
and Standards Board, which had been responsible for managing the pro-
ductivity and quality performance of Singapore’s workforce. Its pro-
grammes cover productivity, innovation, and quality, echoing earlier
attempts to combine technology assimilation with the transfer of specific
modes of labour organisation and industrial relations, as exemplified by
experiments with the Japanese practice of quality circles during the
1980s. However, current thrusts of activity are coping with innovation as
a matter of skills upgrading. Moreover, quite in accordance with the
general orientation of these programmes, the productivity and innovation
performance of small- and medium-sized enterprises in the domestic sec-
tor is emphasised (Singapore Standards, Productivity and Innovation
Board, 2002). The Institute of Technical Education, established as an in-
stitution for secondary education and training, governs the domain of
workforce training and lifelong learning. Corresponding with the Singa-
porean strategy of establishing private—public partnerships on an inter-
national scale, several of its training programmes are co-organised by
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multinational enterprises (Institute of Technical Education, 2002). Re-
cent examples have included a Philips Industrial Engineering Programme
and an IBM Information Technology Programme for Office Workers.
Again, this reflects the fact that skills upgrading is instrumental in Singa-
pore’s efforts concerning the formation of an outward-oriented innova-
tion system, supporting its evolution as a knowledge-based economy in
the context of globalisation.

4 Conclusion

The Singapore economy is usually portrayed as an example of innovation
policies and development strategies that have been outstandingly suc-
cessful in attracting foreign direct investment for manufacturing and ser-
vice operations, due to continuous adaptation to the changing conditions
of the world economy. Hence, this paper has emphasised that the Singa-
porean development trajectory has been supported not only by a favour-
able international environment, but also by responsive policies that have
taken advantage of those opportunities which were offered by changes
in the dominant techno-economic paradigm. As a result of Singapore’s
unique situation as a city-state, its experiences are not easily transfer-
able as far as comparison with other newly industrialised economies is
concerned. However, the argument of this paper is based on the pro-
position that the general relevance of the Singaporean case lies in the
increasing importance of local agglomerations of high value-added activ-
ities which are fuelled by the process of globalisation, for they receive
their structural impact from their role as strategic hubs in the networks of
multinational enterprises. Therefore, the attraction of foreign direct in-
vestment has become a crucial element in governing economic develop-
ment by technology assimilation. Interactions between government and
local and multinational enterprises which characterise the Singaporean
innovation system thus demonstrate the paradigmatic character of the
Singaporean development experience, which provides lessons for both de-
veloped and developing economies in facing the challenge of globalisation.

In particular, this points to the role of multinational enterprises as
strategic partners of governments. As illustrated by the case of Singa-
pore, multinational enterprises may introduce novelty into local eco-
nomic systems, thus contributing to an innovation-driven development
process, while government coordinates economic change through the in-
duction of spill-over effects to local enterprises. However, as also in the
case of Singapore, an important strategic problem is posed by institution-
building in support of these spill-over effects, perceived as a decisive fac-
tor in the evolution of local technological capabilities. The Singapore
government, while proceeding with these tasks, needs to harmonise its
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development strategies and innovation policies with the business strat-
egies and long-term objectives of multinational enterprises, a situation
which may include conflicting interests in various situations. In particular,
the requirement of flexible arrangements may conflict with an integrative
development approach that supports the structural cohesion of the local
economy. Productivity gaps among small- and medium-sized enterprises
in traditional industries provide evidence for that critical aspect. Balanc-
ing integration in global innovation networks with the coherence of the
local economy is thus a decisive challenge in promoting innovation-
driven growth and development.

Notes

1. Globalisation implies that North America, Europe, and East Asia remain the decisive
global economic regions which attract flows of trade and investment, while the United
States remains the dominant economy in a global technological context (Ebner, 2002:
57n).

2. This is mirrored by universities which exhibit a general trend towards service-oriented
interactions with the international business sector (Galli and Teubal, 1997). This ten-
dency echoes the double-sided character of globalisation, namely the parallel inter-
nationalisation and local agglomeration of economic activities (Ebner, 2000a: 80n).

3. In assessing these mechanisms, it needs to be reconsidered that firms in latecomer
economies tend to reverse the pattern of technological trajectories that is associated with
developed economies, ranging from basic production and incremental process change
via design, process, and product innovations to competitive R&D (Kim, 1999: 114n).

4. In institutional terms, these development efforts were facilitated by consistent policies
and planning procedures, based on the high degree of ideological coherence within
government and administration (Vogel, 1991: 76n).

5. This approach had become prominent originally with Taiwan’s export processing zones,
although the Taiwanese industrial policy approach put more emphasis on small-
enterprise networks (Haggard, 1999: 353n).

6. Indeed, the thesis has been put forward that the Singaporean government acts as an
entrepreneurial agent in the development process, hence reflecting a policy type that
has shaped the East Asian development experience in general (Krause, 1987: 107n).

7. Regarding the theory of entrepreneurship, this pattern is best grasped by the Schumpe-
terian approach with its distinction of the economic functions of entrepreneurship,
namely the carrying out of innovation, and its institutional agents, which may include
the government in certain historical situations (Ebner, 2000b: 366n).

8. An important factor in that coordination process is deliberation councils, involving
agents from government as well as from the private and public sectors, which play a
prominent role over the entire Singapore economy. However, these councils have been
widely instituted in all East Asian economies, as they contribute to knowledge flows in
concerted policy efforts, thus serving as institutional intermediaries (Aoki, Murdock and
Okuno-Fujiwara, 1997: 3n).

9. Indeed, the increase in total factor productivity, that is formally the increase in produc-
tion output that remains unexplained after increases in the factor inputs have been ac-
counted for in a neoclassical aggregate production function framework, also represented
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a common motive for industrial policies in the East Asian newly industrialising econo-
mies during that period which was characterised by a more explicit role for innovation
and learning (Masuyama, 1997: 5).

10. In empirical terms, these restructuring efforts seem to have promoted an increase in to-
tal factor productivity contributions to GDP growth, involving a shift in the output of
manufacturing industries, whereas the early growth phase of the Singapore economy
during the 1960s and 1970s was primarily driven by factor accumulation, based on the
accumulation of capital (Goh and Low, 1996: 9n).

11. Despite national variations, the common characteristics of the East Asian systems of
innovation have been portrayed as follows: an expanding education system with an em-
phasis on tertiary education and engineering, a rapid growth of business in-house R&D,
a share of industrial R&D above 50 per cent of gross expenditure on R&D, a rapid de-
velopment of science and technology infrastructures, and heavy investment in advanced
telecommunications. The growth of export-oriented electronics industries then allowed
for participation in international technology networks (Freeman, 1996: 178).

12. This assessment holds also with regard to the interaction of multinational enterprises
and local firms in general, beyond innovation activities (Mirza, 1986).

13. These data need to be interpreted with the caveat that NSTB statistics define local
ownership by a 30 per cent margin, which makes research consortia and joint ventures
with a strong qualitative impact of multinational enterprises more difficult to assess, not
to mention the subcontractor position of most local enterprises that perform R&D.

14. This is in accordance with the argument that the East Asian development trajectories
are generally in need of further impulses regarding R&D and product innovation, as
they approach the technological frontier (Hobday, 1995: 200n).

15. Similarly, the notion of the “triple helix”’, understood as a variant of the systems of in-
novation approach, accounts for evolutionary interaction and systemic communication
between universities, industries, and government. In these relationships, universities
play a pivotal role in the production and diffusion of knowledge (Leydesdorff and Etz-
kowitz, 1997: 155n).

16. This strategic orientation has been of course relevant for all the East Asian newly in-
dustrialised economies. It has been maintained that a decisive contribution to the East
Asian developmental success, as compared with Latin America, has been provided by
sound educational policies which were pursued under the primacy of changing economic
and technological requirements, focusing on tertiary education in the area of engineering.
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Evolution of the civil aircraft
manufacturing system of
innovation: A case study in Brazil

Rosane Argou Marques

1 Introduction

The literature on evolutionary economics considers the network of actors
interacting in order to promote innovation, which is under a certain in-
stitutional infrastructure, at the heart of dynamic economies. The system
of innovation approach has made important contributions to the under-
standing of this issue. These contributions are generally concerned with
the relationship between economic growth and technological development
and basically focus on two modes of analysis: (i) geographical differences,
mainly between countries and regions (national or regional systems), re-
garding the type of exported products, investments in R&D, investments
in education and training, science and technology capabilities, industrial
structure, patents, etc.; and (ii) technological diffusion and development
within industrial networks (technological or sectoral systems).

Systems of innovation are understood to be the networks of govern-
ment and non-government agencies, science and technology institutes,
educational organisations, firms, and other organisations. The country’s
macro-economic and industrial policies, international regulations, market
governance, and socio-cultural institutions influence the network dy-
namism and trajectory. The interaction between the former and the
latter has influenced knowledge accumulation and learning processes in
firms (Cooke, Uranga and Etxebarria, 1997; Freeman, 1987; Nelson and
Rosenberg, 1993). To understand this issue, many authors have focused
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on distinct but inter-related areas of systems of innovation. Some of these
areas are related to technological, sectoral, national, regional, financial,
and political systems of innovation, etc. This chapter focuses on examin-
ing the evolution of a sector, specifically its dynamics and transformation
over time with regard to technologies and relationships between actors.
Although much research has been conducted on this theme, the structure
and changes in the relationships among actors in the system are not fully
understood (Malerba, 2002). Therefore, this chapter aims to examine this
issue at a sectoral level.

Specifically, the main aim of this chapter is to address how the Brazil-
ian civil aircraft manufacturing system of innovation (BASI) has devel-
oped since the privatisation of the aircraft producer Embraer in 1994.
The development of this innovation system is concerned with the exami-
nation of the key actors and the characteristics of their relationships
with each other. Specifically, it explores the relationships between the
aircraft designer and producer (Empresa Brasileira de Aerondutica S. A.
Embraer), tier one foreign suppliers, tier two local suppliers, and the
Aerospace Technical Centre (CTA). Thus, changes in the relationships
between these actors in the system are described. It is expected that it
will be found that the relationships between the actors have evolved so
that first tier suppliers in Embraer’s product development activities have
assumed an increasing role since 1994.

Compared with other countries with similar industrialisation policies,
Brazil has built up a large scientific and technological capability in the
aircraft manufacturing sector (Goldstein, 2001), whose sales corre-
sponded approximately to 1.1 per cent of the Brazilian total GNP in 2000
(Arnt, 2001). The aeronautical science and technology infrastructure and
the aircraft manufacturing sector were established under government
import substitution industrialisation policies (1950-1989). Embraer was
the largest Brazilian exporter in 2000 (Arnt, 2001), with sales of approxi-
mately US$2.7 billion, making it the world’s fourth largest manufacturer
of civil aircraft (Fong, 2001). The Ministry of Aeronautics founded the
company in 1969 and privatised it in 1994.

The aircraft producer, founded in 1969 as a spin-off from the Brazilian
CTA,! has developed capabilities through internal investments in
knowledge accumulation and acquisition, and interactions with firms and
technological institutes (Frischtak, 1992, 1994). The majority of its air-
craft systems, structural parts, components, and sub-systems are im-
ported, illustrating that Brazil lacks local supply chain capabilities. This
deficiency, together with the growth of the aircraft producer, is one of the
main problems discussed by Brazilian researchers and policy makers.

The present situation in the Brazilian aircraft manufacturing sector has
focused concern on the role of government science and technology
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(S&T) policies and the ability of Embraer to strengthen the local supply
chain and reduce imports. Therefore, research on this industry has been
directed towards the sector’s competitiveness (Coutinho and Ferraz, 1993;
Dagnino, 1993) and the impact of liberalisation policies and consequent
structural reform in the aeronautical productive arrangement (Bernardes,
2000a,b). The ways the aircraft producer has acquired technological capa-
bilities since its foundation in 1969 are also being researched (Frischtak,
1992, 1994).

In order to understand the structure and changes in the BASI, data
were gathered in the form of semi-structured interviews conducted with
three non-governmental organisations, two universities, four aeronautical
technological institutes, Embraer, and 20 suppliers in 2001 and 2002. The
results were compared with existing literature and other non-interview
data sources, which included academic and industry literature, documen-
tation, archival records, direct observation, and physical artefacts (Ellis et
al., 2000).

The analytical framework is based on the systems of innovation lit-
erature, which is explained in section 2. Two levels of disaggregation
(production system and knowledge system) are considered in order to
examine the trends in the relationships between Embraer, local suppliers,
foreign suppliers, and technological centres. The case study of the BASI
is then examined taking into consideration its technological and eco-
nomic performance (section 3) and the main changes in relationships
(section 4). Section 5 discusses the main changes in the production and
knowledge systems, which have raised questions about improving the ca-
pabilities of Brazilian suppliers to allow them to increase their participa-
tion in Brazilian civil aircraft manufacturing.

2 The literature on systems of innovation: Some features
and questions

The theory that technical change is not an isolated process emerged as an
attempt to explain innovative behaviour and the consequent technolo-
gical capability accumulation and evolution in firms (Freeman, 1987).
Technical change is therefore a consequence of the capability of firms
to manage and generate innovation as well as acquire and diffuse tech-
nological knowledge. Its development is a process that requires the in-
volvement of other firms, universities, and government institutions among
other organisations. Government policies may also play an important role
in regulating and coordinating the pace (quantity) and nature (quality) of
the development of technological capabilities according the country, re-
gion, and/or sector-specific endowments and characteristics (De Ferranti
and Perry, 2002).
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The literature on systems of innovation (SI) has made important con-
tributions to the understanding of innovation as an interactive learning
process. Innovation is considered as an ‘“‘interactive process, which in-
volves the creation of qualitatively different new things and new knowl-
edge” (Lundvall, 1992: 46). The literature generally focuses on product
innovation and interaction between user-producers in organised markets
and great importance is given to the flow of qualitative information about
the production and utilisation of the new product (Lundvall, 1992). There
are basically two modes of analysis focusing on: (i) geographical differ-
ences, mainly between countries and regions (national or regional sys-
tems), regarding the type of exported products, investments in R&D,
investments in education and training, science and technology capabili-
ties, industrial structure, and patents, etc.; and (ii) technological diffusion
and development within industrial networks (technological or sectoral
systems).

The common features in SI definition are that it involves a network of
government and non-government agencies, science and technology in-
stitutes, firms, and educational organisations, etc. The network dynamics
and trajectory are influenced by the country’s macro-economic and in-
dustrial policies, international regulations, market governance, and socio-
cultural institutions, and interactions between these influence the
innovation process (Freeman, 1987; Lundvall, 1992; Malerba, 2002;
Nelson and Rosenberg, 1993). The flows of qualitative information or
knowledge are mainly associated with the flows of tangible (goods and
services) ‘“‘capital” (Lundvall, 1992). At least one question arises from
the literature: Are developing countries also organised in “‘systems of in-
novation” or they are ‘“learning systems”” as referred by Viotti (2002)?

Viotti (2002) considers that developing countries are adopters of tech-
nological knowledge from developed countries, though their firms may
develop incremental innovations according to their capabilities to do so.
However, these firms do not develop innovations in the sense defined by
Lundvall (1992) and Schumpeter (Malerba, 2002). Viotti compares the
cases of South Korea and Brazil and concludes that the former is an
active learning system and the latter a passive learning system. An active
learning system is characterised by the capability to improve and adapt
technological capabilities, while a passive learning system is characterised
by the capability to adopt new technologies.

The conclusion that the Brazilian system of innovation, like that of
other Latin American countries, is not innovative is supported by other
research. Katz (2000, 2001), Bernardes (2000b), and Cassiolato and Las-
tres (1999) examined the technological behaviour of national and foreign
firms and the influence on this behaviour of macro-economic policies and
industrialisation strategies defined by governments. Their common con-
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clusion is that there are weak linkages between firms and S&T infrastruc-
ture in the national and local systems of innovation in Latin American
countries and a lack of long-term industrial policies for technological de-
velopment. Therefore, they conclude that local firms have lacked tech-
nological capabilities to succeed in competing in foreign markets.

Cassiolato and Lastres (1999) and Dahlman and Frischtak (1990) re-
ported that the structure of the Brazilian national system of innovation is
heavily influenced by government policies. Specifically, the structural
changes in the system resulting from import substitution industrialisation
policies have maintained and strengthened the role of imported tech-
nologies and subsidiaries of foreign firms in indigenous technological de-
velopment. Dahlman and Frischtak (1990) observed that by 1960 more
than 50 per cent of the total goods manufactured in Brazil were produced
by subsidiaries of foreign corporations. They also concluded that the
overall S&T infrastructure was developed by the government for im-
proving technological capabilities and developing a local supply chain to
support the foreign subsidiaries’ production facilities and the national
state-owned firms. Apparently this picture has not changed and Quadros
et al. (2001) concluded that local foreign-controlled firms accounted for
the largest share of private R&D activity, which is concentrated in the
adaptation of products and processes originating from abroad. This con-
clusion is supported by other Brazilian researchers (Costa and Queiroz,
2002) who mention a “moderate” improvement in Brazilian firms’ tech-
nological capability after the Brazilian government shifted from import
substitution industrialisation policies to liberalization policies, although
the improvement is more effectively accomplished by local subsidiaries of
foreign firms.

However, there are some successful cases of the development of tech-
nological capabilities through explicit government policies in Brazilian
industry, as in the case of Petrobras (exploration of offshore petroleum)
and Embraer (design and production of short-haul jets) (De Ferranti and
Perry, 2002). There are some questions regarding these two cases: Were
the government efforts successful in terms of the increasing international
competitiveness of the firms? What is the participation of local Brazilian
suppliers in the sector? Are there weak linkages between firms and S&T
infrastructure as observed through research of the national system of
innovation?

In order to examine these questions, a sectoral approach to the system
of innovation is adopted. Specifically, two levels of sectoral disaggre-
gation in terms of type of flow are examined: the production system and
the knowledge system. The next sub-section examines their definitions as
well as how the two systems interact in the civil aircraft manufacturing
industry in order to analyse the case of Embraer. This interaction is con-
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sidered by Ruffles (1992) as an important aspect of technological dyna-
mism in this sector.

2.1 Production and knowledge systems in civil aircraft
manufacturing

The main aim of this section is to contribute to the discussion on the in-
teraction between the knowledge system (KS) and the production system
(PS) in civil aircraft manufacturing. Bell and Albu (1999) define the
knowledge system as bounded by inter-organisational “‘stocks and flows
of knowledge”, while the production system is bounded by inter-firm
“product designs, materials, machines, labour inputs, and transaction
linkages involved in production of goods to a given specification” (pp.
1722-1723). Therefore, the KS focuses on the flow of knowledge irre-
spective of its connection to the flow of goods, with the main objective of
developing and implementing technological change in firms (Gelsing,
1992). In this sense, the KS is an important element of a sectoral system
of innovation. The inter-organisational stocks and flows of knowledge
contribute to technological learning processes in firms, which may stimu-
late sectoral technological capabilities development.

The interaction between the KS and PS is examined taking into con-
sideration three elements: (i) the structure of the civil aircraft production
chain; (ii) the type of technological knowledge that supports products,
processes, operational procedures, and facilities development; and (iii)
the instruments utilised for promoting the interaction. The general struc-
ture of the supply chain for civil aircraft production is hierarchically div-
ided into five tiers (based on Hwang, 2000; Ruffles, 1992; and interviews):

(i) Aircraft designer and producer

(ii) Airframe structures and major systems, such as propulsion system,
environmental system, hydraulic system, electric system and avionics
system

(iii) Navigation, communication, surveillance, and flight management
systems, engine systems, starting systems and electrical power struc-
tures, interior cabin systems and components, air conditioning and
pressurization system, oxygen system, electronic/electrical compo-
nents, landing gear systems, and fuel system, among others

(iv) Avionics parts and components, engine parts and components, fuse-
lage parts and components, electric/electronic parts and compo-
nents, among others

(v) Other suppliers

S&T institutes, firms in the production system, and other organisations
form the knowledge system whose knowledge development may effect
changes in the product, the processes, operational procedures, and facili-
ties technologies. There are two types of technological knowledge flows:
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one supports the definition of product and processes (right side of fig. 4.1)
and the other supports organisational procedures and facilities improve-
ments (left side of fig. 4.1). These two systems are closely related at all
levels in the hierarchical supply chain and are connected through formal
and informal collaborative agreements and the mobility of employees.

Basic knowledge is concerned with the production of new scientific
knowledge that influences advances in product and processes tech-
nologies. These advances and the perception of market needs guide the
pre-definition of new products and processes or their general concept
development, and the design tools. Thus, detailed definition of product
and processes is achieved within a great variety of technological possibil-
ities. At the same time, decisions are made concerning operational and
facilities alternatives. Finally, the product and processes are entered into
the production phase. The production phase can also result in improve-
ments in the product and process detailed definition, and in operational
choice. These phases of knowledge development are not linear and
the organisational processes for their integration define the dynamic of
interactions.

Interaction between the knowledge system and the production system
depends on the complexity of the learning processes and knowledge ac-
cumulation, considered to be a result of the novelty of embodied tech-
nologies and complexity of component integration in developing the final
product. Therefore, tiers one and two in the supply chain may be the
most integrated with the civil aircraft producer and with the knowledge
system. The aircraft producer and the tier one suppliers are probably
those that transmit downwards the knowledge of new product and pro-
cess technologies while they are highly dependent on each other for
future aircraft development.

The civil aircraft manufacturing system of innovation development is
the result of integration between the knowledge system and the produc-
tion system explained in figure 4.1. There are at least two main ways to
promote this integration: (i) by incentives for training and qualification of
engineers and technicians who will move within the supply chain and be-
tween it and S&T institutions; and (ii) through collaborative agreements
between actors in the knowledge system. This chapter focuses on exam-
ining the collaborative agreements in the civil aircraft manufacturing
system of innovation.

According to Ruffles (1992), the main collaborative agreements in the
civil aircraft manufacturing system of innovation are: joint ventures, risk-
sharing, preferred supplier arrangement, and technology collaboration.
The term “joint venture” relates to the foundation of a joint company for
developing a specific programme. The partners can be competitor firms
or not. Technological transfer is limited to that necessary to perform the
programme. A “risk-sharing agreement” is normally between firms from
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different tiers in the supply chain. Supply firms take a share in the costs of
the programme development and in its revenues as the proportion of
their investment. Thus, technological knowledge improvement depends
on each party’s own development. This partnership lasts for the life of
the product and it is unlikely that re-sourcing occurs. A “‘preferred sup-
plier arrangement” presupposes less commitment between the parties
compared with joint venture and risk-sharing agreements. It is based on
long-term understanding between the customer and supplier and is sub-
ject to satisfactory performance, which is defined by the “‘request for
proposals” and formal or informal contracts. In general, the customer
and supplier work together to achieve lower prices, higher quality, and
greater efficiency. According to Ruffles (1992: 7), this arrangement nor-
mally “applies at lower levels of the production chain and is applicable to
the acquisition of both product and fundamental technology”. He states
that “typically, eighty per cent of the product cost is locked in at the de-
sign phase and the aim of close partnership with hardware suppliers is to
utilise their technical expertise during product definition in order to
achieve the lowest cost solution” (Ruffles, 1992: 7). “Technology collab-
oration” describes cooperation for pre-competitive technological devel-
opment with the objective of generating knowledge in key technologies
and improving the basic knowledge in the sector. This type of collabora-
tion is joint funded by governments and is focused on long-term devel-
opment. These collaborative agreements, as well as the other forms of
collaboration and the mobility of engineers within the industry, are im-
portant for integrating the knowledge and production systems (fig. 4.1).

These observations explain the dynamics of the civil aircraft system of
innovation regarding the integration of the knowledge and production
systems for developing new technologies. But there is little understand-
ing about the dynamics of the integration between the knowledge and
production systems when a factor other than “new technologies” affects
the system. It seems that this is the case with the Brazilian civil aircraft
system of innovation (BASI), where major changes concerned changing
the ownership of the main aircraft producer, the role of technological in-
stitutions, technological complexity, and structure of the supply chain,
etc. Therefore, some important characteristics of the BASI are examined
in section 4. First, however, the distinct phases of the technological de-
velopment of Brazilian civil aircraft manufacturing are briefly described
in section 3.

3 Changing features of Brazilian civil aircraft manufacturing

The main objective of this section is to examine how Brazilian civil
aircraft manufacturing has been developed since the foundation of
Embraer. Using an historical approach, this section will give an overview
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of the steps followed by Embraer to become the world’s fourth largest
aircraft producer (Fong, 2001). In order to do so, some features of the
Brazilian aircraft industry in the period before the foundation of
Embraer are briefly explained in section 3.1. Section 3.2 then examines
the main characteristics of its three phases of development: (i) start-up
(1969-1978); (ii) entry into the international market (1979-1994); and
(iii) post-privatisation (1995-2002). Finally, the general market charac-
teristics are described in section 3.3.

3.1 The Brazilian aircraft industry in the period before 1969

The period before 1969 can be examined by considering the three im-
portant periods of development of the Brazilian aircraft industry. The
first period was during the decades of 1910-1930. According to Dagnino
and Proencga (1989), the first step towards developing an aircraft industry
in Brazil was taken in the decade following 1910 when Santos Dumont,
a Brazilian industrialist, developed the first heavier-than-air flying
machine. Although there was some investment during this period, Brazil
lacked the engineering and therefore technological capabilities, as well
as the government support, that the industry required. Therefore such
efforts as there were did not result in any significant development of the
Brazilian aircraft industry.

The second period was during the Second World War (1935-1945).
Brazil, as an ally of the United States, produced fighter aircraft. During
this time, the American Air Force trained Brazilian pilots and aeronau-
tical engineers to help produce approximately one aircraft per day for the
United States (Dagnino and Proenga, 1989). Although more effort was
expended than in the first phase, the Brazilian aircraft industry improved
little, due to the continuing lack of technological and engineering capa-
bility to design and produce an entirely Brazilian aircraft. Aircraft pro-
duction was restricted to the assembly of foreign military aircraft models
and small aircraft for agricultural and training use.

Therefore, the Brazilian Defence Ministry decided to create an aero-
nautical institute to produce highly qualified engineers to support the in-
fant aircraft industry. The Technological Institute of Aeronautics (ITA)
was founded at the end of the 1940s, which marks the beginning of the
third period. The ITA was set up with the support of MIT and NASA,
and by 1970 had produced approximately 2,000 engineers, who were
mostly contracted to work in other sectors due to lack of aircraft compa-
nies (Bernardes, 2000a; Dagnino, 1993; Dagnino and Proenca, 1989).

During the 1950s, the Brazilian army was aware that it was also neces-
sary to create a research centre to apply aeronautical engineering
knowledge to the development of a “Brazilian aircraft” adapted to the
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Brazilian territorial endowments and characteristics. They founded the
Aerospace Technical Centre (CTA), which absorbed the ITA, and also
developed other institutes for aeronautical research. The main research
project at the CTA was to design and produce a 19-seater aircraft. The
Brazilian Ministry of Aeronautics contracted an entire research group
from Germany to work with Brazilian engineers from ITA to develop
this aircraft. The first prototype flew in 1959, but further improvements
were necessary. In 1969, the project finished with the production of the
first aircraft, the Bandeirante. In 1969, the group of researchers then set
up Embraer, the first state-owned aircraft producer in Brazil, with the
support of the Brazilian Ministry of Aeronautics (Bernardes, 2000a;
Dagnino, 1993; Dagnino and Proenga, 1989).

3.2 The Brazilian aircraft industry from 1969 to 2002

The “‘start-up phase” began in 1969 when the Brazilian Ministry of
Aeronautics founded the Empresa Brasileira de Aeronautica S. A. Em-
braer. The aircraft producer was created as a spin-off from the CTA, with
the objective of supplying the Brazilian Air Force with parts, compo-
nents, and training and fighter aircraft (Bernardes, 2000a; Coutinho and
Ferraz, 1993; Dagnino and Proenca, 1989). According to Frischtak (1994:
602), “although the production of airplanes in Brazil dates back to 1910,
when the first monoplane was built in the country, the development of
the Brazilian passenger aircraft industry can be equated with the devel-
opment of Embraer”. The main civil aircraft produced during the 1970s
was a 19-seater light twin-engine turbo propeller plane (Bernardes, 2000a;
Frischtak, 1992).

The Ministry of Defence was the main buyer and also gave strong tax
incentives and subsidies to Embraer to develop production and techno-
logical capabilities to manufacture the 19-seater aircraft (Bernardes,
2000a; Coutinho and Ferraz, 1993; Dagnino and Proenca, 1989). These
incentives were oriented towards financing (through subsidies and tax
exemption), marketing (through procurement and protectionism), and
developing technologically (through special decrees for technology
transfer and supporting research). In the first 10 years of existence, the
aircraft produced were mainly sold within Brazil.

According to Dagnino and Proenca (1989), although the Ministry of
Defence had heavily invested in the creation of a national aircraft supply
chain (aircraft assembler and suppliers), approximately 68 per cent of
parts, components, and sub-systems of aircraft produced were imported.
Nevertheless, some suppliers, such as Aeromot (located in Porto Alegre,
State of Rio Grande do Sul) and Neiva (Botucatu, State of Sdo Paulo),
progressed from producing parts and components to producing small
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aircraft (1-10 seats). This development was possible due to the Ministry
of Defence special programmes for “nationalisation” of aero parts (sys-
tems, structural parts, and other components). However, according to
interviews at the Institute for Development and Coordination of the
Aerospace Industry (IFT), low production scale, high quality, and the
high development costs of aero parts influenced the concentration of
production at Embraer. Few local supplier firms developed the capacity
to produce parts and components, and relied heavily on technological
transfer from the CTA through IFI consultancy. Therefore, most aero
parts were still being imported at the end of the 1970s.

The ““international market-seeking phase” corresponds to an increase
in exports of small-bodied aircraft (10-30 seats) which occurred after the
American market was deregulated in 1978 (Coutinho and Ferraz, 1993).
Therefore, the second phase corresponds to the period when the market
changed from being national to being foreign. A 30-seater advanced
twin-engine turbo propeller aircraft was the main commercial product
during this phase. According to Frischtak (1992: 13), “At end 1990, [the
30-seater aircraft] market share in the 20-45 seat category was 25 per
cent worldwide, just slightly below that of its major competitor (the
SAAB SF340). In the US market, [it] had the dominant position in that
year in terms of the total number of aircraft in service, again for the 20—
45 seat category.”

The launching of an eight-seater twin-engine turbo propeller pressur-
ised aircraft in 1979 is the starting point of this phase (Bernardes, 2000a;
Frischtak, 1994). This aircraft was the first entirely undertaken by
Embraer. Its main market was not the Brazilian Air Force but large
American corporations: it was a business aircraft designed to service the
American market. The aircraft producer undertook product develop-
ment, financed it, and designed and manufactured the pressurised system
(one of the main innovations in this model) (Frischtak, 1994). It was the
first aircraft developed using the concept of communality or “family”.?
The second in the family was a 30-seater aircraft, which was launched in
1981 to supply the United States and Latin American markets (Frischtak,
1992).

The ‘“‘nationalisation” of the aero parts programme that began in the
start-up phase ceased almost completely during this phase. The phase of
“denationalisation’ began as the aircraft producer focused on techno-
logical development aimed at international market standards. Another
important characteristic of this phase was the increased reliance on im-
ported systems, components, and sub-systems. The new market demanded
many improvements in digital technology, new materials, and sophis-
ticated software among other technological developments which the
local suppliers could not provide. Local suppliers lacked government in-
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centives and economies of scale for this technological upgrading. Also,
the Ministry of Defence had reduced the IFI budget, which signifi-
cantly decreased IFI support for the technological development of local
suppliers.

The recession in the international civil aircraft market and the fact that
the Brazilian government decreased subsidies and ordered fewer aircraft
were the main factors affecting the financial crisis of Embraer at the be-
ginning of the 1990s (Bernardes, 2000a,b) and the company was priva-
tised in 1994. Many small- and medium-sized local Brazilian suppliers
exited the market due to the economic recession of 1990-1994.

The most important products in the “post-privatisation period” have
been the ERJ 145 and ERJ 170 jetliners (Bernardes, 2000a,b). The ERJ
145 jetliner has the basic platform of the 30-seater advanced turbo pro-
peller aircraft but incorporates new technologies in avionics, propulsion,
and aerodynamics, and was launched in 1995 (Bernardes, 2000a). The
ERIJ 170 jetliner was first “rolled-out” in November 2001, with the first
flight in 2002. Both aircraft were developed within the concept of ‘“‘fam-
ily” or “‘commonality”.

Summarising, the Brazilian government has supported civil aircraft
manufacturing in all stages of its development basically through (Ber-
nardes, 2000a; Green, 1987): (i) research and development policies; (ii)
joint government—private ownership; (iii) protection of national markets;
and (iv) export development policies. However, at least one important
question is: Were the government efforts successful in terms of increasing
the international competitiveness of civil aircraft manufacturing?

3.3 General characteristics of the Brazilian civil aircraft market

According to Bernardes (2000a), Dagnino (1993), and Donéngelo, Coelho
and Ichimura (2000), the Brazilian international civil aircraft market is
mainly the United States and Europe, although there is investment to
increase participation in China and Asia. During the 1970s and 1980s, the
main market, however, was Brazil, whose imports were restricted by the
“Law of Similars” (Chapter I1I, Section V of Decree-Law No. 37, as im-
plemented by Decree No. 61,574 of October 20, 1967) which was part of
the import substitution industrialisation policies (Green, 1987). Embraer
was then granted the monopoly for production and commercialisation of
aircraft turboprops with more than eight seats. Piper was the only foreign
Embraer competitor selling in the Brazilian market due to a licence
agreement signed between them before the Law of Similars was im-
plemented. During this period, the main competitors of Embraer in the
United States and Europe were: De Havilland, Cessna, Fairchild, Piper,
Saab, BAe, Dornier, Fokker, and Canadair.



90 INNOVATION, LEARNING, AND DYNAMISM

By the end of the 1980s and during the 1990s, some civil aircraft man-
ufacturers exited the civil aircraft market, such as BAe, Cessna, Saab,
and Fokker, while others merged or were acquired, such as Fairchild-
Dornier and Bombardier-Canadair. Fairchild-Dornier filed for bank-
ruptey in 2002. Since the 1990s, the main international competitor of
Embraer has been Bombardier-Canadair, otherwise called Bombardier
Aerospace. Bombardier is the third largest world producer of regional
jets (Padgett, 2003),®> while Embraer is the world’s fourth largest with a
45 per cent share of the regional jet market in 2000 (Fong, 2001). The
fierce competition between the two companies led them to complain to
the World Trade Organization about unfair subsidies given by the Bra-
zilian and Canadian governments. Bombardier complains that Embraer’s
jets are less technologically advanced than their jets and are doing well in
the market due to lower labour costs, the cheap Brazilian currency, and
Brazilian government subsidies. Embraer complains that Bombardier’s
jets are subsidised by the Canadian government’s low loan rates. The
complaints to the WTO started in approximately 1998 and are still con-
tinuing (Padgett, 2003).

The main civil aircraft models manufactured by Embraer are shown in
table 4.1. Embraer’s market segment ranges from small turboprops seat-
ing 8-30 passengers, developed during the 1970s and 1980s, to medium-
sized jets seating 35-108 passengers. These planes fly specifically short
hauls or regional routes, mainly linking hub routes and small airports.
A"V, is the performance indicator that represents the number of seats
(As) multiplied by the speed (V). This is considered by Mowery and
Rosenberg (1981, 1985) to be an important indicator of performance de-
velopment. Table 4.1 shows that there has been a substantial increase in
Embraer aircraft performance since the launch of the ERJ 145 jetliner.

At the end of the 1980s, the Brazilian government started to open up
the national market and changed the macro policies from import substi-
tution industrialisation to liberalisation. It substantially reduced the sub-
sidies given to Embraer and there were no longer import restrictions on
small regional aircraft as was the case in the previous period. Embraer,
which was controlled by the Ministry of Aeronautics, was sold to private
companies in 1994. The voting shares are owned by Bozano Simonsen
(Brazil’s biggest investment company), 20 per cent; PREVI (Brazilian
pension fund), 20 per cent; SISTEL (Brazilian pension fund), 20 per
cent; a French group (composed of EADS, Dassault Aviation, Snecma,
and Thomson-CSF),* 20 per cent; the Brazilian government, 1 per cent;
and Bovespa (the Brazilian stock exchange), 19 per cent. The company
also launched shares to be negotiated in the New York Stock Exchange
(NYSE) in 2000. The preference shares are owned by Bozano Simonsen,
20 per cent; PREVI, 20 per cent; SISTEL, 13 per cent; NYSE, 29 per
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Table 4.1 The evolution of aircraft models produced in Brazil

Year
(first
plane Altitude Speed
flew) Model Seats  (feet) (km/h) Characteristics (A, * V¢)
1972 EMB 110 19 22,500 413 Light twin 7,847
Bandeirante turboprop
1979 EMB 121 8 26,000 450 Twin turboprop 3,600
Xingu pressurised
1983 EMB 120 30 30,000 555 Turbo propeller 16,650
Brasilia pressurised
1995 ERIJ 145 50 37,000 833 Twin turbofan 41,650
(Jet)
1995 ERJ 140 44 37,000 833 Twin turbofan 36,652
(Jet)
1998 ERJ 135 37 37,000 833 Twin turbofan 30,821
(Jet)
2002¢ ERJ 170 70 37,000 870 Jet 60,900
2003¢  ERJ 190-100 98 37,000 870 Jet 85,260
2004 ERJ 190-200 108 37,000 870 Jet 93,960

Source: Websites http:/www.embraer.com and http://www.airliners.net/.
Note: Information gathered in January 2001.
a. Year planned for the first flight.

cent; and others, 18 per cent.’ The Brazilian Ministry of Defence has 1
per cent of shares, which are called ““golden shares” because its rights of
voting are restricted mainly to defence matters. According to Padgett
(2003), Embraer’s privatisation in 1994 heralded Brazil’s new push to be
a global economic player in the civil aircraft market.

Nowadays, Brazilian aircraft manufacturing industry sales are mainly
to foreign markets, accounting for approximately 72.5 per cent of turn-
over in 2000. The United States was responsible for approximately 60 per
cent of these exports in 1999 according to Bernardes (2000a,b, 2001).
ATAB (2001) observed an increase in total exports from US$0.70 billion
in 1997 to US$2.50 billion in 2000 (table 4.2). As a consequence, the air-
craft industry has increased its contribution to Brazilian GDP, measured
by total turnover divided by total GDP, which jumped from 0.29 per cent
in 1997 to 1.06 per cent in 2000 (table 4.2). Embraer represents approxi-
mately 80 per cent of the data shown in table 4.2.

Table 4.3 shows the economic performance of Embraer from 1990 to
2002, which has been positive in terms of net profit since 1997. The de-
crease in turnover from 1990 to 1994, as shown in table 4.3, was caused
by the international crisis in the aircraft industry and a reduction in pro-
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Table 4.2 Economic performance of the Brazilian aircraft manufacturing sector

Economic indicators 1996 1997 2000
Turnover (US$ billion) 0.60 0.80 3.40
Turnover/Brazilian GDP (%) 0.22 0.29 1.06
Exports (USS$ billion) 0.20 0.70 2.50
Employees 6,500 8,000 13,500

Sources: Bernardes (2000a), ATAB (2001).

curement by the Brazilian government. The suggested causes for the in-
crease since 1997 are: (i) the international success of the ERJ 145 jetliner;
and (ii) expansion in the international commercial short-haul market.
Actually, the international crisis in this market, which was accentuated by
the September 2001 attacks in the United States, is having a negative
impact on the sector worldwide, with a possible reduction of 20 per cent
in Embraer’s planned sales (Bernardes, 2001; and interviews). According

Table 4.3 Embraer economic indicators, 1990-2002

Brazilian
Turnover Net profit Exports market?

Year (US$ billion) (US$ billion) (USS$ billion) (USS$ billion) Employees
1990 0.58 —0.26 0.21 0.37 =
1991 0.40 —0.24 0.12 0.28 -
1992 0.33 —0.25 0.10 0.23 -
1993 0.26 -0.11 0.10 0.16 -
1994 0.17 —0.31 0.06 0.11 6,087
1995 0.29 -0.25 0.11 0.18 4,319
1996 0.38 -0.12 0.13 0.25 3,849
1997 0.83 —-0.03 0.69 0.14 4,494
1998 1.58¢ 0.07¢ 1.17 0.41 6,737
1999 1.77¢ 0.21¢ 1.69 0.08 8,302
2000 2.75¢ 0.33¢ 2.70 0.05 10,334
2001 2.97¢ 0.57¢ 2.89 0.08 9,218
2002 3.32¢ 0.62¢ 2.39 0.93 10,097

Sources: Bernardes (2000a), Embraer Administration Report (2000, 2001, 2002)

downloaded on 8 July 2003 from http://www.embraer.com.br.

a. Values converted from Brazilian reais to the US dollar using the exchange rate
of the year 1999, R$1.9 per US$1.00. Therefore, the values are indicative.

b. The participation of the Brazilian market is calculated by subtracting exports
from turnover.

c. This indicates that it was not possible to get the information by the time this
chapter was being finished.
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to Padgett (2003), Embraer stock has fallen from a high of US$30 before
the September 2001 attacks to about US$15, while Bombardier shares
are stuck at around US$3, down from about US$18.

Although Embraer has substantially improved its position in the inter-
national market, Brazilian researchers and policy makers are concerned
about the rising component imports and the development of the national
supply chain. Many changes have occurred in the structure of the civil
aircraft supply chain since Embraer’s privatisation. Import content has
risen from approximately 68 per cent (Dagnino and Proenca, 1989) in the
1980s to approximately 95 per cent (Bernardes, 2000a) in the 1990s, giv-
ing rise to questions regarding the participation of local Brazilian suppli-
ers in the supply chain. Another question concerns the renewal of the
Brazilian government efforts to build up a Brazilian aircraft manufactur-
ing system of innovation (BASI) once it is assumed that there are weak
linkages between firms and the S&T infrastructure as seen at national
level. The next section attempts to improve understanding of these two
issues.

4 The main features and changes in the BASI (1969-2002)

The BASI structure and characteristics of relationships are examined in
this section. The structure of the Brazilian civil aircraft production and
knowledge systems before the privatisation of Embraer (1969-1994) is
outlined in section 4.1. The BASI is analysed in section 4.2 for the post-
privatisation period, and, finally, changes in the structure and collabo-
rative agreements are examined in section 4.3.

4.1 The Brazilian civil aircraft production and knowledge systems
in the pre-privatisation phase (1969—1994)

The structure of the Brazilian civil aircraft production and knowledge
systems is shown in figure 4.2. The production system generally consists
of civil aircraft design and production, and four supplying tiers. Embraer
manufactured a range of small-bodied aircraft with 8-30 seats during the
period 1969-1994. Approximately 68 per cent of tier one suppliers were
foreign firms, and supplied parts, components, structural parts, and sys-
tems. Embraer manufactured approximately 90 per cent of the fuselage
structure of an aircraft during this time. Information about the type of
goods and services the local firms provided is lacking, although some in-
terviewed firms were supplying seats, landing gear parts, and engine parts
and components, in addition to other parts.



94 INNOVATION, LEARNING, AND DYNAMISM

The actors in the knowledge system were mainly (Bernardes, 2000a;
Dagnino and Proenca, 1989; Frischtak, 1992, 1994):

(i) CTA - helping the aircraft producer and Brazilian suppliers to de-
velop product and process technologies.

(i) NASA — with a procurement agreement with Embraer to transfer
information on wing sections, and with agreements with the CTA.

(iii) Embraer — developing design, product, and process capabilities. The
company invested in the acquisition of engineering competence in
many fields (mechanics, electronics, and materials, etc.). Engineer-
ing information was also transferred and Brazilian suppliers trained
in their weaker fields.

(iv) An American firm — with a collaborative agreement with the aircraft
producer, which included support to Embraer for developing mar-
keting and production capabilities.

(v) An American and an Italian firm — with a collaborative agreement
for the development of a defence programme with the aircraft pro-
ducer that included transfer of manufacturing process technologies.

(vi) Other Brazilian and foreign universities — the aircraft producer had
many agreements with Brazilian and foreign universities for training
highly qualified engineers in research skills.

The collaborative agreements in the BASI were basically procurement,
licence agreements for technology transfer, and technological collabora-
tion. Procurement agreements between Embraer and Brazilian local
suppliers included technical support for adopting new technologies mainly
in defence programmes. The Ministry of Defence played an important
role in coordinating and negotiating Embraer’s procurement agreements,
mainly because the company played a strategic role in the security of the
country (Green, 1987). Therefore, all procurement agreements were
strategically negotiated by the Ministry of Defence and included tech-
nology transfer from important foreign suppliers to Embraer and from
Embraer to local suppliers. The technology transfer contracts (licence
agreements) were under the Brazilian government offset policies.

The technological collaboration was characterised by informal con-
tracts between the aircraft producer and the CTA, and formal contracts
with foreign universities and competitors, for example, Piper/USA
(Frischtak, 1992; Green, 1987). These were also coordinated by the Min-
istry of Defence.

At the beginning of the 1990s, the Brazilian Ministry of Defence dis-
continued all its projects in the aeronautical field. It was a period of great
macro-economic recession and the Brazilian government cut expenses in
many areas including procurement of training aircraft, and research and
development related to defence. The aircraft producer reduced the num-
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ber of employees to approximately 70 per cent and production activities
to approximately 50 per cent (Bernardes, 2000a).

Embraer’s financial crisis had an impact on its supply chain and major
restructuring occurred from 1990 to 1994. Many Brazilian supply firms
exited the market, while others were founded by ex-employees of Em-
braer. Changes in the production system and knowledge system observed
after 1994 are explained in the next section. As a consequence of these
changes, the capabilities of local suppliers which had not exited the mar-
ket have been questioned as regards their ability to manage and generate
the necessary changes in order to maintain and improve their market
position.

4.2 The BASI after privatisation (1995-2002)

Important changes occurred in the 1995-2002 period consequent on the
privatisation of Embraer. The new Brazilian government industrialisation
policies (i.e. liberalisation policies) have also had an impact on the sector.
The changes in the production and knowledge systems are explained be-
low. It is important to notice that the main aircraft models changed from
turboprops to modern regional jets with higher passenger capacity and
better performance (table 4.1). According to interviews, the main re-
gional jet programmes are the ERJ 145 and the ERJ 170.

The production system is composed approximately 95 per cent of for-
eign firms, which produce structural parts (front, central and forward
fuselage, wings, etc.) and systems (avionics, power, etc.) in the first tier of
the supply chain. The few other products manufactured in Brazil are
made by Embraer itself and by some subsidiaries of foreign first tier
firms. There are more local firms within the tier two suppliers, which deal
with metal processing, engineering projects, and software engineering
services (Bernardes, 2000a,b).

The structure of the knowledge system has increasingly spread out-
wards since the beginning of the 1990s, because customers as well as a
few first tier suppliers have participated greatly in product development.
However, the most important actors have been: (i) local S&T institutes
and universities, such as the CTA, ITA, University of Sdo Carlos, Uni-
versity of Sdo Paulo, etc.; (ii) foreign S&T institutes mainly located in the
United States, Europe, and Russia; (iii) Embraer; and (iv) foreign sup-
pliers mainly located in the United States, Europe, and Japan. Techno-
logical knowledge development concerns the application of basic knowl-
edge from foreign S&T institutes for local technological improvement.
These improvements are frequently associated with the product, the
technological upgrading of the process, operational procedures, and
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facilities production. The two different types of technological knowledge
are closely associated, as explained in section 2.

The difference between the general civil aircraft manufacturing system
(fig. 4.1) and that in Brazil (fig. 4.2) basically relates to the knowledge
system function. Specifically, the BASI has three broad important char-
acteristics: (i) technological knowledge flows for the application of basic
knowledge and technologies from developed countries (Bernardes,
2000a); (ii) the actors are mainly foreign, although CTA and Embraer
are extremely important; and (iii) formal and informal collaborative
agreements are supporting technological upgrading of Brazilian firms,
which may result in incremental innovations in local firms which have
reached the limit of their efforts as regards knowledge accumulation and
learning processes. Local S&T institutes and universities in partnership
with Embraer carry out applied technological research. Embraer has
agreements also with foreign S&T institutes for applied research. There
are also important technological knowledge flows in to the BASI from
tier one foreign suppliers of structural parts and systems.

Tier two local suppliers have also contributed to local technological
knowledge development according to the complexity of their products:
local engineering project and software engineering firms are more inte-
grated in the knowledge system than local metal processing firms.
Therefore, Embraer and tier one foreign firms are the most integrated in
the knowledge system and consequently transmit the new technologies
down the supply chain.

There are at least five types of collaborative agreements in the BASI:
(i) joint venture; (ii) risk-sharing; (iii) risk-sharing and co-design; (iv)
preferred supplier arrangement; and (v) technology collaboration. An
example of a joint venture is Eleb, a spin-off from a division of Embraer
which was created by Embraer and a foreign supplier in 1999. The com-
pany manufactures parts and components for hydraulic systems and
landing gear for medium body aircraft (35-108 seats).

Embraer and four foreign suppliers signed a “risk-sharing agreement”
to develop the ERJ 145 jetliner. This agreement involves technological
knowledge transfer for production in proportion to the partner tech-
nological capabilities and according to contract particulars. It includes,
for example, engineering consultancy and assistance from Embraer to
partner firms. The four partners took shares in the development costs
of the ERJ 145 aircraft and in its revenues in proportion to their
investments.

A “‘risk-sharing and co-design agreement” has been signed between
Embraer and approximately 20 tier one foreign suppliers for sharing the
development costs, revenues in proportion to each partner’s investment,
joint product and process definitions, and operational procedures of the
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ERJ 170 project. This agreement involves formal and informal techno-
logical knowledge transfer between partner firms that have engineers
working at Embraer’s plant in Brazil. Technological transfer is limited to
that necessary to perform the programme and restrictive contractual
clauses have been agreed between the partners. Each partner has limited
information about the overall ERJ 170 aircraft project, which is known
only by Embraer.

“Preferred supplier arrangements”” demand less commitment between
the parties than the other three agreements explained above. They have
been developed between Embraer, foreign suppliers, and tier two local
suppliers, and between tier one foreign suppliers and tier two local
suppliers. They are based on short-term procurement agreements that
include engineering knowledge transfer depending on the engineering
capabilities of the parties, and are embodied in technical specifications
(blueprints) and technical assistance. These agreements can be extended
to the long term if the supplier performs satisfactorily in reducing costs,
improving quality, and developing technologically. There are cases where
tier two local suppliers are working to develop engineering projects in-
side Embraer’s plant and a tier one foreign supplier’s plant. These cases
presuppose a high level of commitment of partner firms to confidentiality
and limited technological knowledge transfer. However, they are gener-
ally related to servicing “mature” technologies or those that are not
considered strategic for Embraer or tier one foreign partners.

There are ‘“‘technological collaborations” between the aircraft pro-
ducer and local and foreign S&T institutes and universities in the BASI.
These collaborations are concerned with: (i) the development of applied
research in specific technological areas; (ii) servicing tests, experiments,
etc.; and (iii) the training and qualification of engineers and technicians.
This type of collaboration is joint funded by the Brazilian government
when it involves local S&T institutes and universities and Embraer. The
results of these collaborations benefit the Brazilian civil aircraft produc-
tion system depending on the local firm’s technological capabilities. The
main academic and political concern is related to the lack of local firms’
technological capabilities to absorb new technological knowledge and
improve their technological capabilities so as to compete in international
markets.

4.3 Changes in the BASI during the 1990s

The Brazilian civil aircraft production and knowledge systems have
changed since the privatisation of the aircraft producer in 1994. These
changes are examined by comparing the PS and KS in the two most im-
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portant civil aircraft projects since 1994: (i) the ERJ 145 jetliner; and (ii)
the ERJ 170 jetliner.

4.3.1 ERJ 145 jetliner: production and knowledge systems

The main characteristics of the PS for developing the ERJ 145 jetliner

are:

e Embraer has approximately 450 tier one suppliers (Bernardes, 2000b).

e The tier one suppliers are divided into producers of structural parts,
systems, and parts, components, and sub-systems.

e Local tier two firms are suppliers of metal processing, engineering
projects, and software engineering services to the aircraft producer.

e There is a risk-sharing agreement between Embraer and a few tier one
foreign suppliers of structural parts. They share the development costs
of the programme and its revenues in proportion to their investments.
Technological knowledge improvements depend on each party’s own
development. This partnership lasts for the life of the aircraft, which
will be approximately 30 years: it is unlikely that re-sourcing will occur.

e Approximately 90 per cent of the tier one suppliers are foreign firms,
with Embraer itself being the main tier one supplier in Brazil.

The main actors in the KS are Embraer and the CTA. Specifically, they
research the application of basic knowledge created in developed coun-
tries. However, the national knowledge system has incomplete assets to
support applied technological knowledge development in this industry.
Further sources of technological knowledge are foreign S&T institutions,
foreign tier one suppliers, and other organisations. The technological
knowledge acquired is transmitted down the local supply chain through
technological collaboration between Embraer, local S&T institutions,
local suppliers, and the government; and through preferred supplier
arrangements between Embraer and local suppliers. The local suppliers
have adopted the new technologies to the extent of their technological
capabilities.

4.3.2 ERJ 170 jetliner: production and knowledge systems

The main characteristics of the PS for developing the ERJ 170 jetliner

are:

¢ Embraer has approximately 20 tier one suppliers in this programme
(Bernardes, 2000b).

e Tier one suppliers are divided into producers of structural parts and
systems.

® Local tier two firms supply metal processing, engineering projects,
and software engineering services to Embraer and foreign tier one
suppliers.

e Some tier one foreign suppliers have set up plants in Brazil.
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¢ There is a risk-sharing and co-design agreement between Embraer and
tier one foreign suppliers. They have shared both development costs
and development activities. There are teams of engineers from each
partner firm developing their corresponding structural parts or systems
at Embraer’s plant in Brazil, where they remain until aircraft certifica-
tion. They are working together with Embraer’s engineers to detail the
product design, functionality, and performance of the ERJ 170. These

partnerships will last for approximately 30 years as in the ERJ 145

project.

The main actors in the KS for developing this programme are Embraer,
partner tier one foreign suppliers, and foreign S&T institutes. The par-
ticipation of the CTA involves servicing tests, experiments, and the
training of engineers. There is an extended structure for developing ap-
plied research in many areas, which include other national and foreign
S&T institutions. Technological knowledge is diffused to local tier two
suppliers not only by the CTA and Embraer, but also by tier one foreign
suppliers.

These changes in the production and knowledge systems have raised
questions about the consolidation of the Brazilian tier two suppliers’
technological capabilities. Specifically, the questions are concerned with
the development of knowledge-changing activities within the local supply
chain and underlying learning processes. Thus, the next section presents
some concluding remarks about the BASI and attempts to highlight some
important questions that should be addressed in further research.

5 Concluding remarks

The findings outlined above point to two sets of changes in the BASIL

The first set is related to structural changes in the production system,

which are:

e The increased participation of Embraer in the world civil aircraft
market.

¢ The localisation of subsidiaries of tier one foreign suppliers in Brazil.

® The expansion in the possibilities of local tier two firms supplying tier
one foreign suppliers.
The second set of changes is related to the BASI knowledge system,

namely:

e A decrease in the role of the CTA as one of the main actors in the na-
tional knowledge system.

® An increase in the role of foreign suppliers and foreign S&T institutes
in technological knowledge transfer to the Brazilian civil aircraft pro-
duction system.
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¢ An increase in the role of the Brazilian knowledge system in support-
ing the application of basic technological knowledge developed abroad
to the local production system demands.

The KS has developed a more extended configuration in the post-1994
period. Embraer and the CTA are no longer nearly the only sources of
technological knowledge for the Brazilian local suppliers now that local-
ising foreign tier one suppliers are relating closely to local firms as well as
other S&T institutes (national and foreign).

What therefore can we conclude from this overall picture about the
function of the BASI post-1994? At first glance, there are two possible
answers that should be examined in further research. First, the local
Brazilian tier two suppliers and the aircraft producer are increasing both
their technological capabilities and their participation in the highly com-
petitive world civil aircraft market. However, the participation of the
CTA as a supplier of applied technological knowledge is decreasing. In
addition, the Brazilian civil aircraft production and knowledge systems
have spread outwards looking for the best suppliers of products and
applied technological knowledge for supporting their requirements to
compete in the world market.

Second, tier two local suppliers are not increasing their technological
capabilities but have just become better at using their technological
knowledge base in order to maintain or adapt themselves to the actual
market requirements. The role of the CTA is much more important for
these firms than it seems because it is supporting firms by training en-
gineers and technicians, and servicing tests, experiments, and so on. It is
probably the case that even Embraer is maintaining and adapting the
technological knowledge base developed before 1994 through its close
integration in the international civil aircraft production and knowledge
systems. Also, the Brazilian civil aircraft production and knowledge sys-
tems have changed the chief actors but maintain their principal features
as adopters of aeronautical engineering knowledge.

In any case, the question raised is whether the first or second hypo-
thesis is more valid: Have tier two local firms developed their technolog-
ical knowledge base through knowledge-changing activities, by adapting
it through knowledge-adapting activities, or by maintaining it through
knowledge-using activities? The answer to this question has many policy
implications, at least two of which are very important for the consolida-
tion of Brazilian civil aircraft manufacturing. First, the Brazilian govern-
ment should strengthen the role of the local S&T institutes in supporting
the diffusion and utilisation of applied technological knowledge within
the BASI. The policy instruments should include increasing investment in
training of researchers, highly qualified engineers, and technicians and
the development of applied aeronautics research. Second, interaction
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should be encouraged between tier two local suppliers, national S&T in-
stitutes, and the international civil aircraft production and knowledge
systems. The results of these policies should be increasing economies of
scale, applied technological knowledge acquisition, and upgrading of
technological capabilities. These three possible results from policies for
production and knowledge development are very important for the con-
solidation of Brazilian civil aircraft manufacturing worldwide.

Concluding, the case study of the BASI should be used by academics
and policy makers worldwide as an example of successful government
policy for developing design, production, and marketing capabilities in
the manufacturing of a high tech product such as an aircraft. However,
the effect of a strong final manufacturer on local sectoral development is
still unclear. It may stimulate technological upgrading in the product, the
production process, operational procedures, and facilities in local suppli-
ers, and development of applied research in areas such as new materials
and information technologies, etc., that may spill over to other sectors.
However, local suppliers, which in the case of Brazil are small firms, are
heavily dependent on government incentives to continue and improve
their position in a very competitive and international market; local small
firms compete not only among themselves but also with foreign firms.
Aircraft manufacturing is characterised by few economies of scale, high
costs, and long-term return on investments, and is heavily affected by in-
ternational economic crises. Therefore, small firms experience many bar-
riers to developing themselves and need government support in areas
such as finance, engineering education, and development of specific net-
works and mechanisms to stimulate technological knowledge transfer
considered fundamental to small firms in order to explore the benefits of
international production and knowledge systems.
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1. The CTA is composed of four institutes: the Technological Institute of Aeronautics
(ITA), the Institute of Aeronautics and Space, the Institute of Advanced Studies, and the
Institute for Development and Coordination of the Aerospace Industry (IFT). The most
important Brazilian institution training aeronautical engineers is ITA (http://www.cta.br;
accessed on 18 February 2002).

2. The family or commonality concept in aircraft design means that a given aircraft, such as
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the Boeing 727, generates a succession of modified designs, frequently through stretching
the fuselage, with similar operation characteristics (Mowery and Rosenberg, 1985).

3. The first and second largest civil aircraft producers are, respectively, Boeing from the US
and Airbus from Europe.

4. Aerospatiale Matra, 5.67 per cent; Dassault Aviation, 5.67 per cent; Thomson-CSF, 5.67
per cent; and Snecma, 2.99 per cent (report in Bernardes, 2000b).

5. Information gathered from website: http://www.embraer.com.br/.
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The political economy of
technology policy: The automotive
sector in Brazil (1950-2000)

Effie Kesidou

1 Introduction

This paper starts from the widely held view that technological develop-
ment of the industrial sector in developing countries can be promoted by
purposive state intervention, and that technology policy! is an important
instrument to achieve this. Currently, there are two dominant branches
of research on technology policy. The first approach, popular among
economists, mainly concerns itself with the reasons why technology pol-
icy is justified. Central importance is given to market failures (Amsden,
1989; Wade, 1990; White, 1988).? The second approach, which is com-
mon among political scientists, puts primary emphasis on (political)
conditions that make state intervention effective (Chang, 1994; Evans,
1995).

The main argument developed in this paper is that both these ap-
proaches have certain shortcomings. They do not have much to offer
when one wants to understand (i) how technology policy is actually gen-
erated and shaped in particular countries, and (ii) the reasons why cer-
tain policies succeed or fail in a particular context. The main problem is
that the two above-mentioned approaches yield only partial insights. The
market-failure approach adopted by economists is concerned mostly
with justifying technology policy, and less with identifying the factors
that influence its actual formation and content, and how that bears on
success. Conversely, the approach used by political scientists is focused
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on a state’s capabilities in undertaking technology policy and how this
impacts on effectiveness, but ignores the economic factors that shape the
policy.

The formation and evolution of technology policy is a complex process
influenced by many factors. By unravelling these factors, more light is
shed on its prospective impact on the technological dynamism of indus-
try. This paper aims to make a contribution on this subject. To this end,
a new framework for analysing technology policy is developed, which
places technology policy in its specific historical and institutional context,
and conceptualises it as resulting from interaction between agents and
the international context. The new framework incorporates the power
relations associated with both political and economic factors, and exam-
ines their impact on the formation of technology policy.

The framework is applied to a case study of the Brazilian automotive
industry. The industry is of particular interest as it has been an engine of
domestic expansion for a prolonged period of time. During the 1960s in
particular, it supported increases in employment, investment, and incor-
poration of skills and technology in the context of import substitution in-
dustrialisation efforts. Industrial and technology policies were the main
tools used by the Brazilian government to transform the country from an
agricultural to an industrial economy. Technology policy became a key
objective in the 1970s when the National System of Scientific and Tech-
nological Development (SNDCT) was created. The plan sought to de-
velop the country’s physical and human R&D infrastructure, to subsidise
financing of local firms in order to stimulate the development of techno-
logical capabilities, and to purchase foreign technology.

The focus of the case study is on the technological dynamism of the
auto industry, defined in a broad sense. In the context of a developing
country like Brazil, technological dynamism cannot be assessed merely by
considering R&D investments (as is commonly done in studies focused
on developed countries), since the dominant pattern of technological
development and industrial growth consists of assimilation of foreign
technologies. Hence, technological dynamism in this context should also
include such elements as technological strengthening and modernisation
of production operations, expansion of production capacity, upgrading of
quality, human capital formation, development of export capacity, and
creation of domestic linkages.

This chapter is organised as follows. The second section presents a re-
view of the two main branches of research in the literature on technology
policy and elaborates their important weaknesses. The third section in-
troduces the new framework, which addresses these problems. Section 4
explores the technology policy that has been implemented in the Brazil-
ian automotive industry and evaluates its effects on technological dyna-
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mism, using the new framework. Section 5 presents the main conclusions
of the research.

2 Theories of technology policy: A review

The purpose and the role of technology policy can be understood by
analysing the two main approaches that have been developed to study
the phenomenon. In particular, this will focus on the validity of the con-
ception of the state as the sole formulator of technology policy. Although
most scholars associated with the two approaches share the broad view
that governments play a certain positive role which is more or less in line
with the “‘developmental state” approach,® different analytical methods
are used, and the approaches tend to serve different purposes.

2.1 Contributions made by economists

Economists justify state intervention on the grounds that market failures
are more pervasive than a laissez-faire stance assumes. Markets are
characterised by imperfections, particularly in LDCs (less developed
countries). Therefore, it is argued that governments should have an
active role in trying to eliminate market failures and foster industrial de-
velopment through technology policy.

2.1.1 The protectionist and the coordinating states: The infant industry
argument

One of the most notable reasons advanced in favour of protection is
known as the infant industry argument. The central idea of the infant
industry principle is that LDCs, in order to induce industrialisation, need
to give temporary assistance,* in the form of protection from higher pro-
ductivity producers, to the newly emerging manufacturing sector.

The inefficiency of infant industries stems from a lack of production
experience caused by late investment. The reasoning behind this argu-
ment can be analysed by considering ‘“‘dynamic increasing returns” or
“dynamic economies”.®> The dynamic economies arise because technol-
ogy is not perfectly tradable. According to Lall: “Technological knowl-
edge is not shared equally among firms, nor is it easily imitated by or
transferred across firms. Transfer necessarily requires learning because
technologies are tacit” (Lall, 1992: 166). Since technological knowledge
is not easily acquired and ““first movers” have a significant cost advan-
tage, it makes sense to protect latecomers. They should be given time to
“grow up”’ and “‘learn-by-doing”.



110 INNOVATION, LEARNING, AND DYNAMISM

The argument for protection of infant industries can be further sup-
ported in the case of positive inter-firm effects or externalities. First, the
diffusion of knowledge is the most important technological externality
that affects industrial development. That is, due to labour mobility or
imitation, the benefits of innovation are not entirely captured by the
innovator. Second, pecuniary externalities are relevant to industrial de-
velopment when they are reciprocal and the industry is subjected to in-
creasing returns. This can lead to ‘“‘coordination failure** (Corden, 1974).
This implies that prices are a poor guide for future investment since they
do not reflect potential reciprocal externalities. This kind of imperfection
calls for government involvement in diffusing information and in coordi-
nating investment decisions by the private sector.

Thus, two reasons have been put forward for protecting an infant in-
dustry: first, to stimulate the learning effects that will improve productive
efficiency; and second, these learning effects might spill over into the rest
of the economy as managers and workers open new businesses or move
to other industries in the economy.

2.1.2 The entrepreneurial state

The ‘“‘entrepreneurial state” argument calls for a more extensive role
for the state in the private sector than the protectionist state argument.
In order to enhance its international competitiveness, the state as an
entrepreneur takes managerial decisions such as establishing new indus-
tries and setting incentive structures, as well as taking responsibility for
reshaping the domestic industrial structure with strategically targeted
industries.

For example, it has been argued that East Asian newly industrialised
countries (NICs) have assisted the private sector in building competitive
assets such as professional management capability and large-scale corpo-
rations (Wade, 1990). In order to socially construct these competitive
assets for productive purposes, governments deliberately distorted prices.
Justification lies in a different methodological approach which views
market failures in production (as opposed to exchange) as central to
industrial development (Amsden, 1997). Therefore, economic develop-
ment does not require the reduction of market failures, but economic
development is a process of “‘building them” in the production sphere
(Amsden, 2001).

The above argument underlines a fundamental difference between
“the protectionist” and ‘“‘the entrepreneurial” views of the state. While
the protective state argument justifies temporary protection in order to
correct market failures, the entrepreneurial state argument supports
intervention in resource allocation for strengthening market failures and
creating ‘‘competitive assets”.
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The contributions made by economists to the role of the state in tech-
nology policy are valuable, as they underline the justification for a state’s
involvement in industrial development.

2.2 Contributions by political scientists

Researchers writing from the point of view of political science emphasise
political conditions that make state intervention effective. The nature of
the state structure and its social ties to dominant classes are of significant
importance.

2.2.1 Embedded autonomy

The most noteworthy theme in the political approach towards technology
policy is state autonomy. According to Evans (1995), a well-developed
and cohesive bureaucratic apparatus based on a long-term process of in-
stitution building is a prerequisite for effective state action. The second re-
quirement is a state being autonomous from the dominant class. Finally,
Evans introduces the term “embeddedness” to express the characteristics
that a state should possess. According to his view, the state should selec-
tively stimulate, complement, and reinforce entrepreneurship. In order
for a state to be effective in this role, it should not be insulated from the
society. Rather, the state should be embedded in a set of social ties to
impose policy goals effectively on private economic growth.

However, this theory does not explain whence state autonomy is de-
rived, or which political-economic factors determine state autonomy. A
contribution to fill this gap has been made by Chang (1994), who refers to
South Korea’s example of the military regime, arguing that the political
nature of the regime determines whether a state is strong and therefore
autonomous. However, Chang’s argument is not universally applicable.
For example, Brazil also had a military regime for some time, but this
regime did not exhibit the coherence and autonomy of South Korea.
Thus, it appears that it is not always the nature of the political regime
that determines the effectiveness of a state’s policies.

To sum up, both the economic and the political science approaches
have their limitations. Economists are preoccupied by arguments with
which they can justify government intervention. However, they do provide
broad pointers towards the conditions under which technology policy is
likely to be beneficial, and the conditions under which it is likely to be
counterproductive, but no more than that. This is because economists
ignore the factors that influence the actual formation of technology
policy, and the factors that impinge on the effectiveness of its implemen-
tation in practice. Political scientists, on the other hand, do address this
problem to some extent, by considering the state’s capabilities. However,
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they do not take account of the economic factors that shape technology
policy. Thus, both approaches can at best provide partial insights.

3 A new framework for analysing technology policy

A comprehensive approach to the analysis of technology policy should
be able to answer the following three questions: What are the forces
that influence (the emergence of) technology policy? How is technology
policy formed and (re)shaped? What is the impact of technology policy?
Answering these questions sheds light on the reasons for the success or
failure of technology policy.

We have seen that the extant approaches have largely neglected the
second question concerning the forming and shaping of technology policy.
Therefore, these approaches cannot claim to give a complete answer
to the third question about the impact of technology policy. The new
framework developed in the following paragraphs is designed to contrib-
ute to a better insight into these particular aspects which have remained
underresearched within the existing approaches. The framework is meant
as an instrument with which we can shed light on the factors that deter-
mine the emergence and shaping of technology policy and its evolution
over time in specific settings. The framework addresses the specific con-
tent of the policies adopted, and issues bearing on the ways in which
these policies are implemented.

In order to achieve this, the framework adopts a political economy
approach. This approach is different from the monodisciplinary ap-
proaches discussed above, in that it tries to understand economic dynamics
and the state in a societal context. Political economy approaches “‘try to
uncover the patterns and trends of change in the relations between the
state and society within a broad perspective comprising interest groups,
social conditions and cultural factors” (Martinussen, 1999: 237). Menzies
(1997) distinguishes three key dimensions of political economy analysis:
(i) the “horizontal” dimension, which looks at competition as a process
involving power relationships between actors having differing degrees of
information; (ii) the ‘“vertical” dimension, which refers to institutional
structures governing the policy-making process in countries; and (iii) the
“depth” dimension, which recognises the importance of history and time.

These three dimensions are reorganised somewhat for the purpose of
the analysis in this paper, yielding three essential ingredients that make
up the new framework. These are as follows. First, the historical, political,
and institutional characteristics of the particular country are considered
explicitly. Second, the particular economic relations (including power
relations) between different agents arising out of the particular industrial
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structure are taken into account. Finally, the impact of the international
economic environment on technology policy is considered. I discuss each
in turn.

3.1 National historical and institutional characteristics

The success or failure of technology policy is strongly related to the par-
ticular historical, political, and institutional characteristics of the country
where the policy is implemented (Amsden, 2001; Wade, 1990). For ex-
ample, an important factor contributing to the success of East Asian
economies has been the presence of human and physical capital.® The
Japanese occupation of Korea and Taiwan left these countries with a
developed infrastructure and a well-educated population. These factors
played a fundamental role in industrial development, particularly as re-
gards the adoption of new technologies. It is necessary to take the above
characteristics into account in order to understand particular socio-
economic relations and structures that affect technology policy. Neglect-
ing the importance of initial economic conditions leads to erroneous
perceptions of similarity, and thus also to the application of “golden
policy prescriptions’ across a wide variety of countries.

3.2 Political-economic relations between agents

Different forms of relations between economic agents and their specific
political-economic interests influence technology policy directly or in-
directly. These relations arise out of the industrial structure (Chang,
1994). Depending on the specific interests of economic agents and their
relative bargaining power, technology policy is influenced and trans-
formed. Having capital accumulation as a general guide to their actions,
economic agents develop competitive or cooperative relations between
themselves. The particular economic interests arising out of the above
relations are of fundamental importance to the formation of technology
policy.

3.3 The international environment

In the context of developing countries — even NICs — it is an oversimpli-
fication to consider governments or markets as entities that function sep-
arately from the international environment (as Evans did in his theory,
for example). In an increasingly globalised world, it is naive to believe in
the autonomy of government interests and power, or in the insulation of
local markets from global market forces. Both governments and markets
in developing countries are intricately linked to the external world. In
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particular, there are many forms of external dependence. On the other
hand, we also cannot adopt the dependency theory (centre—periphery
theory) that argues that there is a complete manipulation of developing
countries by advanced industrial countries.

Here I put forward a more nuanced view, following for example Jen-
kins (1987), Dicken (1998), UNCTAD (2000), and Oman (1994). Devel-
oping countries can still exercise some discretion in policy-making. At the
same time, developed countries lead the global economy in technological
and innovative activities. In addition, the main research (academic or
firm/industrial) institutes and the most important international organi-
sations (World Bank, IMF) are based in developed countries. Their in-
fluence on drawing up and implementing policy in developing countries
is crucial. Moreover, transnational corporations (TNCs), being strong
players in developing country markets and having links in many places
across the globe, can also influence technology policy in host countries
directly and indirectly.

With the growth of TNCs, much international production takes place
between affiliates of the same company (intra-firm trade). By the end of
the 1980s, intra-firm trade constituted one third of international trade
(Hewitt, Johnson and Wield, 1992). Therefore, many decisions about
which countries produce which products on the international market are
not brought about by impersonal market forces. Rather, they are admini-
strative decisions, taken in the headquarters of major corporations. Thus,
global constraints place compelling limits on what sectoral roles are pos-
sible. From minerals to autos, local sectoral strategies must continually
contend with limits imposed by the way in which production and markets
are structured globally.

Table 5.1 summarises the highlights of the extant approaches to tech-
nology policy, and contrasts these with the new approach outlined here.
The new approach is complementary to the two existing approaches in
that its main aim is to understand the factor that has been most neglected
in the extant approaches so far, namely how technology policy emerges
and takes shape, and how it evolves over time. In this way, the new

Table 5.1 Contrasting approaches to technology policy (TP): A summary

Approach focus Economic Political science New framework

(1) Justification of TP Main objective  Assumption Assumption

(2) Generation/formation/ — - Main objective
modification of TP

(3) Effectiveness of TP Secondary Main objective  Secondary

objective objective
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framework should also be able to contribute to a deeper insight into the
question of the effectiveness of technology policy.

4 Case study: The Brazilian automotive industry

The case study in this section explores technological policies and their
effects on the technological development of the Brazilian automotive in-
dustry. It is divided into two parts. The first part looks at technology
policy in car manufacturing from 1952 until 1974, while the second part
discusses a deep shift in technology policy from 1975 until today. The
main reason for such a division is that from the foundation of the indus-
try (1952) until the economic “miracle” (1974) the state was very much
involved in technology policy. However, it will be shown that the state
was not the only factor in forming policy for the automotive industry.
Other agents, such as parts manufacturers and TNCs, also contributed
directly or indirectly to the decision-making. The second period, after
1975, is characterised by a gradual withdrawal of the state from technol-
ogy policy. Nevertheless, decision-making has not been completely left to
the invisible power of the market. States (in this case not the federal
state) still influence technology policy, but TNCs are now the dominant
party in terms of decision-making.

4.1 Strong state intervention in the Brazilian automotive industry
(1952—-1974)

4.1.1 Generation of the industry (1952—-1961)

Initially, I address the fundamental question of why Brazil decided to
produce automobiles in the first place. Then I use the framework out-
lined above to examine and explain the nature of the technology policies
that were designed to this end, and identify the factors that influenced
the nature of the adopted policies. Finally, the impact of these policies is
assessed.

The establishment of car manufacturing was part of Kubitschek’s
“Target Plan”, a state-sponsored industrialisation programme developed
along the lines of import substitution industrialisation. The idea of a
domestic auto programme first emerged in response to Brazil’s post-war
balance of payments crises,” but soon took on more strategic significance.
Local production of motor vehicles, a major item in the import bill, was
expected to ease foreign exchange constraints and attract foreign capital
and technology into the country. This implies that initially import substi-
tution of cars was not a technology policy aiming to develop an industrial
base, but a fiscal policy intending to save foreign exchange.
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The strong influence of the United States’ model of industrial devel-
opment led the auto industry to be viewed as a necessary element of an
integrated industrial structure. Motor vehicles, with their extensive back-
ward linkages, were expected to trigger the development of comple-
mentary industries. The auto plan was promoted strongly by Kubitschek,
who in 1956 created the Executive Group for the Automotive Industry
(Grupo Executivo da Industria Automobilistica, GEIA). This was the
first step in the Brazilian government’s shift towards an ambitious plan to
develop a domestic automotive industry. They aimed to increase the local
content in order to promote industrial transition from the simple assem-
bly of imported completely knocked down kits to full-scale local manu-
facture of cars.

The basic element of the new policy was, first, to attract foreign capital
and, second, to encourage companies to use domestic components and
parts. This decision was driven by the intention of the government to
create linkages within the domestic economy. The auto industry’s de-
mand for intermediate inputs such as steel, parts, and components would
create pressure to develop other sectors in the economy. In addition, the
lack of strong capital markets® meant that investment should be achieved
by foreign direct investment.

In order to achieve the first goal, GEIA used indirect incentives to
attract foreign investment for motor vehicle production. In general, the
Kubitschek government relied on differential exchange rates for exports
and imports to transfer resources to the industrial sector. In addition,
fiscal incentives® and foreign exchange advantages'® were provided by
the National Bank for Economic Development (Banco Nacional de Des-
envolvimento Econémico, BNDE) to the 11 foreign companies'' which
participated in the plan. However, the above benefits were given only to
firms that met the 90-95 per cent domestic content schedule.

Furthermore, the Brazilian government forced firms to increase the
level of local content by closing the market to imports. Tariff protection
of goods produced domestically became generalised in what is called the
Law of Similars.'?> Many foreign investors, under the threat of this law
and the fear of being excluded from the Brazilian market, moved from
importing cars into assembly of parts/components or from assembly into
manufacturing of automobiles using mainly local parts/components
(Gordon and Grommers, 1962).

The effects of the “Law of Similars” were twofold: first, it imposed
pressure upon foreign firms to make use of domestic parts and compo-
nents; and, second, it supported the assembly/parts industry by providing
access to a large protected market.

A combination of economic and political factors contributed to the
successful establishment of automotive manufacturing in Brazil, which we
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can study by adopting the framework developed in the previous section.
Following the three key elements of this framework, the most relevant
factors in the Brazilian case are: (i) the institutional and administrative
capacity of the Brazilian state; (ii) the politico-economic relations be-
tween the state and the parts manufacturers arising out of the industrial
structure; and (iii) the international environment. Each factor will be
discussed in turn.

Regarding the characteristics of the Brazilian state, it has been observed
that Brazil exhibits a degree of bureaucratic organisation, although not
the degree of corporate coherence enjoyed by strong states such as South
Korea. The Kubitschek government was an elected, civilian government,
but depended on the cooperation of the landed oligarchy. However, the
success of the automotive implementation project was based on the cre-
ation of efficient institutions such as GEIA and BNDE to coordinate and
finance the project. Evans (1995) has called those institutions that pro-
vided the basis for successful projects of sectoral transformation ‘‘pockets
of efficiency”. For example, GEIA had sufficient authority and coherence
to pose a credible threat of market closure to foreign firms. Moreover,
it compensated for the increased cost and risk associated with invest-
ment and the high degree of local requirement by subsidising foreign
firms.

Accordingly, the successful implementation of car manufacturing in
Brazil was due to the capacity of the government to build efficient in-
stitutions. Those institutions were the main players, in that they formed
policy and influenced private sector behaviour. Therefore, the govern-
ment’s role was crucial to the entry of foreign firms into the Brazilian
market. If we take into account Shapiro’s (1994) hypothesis that “‘no firm
planned to manufacture vehicles in Brazil in the absence of government
intervention”, the role of the state in attracting foreign capital and
establishing the industry was fundamental. Next, I turn to the politico-
economic relations between the state and the parts manufacturers. Local
parts producers played an essential role in forming Brazil’s auto-assembly
industry. It was not only the strong state that took the decision to imple-
ment a domestic automotive industry. The decision was shaped under the
pressure of a strong lobby of auto components manufacturers. Local
firms, which had developed to supply the replacement market and pro-
duce some parts for the assemblers, viewed the massive entry of foreign
capital not as a threat but as the creation of new investment oppor-
tunities. Therefore, these companies influenced government to draw
up legislation such as the ‘“Law of Similars” that deliberately created
“hybrid practices” instead of mass production, including relationships
between assemblers and suppliers that were more cooperative than com-
petitive (Addis, 1999).
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What arose from this was that the parts sector representing Brazilian
capital was supported by the government, and vice versa. Thus, the alli-
ance led to a non-vertical!® integration of the auto industry. This was to
the benefit of parts manufacturers since they could achieve economies of
scale by supplying to a large range of assemblers. Under pressure to meet
90-95 per cent by weight domestic content requirements within three
and a half years, TNC assemblers relied on local parts manufacturers
(Mericle, 1984). The horizontal subcontracting system strengthened the
backward linkages of the industry, which were used to legitimate the
dominance of foreign capital. GEIA specified that it would encourage
non-vertically integrated projects. As stated in the Relatdrio:

“Despite the knowledge that in industrialised countries, especially in the United
States, the automotive industry tends towards a superficial structural organi-
sation, it would not seem reasonable to intend that in its implantation in Brazil,
this same industry is going to work based on schemes of vertical integration ...
Thus, an excellent opportunity would remain for national investors to operate,
possibly on a more economical basis, specialising in the supply of parts and com-
ponents to various or all aforementioned 'manufacturers’ ... recognising there-
fore the advantage in a horizontal industrial structure, from which emerge two
types of producers: manufacturers, primarily foreign, and subcontractors, pre-
dominantly national.” (Relatorio, cited in Shapiro, 1994: 55)

GEIA also thought that an independent parts sector would be more
efficient because of the specialisation and the economies of scale attain-
able by supplying more than one manufacturer. Technological efficiency,
therefore, would generate the preferred industrial structure — rigid poli-
cies were not required. By 1956, in this favourable climate, there were
some 700 parts firms in Brazil, most of them locally owned, employing
90,000 people (da Cruz and da Silva, 1982: 4, cited in Jenkins, 1995: 631).

Finally, international economic circumstances were a factor that in-
fluenced technology policy. The success of attracting foreign direct in-
vestment (FDI) was due to the nature of international oligopolistic
competition in the industry and the promising profits deriving from a
large potential market. As the post-war boom came to a close, profits on
domestic operations fell in both the United States and Europe, pushing
firms to place greater emphasis on overseas expansion. International
competition intensified as a result, and aggressive European firms began
to challenge the dominant United States firms (GM, Ford, and Chrysler)
in their traditional markets, including Latin America. Thus, the timing of
the development of the automotive industry synchronised with increased
competition between European and American companies for foreign
markets. Therefore, Brazil’s restrictions upon auto imports led to the
anticipated response from the foreign companies to enter the market.
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Manufacturing production took place from 1952 to 1962. Initially Ford
and GM were reluctant to undertake manufacturing in Brazil. However,
by the late 1950s it had become apparent that failure to undertake man-
ufacturing in such a potentially growing market would lead the govern-
ment to carry out its plan with the aid of other TNCs. When one firm
took the first step by deciding to invest in Brazil, other firms followed in
order to defend their potential market shares. Under these circum-
stances, the motor industry in Brazil developed with the strong partici-
pation of European capital, through both direct investment and licensing
agreements. The goal of import substitution of foreign cars was accom-
plished in this initial period due to extensive state involvement, pressure
from the parts sector, and the international oligopolistic structure of the
industry. The results were impressive:

(i) Brazil was one of the first developing countries to succeed in at-
tracting TNCs to undertake automotive plants in the country.'*
(ii) In addition, it succeeded in creating linkages in the local economy
by imposing strict local requirements on assembly companies.
(iii) Between 1952 and 1962, the volume of vehicle production increased
by an annual rate of 39 per cent, compared with 10 per cent for
manufacturing as a whole (Shapiro, 1994).

4.1.2 The restructuring of the auto industry (1962—1967)

The form of technology policy changed in the mid-1960s due to emerging
structural constraints of the industry and politico-economic problems.
The most crucial problem encountered after the initial investment phase
was product overcapacity: ‘“‘Firms had built ahead of demand” (Shapiro,
1994: 189). Initially, firms faced high demand. However, once this de-
mand had been met, future sales depended on replacement as well as
new demand based on income growth. Demand did not grow as antici-
pated, due to the high cost of the cars and credit constraints (imperfect
capital markets). The initial large investments in capacity by assemblers
may also have been part of a strategy of participating firms to gain mar-
ket share and capture economies of scale, thereby excluding later en-
trants. Furthermore, according to Mericle (1984), high production costs
can be explained by the fragmentation'!® of the Brazilian market, which
was divided among too many assemblers. In addition, the high cost of
Brazilian parts as well as high tax rates contributed to high sales prices.

More profound reasons for these problems emerge when I bring
my political economy framework to bear on the situation, particularly
through analysis of the changing relations amongst the state, the part
manufacturers, and the TNCs. I also show how this state of affairs, in
turn, affected the technology policies adopted to improve the technolog-
ical performance of the industry.
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First, it is important to consider the politico-economic relations be-
tween the Brazilian government and local parts manufacturers. The alli-
ance between the state and the supplier firms led to a high percentage of
local requirements and to a horizontal integration of the industry. How-
ever, this meant that initially the cost of vehicles would be high, which
was a major problem for the sales of the cars. In addition, the parts sec-
tor was not technologically advanced and could not meet the quality
and quantity requirements of assembler firms. Accordingly, the domestic
parts sector could not support the assemblers and this was bound to
create short-run efficiency problems.

However, soon after firms met the local content requirements, they
shifted their interest to in-house manufacture of parts, or managed their
own pool of component makers. The vertical structure of the industry
made the components sector more fragmented and dependent on large-
scale assembler capital. In addition, the monopsonistic power of assem-
blers led them to control the parts sector and marginalise it (Shapiro,
1994). By the mid-1960s, the tendency towards vertical integration, along
with the relative bargaining power of TNCs, appears to have become
more pronounced.

Accordingly, politico-economic relations (such as the state’s support
of parts manufacturers) led to a technology policy that contributed to an
increase in the cost of cars. This, in turn, created problems of over-
capacity due to low demand. In response to the crisis, the politico-
economic relations, which defined the industry, changed. The industry in
the following period was characterised by vertical integration and lower
local content requirements.

The second issue that should be addressed here refers to the state’s
inefficiency in imposing entry restrictions on assembly firms. The speed
with which car manufacturing was pursued in Brazil led to the uncon-
trolled entry of foreign firms into the assembly sector. This created great
fragmentation in that sector and contributed to high costs. Moreover, the
excessive number of entrants led to overcapacity. In spite of the efficient
building of institutions, the Brazilian government, in contrast to that of
South Korea, lacked the strength to impose entry restrictions on foreign
firms.'® This means that one aspect of the recession had its roots in the
failure of the government to use efficient technology policy. Leaving
entry decisions to be regulated by market forces yielded negative results.
Brazil’s failure to impose strict entry regulations derived (and still de-
rives) from the weakness of its bargaining position in relation to that of
the TNCs and its fear of retaliatory action by excluded firms.

The technological and economic problems of the industry discussed
above were part of a generally deteriorating politico-economic situation
in the country.’” Ultimately, polarisation of economic policy (between
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the right and the left) facilitated a military coup in 1964. The military re-
gime made a clear choice between efficiency and protecting Brazilian
capital. It encouraged consolidation and mergers in order to eliminate
excess capacity and rationalise the industry. Brazilian capital was sacri-
ficed in both the assembly and the parts sectors. Moreover, even without
state intervention, the crisis led to a greater concentration in the assem-
bly sector of the auto industry,'® which could achieve higher profits at the
expense of reduced wages.

4.1.3 The way to the “Brazilian Economic Miracle” (1968—1974)

In the 1970s, the situation was modified as a result of the restructuring of
capital that accompanied the crisis of the international motor industry.
Since the domestic market had stagnated, the only way out of the crisis
seemed to be to embark on exports to other markets. The Brazilian gov-
ernment mobilised TNCs by offering incentives to export.

The military regime, in order to overcome problems of overcapac-
ity and the low demand of the domestic market, pursued the following
policies:

(i) The regime created effective demand by increasing consumer credit
and by pursuing income concentration towards the upper and middle
class. Even though this policy raised income inequality, it was bene-
ficial to the motor industry. Income concentration and the mobi-
lisation of consumer credit increased the purchasing power of the
upper/middle class, which fostered consumption. This played a major
role in the rapid expansion of the motor industry.

(ii) In order to compensate for the loss of the domestic market, the state
gave export incentives to firms. This period was characterised by
a partial shift of the policy from import substitution to promotion
of export expansion. The most aggressive Brazilian export incentive
was the “BEFIEX” (Fiscal Incentives for Exports), a programme
whereby firms could negotiate a package of incentives with the gov-
ernment, including the ability to import capital goods under free
trade conditions in exchange for commitment to export (Fritsch and
Franco, 1991). Thus, imports of machinery and parts were liberalised
through a reduction in tariffs. In addition, there was a new genera-
tion of plants,'® a more efficient scale of production, and modern
production techniques. This was a way of overcoming the problems
of balance of payment deficits and high cost of production that char-
acterised the import substitution phase of industrial development.
The Brazilian state also reduced the local content requirements from
99 to 85 per cent in 1972.

There is a consensus that the auto industry made a fundamental con-
tribution to the Brazilian economic “miracle”. There had been substan-
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tial growth of the industry, which produced a high of 905,920 units in
1974 (Anfavea, 2002). During the economic ‘“‘miracle”, the motor vehicle
industry grew faster than real GDP. The former grew at a rate of 22 per
cent per annum, the latter at a rate of 11.2 per cent. The rise of exports
was also impressive, more than tripling within two years (in 1972, exports
were US$54,146,000 while in 1974 they reached US$203,769,000; Anfa-
vea, 2002). In addition, it has been argued that the industrial strategy was
successful, considering the distributed rents between the transnational
auto firms and the Brazilian government, and the linkage effects. Shapiro
(1994), comparing subsidies and tax revenues, has shown that the amount
of taxes paid by vehicle assemblers to the government more than com-
pensated for the direct subsidies they received. In addition, the motor
industry was a high linkage sector, because its effects were dispersed
among various sectors and generated new ones to produce its intermedi-
ate inputs. The parts sector and the steel industry benefited the most. On
the other hand, employment did not increase sufficiently, contrary to
expectations: the auto industry was capital intensive and did not create
many jobs (Hewitt, Johnson and Wield, 1992).

The underlying reasons behind the impressive expansion of the indus-
try and the successful policies in this period can once again be easily ex-
plained with the new analytical framework. The reasons are to be found,
firstly, in the capacity of the state to credibly engage and pursue a pro-
ject; and, secondly, in the changing international environment.

The state’s role was crucial, in that it encouraged firms to export. The
incentives that the Brazilian state provided stimulated export expansion.
As Tyler has stated: “By undertaking a host of measures to stimulate
manufactured exports, the government reduced the risk attendant in
export activities, as perceived by potential exporters ... Increasingly
the Brazilian government committed itself to export expansion, and this
commitment in itself had a beneficial effect on exports” (Tyler, 1976: 269).

Regarding the international environment, the shift towards exports
was essential for the expansion of the industry because it helped to attain
economies of scale. However, the initial motivation of the government
was to generate foreign exchange rather than the targeting of technolo-
gical dynamism as such. Also, government policy was not sufficient to
drive firms to invest in export plans. The dynamic appearance of Japan in
international markets challenged the global “‘status quo”. Toyota, the
most important Japanese car manufacturer, concentrated on developing
efficient manufacturing processes that could be modified quickly to meet
new trends and on building reliable cars. High quality combined with low
costs led Toyota to become the fourth biggest car company in the world
behind General Motors, Ford, and Chrysler by 1970 (CRS Report for
Congress, 1996).
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In response, American and European firms were pushed to restructure
their operations in order to cut costs and reach Japanese productivity
levels. The automotive industry had become increasingly global and
competitive in response to a new process of capital internationalisation.?°
The globalisation of the industry becomes evident in the homogenisation
of production techniques, the upgrading of performance standards
among the three global centres of the motor industry,?! and the creation
of strategic alliances between firms of different national origins. These
new circumstances underlined the changing behaviour of firms in their
strategies as well as their investment in foreign markets. According to
Shapiro: “With increased globalisation, firms became less willing to make
investments only to serve an internal market, and foreign subsidiaries
potentially became part of a global strategy, no longer serving only indi-
vidual unconnected markets” (Shapiro, 1994: 224).

Therefore, it becomes apparent that the Brazilian government fol-
lowed an export strategy that was consistent with the emerging trends in
the world auto markets and fitted in with TNC strategies at the time.
However, these trends alone are not fully responsible for successful
Brazilian export growth. Active state intervention in the form of fiscal
incentives also played its part by making exporting more attractive.

4.2 Decline of state involvement in technology policy (1980-2000)

4.2.1 The “lost decade” (1980-1990)

However, changing international conditions made it difficult to maintain
the high miracle growth rates. The oil shock in 1974 impacted heavily on
Brazil, which imported 80 per cent of its oil. Foreign borrowing and FDI
financed the growing trade deficit. Moreover, the oil crisis was one of the
main reasons that led the automotive industry into recession. The growth
of the motor industry was the prominent factor in the deterioration of the
balance of payments. Capital and intermediate goods (machinery, equip-
ment) as well as raw materials were imported to support the needs of
growing vehicle production. In addition, repatriated income on foreign
loans and direct investment were the main components in increasing
pressure on the service account. Sixty per cent of Brazil’s increasingly
expensive petroleum imports were consumed by motor vehicles (Shapiro,
1994). The negative international environment, along with the reliance of
the assembly sector on excessive imports, drove the automotive industry
into a deep recession.

The government had to intervene once more in order to prevent a
balance of payments crisis. One of the most important government in-
tentions was to limit the expansion of the domestic market?? of automo-
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biles, in order to reduce oil imports and control inflation. At the same
time, the government pursued export promotion by subsidising the auto
industry in order to offset the decline of the domestic market. For the
transnational subsidiaries, which had invested heavily in the domestic
market with the expectation of continued rapid growth, exports served as
a temporary outlet for excess capacity. However, this time exports re-
placed, rather than complemented, domestic sales.

Since the 1980s, there has been a steady decline in technology policy-
making. The authoritarian regime placed emphasis upon the macro-
economic stabilisation of the economy at the expense of technology policy.
The Brazilian government ‘“‘forced a swing in the automobile industry’s
negative balance” by withdrawing all subsidies other than those under
BEFIEX (Fritsch and Franco, 1991: 115). During this decade, production
fluctuated from 800,000 to 1,000,000 units. This changed after 1992 when
production started to increase (Anfavea, 2002).

4.2.2 New perspectives on growth in the auto industry (1990-2000)

Since the end of the 1980s, the influence of the “Washington Consensus”
has established a new form of technology policy in Brazil. A partial
opening of the economy and a gradual withdrawal of the state from
active technology policy characterise the present period. Tariff barriers
have been reduced in certain sectors while others remain highly pro-
tected. However, in the motor industry tariffs have remained higher than
in other industries and are being reduced only gradually. In 1996, the
tariffs for companies with plants in Brazil were at 35 per cent while for
those without plants they were at 70 per cent. These tariffs were expected
to be reduced to 20 and 35 per cent, respectively, by 1999 (Posthuma,
1997: 405; cited in Rodriguez-Pose and Arbix, 2001: 138). In contrast, the
car component parts sector was liberalised. Generally, technology policy
is more focused and the emphasis has shifted towards enhancing techno-
logical capability to produce efficiently and at high quality. The creation
or maintenance of a competitive environment and increases in produc-
tivity are given equal emphasis in achieving these aims.

An intensive restructuring process in the global auto industry is an ad-
ditional characteristic of the new period. Companies are integrating their
global operations in an attempt to eliminate duplication and cut costs.
Moreover, firms, imitating the Japanese model, are reducing the number
of parts suppliers they work with, in an attempt to collaborate more
closely on product design and development.

During this period, the industry’s technological and economic perfor-
mance has improved significantly. After the lost decade of the 1980s,
production and exports have increased rapidly. The recent recovery of
Brazil’s auto industry coincides with the reduction of trade barriers and
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deregulation, leading many to conclude that market liberalisation is
driving the boom. However, a further examination of the main factors
that shape this new picture of the auto industry will reveal the hidden
actors and factors that still influence the rules of the game.

While selective reforms have been critical, the revival of the auto in-
dustry is not the result of free trade and a non-interventionist state. In
fact, despite the overall liberalising trend since 1990, the Brazilian state
has developed specific sectoral policies aimed at promoting the industry’s
recovery. Despite orthodox policy, firms must still satisfy high domestic
content requirements (70 per cent). The most important events that in-
fluence the new shape of technology policy are as follows:

(i) The Southern Common Market (Mercosur) Agreement in 1994

The Southern Common Market (Mercosur) Agreement is a treaty estab-
lishing a Common Market among the Federal Republic of Brazil, the
Argentine Republic, the Republic of Paraguay and the Eastern Republic
of Uruguay. Greater regional economic integration has taken place with
significant potential for all economies to accelerate their processes of
economic development. This is a trade liberalisation programme, which
consists of progressive tariff reductions accompanied by the elimination
of non-tariff restrictions or equivalent measures, as well as any other
restrictions on trade between the State Parties. The ultimate aim is to
arrive at a zero tariff and no non-tariff restrictions for the entire tariff
area (OAS, 2001), but this has not been achieved so far. The Mercosur
treaty presents strong evidence of Brazil’s efforts to manage trade
through industry-specific trade agreements. The agreement facilitates the
use of Brazil as an export platform for cars for the region. Moreover, a
large market without tariffs and few restrictions in trade is an ideal envi-
ronment for profit making. Therefore, since 1994 foreign investment?®?
has increased significantly in Brazil, especially in the already developed
automotive sector.?* This FDI directly and indirectly influences the shape
of technology policy, since foreign players show their interest and try to
influence technology policy in their favour.

(ii) The New Automotive Regime?® (Novo Regime Automotivo)

The New Automotive Regime is a special regime for the auto industry
which was established in 1995 within the framework of the 1994 Real
Plan.2® The role of the New Automotive Regime was to consolidate and
foster FDI in the automotive sector. Its main objectives were to: (i) keep
the large manufacturing plants and the large spare parts companies
already installed in the country; (ii) try to restructure existing Brazilian
companies; (iii) attract new companies and stimulate the construction
of new car plants; and (iv) try to consolidate Mercosur and reinforce
Brazil’s position as its key economic player (Rodriguez-Pose and Arbix,
2001). Considering the above, even though the shift towards a more lib-
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eral strategy by Brazil would logically imply the abandonment of major
sectoral policies (as these are inconsistent with neoclassical principles),
it is evident that the New Automotive Regime still intervenes heavily in
industrial reality.

(iii) Decentralisation and increased emphasis on state formation of

technology policy

Since 1980, democratic governments in Brazil have favoured decentral-
isation and have given more political power to state governors and local
mayors. Therefore, individual states have replaced the federal state in
drawing up technology policy. Brazilian states, being more independent,
offer attractive fiscal as well as locational incentives to attract foreign
investors. The issue of fiscal incentives has led to a full-blown tax war
among Brazilian states in their attempt to attract more and more FDI in
the auto sector.

This is the new reality of technology policy. Technology policy, despite
the general climate of liberalisation and minimal state intervention, is still
influenced by different players. The role of the state has de facto in-
creased, because of decentralisation. Thus, states formulate technology
policy in order to attract FDI and receive a greater share of available
benefits. Nevertheless, the federal state also still intervenes and forms
sectoral policies, as the “New Automotive Regime” demonstrates.
Finally, the elimination of trade barriers between the countries involved
in the Mercosur treaty promises greater profits and attracts foreign in-
vestors.

Consequently, it has been shown that technology policy is not left to
market forces and neither is it governed by a perfect and monolithic
state. Rather, Brazil’s auto industry has been largely shaped by dynamic
interaction between many players, mainly the federal government, state
governments, the global auto industry, and also to some extent Mercosur
as an emerging entity in its own right.

4.2.3 Assessment of the industry’s technological dynamism

Since 1995, there has been a tremendous increase in investments in the
automotive industry. For example, in 1992 investments in the sector were
US$945 million, while in 1998 investment reached US$2,454 million
(Anfavea, 2002). Moreover, a large proportion of investments goes to the
establishment of new plants: 22 of the 53 industrial automotive units in
Brazil (40 per cent) were established in the period 1996-2002 (Anfavea,
2002). As figure 5.1 reveals, production increased rapidly within five
years. From 1991 to 1997, production more than doubled, reaching
2,069,703 units for the first time. Exports doubled as well in the same
period: in 1997, 416,872 vehicle units were exported. The average rate of
export growth in the period 1990-2001 was no less than 9.03 per cent.
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Figure 5.1 Total vehicle production and exports of the automotive industry.
Source: Anfavea (2002).

The above data illustrate that the adopted technology policies ulti-
mately bore fruit. In particular, the fast export expansion suggests that
the former infant industry has matured to the extent that it is increasingly
able to compete in foreign markets. However, a full assessment of the
policy impact cannot be based solely on production and export activities.

The growth of the industry relied on excessive penetration of foreign
investors. This raises questions regarding the impact of FDI on the in-
dustry as well as on the wider economy. Studies on FDI have shown that
there is potential for both costs and benefits deriving from FDI; however,
it is not clear yet which side outweighs the other in this case. In the case
of the Brazilian automobile industry, the amount of FDI has increased in
recent years, but it has also been argued that the expansion of FDI is
producing perverse effects in the form of territorial competition among
Brazilian states to attract increasingly footloose companies (Rodriguez-
Pose and Arbix, 2001). These proactive ‘“development strategies”, by
both the federal and the state governments, led to an aggressive dispute
among states and municipalities, with negative results for the public sec-
tor and the economy at large.

Another (somewhat related) aspect of the surge of foreign investments
is the destruction of linkages in the domestic economy. The openness of
the market, along with the provision of infrastructure (rail, roads, canals,
and private port terminals) by competitive states, facilitates the importa-
tion of components and parts as well as acquisitions by foreign TNCs of
formerly independent Brazilian-owned component makers. The fear is
that acquisitions reduce the domestic firms to dependent production
plants and lead to erosion of domestic R&D activity and capability.
Rodriguez-Pose and Arbix (2001) have argued that this is likely to work
against the emergence of local suppliers and, moreover, that it will put
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Figure 5.2 Total revenue of auto parts manufacturers.
Source: Anfavea (2002).

the Brazilian component parts industry in a difficult position. As the data
in figure 5.2 reveal, the revenues of the auto parts manufacturers in-
creased rapidly until 1989. Afterwards, revenues slowed down as a result
of liberalisation and the competition from imports.

Despite this gloomy picture, there is also evidence of increased ability
of the auto parts industry to export and compete in international mar-
kets. In 1977 the auto parts industry derived 72.8 per cent of its total
revenue from supplying the automotive industry, while in 2001 this had
reduced to 56.0 per cent (fig. 5.3). This trend demonstrates the strength-
ening capabilities of the auto parts industry.

5 Conclusions

The new political economy framework presented in this paper sought to
investigate the forces that influence technology policy. The framework
also provides a basis for understanding and assessing the results technol-
ogy policy has on the technological dynamism of emerging industries in
developing countries, in a more thorough manner than is possible on the
basis of the extant monodisciplinary approaches that have been adopted
to analyse technology policy. The framework has been applied to the
case of the Brazilian automotive industry. The case study illustrates the
benefits of the new framework, as follows:

(i) The first period of the industry’s development (1952-1980)
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Figure 5.3 Auto parts industry output: Percentage distribution by destination.
Source: Anfavea (2002).

The first period of the industry’s development (1952-1980), which was
characterised by strong state intervention, has been assessed by many
scholars as a successful case of import substitution of cars. The contribu-
tion of the auto industry to the Brazilian economic ‘“miracle” is widely
accepted. Moreover, the auto industry has strengthened the technological
capabilities of auto part/component manufacturers as well as the input
supplying industry. However, these externalities are not easy to quantify.
They have involved technical assistance, technology transfer, and labour
training. It has been demonstrated that the state has constantly inter-
vened to set industrial priorities and improve the competitive position of
the industry. In other words, the state has continuously created compar-
ative advantages. The success of the Brazilian auto industry was partly
due to the institutional capacity of the Brazilian state to attract FDI, to
increase local content (thus creating linkages), and to provide export in-
centives to TNCs. Therefore, the generation and early technological de-
velopment of the Brazilian auto industry was believed to be a successful
case of state intervention.

Nevertheless, application of the new analytical framework has em-
phasised that the success of the auto industry cannot be ascribed to the
state alone. The dynamic relations among politico-economic agents,
arising out of the industrial structure, have influenced technology policy
as well. In particular, the influence of the parts and components manu-
facturers upon the state’s decision to establish a motor industry was
fundamental. In addition, the oligopolistic competition among TNCs in
foreign markets played an important role in determining the entrance of
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firms into the Brazilian market. Thus, technology policy was not im-
plemented only to overcome market failures.?” Neither was technology
policy successful solely because of state autonomy, despite the creation of
“pockets of efficiency” (such as institutions established by the state).
Rather, the Brazilian auto industry has been largely shaped by the dy-
namic interaction between the state (variously democratic and authori-
tarian), local industrialists, and the global auto industry.

(ii) The second period of the industry’s development (1980-2000)

The second period (1980-2000) (as far as can be assessed without sulffi-
cient historical perspective) is characterised by a revival of the auto indus-
try. Under the guidance of the ‘““Washington Consensus”, the Brazilian
economy has become more open and sectoral/industrial policies are not a
priority on the agenda of policy makers. This recent recovery of Brazil’s
auto industry coincides with the reduction of trade barriers and dereg-
ulation, leading many to conclude that market liberalisation is driving the
boom. However, the ‘“Automotive Regime”, along with the increasing
competition among the Brazilian states to attract FDI by offering attrac-
tive packages of fiscal and other incentives, shows that technology policy
still plays a fundamental role in the Brazilian automotive industry.
Therefore, despite the announcements of a liberalised economy, tech-
nology policy still plays a crucial role and determines the survival and
success of the industry.

Existing approaches to the analysis of technology policy were shown to
have some weaknesses. Ultimately, in order to understand the effective-
ness of technology policy, it is important not only to justify the existence
of policies and examine the political conditions that make state inter-
vention effective, but also to look more broadly into the whole range of
actors and factors that shape the formation of technology policy. Tech-
nology policy itself should be an object of analysis and thus become
explicit. In my view, therefore, the process of generation, formation and
reshaping of technology policy throughout time plays an important role
in its ultimate success.

The Brazilian automotive case has shown that this process has not
been simple. The dynamic interaction between the state (itself consisting
of multiple actors), local industrialists, and the global auto industry
played an important role in shaping technology policy, which in turn had
a major impact on the technological and economic performance of the
Brazilian auto industry. Assuming that technology policy is formed with-
in the higher echelons of a single-actor government and then applied as
such is misleading and leads to inability to grasp the essentials of policy
failure and success.

Going beyond the debate of whether (or when) technology policy is
necessary or not, I reinterpret the historical evolution of technology
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policy from another stance. The study supports the view that economic,
political, and institutional conditions influence the design and implemen-
tation of technology policy and thus those conditions should be made
explicit in order to understand the process and impact of technology
policy. Governments of developing countries as well as aid organisations
should view technology policy in its context and take into account the
particular characteristics of a country, such as its history, culture, and in-
stitutional and social structure.

Notes

10.

. Technology policy is broadly defined in this paper. In addition to direct innovation-

promoting instruments such as R&D subsidies, property rights regulation, etc., it also
encompasses policies to promote industrial development more broadly, for example by
means of tariffs, quotas, industrial licences, investment subsidies, and taxes. These
broader industrial policies are often referred to as “implicit” technology policies. They
are often more effective in promoting technological development in developing coun-
tries than technology policies in the narrow sense, as the dominant innovation activity in
these countries consists of absorption of new technologies generated elsewhere, rather
than original R&D.

. Not all economists share this view. Neoclassical writers argue that industrial develop-

ment is best left to the market, on the grounds that market-based allocation of resources
is most efficient. This fundamental debate in economics will not be dealt with in this

paper.

. A developmental state is one that plays a fundamental role in industrial transformation:

the state is essentially a centralised body interacting with the private sector from a po-
sition of pre-eminence so as to pursue development objectives (see, for example, White,
1988).

. In response, the infant industry is expected to exhibit faster productivity growth than

the mature industry in developed countries.

. In older structuralist literature, barriers arising from small markets in low-income

countries are also emphasised. These prevent the emergence of industries exhibiting
increasing returns to scale. This is known as the static economies argument for infant
industries protection (see, for example, Pack and Westphal, 1986).

. Thailand inherited a complex network of rural roads that were developed by the United

States for security purposes. This in turn helped in the agricultural diversification that
played an important role in supporting industrialisation (Stein, 1994).

. After the war, demand for industrial and consumer goods was growing as well as the

imports for these items. A big portion of imports consisted of automobiles, contributing
to a deterioration in the balance of payments.

. Local ventures such as Gurgel could not be competitive owing to imperfections in the

capital market, and thus they closed down.

. The fiscal incentives included total exemption of imported machinery and equipment

from duties and sales tax, total exemption of complementary parts (not produced in
Brazil) from duties, and special access to short- and long-run credit (Mericle, 1984).

The foreign exchange advantages had two key provisions: government guarantees of the
availability of foreign exchange for the importation of parts (working capital could be
raised in Brazil and converted into hard currency for crucial parts imports in the instal-
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lation phase); and government subsidies of foreign equipment imports by guaranteeing
the availability of hard currency at favourable exchange rates (Mericle, 1984).

The major firms involved include Mercedes-Benz, Fiat, Ford, Saab-Scania, Volkswagen,
and General Motors.

The Law of Similars included various types of protection devices for goods produced
locally which were similar in nature to the imported goods. It consisted of the following
elements: (i) prohibition of importation of parts that were also produced in Brazil, thus
guaranteeing a market for the Brazilian producers. Import licences were issued only
for those parts not produced domestically; (ii) prohibition of the importation of non-
essential assembled motor vehicles; and (iii) prohibition of importation of completely
knocked down vehicles as self-contained units, and a requirement to use any indi-
vidual parts available domestically (Mericle, 1984).

Non-vertical or horizontal integration of the industry means that a component manu-
facturer could supply its specialised product to every assembler.

In the mid-1950s, Mercedes-Benz, Volkswagen, Ford, Scania, and Toyota opened as-
sembly plants in the ABC area (this is the greater area of Sdo Paulo).

While the number of firms was too great to take maximum advantage of scale econo-
mies, the Brazilian industry was not so excessively fragmented as those of some other
countries. For example, “in 1964 in the free port of Arica in Chile there were 20 firms
producing 25 models, the largest of which produced 1,500 units” (American Embassy,
Santiago; cited in Jonson, 1967: 205).

South Korea used tough entry regulations in order to prevent fragmentation of the final
assembly sector. It has been argued that relaxation of entry regulations in 1977 in South
Korea led to excess capacity and excessive competition (Chang, 1998).

In 1963 the rate of inflation reached 78 per cent, gross domestic product fell by 1.3 per
cent and foreign investments also fell. In addition, real wages decreased (Mericle, 1984).
By this time the assembly industry, mainly controlled by foreign firms, had shrunk from
eleven to eight firms. Volkswagen, GM and Ford controlled 89 per cent of the total
vehicle market.

In the 1970s, new vehicle factories opened outside the Sao Paulo ABC area: Volkswa-
gen and General Motors installed plants in the Paraiba Valley, Volvo opened a truck
and bus plant in Paran4, and Fiat invested in Minas Gerais.

According to Jenkins (1987), internationalisation of capital was a necessary strategy in
order to overcome the crisis created by the Japanese penetration in Western European
and United States markets. This generated the need for a restructuring of capital in
order to find new ways of accumulation.

North America, Western Europe, and Japan.

This policy was pursued by limited consumer credit and by imposing import controls.
Foreign companies announced investments in the period 1995-2000 of US$17,244 bil-
lion (CEPAL, 1997).

In the manufacturing industry 41 per cent of FDI goes into the automotive and re-
placement market (CEPAL, 1997).

This is a programme of investments and exports with a special regime for importation.
An industrial enterprise established in a chosen country (newcomer) that commits to
invest and export will as a reward be authorised to import capital goods and vehicles
with reductions in import tax.

The Real Plan was a stabilisation programme established in 1994 by Fernando Henrique
Cardoso. Its main objectives were to: (i) reduce inflation; (ii) achieve long-term sus-
tainable growth in output, investment, employment, and productivity; and (iii) achieve a
steady and substantial reduction in social imbalance (Freire de Oliveira Santos, 1998).
Market failures were plentiful in the Brazilian economy. Imperfect capital markets and
the absence of a mature industrial class were the main constraints.
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Technological learning in small-
enterprise clusters: Conceptual
framework and policy implications

Marjolein C. J. Caniéls and Henny Romijn

1 Introduction

In many parts of the developing world, small and medium industrial en-
terprises (SMEs) are currently being confronted with formidable com-
petitive challenges. Few are still able to insulate themselves from the
pervasive effects that economic liberalisation and deregulation are having
on their local economies, particularly through international trade and
foreign direct investment. For some firms, new business opportunities
emerge as international production and trade chains extend into far-flung
places in continuous search of cheap sources of supply. Many others are
challenged to defend their traditional home markets — the mainstay of
the great majority of small firms in less developed economies — against
new dynamic competitors.

Recent research has begun to throw light on how SMEs are responding
to these processes, and to identify suitable types of assistance. One sa-
lient finding is that their competitiveness could be boosted by being part
of regional industrial clusters — agglomerations of actors engaged in sim-
ilar and complementary activities. A cluster may be defined as a group of
business enterprises and non-business organisations that share a common
regional location where the region is defined as a metropolitan area,
labour market, or other functional economic unit.! There is by now sub-
stantial evidence that SME clusters are widely prevalent in many indus-
trial sectors in a range of developing countries, from low-income countries
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such as Ghana and Kenya in Africa to middle- and higher-income coun-
tries in Asia and Latin America.?

Of course, clustering is neither a necessary nor a sufficient condition
for industrial dynamism. Many clusters in less developed countries have
existed for a long time without showing substantial signs of innovation
or growth. Conversely, there are numerous cases of innovative non-
clustered firms. However, it has been noted in the recent literature that
clusters do have features that may facilitate dynamic growth. In particu-
lar, it is claimed that SME clusters may be able to boost regional devel-
opment by creating possibilities for accumulating capital and skills
through “collective efficiency” (Schmitz, 1995; Schmitz and Nadvi, 1999).

However, so far cluster research has concentrated mainly on the eco-
nomic benefits to which clusters may give rise, while the technological
factors that supposedly underpin these benefits have been given rather
cursory treatment. The main analytical focus of studies in this line is on
the meso level, while the internal functioning of the individual firms that
make up a cluster remains largely a ‘black box” (Bell and Albu, 1999).
Some writers have drawn attention to factors such as quality upgrading
(Nadvi, 1999a,b) and incremental innovation (Mytelka and Farinelli,
2000), but the study of these issues has not been based on a micro-
economic theoretical foundation of firm behaviour and strategy.

Yet, development of technological competence by small firms is argu-
ably crucial for them to be able to hold their own in fast-changing and
fiercely competitive markets. Flexible and quick adjustment and adapta-
tion require technical skills, knowledge, and organisational/managerial
capacity — technological capability in short — to make the right invest-
ment choices, increase productive efficiency, meet tight deadlines, and
engage in continuous upgrading of quality and design (Bell and Albu,
1999; Romijn, 2001). Since only a very small minority of SMEs in devel-
oping countries are already well equipped for these tasks, we posit that
regional industrial growth and competitiveness in these countries ulti-
mately cannot be sustained without advancement of the technological
capability base of individual firms. Likewise, effective policies aimed at
promoting competitiveness of regional clusters cannot be based solely
on insights about cluster dynamics. In addition, they need to build on
knowledge about the internal technological functioning of the companies
operating in the clusters, and they have to address the main bottlenecks
that occur at that level.?

The aim of this paper is to contribute to the current policy debate
about promoting regional economic growth and SME competitiveness in
development by opening up the black box of the firm by using the col-
lective efficiency approach. We do this by linking this approach to the
so-called “‘technological capability” literature, which sheds light on the
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micro-level technological underpinnings of industrial competitiveness in
a developmental context. The unified conceptual framework that results
from joining the meso and micro approaches is then used to shed new
light on the forces that determine the competitiveness and growth of in-
dustrial SME clusters in development, and to derive new guidelines for
policy.

The new conceptual framework is introduced in section 2. In section 3
we spell out the main new policy insights that result from adopting the
framework, showing its added value by contrasting the policy insights
with the sort of policy implications that are typically derived by the two
partial approaches on their own. Section 4 contains an empirical case
study of farm equipment manufacturing in Pakistan’s Punjab Province,
which serves to illustrate the additional value of the new approach for
policy design in practice. Section 5 presents the conclusions.

2 Joining the meso and micro approaches

The meso-level collective efficiency (CE) approach and the micro-level
technological capability (TC) approach yield complementary insights into
the determinants of the long-run competitiveness of SMEs. CE studies
analyse the effects of clustering on the economic performance and com-
petitiveness of clusters and countries, whereas the TC approach studies
how intra-firm learning processes affect long-term competitiveness.

Figure 6.1 shows how we intend to join the two approaches. The ana-
lytical perspective of the CE approach is represented in the left-hand side
of the figure. Studies in this area put strong emphasis on the advantages
for firms that accrue from being part of an industrial cluster. These gains
tend to boost the economic performance of the industrial cluster and
therefore the region as a whole. Many studies in this tradition have
identified a range of advantages that are induced by clustering, particu-
larly through possibilities for easy networking and collaboration.* The
most recent analytical contributions in this line of research have also
drawn attention to the positioning of clustered firms in the value chain,
and how the governance of these chains affects the possibilities for local
upgrading (Humphrey and Schmitz, 2000, 2001; Nadvi and Halder, 2002).
This is especially important in global value chains in labour-intensive
consumer goods sectors, where access to new information and knowledge
about technology and markets by firms in local clusters is dependent on
dominant actors such as importer-retailers and importer-wholesalers
(Schmitz and Knorringa, 2000). However, as stated earlier, the effects of
clustering on knowledge accumulation processes in individual firms have
not been studied in depth.
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Figure 6.1 Integrating macro with meso

The right-hand side of figure 6.1 presents the analytical perspective
taken in the TC literature, which we shall use to open this black box. In
contrast to the CE literature, the TC literature puts intra-firm knowledge
accumulation processes centre stage. The term “‘technological capability”
was first coined in the early 1980s by researchers probing intra-firm
technological dynamics far from the world’s technological frontier.> In-
spired by upcoming evolutionary theories of technological change (later
culminating in Nelson and Winter, 1982; Dosi, 1988), they showed im-
portation of new technologies by itself to be insufficient for enhancing
productivity and inducing self-sustaining industrialisation. Mere access to
foreign technology — whether in the form of plant and machinery or doc-
umentation and blueprints — does not imply mastery over it (Dahlman
and Westphal, 1981). The impossibility of fully codifying new knowledge,
and the fact that foreign technologies are less than perfectly suited to
specific local needs and conditions, can be powerful barriers to the effec-
tive implementation of new technologies in a new setting. Therefore,
accumulating technological capability requires considerable technological
efforts — investment in time and resources aimed at assimilating, adapting,
and improving known technologies, and (ultimately) creating new tech-
nologies in-house. A lengthy learning process is usually involved. The
capabilities that firms acquire help to improve their economic performance,
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and (by assumption) regional and national economic performance as
well. However, studies in this area have not systematically addressed the
question of why and how spatial proximity of groups of actors may boost
firms’ individual learning efforts and/or increase the effectiveness of those
efforts. A firm’s technological improvement efforts are seen to be some-
how pushed and enhanced by various external stimuli (including gover-
nance of global value chains), but no special effects of proximity to other
local parties have been noted.

Figure 6.1 gives a good representation of the way in which we join the
meso-level CE perspective with the micro-level TC perspective. Looking
from left to right in figure 6.1 along the dotted lines which connect the
left-hand side to the right-hand side, we zoom in on the firm level, which
is not explicitly analysed in the CE approach. The crux of the integration
of the two approaches then revolves around the question as to how
exactly the connection between the meso and the micro level is made. In
other words: What are the mechanisms by which the different agglomer-
ation advantages that are commonly observed in an industrial cluster
translate into increased and/or more efficient technological effort within
individual firms in that cluster? Once this is known, we will be able to
understand how clustering can enhance firm-level technological learning,
leading to more advanced capabilities and better economic performance,
and (ultimately) how it contributes to regional and national economic
growth.

We need two pieces of information in order to answer this question.®
Firstly, on the micro side we need to know the different types of techno-
logical efforts commonly undertaken by firms. A useful classification has
been developed by Bell, based on a survey of a range of empirical capa-
bility studies undertaken in different developing countries. Several im-
portant types of efforts were commonly noted, namely staff training, staff
hiring, in-house technological improvement (including R&D), and exter-
nal search for information about new technologies and markets (Bell,
1984).”

The second item consists of the main types of agglomeration advan-
tages emanating from geographical clustering by firms. Information
about this is provided from the literature on the meso side of figure 6.1.
In the CE literature, the common distinction has been between econo-
mies emanating from so-called “passive’ and “‘active’ collective efficiency.
The former occur spontaneously, whereas the latter require active and
purposive joint action among cluster participants (Schmitz and Nadvi,
1999). Looking more closely, however, one may notice that both passive
and active collective efficiency are composed of the same two categories
of agglomeration economies that have been distinguished conventionally
by economists (for an overview, see Malmberg and Maskell, 2002). The
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first of these comprises economies of scale, scope, and transaction, which
are all kinds of cost advantages that accrue from firms locating close to
each other (Marshall, 1920; Richardson, 1978). The second category
consists of technological or knowledge spillovers, which are intellectual
gains through exchange of information for which a direct compensation
to the producer of the knowledge is not given, or for which less compen-
sation is given than the value of the knowledge (Audretsch and Feldman,
1996; Caniéls, 2000; Feldman and Florida, 1994; Marshall, 1920). We
adopt this conventional classification below, but we will return to the
passive—active distinction in the policy discussion in section 3.

Since the two main groups of agglomeration economies are still rather
heterogeneous, it is useful to make some further subdivisions. Within
the category of scale, scope, and transaction economies, we identify two
groups according to the two main types of economic activity that firms
pursue: (I) economies of scale, scope, and transaction in the production of
goods and services; and (II) economies of scale, scope, and transaction
in undertaking technological effort. Further, we distinguish three groups
of knowledge spillovers, following a classification adopted by Stewart
and Ghani (1991), namely, spillovers emanating from: (III) changing at-
titudes and motivations; (IV) human capital formation through informal
learning-by-doing; and (V) transfer of technological information.

We now proceed to examine the different ways in which these five ag-
glomeration advantages may contribute to the four types of firm-level
technological efforts identified by Bell (1984). The discussion is summa-
rised in table 6.1. The five rows in the table represent the types of agglo-
meration advantages introduced above, while the four columns, labelled
A through D, represent the types of technological effort. The contents of
the cells describe the (sub-) mechanisms through which the agglomera-
tion advantages affect these technological efforts.® Some types of agglo-
meration advantages, particularly II and V, can influence technological
effort in several distinctly different ways. This is shown in the table by
means of a finer subdivision within the main rows.

We discuss the table row-wise. Row I indicates a mechanism associated
with direct cost advantages in production obtained by clustered firms.
One such cost saving emanates from high demand (Swann, 1998). Since
clustered firms reap more economies of scale in production compared to
non-clustered firms, they are left with more financial resources to invest
in technological effort. Another source of cost savings lies in the fact that
clustering may induce more intensive competition among input suppliers,
which reduces input costs for user firms (Nadvi, 1999b). Both types of
cost savings may affect all types of technological effort (columns A
through D).

Row II indicates that economies of scale, scope, and transaction in
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Table 6.1 Direct effects of agglomeration advantages on the technological efforts (TE) of the firm

Agglomeration advantages

A. Hiring B. Training C. Information search D. R&D

I. Economies of scale, scope, and
transaction in production

II. Economies of scale, scope, and
transaction in knowledge
accumulation

II1. Knowledge spillovers: changing
motivation and attitudes

IV. Knowledge spillovers: human
capital formation through
informal learning-by-doing

V. Knowledge spillovers:
technology transfer

Lower unit cost due to large market size leaves more resources for technological effort.

a) Large local market gives rise to critical minimum demand for innovations, inducing
technological efforts to develop them.

b) Presence of specialised suppliers lowers transaction costs, which facilitates

easy and cheap access to specialised inputs needed for technological effort.

¢) Low transaction costs facilitate joint undertaking of
technological efforts, thus leading to cost savings.

d) Low transaction costs stimulate additional technological effort
in joint indivisible and complementary projects, which in turn
facilitates access to, and leads to, generation of new
information and knowledge.

Exposure/demonstration effect stimulates demand for TE.

a) Exposure/demonstration effect stimulates demand for TE.
b) Direct free input
through industry-wide
accumulation of
skills.
Direct free input
through inter-firm
movement of
trained labour.

Direct free knowledge input through
trade journals, meetings, fairs, etc.

Direct free input through user—
producer interaction.
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knowledge accumulation itself may have four significant effects on tech-
nological effort. Firstly, clusters can generate a critical minimum demand
for new, specialised products or services that cannot be produced profit-
ably elsewhere. In turn, this stimulates investment in efforts to master
the production of these new items (Ila) (Stewart and Ghani, 1991). This
effect may apply to all kinds of technological effort (columns A through
D).

A second important link deals with the local presence of suppliers of
specialised inputs who are attracted by large local demand. This may
lower transaction costs associated with procurement of specialised inputs.
Thereby, clusters act to reduce costs of specialised inputs needed to
undertake investments in technological effort (IIb) (Tewari, 1999). This
mechanism may again influence all kinds of efforts, because there are
manifold actors offering specialised services, including workers with spe-
cialised skills and technical consultants (A), institutions providing training
courses (B), government extension services (C and D), sourcing agents
looking for suitable suppliers (C), suppliers of machinery, materials and
components (C and D), and so on.

A third important link in row II operates by offering possibilities for
firms to join networks of innovators because of low transaction costs
associated with local interaction (IIc) (DeBresson and Amesse, 1991;
Freeman, 1991). This leads to cost advantages from sharing costs and
risks. Existing literature pointing to this mechanism relates primarily to
economically advanced countries, so that the focus has been primarily on
formal R&D-type efforts (D), but it is no less likely to work with respect
to more informal types of effort with scope for collective investment. In
economically less developed settings, these activities are more likely to
take the form of training (B) and search (C) than R&D.

In another study pertaining to advanced countries (Baptista, 1998), it
has been pointed out that pooling R&D resources will induce more R&D
investment as well, as it becomes feasible to embark on large, costly
projects that are beyond the capacity of individual investors (IId). A
variation on this theme is the case where proximity allows parties to in-
vest in technological effort that requires mutual commitment, since they
need to supply complementary inputs for it. As in the case of row Ilc, this
mechanism might operate just as well in the form of more informal tech-
nological effort in less developed economies. In particular, training (B)
and search (C) are two non-R&D-based efforts for which collective in-
vestments are also feasible.

Rows III, IV, and V indicate that knowledge spillovers from other
firms may complement a firm’s own efforts and thereby increase the effi-
ciency of those efforts. Implementing knowledge from outside the firm
increases its chances of success. Firms might benefit from complemen-
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tarity and synergy effects that arise from the technological improvement
activities undertaken by other firms in the cluster. Spillovers are facili-
tated by opportunities for firms to establish direct contact with each other
in a cluster, such as through inter-firm labour mobility and formal and
informal exchange of information and ideas (Baptista, 1998; Feldman,
1994; Nelson, 1993; Von Hippel, 1988).

Changing attitudes and motivation (III) primarily works by exposing
people to new ideas and artefacts in a particular environment (Stewart
and Ghani, 1991). These act on people’s mental predisposition in such a
way that they will begin to favour change over stability, and thereby
stimulate investment in the technological efforts needed to bring it about.
These advantages affect firms’ efforts in a broad manner. For example,
changing attitudes happen through exposure to new information, ideas,
and products, which generally stimulates demand for technological im-
provement efforts of all kinds (A through D).

Human capital formation through informal learning-by-doing (IV)
likewise acts through changing attitudes, in this case attitudes towards
work (IVa) (ibid.). Like mechanism III, it is a broad effort-inducing
mechanism (A through D). In addition, learning-by-doing entails assimi-
lation of a basic body of more specific production-related technical
knowledge and skills that are common in a local industrial environment
(IVDb) (ibid.). This constitutes a direct free input complementing a firm’s
own investments in staff training (B). Thus, this spillover affects not only
the demand for technological effort, but also the supply of inputs for it.

Technological transfer (V) acts entirely on the supply side. It operates
through three channels: inter-firm movement of trained labour (A); trade
journals, meetings, trade fairs, and various other fora for inter-personal
exchange (C and D); and user—producer interactions which often occur
in the course of implementing and perfecting innovations in iterative
fashion (also C and D) (ibid.).? Inter-firm movement of trained labour
boosts skill levels through hiring of new staff, while communication fora
and user—producer interactions are primarily sources of free new infor-
mation and knowledge about technologies and markets, which comple-
ment the firm’s own search and research efforts.

Technology transfer spillovers often interact with economies of scale,
scope, and transaction. Low transaction costs in clusters directly facilitate
(horizontal and vertical) business interaction, joint projects, and labour
mobility, which are the main vehicles through which skills, knowledge,
and ideas travel across firms. Furthermore, we have seen that economies
of scale, scope, and transaction boost the amount of intra-firm techno-
logical effort in various ways. Clearly, the more actively firms are engaged
in learning, the more spillovers to neighbouring firms are likely to result.
The recipients essentially receive free inputs that complement their own
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technological efforts and in this way increase the effectiveness of their
learning processes. In sum, when economies of scale, scope, and trans-
action work in tandem with knowledge spillovers, both the amount and
effectiveness of intra-firm technological effort will receive a boost.

So far, influences from outside the cluster (i.e. value chains and macro-
economic conditions in general) have not been explicitly considered in
the above discussion, as the main emphasis of this paper is on exploring
the effects of local agglomeration on firm-level technological dynamism.
However, factors external to the cluster could of course also exercise a
major impact on firm-level technological dynamism. For instance, tech-
nological effort is always an investment decision, and therefore subject to
risk and uncertainty. Uncertainty about economic conditions, both locally
and globally, will affect effort-related decisions, and thereby economic
growth performance in clustered firms (as well as non-clustered ones).
Chain governance will also affect technological dynamism of firms in local
clusters, by facilitating or obstructing the vertical diffusion of new knowl-
edge and skills about technology and markets. The more local actors
are able to tap into knowledge and information from outside their cluster,
the more local spillovers are likely to result, in turn facilitating knowl-
edge creation in individual firms.

All mechanisms discussed so far referred to positive effects of agglom-
eration on technological effort. However, clustering sometimes gives rise
to negative effects as well, which counteract the positive forces to some
extent. These negative effects have not been listed in table 6.1 in order to
avoid excessive complexity. However, they cannot be ignored, particu-
larly when it comes to deriving policy lessons. At least three potentially
important negative effects should be mentioned. Excessive competition
among small producers who are incapable of differentiating their prod-
ucts substantially from those of others may squeeze margins, leaving
fewer resources for technological improvement. Moreover, in clusters
where secrecy is hard to maintain and legal protection of innovations
is non-existent, knowledge spillovers may also have drawbacks as they
reduce innovation incentives for the party that generates them. Further,
there could be considerable social barriers to undertaking technological
improvement efforts in change-resistant traditional communities. Such
negative effects are more likely to dominate positive ones in adverse
economic settings, for example in the case of stagnant demand.

3 Policy implications of the integrated approach

Our integrated framework has distinct added value for policy-making, in
comparison with the two partial approaches.
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As explained above, the main policy prescriptions of the CE literature
hinge upon the distinction between passive and active CE. The main
contributions to this literature expect a lot from policies aimed at pro-
moting active CE, through strengthening institutions that promote joint
action, inter-firm collaboration, and horizontal and vertical networking
(Ceglie and Dini, 1999; Stewart and Ghani, 1991; UNCTAD, 1998). Col-
laboration with buyers is seen to be especially important, as under-
standing customers’ needs helps producers to tackle key competitiveness
problems. In contrast, the passive, non-collaborative externalities are
essentially taken as given in the CE approach.

The integrated framework in table 6.1 suggests a broader range of
policy instruments than that offered by the CE studies. It is of course
possible, on the basis of the table, to make a similar distinction between
agglomeration advantages that need active collaboration and networking
to bring them about (notably IIc and I1d), and others that occur without
purposive action of this sort. However, there are no a priori reasons why
active collaboration should be singled out in our framework as the only
feasible object of the interventions. Indeed, many of the spontane-
ous, non-collaborative mechanisms could also be amenable to further
stimulation. Possibilities in this direction appear to exist especially in the
sphere of knowledge spillovers. A relevant example would consist of
measures to upgrade basic physical infrastructure facilities such as roads
and telephone networks, which may indirectly induce more inter-firm
spillovers by facilitating trade-based interactions and exchange and by
increasing labour mobility through the mechanisms listed in row V of
table 6.1. Another example would be the establishment of education and
training facilities that help to make people mentally more receptive to
the adoption of new production techniques by exposing them to the same.
Once a few firms have adopted a new technique, in due course it is bound
to be adopted more widely and contribute to the spread of knowledge
through demonstration effects and other mechanisms identified in rows
IIT and IV.

The broader policy focus suggested by our framework has particular
advantages in those situations where intensive inter-firm cooperation in
clusters has proved difficult to get off the ground and/or hard to sustain.
This has indeed been the case in many of the clusters examined in the CE
studies (see, for example, Nadvi, 1999a,b; Schmitz, 1999; Visser, 1999). In
these kinds of environments, measures aimed at facilitating individual
knowledge absorption and subsequent spontaneous diffusion among
firms may turn out to be a more effective and sustainable policy strategy.
Our framework further suggests cost-effective ways of providing some of
these types of support, for example in the sphere of education and
training. Targeting a small number of progressive companies with pro-
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grammes to improve work practices, upgrade quality, and so on, may be
sufficient. Spillovers will ensure the gradual diffusion of the new knowl-
edge and skills throughout the cluster, through demonstration effects (111
and IVa), industry-wide accumulation of skills (IVb), inter-firm move-
ment of labour (V-A), and circulation of information and knowledge
(V-C and D).

The framework laid out in table 6.1 also suggests a somewhat more
focused approach to intervention compared with the CE approach. Given
the central policy goal as stated in the Introduction — namely, the struc-
tural improvement of regional competitiveness — interventions need to be
directed as closely as possible towards the creation of dynamic learning
economies. This is achieved by directing assistance towards stimulating
technological effort. The sort of collaboration-focused support advocated
in CE studies does not appear to be tightly focused on these dynamic
effects. Some of the policy instruments suggested in the CE approach
seem to be geared more towards generating static production economies.
For example, strengthening collaborative institutions may help producers
to lobby for common access to credit, joint purchasing of inputs, and tax
relief, but there is no direct link between such activities and technological
learning. Moreover, to the extent that the CE studies do address dynamic
“upgrading” issues, they lack specific policy guidelines. For example, in
their recent summary paper about the CE literature, Schmitz and Nadvi
state that, “In more advanced clusters, policy measures have to be geared
to promoting upgrading, in particular in areas of technical learning and
innovation”. A first step is ‘“‘benchmarking local practices against those
of global market leaders” (Schmitz and Nadvi, 1999: 1509-1510). Yet
no details are given about the types of learning, innovation, and work
practices actually involved and the policy instruments that could be
used.

The application of our integrated framework affords more specific
policy conclusions in this direction, since it examines firm-level processes
of technological improvement. To do this, we used an established ana-
lytical approach (TC), which has provided a range of policy lessons that
are in principle applicable to clusters as well as to firms individually. Its
policy findings rest on the recognition of pervasive market failures in the
development process. On the one hand, market-oriented interventions
to stimulate demand for innovations are considered essential, as these
create incentives for firm-level investment in technological effort. Relevant
instruments include trade and industrial policies that regulate market
structure and competition; fiscal, legal, and investment policies that
regulate access to financial capital and foreign technologies; and general
economic policies that promote a stable macro-economic climate and
economic growth. These demand-stimulating interventions are comple-
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mented by supply-side assistance aimed at supporting firms’ learning
processes through the provision of critical missing inputs. Important sup-
ply-side measures are the creation of an information-rich environment,
the building of science and technology support institutions, education,
and training (Lall, 1992; UNCTAD, 1996).

However, since the TC approach has not paid specific attention to
geographical agglomeration, its policy guidelines do not take account of
any special advantages for learning and growth that obtain in clusters.
Our integrated approach does make this possible, through the insights
gained from the meso literature on the left-hand side of figure 6.1.

Firstly, conventional TC measures are potentially more effective when
supplemented by policies to induce firms engaged in similar and comple-
mentary activities to co-locate. This is not meant to be a recommendation
for a souped-up version of the old industrial estates programmes that
were pursued by many developing country governments in the 1960s and
1970s. These have generally been disappointing, among other things
owing to the fact that insufficient account was taken of the need to ensure
complementarity and similarity in the industrial activities located on the
estates. What we propose is that governments should try to facilitate
clustering by private sector actors engaged in similar and complementary
activities through appropriate zoning regulation and offering attractive
location-based infrastructure facilities, as in new technology parks in
more advanced countries.

Secondly, the framework provides specific handles for enhancing
capability accumulation in firms that are already located in clusters. In
particular, several of the learning-enhancing mechanisms identified in
table 6.1 can be leveraged through targeted interventions. Relevant poli-
cies include, for example, collective institution-building initiatives that
promote inter-firm trust. These may lead to cost savings and may induce
new large knowledge-building projects that are beyond the scope of in-
dividual firms. They may also indirectly trigger various inter-firm knowl-
edge spillovers. Other policies could aim at stimulating spillovers directly,
by concentrating new technological and market information, training,
and extension services locally in clusters.

Thirdly, the framework suggests once again that such interventions do
not need to aim at directly targeting all potential beneficiaries in a local-
ity, as the presence of local spillovers ensures quick diffusion of knowl-
edge and skills (see above). This runs counter to the argument, which has
often been advanced among small enterprise development practitioners
and researchers, that dualism within the small-scale sector will increase
if assistance is exclusively focused on a few advanced participants. This
argument may be valid in general, but we expect that it carries less
weight in local clusters. Local clusters facilitate trickle-down, even if the
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local firms do not actively network or collaborate. Less forward-looking
firms in a locality may be expected to benefit to some extent from policy
interventions that are not directly aimed at them, for example through
spontaneous demonstration effects and other spillovers.

The additional value of these policies could be outweighed to some
extent by various negative effects that potentially also emanate from
clustering (section 2). These effects are likely to play a role of some im-
portance, especially in clusters whose firms are still functioning at a very
low technological level. Producers in that situation usually lack the skills
to diversify their products substantially from each other, so that keen
competition is hard to avoid. Copying is also bound to be rampant in this
kind of environment. Furthermore, in traditional communities the threat
of social sanctions on deviant behaviour may pose a considerable con-
straint on investment in technological innovation. It is important that
policy makers be aware of these kinds of problems, but they cannot be
remedied quickly and easily. Sometimes, measures to foster inter-firm
collaboration and trust may help, but in general clusters simply need time
to outgrow this stage.

It has been emphasised by cluster researchers in the collective effi-
ciency tradition that the orientation of policies will have to take account
of heterogeneity in cluster performance. A distinction is made between
survivalist clusters on the one hand, and more advanced and dynamic
clusters on the other. In survivalist clusters, the need to foster networking
and collaboration is stressed, while policies aimed at advanced clusters
would need to be geared more to technological upgrading and innovation
(Schmitz and Nadvi, 1999: 1509). While recognising that cluster perfor-
mance differs widely across countries, regions, and sectors, we do not
follow this distinction. In survivalist clusters with high competition, ef-
fective inter-firm networking and collaboration are likely to be particularly
difficult to establish, perhaps more so than in more advanced clusters.
Thus, survivalist clusters are likely to benefit more from policies aimed at
creating conditions under which spontaneous spillovers will flourish.

It seems more useful to take account of cluster heterogeneity by
tailoring the content of the policies specifically to the level of their tech-
nological advancement. In that sense, our approach follows the policy
directions deduced from the technological capability studies, which have
emphasised that technology policies have to be tailored to the economic
and technological level of the countries concerned. The same principle
is applicable at the cluster level. For example, clusters that function at
a very basic technological level will benefit from programmes aimed at
basic vocational training and acquisition of more efficient machinery and
equipment, while more advanced clusters will need support with educa-
tion of engineers and financial support for R&D programmes.
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4 An empirical illustration

Some of the principles discussed in the previous section will be illustrated
with some case-study material. The focus is on farm equipment manu-
facturing, a highly important industry in developing countries when it
comes to initial absorption and accumulation of knowledge about basic
mechanical engineering principles. The industry essentially functions as
a springboard from which capabilities subsequently diffuse to other in-
dustries as industrialisation gets under way (Johnston and Kilby, 1975).

The Pakistan Punjab is a fertile agricultural region known for its
widespread adoption of modern cultivation practices since the late
1950s. Agricultural modernisation has been supported by a sizeable farm
equipment industry which is organised into approximately eight major
clusters, each consisting of 50-60 small-scale firms.!® The industry
emerged in the early 1960s in response to surging demand for irrigation
equipment by farmers who were increasingly beginning to switch over to
irrigation-based cultivation methods (ibid.; Aftab and Rahim, 1986). By
the 1990s, the industry had evolved to the extent that it employed about
5,000 people and was capable of manufacturing well over 50 different
items (Romijn, 1999). These included a number of relatively complex
pieces of equipment with moving parts and high-grade steels, along with
the simple rigid structures (such as mould board ploughs) that had been
produced since the early stages of the industry’s existence. Incremental
design improvements had also been made to increase capacity, sturdi-
ness, safety, and efficiency, although quality problems in production were
still persistent (ibid.).

We first bring the CE and TC perspectives to bear to reflect on the
evolution of the industry’s performance and identify the best ways for-
ward. Then we identify new policy insights by imposing our integrated
approach on the case. The purpose of this exercise is not to come up with
detailed policy prescriptions based on in-depth assessments according to
the three approaches. Rather, the goal is to illustrate the broad differ-
ences in analytical perspectives taken and derive some important policy
directions from them.

Starting with the CE perspective, the available evidence suggests that
active networking and collaboration can be at best a partial explanation
of the industry’s growth. There is no tradition of active cross-firm hori-
zontal collaboration in the production chain, as there is a fundamental
lack of trust among competitors. Competition and associated secrecy are
severe, even among people who belong to the same bradri (caste) (Nabi,
1988: 123).

Cooperation has worked somewhat better across different stages of the
production chain, because these vertical relations are more complemen-
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tary than competitive. For example, skilled machinists employed by par-
ent firms reportedly pay frequent visits to subcontractors to ensure that
new components are manufactured according to specification, and that
materials are selected according to the parent firms’ requirements (ibid.,
pp. 121-122). There is also some interaction with buyers of farm equip-
ment. Some farmers provide performance feedback to the producers and
suggest further improvements (Romijn, 1999). However, since the buyers
are not themselves technologically knowledgeable, the impact of these
linkages for firms’ upgrading may not be all that dramatic. Also, the net-
working relations are not institutionalised in any formal way. There do
not seem to be any bodies, such as industry associations or governmen-
tal agencies, that command sufficient trust and that are organisationally
capable enough to be able to play a notable promotional role in this
respect.!!

If the past cooperation record is anything to go by, in the short run
there is unlikely to be much scope for stimulating the industry’s devel-
opment through the kind of policy approach advocated in the CE litera-
ture. In the prevailing social-cultural environment it will doubtlessly
prove hard to initiate and sustain active cooperative behaviour, especially
among close competitors.

The TC approach draws attention to a rather different set of determi-
nants to explain the industry’s past growth. Firstly, strong demand-pull
effects arising from agricultural modernisation provided incentives for
innovation (Child and Kaneda, 1975). The industry emerged close to agri-
cultural areas with fast-increasing crop yields. Rising purchasing power
of farmers combined with increasing seasonal labour shortages fuelled
massive investments in mechanisation, which in turn induced a critical
minimum local demand for many new types of farm equipment. There
was an obvious impetus for producers to introduce new product tech-
nologies by reverse-engineering prototypes imported by large engineer-
ing firms and wealthy farmers (Johnston and Kilby, 1975).

Supply-side factors were also important. The industry is endowed with
a somewhat better institutional science and technology infrastructure
than other sectors of small-scale industry. This has to do with its link
with agriculture, a priority sector in the economy. There are national and
provincial institutions employing engineers who are involved in adapting
foreign farm equipment designs to local conditions. Their outreach to
local firms has not always been effective, but some positive results have
been noted (Romijn, 1999).

For example, several firms in Daska, one of the biggest clusters, were
approached by extension officers from the national Farm Machinery In-
stitute in Islamabad, who were looking for suitable partners with whom
they could commercialise farm machinery prototypes developed by their
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institute. Interested workshops would receive in-house technical training
and advice and would embark on a process of collaborative effort to iron
out the teething problems of new equipment during field trials with local
farmers (ibid., p. 243). Firms in another major cluster, Mian Channun,
benefited from the establishment of a Dutch-funded training and com-
mon facility project on the local industrial estate, run under the aegis of
the provincial Punjab Small Industries Corporation. Local firms received
short training courses in heat treatment, the properties of different metals
and their uses, and the use of jigs and fixtures. Moreover, they had access
to specialised machining services (ibid., p. 243). Diffusion of skills was
further assisted by technical and vocational training centres set up by the
central and provincial governments (Aftab and Rahim, 1986).

From the perspective of the TC approach, policies for further upgrad-
ing would focus on the strengthening of these institutional features. For
example, one could suggest improving the outreach and content of some
of the existing technical extension and training programmes in order to
make them more effective. Furthermore, the TC assessment would point
to the importance of stimulating demand for the industry’s products
through measures supporting the continued advancement of the agricul-
tural sector (see, for example, Romijn, 1999: 257-263).

Additional insights about the industry’s development can be gained by
applying the combined meso—micro framework outlined in table 6.1. One
clear example relates to the favourable effect on firm-level technological
effort emanating from transaction cost advantages and high spillovers in
the local labour market. In particular, clustering of the farm equipment
firms facilitated the establishment of specialised training suppliers who
were attracted by a large local demand for their services. This did not just
involve the government-run training services already mentioned above.
Some reputable private firms in the industry also began to assume the
status of training institutes. They even issued certificates as evidence that
apprentices had completed their training there. The authenticity of these
documents and the reputation of the firms in question could be verified
easily in the local community, thereby reducing transaction costs for
workshops looking to hire competent workers in the local labour market
(mechanism IIb, A-D in table 6.1).!% These specialised training suppliers
also contributed to significant local labour-market spillovers (mechanism
V-A) due to high inter-firm movement of trained labour (Stewart and
Ghani, 1991: 585).

High spillovers in the product market constitute another example.
Progressive farmers who import new farm equipment models are sources
of information about new product designs. Manufacturers generally try
to reverse-engineer foreign prototypes when they are passed on to them
for repair and maintenance (Romijn, 1999: 196-197). Knowledge about
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new designs spreads rapidly due to co-location (mechanism V-A, C and
D). Technology transfer appears to result predominantly from informal
contact and observation, although marketing leaflets and the annual
Horse and Cattle Show in Lahore (which features new locally produced
farm equipment) may be of some importance as well (ibid., p. 226).

These observations illustrate some of the growth mechanisms that
were identified in our framework analysing firm-level technological
learning in clustered settings. Having these clearly in view enables us to
derive more specific policy conclusions than would be possible on the
basis of either one of the two partial approaches.

In particular, the examples suggest that, while the above-mentioned
science and technology policies emanating from the TC approach already
point in the right direction, these policies could be made more effective.
This could be done, for example, by taking account of the local diffusion
mechanisms and low transaction costs discussed above. Specifically, sing-
ling out progressive companies in the delivery of technical extension,
consultancy services, and training programmes could be a more efficient
way to deliver assistance than a broader-based effort aiming for direct
coverage of large numbers of companies. This approach avoids the
problem of having to mobilise large numbers of rather conservative en-
trepreneurs, often observed in more broad-based assistance programmes
aimed at small-scale enterprises in poor countries. Many small en-
trepreneurs are difficult to convince about the benefits of participating in
such formal assistance programmes, and are mistrustful of government
involvement. Well-targeted interventions can help to create forerunners
who could play the role of catalysts in spreading knowledge and pro-
gressive attitudes.

5 Conclusions

The analytical framework elaborated in this paper extends the collective
efficiency approach that has been commonly used to analyse regional
economic growth and SME competitiveness in development. This is done
by opening the firm’s black box, using well-known literature on firm-level
technological capability acquisition in development. The resulting con-
ceptual taxonomy sheds light on how firm-level capability building could
be fostered through geographical clustering.

The main new policy insights that can be derived from our framework
are summarised as follows.

First, the policies that are already part of the conventional collective
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efficiency approach, namely promotion of active networking and cooper-
ation, are bound to become more effective when they are specifically
aimed at stimulating technological learning, rather than covering all
kinds of production-focused activities as well. Dynamic learning-focused
collaborations are likely to have the most durable impact on industrial
competitiveness. Thus, particular attention has to be paid to the posi-
tioning of local clustered firms in global value chains, as these chains hold
potential for dynamic learning. The question as to which forms of chain
governance can promote vertical diffusion of new technological and
market knowledge through networks of local and non-local participants,
thus stimulating firm-level capability-building processes, constitutes an
important area of new research.

Second, the demand and supply policies to stimulate technological in-
novation that are typically part of the conventional technological capa-
bility approach become more effective when closely targeted at clusters
rather than industries in general. The operation of the various agglomer-
ation effects on firm-level technological effort and learning identified in
this paper enhances the impact of these policies. Moreover, the mecha-
nisms underlying technological learning in clusters could be taken into
account in the design of the policies themselves. Notably, selective tar-
geting of support to progressive firms is likely to pay dividends due to
high spill-over effects.

In sum, the integrated approach suggests three different ways to pro-
vide more focus in policies to promote SME competitiveness. One lies in
the object of the policies themselves (stimulating technological learning),
the second is in the geographical coverage (concentrating on industrial
clusters), and the third is in the implementation modality selected (tar-
geting a few progressive firms).

This paper should be seen as a first step to design more effective poli-
cies promoting regional economic growth and SME competitiveness in
development. The policy conclusions listed above clearly do not pretend
to be more than broad guidelines for this purpose. Differences across
sectors, levels of technological advancement, culture, social and political
aspects, and so on, will give rise to heterogeneities that determine the
concrete scope for feasible and effective policy interventions. Among
other things, these contextual differences will affect the relative impor-
tance of the different mechanisms listed in table 6.1 and the specific
content of these mechanisms. The taxonomy in the table can serve as a
guideline for studying these differences. Further work should be aimed at
operationalising the mechanisms in the taxonomy, so that it can be used
as a tool kit for empirical research about firm-learning in clusters in
practice.
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Notes

1. Adapted from Bergman and Feser (1999).

2. See especially the case studies in the special issue of World Development on industrial
clusters in developing countries (Vol. 27, No. 9, September 1999).

3. SMEs in developing countries also tend to lack a range of non-technical skills, for ex-
ample marketing, financial, and personnel management. However, the technological
capability literature has extensively pointed to the fact that weak technological and re-
lated organisational capabilities form particularly stringent constraints. Hence, we limit
the focus of this paper to this aspect.

4. See especially the case studies in the special issue of World Development referred to in
note 2.

5. There are many contributions to the capability literature. Lall (1992), UNCTAD (1996)
and Herbert-Copley (1990) are good reviews.

6. The remainder of this section draws on Caniéls and Romijn (2003).

7. A fifth category is internal performance feedback, but Bell mentions that this activity by
itself is unlikely to lead to substantial sustained learning.

8. In order to simplify the discussion we confine the focus to direct linkages, that is, effects
which occur without intervening third variables which do not constitute technological
efforts themselves. An example of an indirect linkage is cost savings in production which
provide incentives for firms to expand, which in turn calls forth the need for new capa-
bilities, and thus efforts to build them up.

9. The importance of this spillover has also been documented in many empirical studies,
for example: Ahmad et al. (1984), Basant and Subrahmamian (1990), Cortes (1979),
Fransman (1982), Johnston and Kilby (1975), and Nowshirwani (1977).

10. Small-scale in this context means that firms employ roughly between 5 and 50
workers.

11. Romijn, own fieldwork observations, 1994.

12. Romijn, own fieldwork observations, 1994.

REFERENCES

Aftab, K. and E. Rahim (1986) “The Emergence of a Small-Scale Engineering
Sector: The Case of Tubewell Production in the Pakistan Punjab”, The Journal
of Development Studies 23(1): 60-76.

Ahmad Q. K., K. M. Rahman, K. M. N. Islam and M. E. Ali (1984) “Technology
Adaptation and Employment in the Agricultural Tools and Equipment Indus-
try of Bangladesh”, World Employment Programme Working Paper No. 2-22/
WP 134, Geneva: International Labour Organization.

Audretsch, D. B. and M. P. Feldman (1996) “Knowledge Spillovers and the Geo-
graphy of Innovation and Production”, American Economic Review 86(3): 630—
640.

Baptista, R. (1998) “Clusters, Innovation and Growth: A Survey of the Litera-
ture”, in G. M. P. Swann, M. Prevenzer and D. Stout, eds., The Dynamics of
Industrial Clusters: International Comparisons in Computing and Biotechno-
logy, Oxford: Oxford University Press, pp. 13-51.



LEARNING IN SMALL-ENTERPRISE CLUSTERS 155

Basant, R. and K. K. Subrahmamian (1990) Agro-Mechanical Diffusion in a
Backward Region, London: Intermediate Technology Publications.

Bell, R. M. (1984) “‘Learning’ and the Accumulation of Industrial Technological
Capability in Developing Countries”, in M. Fransman and K. King, eds., Tech-
nological Capability in the Third World, London: Macmillan, pp. 187-209.

Bell, R. M. and M. Albu (1999) “Knowledge Systems and Technological Dyna-
mism in Industrial Clusters in Developing Countries”, World Development
27(9): 1715-1734.

Bergman, E. M. and E. J. Feser (1999) Industrial and Regional Clusters: Concepts
and Comparative Applications, Web Book in Regional Science, Morgantown:
Regional Research Institute, West Virginia University, online at: http://www.
rri.wvu.edu/WebBook/Bergman-Feser/contents.htm.

Caniéls, M. C. J. (2000) Knowledge Spillovers and Economic Growth, Chelten-
ham: Edward Elgar.

Caniéls, M. C. J. and H. A. Romijn (2003) “Small-Industry Clusters, Accumula-
tion of Technological Capabilities and Development: A Conceptual Frame-
work”, Journal of Development Studies 39(3): 129-154.

Ceglie, G. and M. Dini (1999) “SME Cluster and Network Development in De-
veloping Countries: The Experience of UNIDO”, paper presented at the Inter-
national Conference on Building a Modern and Effective Development Service
Industry for Small Enterprises, Committee of Donor Agencies for Small
Enterprise Development, Rio de Janeiro, March 2-5, 1999.

Child, F. C. and H. Kaneda (1975) “Links to the Green Revolution: A Study of
Small-Scale, Agriculturally Related Industry in the Pakistan Punjab”, Eco-
nomic Development and Cultural Change 23(2): 249-277.

Cortes, M. (1979) “Technical Development and Technology Exports to Other
LDCs”, in Argentina — Structural Change in the Industrial Sector, Annex I,
Washington, D.C.: The World Bank, Development Economics Department.

Dahlman, C. J. and L. E. Westphal (1981) “The Meaning of Technological Mas-
tery in Relation to Transfer of Technology”, The Annals of the American
Academy of Political and Social Science 458: 12-26.

DeBresson, C. and F. Amesse (1991) “Networks of Innovators: A Review and
Introduction to the Issue”, Research Policy 20: 363-379.

Dosi, G. (1988) “The Nature of the Innovative Process”, in G. Dosi, C. Freeman,
R. Nelson, G. Silverberg and L. Soete, eds., Technical Change and Economic
Theory, London: Pinter, pp. 221-238.

Feldman, M. P. (1994) The Geography of Innovation, Boston: Kluwer.

Feldman, M. P. and R. Florida (1994) “The Geographic Sources of Innovation:
Technological Infrastructure and Product Innovation in the United States”,
Annals of the Association of American Geographers 84(2): 210-229.

Fransman, M. (1982) “Learning and the Capital Goods Sector under Free Trade:
The Case of Hong Kong”, World Development 10(11): 991-1014.

Freeman, C. (1991) “Networks of Innovators: A Synthesis of Research Issues”,
Research Policy 20: 499-514.

Herbert-Copley, B. (1990) “Technical Change in Latin-American Manufacturing
Firms: Review and Synthesis”, World Development 18(11): 1457-1469.



156 INNOVATION, LEARNING, AND DYNAMISM

Humphrey, J. and H. Schmitz (2000) “Governance and Upgrading: Linking
Industrial Cluster and Global Value Chain Research”, Working Paper 120,
Brighton: Institute of Development Studies, University of Sussex.

(2001) “How Does Insertion in Global Value Chains Affect Upgrading
in Industrial Clusters?”, research paper, Brighton: Institute of Development
Studies, University of Sussex.

Johnston, B. F. and P. Kilby (1975) Agriculture and Structural Transformation.
Economic Strategies in Late-Developing Countries, New York: Oxford Univer-
sity Press.

Lall, S. (1992) “Technological Capabilities and Industrialisation”, World Devel-
opment 20(2): 165-186.

Malmberg, A. and P. Maskell (2002) “The Elusive Concept of Localization
Economies: Towards a Knowledge-Based Theory of Spatial Clustering”, Envi-
ronment and Planning A 34: 429-494.

Marshall, A. (1920) Principles of Economics, London: Macmillan.

Mytelka, L. and F. Farinelli (2000) “‘Local Clusters, Innovation Systems and Sus-
tained Competitiveness’”, UNU-INTECH Discussion Paper 2000-5, Maastricht:
United Nations University, Institute for New Technologies.

Nabi, E. (1988) Entrepreneurs and Markets in Early Industrialization. A Case
Study from Pakistan, San Francisco, Calif.: ICS Press.

Nadvi, K. (1999a) “Shifting Ties: Social Networks in the Surgical Instrument
Cluster of Sialkot, Pakistan”, Development and Change 30(1): 141-175.

(1999b) “The Cutting Edge: Collective Efficiency and International Com-
petitiveness in Pakistan”, Oxford Development Studies 27(1): 81-107.

Nadvi, K. and G. Halder (2002) “Local Clusters in Global Value Chains: Ex-
ploring Dynamic Linkages Between Germany and Pakistan, IDS Working
Paper 152, Brighton: Institute of Development Studies, University of Sussex.

Nelson, R. R., ed. (1993) National Innovation Systems. A Comparative Analysis,
Oxford: Oxford University Press.

Nelson, R. R. and S. G. Winter (1982) An Evolutionary Theory of Economic
Change, Cambridge, Mass.: The Belknap Press of Harvard University Press.
Nowshirwani, V. F. (1977) “Employment, Technology Transfer and Adaptation:
The Case of the Agricultural Machinery Industry in Iran”, World Employment
Programme Working Paper No. 2-22/WP 31, Geneva: International Labour

Organization.

Richardson, H. W. (1978) Regional and Urban Economics, Hindsdale: Dryden
Press.

Romijn, H. (1999) Acquisition of Technological Capability in Small Firms in De-
veloping Countries, London: Macmillan.

(2001) “Technology Support for Small-scale Industry in Developing
Countries: A Review of Concepts and Project Practices”, Oxford Development
Studies 29(1): 57-76.

Schmitz, H. (1995) “Collective Efficiency: Growth Path for Small-scale Industry”,
Journal of Development Studies 31(4): 529-566.

(1999) “Global Competition and Local Cooperation: Success and Failure

in the Sinos Valley, Brazil”’, World Development, 27(9): 1627-1650.




LEARNING IN SMALL-ENTERPRISE CLUSTERS 157

Schmitz, H. and P. Knorringa (2000) “Learning from Global Buyers”, Journal of
Development Studies 37(2): 177-205.

Schmitz, H. and K. Nadvi (1999) “Clustering and Industrialization: Introduction”,
World Development 27(9): 1503-1514.

Stewart, F. and E. Ghani (1991) “How Significant Are Externalities for Develop-
ment?”’, World Development 19(6): 569-594.

Swann, P. (1998) “Towards a Model of Clustering in High-technology Indus-
tries”, in G. M. P. Swann, M. Prevenzer and D. Stout, eds., The Dynamics of
Industrial Clusters: International Comparisons in Computing and Biotech-
nology, Oxford: Oxford University Press, pp. 52-76.

Tewari, M. (1999) “‘Successful Adjustment in Indian Industry: The Case of Lud-
hiana’s Woollen Knitwear Cluster”, World Development 27(9): 1651-1671.

UNCTAD (1996) Fostering Technological Dynamism: Evolution of Thought on
Technological Development Processes and Competitiveness. A Review of the
Literature, Geneva and New York: United Nations.

(1998) “Promoting and Sustaining SME Clusters and Networks for
Development”, paper presented at the Expert Meeting on Clustering and Net-
working for SME Development, UNCTAD Secretariat, Geneva, September 2—
4, 1998.

Visser, E.-J. (1999) “A Comparison of Clustered and Dispersed Firms in the
Small-Scale Clothing Industry of Lima’’, World Development 27(9): 1553-1570.

Von Hippel, E. (1988) The Sources of Innovation, New York: Oxford University
Press.




7

The contribution of skilled
workers in the diffusion of
knowledge in the Philippines

Niels Beerepoot

1 Introduction

Increasing attention has been given recently to collective learning or lo-
calised learning as a source of competitiveness for regional concentra-
tions of (small) firms. The creation and further development of a base of
shared knowledge among individuals making up a local productive sys-
tem are recognised as a prerequisite for competitiveness, precisely because
of the drive towards globalisation and the homogenisation of formerly
diverse factors of production. Based on fieldwork conducted among small
enterprises in the Philippines, this paper concentrates on two issues in the
discussion on learning in small-enterprise clusters. The first issue is how
horizontal and vertical inter-firm relations serve as preconditions for
knowledge accumulation in industrial clusters. How these relations en-
able or hinder the development of a local knowledge base will be identi-
fied. The second issue is the role of skilled workers in the creation and
diffusion of knowledge in small-enterprise clusters. When created knowl-
edge is embodied in a regional industrial structure — in the form of pro-
cedures, routines, and the building of a common production culture — it is
often difficult to identify exactly where in the labour force the knowledge
and skills are embodied and how embodiment has taken place. The la-
bour force is often treated in an undifferentiated fashion despite the rec-
ognition skilled workers get as carriers of the region-specific knowledge
by which communities gain their competitive advantage. How skilled
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workers play a role in the local diffusion of knowledge, and which forms
of knowledge are transmitted more easily than others, will be identified
in this paper. To this end, empirical fieldwork was carried out in a cluster
of furniture producers in Cebu (the Philippines) between November 2001
and March 2002.! By means of both qualitative and quantitative research
techniques, information was gathered among managers and workers in
this cluster to identify what contribution a poorly educated but highly
skilled workforce has in the development of the industry.?

Section 2 gives a brief introduction to the current debate on learning
processes as a key source of competitive advantage for industrial clusters.
Attention is paid to the learning indicators in developing country clusters.
Many such clusters operate in traditional, low technological, industries
with low levels of education among members of the workforce, which
negatively affects localised learning processes. While there is already a
growing body of literature on localised learning processes in clusters in
industrialised countries, evidence about learning processes in a develop-
ing country context is still poor. Section 3 explores the role and impor-
tance of skilled workers in localised learning processes. Section 4 gives an
introduction to the furniture cluster in Cebu. Section 5 examines how prac-
tices and codes of conduct in this cluster stimulate learning processes.
Section 6 then examines the role skilled workers play in the creation and
diffusion of knowledge within this cluster. Finally, section 7 offers some
concluding remarks on the paper’s findings.

2 Localised learning in small-enterprise clusters
2.1 Conceptualising learning

Learning involves the development of technological, social, organisa-
tional, and financial knowledge embedded in the labour force (Capello,
1999; Maskell et al., 1998). The rate of learning determines the speed of
economic change and the kind of learning determines the direction of
economic change. Those firms, sectors, regions, and nations that can learn
faster or better (higher quality or cheaper for a given quality) become
competitive because their knowledge is scarce and therefore cannot be
immediately imitated by new entrants or transferred, via codified and
formal channels, to competitor firms, regions, or nations (Storper, 1997).
Sustained competitiveness therefore results from the ability to create,
obtain, and utilise knowledge more quickly than competitors (Lawson,
2000). This is one of the main reasons for the recent interest in learning
and innovation in a period where competitive advantage is to a large ex-
tent derived from investments in human resources. Learning as a tool for
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regional competitiveness opens new opportunities for development stra-
tegies in underprivileged countries.

For small producers, clustering and cooperation can be the major fac-
tors facilitating a degree of efficiency and flexibility in production that
(small) individual producers can hardly attain. The presence of similar
producers in the same region can stimulate and facilitate learning pro-
cesses. A general finding from recent studies (see, for example, Audretsch
and Feldman, 1996; Caniéls, 1999) is that new knowledge can be trans-
mitted easiest over short distances. Spatial proximity between actors in
various ways makes easier those knowledge spillovers and interactions
which form the basis for innovation and learning, and it is in this context
that spatial clustering becomes a key focus of analysis (Malmberg and
Maskell, 2002). Collective initiatives by small producers utilising avail-
able information and communication can stimulate the generation of a
local knowledge base. Low transaction costs in clusters directly facilitate
(horizontal and vertical) business interaction, joint projects, and labour
mobility, which are the main vehicles through which skills, knowledge,
and ideas travel across firms (Cani€ls and Romijn, 2001). The interaction
between economic, socio-cultural, political, and cultural actors in a given
place may trigger learning dynamics and enhance the ability of actors to
modify their behaviour and find new solutions as their competitive envi-
ronment changes (Malmberg and Soélvell, 1997).

For Lawson (2000) learning is the process by which the success and
failure that individuals experience become encoded into routines and
practices of the community of which they are a part. A deeper under-
standing of the nature of learning processes is needed to understand
the contribution learning can make to cluster development. Learning,
whether by individuals, firms, regions, industries, or nations, is largely
treated in an undifferentiated fashion in the economic literature (Lawson,
2000). Who are subject to changes in their knowledge and capacities and
the area in which a local knowledge base is built up remain unclear in
many studies. It is evident that it is individuals who learn rather than
some organisation or group. Conceicao and Heitor (1999) make a distinc-
tion between different kinds of learning that can lead to the accumulation
of knowledge. Learning as a formal process is through education and
training (knowledge in the forms of skills) and R&D efforts (accumula-
tion of ideas). Learning as an informal process is through experience
(learning by doing) and (social) interaction. In the latter process, the
emphasis is given to the formation of personal and professional contacts
that result from social interaction. The study of informal learning pro-
cesses is more complex and less amenable to empirical testing (Con-
ceicdao and Heitor, 1999). According to Lawson (2000), shared languages,
knowledge, conceptions, and identities are crucial conditions for learning
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and knowledge acquisition to take place, underlining that learning is both
active as well as context dependent. Knowledge transmission can take
place through various mechanisms. Skilled labour mobility within the
local labour market, various kinds of customer—supplier relations as well
as relations to all kinds of service firms, and new start-ups through direct
or indirect spin-off activity feature as crucial channels whereby learning
takes place. Perez-Aleman (2000) also emphasises that learning is a con-
text dependent process. In her opinion, learning is an interactive and so-
cially embedded process that depends on an institutional context that
builds reciprocity and collaboration. A local culture with specific norms,
values, and institutions (formal and informal) makes it possible to trans-
fer tacit forms of knowledge from one actor to another (Malmberg and
Maskell, 2002).

2.2 Context for learning in developing country clusters

Various studies (for example in World Development special issue, Vol. 27,
No. 9, September 1999) have already paid attention to small-enterprise
clusters in a developing country context. Some clusters in developing
countries display a growth potential that goes beyond informal survival
strategies and indicates localised competitiveness based on increasing
specialisation among small firms (Humphrey and Schmitz, 1996). While
there are already a number of studies on clusters in developing countries,
there are still very few studies on learning and innovation in lower- and
middle-income countries. If and how local circumstances enable the de-
velopment and diffusion of knowledge in such a different social and in-
stitutional context and who the beneficiaries are have not as yet been
given much attention.

Many clusters in developing countries are primarily artisan-based or
operate just beyond artisan-based production with poorly educated pro-
duction workers who mostly use simple equipment. A limited willingness
or possibility to invest in their human resources constrains the capacity of
such small enterprises to absorb and accumulate knowledge. The abun-
dance of cheap labour in many developing countries provides a dis-
incentive to invest in mechanisation and skills development. Investing in
workers’ skills and capacities tends to become a zero-sum game in clus-
ters because entrepreneurs never know if other entrepreneurs are willing
to equally invest in training. The uncertainty about returns on invest-
ments in skills upgrading, the fear of piracy, and the inter-firm movement
of skilled workers are often cited as reasons why many employers invest
so little in training activity.

Most industrial clusters in developing countries also operate in so-
called “‘buyer-driven” value chains. The notion of “buyer-driven” value
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chains expresses the idea that the buyer exercises control over the chain
even in the absence of ownership (Gereffi, 1999; Humphrey and Schmitz,
2000). Opportunities for upgrading are basically driven by the require-
ments of the buyer and their willingness to transmit knowledge to their
suppliers. Global value chains can therefore create barriers to local up-
grading because global buyers protect their key strategic functions (for
example design, branding, and marketing) in the chain. According to
Humphrey and Schmitz (2000), there are three reasons why developing
country clusters are less likely to operate in chains characterised by
innovation-conducive network-based relationships. First, the scope for
learning is much greater at early stages in the product life cycle: most in-
dustrial exports of developing countries are typically mature products.
The second reason is the competence differential between buyers and pro-
ducers: network-based relations with (foreign) clients are rare according
to Humphrey and Schmitz. The third reason is that information-rich col-
laboration between firms is often temporary in nature and relations soon
tend to become market-based.

Some authors (for example MacKinnon, Cumbers and Chapman, 2002)
claim that lack of economic development reflects the poor learning char-
acteristics of a region. A lack of trust among various local actors can
prevent the development of a common language and culture that are
needed to facilitate the exchange of knowledge in a region. The idea of
establishing dependency ties with other enterprises is not considered as
attractive by firms as it reduces control and authority (Pietrobelli and
Barrera, 2002). Many clusters in developing countries also have a strong
internal hierarchy whereby a few leading families own the largest, more
modern factories and dominate the industry through the local business
associations. These actors try to monopolise benefits and become a
source of conservatism instead of innovation even though they have the
financial capacity to invest in upgrading (Knorringa, 2001).

The study of learning processes in a developing country context should
focus more attention on how local circumstances or milieux enable or
hinder the development and diffusion of knowledge. Knowing why some
industrial clusters in developing countries are “learning-rich” while others
are ‘“learning-poor” would make an important contribution to under-
standing their long-term dynamism (Bell and Albu, 1999). Endogenous
regional development as emphasised by Pyke and Sengenberger (1992)
concerns a greater self-reliance on economic development through the
mobilisation of existing resources and self-created local organisations.
The local governance structure that is often given recognition in localised
learning processes is far less developed in many developing countries.
Many clusters in developing countries operate not only in less innovative,
mature industries, but also often in industries with predominantly artisan-
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based production. This industrial structure, with often only limited local
differentiation and specialisation among producers, does not provide the
necessary environment for localised learning. In industries with very
simple technology and an abundant supply of cheap labour, not only can
workers be trained at minimal cost on the job, but there are also no in-
centives to invest in more skills-intensive technologies (Bennel, 1999).

3 Skilled workers, embodied expertise, and
localised learning

While there has been a growing body of literature on the existence of
collective learning processes in small-enterprise clusters, studies on the
role of skilled workers in the local development and diffusion of knowl-
edge are still limited. A learning region requires a human infrastructure
of workers who can apply their intelligence in production (Florida, 1995).
Knowledgeable entrepreneurs and adaptable well-trained labour are the
key to both the promotion of flexible, innovative, quality conscious, and
productive enterprises and the future employability and security of
workers (ILO, 1999). So far, little attention has been paid to the position
of workers in clusters and the contribution of skilled workers in a
localised learning process. Sandee (1995) suggests that there is a need to
realise that clusters do not constitute a homogeneous workforce and the
impact of innovation adoption may lead to increased differentiation be-
tween groups of workers.

In an increasing number of studies, mobile workers are recognised as
carriers of knowledge in the local labour market. The knowledge and
know-how of workers are the intangible assets that can make regions
competitive in international markets. The distinctive attribute of indus-
trialised country ‘“‘high-learning” regional clusters is directly associated
with these regions’ ability to retain and expand the regional pool of
skilled workers and entrepreneurs on which development of collective
learning capacity crucially depends (Keeble, 2000). In industrial clusters
in developing countries, formal training suppliers have a limited role in
skills development. Formal or institutionalised training contributes only
in a very small way to skills development and employment in developing
countries (Singh, 2000). Non-formal or informal mechanisms are more
important in the local diffusion of knowledge in clusters with predom-
inantly artisan-based production. Expertise might be handed down
“through the community”, from father to son, mother to daughter, and
from colleague to colleague, so that it forms part of a long-standing cul-
tural heritage for the region (Pyke and Sengenberger, 1992). The tacit
knowledge concept is useful in describing the difficult-to-transfer local
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competencies by which communities gain their competitive advantage.
With tacit knowledge one learns procedurally by imitating the observed
behaviour of one or more masters in a ‘‘community of practice” and try-
ing it out in practice subject to correction by that community (Noote-
boom, 1999).

According to Storper (1997), learning in low technology industries can
generate more high-wage jobs. This corresponds very well to the distinc-
tion Pyke and Sengenberger (1992) made between the “low road” and
the “high road” in international competition. The first refers to seeking
competitiveness through low labour costs, cheap materials, and a de-
regulated labour environment. The alternative is competition based on
efficiency enhancement, innovation, high quality, functional flexibility,
and good working conditions. More specifically focused on upgrading in
artisan-based industries, Knorringa (1995) uses the term ‘“premium arti-
sanal employment” to describe a situation in which workers are offered
greater regularity and enjoy better conditions as quality conscious entre-
preneurs aim to utilise the surplus value of cheaply available artisan
skills. However, Knorringa emphasises that more successful industrial
clusters do not necessarily follow higher-road employment strategies,
nor do more successful entrepreneurs pay higher wages. Evidence from
Indonesia (Sandee, 1995) indicates that buyer-driven innovation pro-
cesses in Indonesian clusters have stimulated piece-rate payment systems
and the development of out-contracting among producers.

4 The furniture industry in Cebu

The furniture industry is a mature industry that is present in virtually all
developing countries. From an international perspective, furniture mak-
ing is still a very fragmented industry. The majority of production takes
place in small enterprises using only local resources. The entry-level in
this industry is low, particularly in developing countries. The furniture
industry in the Philippines has its origin in local handicraft production.
For centuries artisans used simple tools and locally available materials to
produce consumer goods for the local market. Craft-based production is
therefore deeply embedded in the Philippine society. Skills in the craft
sector are basically learned on the job through an older worker teaching
the novice over a relatively long period of time (Fluitman, 1989). This
transmission of crafts requires a high level of trust and a common work
ethic and production attitude. Kinship and a common culture are impor-
tant in the diffusion of skills and knowledge among workers.

Although craft-based products had already been produced in cottage
industries for the export market during the period of colonial rule, the
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export demand for these products increased greatly in the 1950s. There
were several reasons why Cebu developed as the prime location of fur-
niture making in the Philippines. The development of the industry in
Cebu benefited from its close proximity to rattan, which has long been
the main raw material. In combination with good port facilities and a
relatively well-developed entrepreneurial middle class, Cebu was able to
develop as the prime producer of furniture for export, accounting for
approximately 60 per cent of total Philippine furniture exports. Currently
there are around 175 exporters of furniture in Cebu. A rough estimate by
close observers is that around 45,000 people find direct or indirect em-
ployment in the industry. The furniture industry contributes approxi-
mately 3 per cent to Philippine GDP. It is the largest foreign exchange
earner among the more ‘“‘traditional” industries in the Philippines, al-
though their exports are quite small when compared with those of such
high technology categories as machinery and electronic manufacturing
(Berry and Rodriguez, 2001). However, the Philippine furniture industry
is losing market share to its Asian neighbours. In the 1970s and early
1980s the Philippines was the prime producer of furniture in Southeast
Asia. Nowadays this position has been taken over by China and Indone-
sia: in some cluster studies (for example Pietrobelli and Barrera, 2002;
Rabellotti, 1999) it is briefly mentioned that it is likely that the supply of
cheap products from China will erode the position on the world market
of many developing country clusters producing shoes, garments, or fur-
niture. The current share of Philippine furniture makers in the world
market is less than 1 per cent. A diminishing supply of raw materials and
relatively high labour costs compared to neighbouring countries are often
cited as the main reasons for losing competition. Under such conditions it
is necessary to identify to what extent an industrial strategy can be based
on localised learning. The effective utilisation of the industry’s greatest
asset, a highly skilled flexible workforce, is then the greatest challenge in
this development trajectory.

5 Enabling environment for learning
in Cebu’s furniture industry

The most important aspects of the localised learning capacity are com-
mon regional culturally based rules of behaviour, a language of engage-
ment and collaboration, and tacit codes of conduct between firms, which
enable the development of trust, itself essential for innovative collabora-
tion (Keeble, 2000). Learning is a socially embedded process that cannot
be understood without taking into consideration its institutional and cul-
tural context (Lundvall, 1992, cited in Asheim and Cooke, 1999). As
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Schmitz (1999) highlights, trust is essential for a deep division of labour
and cooperation between firms to be effective at reasonable cost. Based
on open interviews with entrepreneurs and local support organisations,
this section describes how inter-personal and inter-firm relations enable
the development and diffusion of knowledge in the furniture cluster in
Cebu.? How milieux in developing country clusters as mentioned in sec-
tion 2.2 facilitate or constrain knowledge accumulation and learning pro-
cesses in Cebu will be identified.

Like most industrial clusters in developing countries, the furniture
cluster in Cebu is a low technological industry. Many furniture exporters
in the Philippines have a strong foothold in the informal sector through
the outsourcing of work to small subcontractors and home-workers.
Multi-level subcontracting is practised as a way of “‘taking the heat off”’ a
particular corporation. For example, a Manila-based company subcon-
tracts to regional agents who, in turn, often mobilise women and children
on low pay and under poor labour conditions (McFarlane, 1998). This
practice, with a predominance of piece-rate payment of workers, is gen-
erally accepted among producers in the Philippines. As one handicraft
company promotes itself on its website: “from a company of 5 people
we have come a long way. We have 60 full time employees and over 120
in-house artisans (contractual labourers). We also have a production
support base of over 2500 families”. This simple example gives an idea of
the division of labour in the industry and the subsequent job quality and
security of tenure of workers in the different stages of production. At the
same time it becomes clear that workers in the lower strata of the pro-
duction hierarchy do not have much access to formal upgrading of skills
and the development of tasks. It should be emphasised that many tasks in
the furniture industry in Cebu (i.e. manual sanding and polishing) require
only little training and can be done after only a short introduction on the
job. The opportunity to accumulate knowledge is limited in such a low
technological position.

Export companies in Cebu concentrate themselves on the final stages
of production (i.e. finishing and packaging), while an increasing number
of tasks are sourced out to subcontractors. Flexibility and control of the
company are the main reasons for this practice. These companies, which
work for international buyers (who supply them with the designs and
product specifications), at least try to protect their own stage in the value
chain as well as possible. When, in the direct aftermath of the September
11 events in 2001, the Philippine furniture industry was confronted with a
sudden collapse in orders from the United States (their prime export
market), the local outsourcing strategy certainly helped exporters to sur-
vive. Most of the hardship was felt at the lower levels of the local pro-
duction hierarchy. Companies claim that when they are too big they
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become vulnerable to threats of unionisation. Subcontracting is therefore
primarily a cost-cutting and risk-spreading measure rather than a way to
improve product quality through specialisation of tasks. Under such con-
ditions cooperation along the value chain to stimulate the exchange of
ideas and development of new knowledge is difficult to identify. Rela-
tionships between furniture exporters and their subcontractors are based
on dominance by the former rather than equality or seeking active in-
volvement of subcontractors in discussion on technical issues or the de-
velopment of products.

Although a number of the exporters in Cebu once started as sub-
contractors themselves, many of them have a low view of their sub-
contractors. Complaints about late deliveries and inconsistent quality are
often heard from exporters. They seem to accept these struggles with
their subcontractors, however, instead of providing them with extra
training or otherwise producing the goods in-house themselves. An ex-
pression of how exporters try to establish their dominance over the sub-
contractors is through payment with post-dated cheques, a system under
which the subcontractor receives his payment only 30 or even up to 60
days after the delivery of the goods. The International Labour Organi-
zation (ILO, 1999) strongly associates the growth in employment in small
enterprises in developing countries with a parallel trend of a growth in
non-standard forms of informal and flexible employment relationships.
These reduce the access of workers to a range of economic and social
entitlements as well as increasing insecurity. Bennel (1999) calls this
process the “informalisation of the formal sector” in order to exploit
cheap labour. This trend is in sharp contrast to practices found in some
successful clusters in Europe. According to Keeble (2000), big firms in
various successful European districts have, through positive subcontract-
ing relations with local SMEs, been influential in creating a regional cul-
ture of trust and collaboration which encourages innovation.

While producers try to obtain dominance over their subcontractors
along vertical relations, the establishment of horizontal relations is simi-
larly difficult. Cooperation between furniture companies that goes further
than simple and incidental collaboration is rarely seen in Cebu. The sig-
nificance of a common culture is often stressed in the development of
clusters. However, despite a common culture, diversity in the social
backgrounds of entrepreneurs can hinder collaborative efforts. Also a
lack of homogeneity among firms in terms of capacity, equipment, work
processes, and quality level hinders joint action. There are small furniture
exporters in Cebu who ship only two containers of furniture a month,
while a few leading exporters ship up to 50 containers every month. The
potential threat of surrendering independence is given more weight by
many entrepreneurs in Cebu than the potential benefits of inter-firm
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specialisation. The evidence from Cebu corresponds very well to research
being done elsewhere in developing countries (see, for example, Rabellotti,
1999) where there are also few strong horizontal ties. While (selective)
cooperation in many clusters takes place along vertical axes, competition
takes place on the horizontal level. The market failure in learning, i.e. the
uncertainty about returns on investments in skills upgrading and net-
works of association, makes horizontal inter-firm cooperation difficult to
establish. The fear of piracy and the inter-firm movement of skilled
workers are important reasons why horizontal cooperation is limited in
Cebu.

The evidence from Cebu indicates that conscious ‘‘positive”” mecha-
nisms of knowledge transfer, i.e. through vertical and horizontal inter-
firm collaboration and specialisation and investment in training activity,
rarely play a role in the diffusion of knowledge in the Cebu cluster. Al-
ternative mechanisms may have a greater role in a localised learning
process. Operating in a cluster provides companies with the opportunity
to monitor the work of similar firms and combine this with their own
efforts. Entrepreneurs and designers indicated in interviews that they
often look at new products of related sectors, such as home accessories,
to pick up ideas for new materials that can be used for furniture as well.
The piracy of skilled workers and stealing of ideas or product designs can
be labelled as conscious ‘‘negative” mechanisms of knowledge transfer.
Some entrepreneurs in Cebu had no difficulty in saying that they are
usually not the first locally to come up with new products or designs, but
look to see which products by other local furniture makers sell well and
then produce a similar item. Information about this is usually acquired
through local furniture fairs, by shopping around in subcontracting units,
or from workers who transfer between companies. These processes play
an important role as alternative mechanisms of knowledge diffusion.
Despite their important role as alternative learning mechanisms, these
processes are to a great extent responsible for the low level of trust that
exists among producers in this cluster.

6 Skilled workers and learning in Cebu’s furniture industry

A main problem with studying learning processes is to identify exactly
where in the local labour force knowledge and skills are embodied and
how this embodiment has taken place. It is necessary to identify which
groups in the labour force play a role in the local diffusion of knowledge.
The collective aspect of learning sometimes comes up somewhat naively
in enthusiastic usage of the “learning region” metaphor, as if everyone
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involved in them aims at the joint goal of creating competitive advantage,
as if learning regions were communities happily learning collectively with
no signs of friction or domination (Oinas and Malecki, 1999). In an inse-
cure production environment, prevalent in most developing countries, it
can be expected that skilled workers are concerned with the protection of
their scarce knowledge. The transmission of knowledge to others can
weaken their own position in the local labour market.

The difficult relations between exporters and subcontractors have
already been mentioned in the previous section. In many instances
exporters weaken their subcontractors by pirating their most skilled
workers. These workers are asked to work directly for the exporters at
higher wage levels. In recruiting workers, companies give more impor-
tance to experience and dexterity than to diplomas. A skills test in which
the applicant demonstrates his talent is a central part in the application
procedure. Working conditions in the furniture industry are tough as
most employees have to work 6 or even 7 days a week for at least 8-10
hours per day. The furniture industry is the main employer in Cebu for
people with only limited education and few employment opportunities.
Most of the production workers only have elementary or (incomplete)
high school education. Employment in an informal production environ-
ment, where skills are learnt on the job, is often the only opportunity for
them. Despite their limited education, these people are often highly
skilled in their specific craft and display a sound knowledge of the mate-
rials they work with. Utilising the full potential of their knowledge and
skills is a great challenge in a regional learning process in artisan-based
clusters in a developing country context.

To determine whether local diffusion of knowledge takes places and
who plays a role in this process, it is necessary to carefully classify the
local labour market. A survey was held among 280 workers from 50
companies in the export furniture industry in Cebu. These 50 companies
were randomly selected from the databank of the Cebu Furniture In-
dustry Foundation. Only rough estimates exist of the total number of
workers in the industry (there are around 45,000 workers). As in many
artisan-based industries with a strong foothold in the informal sector,
workers enter and leave the industry easily. The survey tried to capture
the diversity of workers in the local furniture industry. Workers were
asked questions about their current and previous position(s), occupa-
tional status, educational background, additional training, number of
years in the industry, local labour mobility, and who taught them their
skill. Additional information for classification was collected through open
interviews with entrepreneurs in the furniture cluster and informal, open
interviews with subcontractors. Interviews with entrepreneurs concen-
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trated on topics such as intra- and inter-firm relations, sources of knowl-
edge, and investments in training and skills development. Based on data
collected from various sources, the labour market categories of workers
are given in table 7.1.

The table demonstrates that the local labour market is more seg-
mented than is often identified in clustering studies. The industrial cluster
with a high level of artisan-based production, at the same time operating
in international value chains, employs both people who learned their skill
primarily on the job as well as people with formal education related to
their job. Evidence from the fieldwork in Cebu indicates that a distinc-
tion should be made between ‘“‘knowledge protectors” and ‘‘knowledge
transmitters”. Knowledge protectors are people who have a relatively
secure position in the local labour market and who are very much con-
cerned with defending this secure position against others. This group
mainly includes entrepreneurs, production managers, and designers. The
protection can be against subcontractors, fellow designers, production
managers, and other entrepreneurs. A characteristic of this protectionist
behaviour is a limited willingness to share knowledge with other people
within the same category or to initiate collective activity. These people
protect their specific knowledge as a scarce good on the local labour
market. The scarce knowledge or skills of these privileged persons can be
on the production side (with specialised production and design skills) or
on the operational side (for example external contacts, knowledge of
production organisation, or contacts with subcontractors). Joint efforts
that should stimulate localised learning processes and help in the diffu-
sion of knowledge are limited among these groups.

Entrepreneurs and production supervisors have a limited willingness to
invest in workers’ skills, training, and technological capacities. The fear
that production workers will be pirated, or set up companies themselves,
often prevents companies from investing in training. This limited atten-
tion to training and skills development is a general trend in developing
country clusters, where price-based competition is still predominant.
Several entrepreneurs in Cebu asked lead men in their companies
(mostly people with a position in category three — (“‘Skilled, secure/
insecure workers” — in table 7.1) to start companies themselves and work
exclusively as a subcontractor for their current employer. The advantage
for the entrepreneur is increased flexibility in production and lower costs
because more production now takes place in an informal production en-
vironment. The second advantage is that the loyalty of the subcontractor,
based to a large extent on dependency, prevents the leaking of knowl-
edge or stealing of ideas. Through this process the company can out-
source production activity but still retain control of key knowledge. The
subcontractor is in this context so much weaker and dependent that it can
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Table 7.1 Segmentation of the labour market in the furniture industry in Cebu

Special skilled, secure
entrepreneurs and

Skilled, secure

Skilled, secure/

Semi-skilled, insecure

Category workers workers insecure workers workers

Position Entrepreneurs, Supervisors, lead Lead men, sample- (Semi-)skilled, work
production managers, men in big makers, skilled for subcontractors,
designers companies workers apprentices

Education College degree College degree or High school graduate, Elementary graduate,

Occupational status
Source of knowledge

Additional training
Job security
Payment’

Local labour mobility
Knowledge transmitter
Knowledge protector

Regular employee

Formal training, then
experience

Yes (some)

Medium

>150% of minimum
wage

Medium

No

Yes

vocational course
Regular employee

Experience then
formal training

Yes (some)

Medium

Up to 150% of
minimum wage

Medium

Little

Yes

(some) college
Regular + contractual

On the job, experience

No
Medium/low
Minimum wage

High

Yes
No

(some) high school
On-call, job-outer,

piece-rate workers
On the job

No
Low
Below minimum wage

Very high
No (receiver)
No

Source: Own survey results and open interviews, 2002.

Note: The last two points in the table are based on a combination of survey answers (on sources of knowledge) and information
from the open interviews with entrepreneurs and subcontractors. Because the table is based on both quantitative and qualitative
data, and in some cases the borders between the categories are unclear, it is difficult to give a number of surveyed workers per

category.

a. The minimum wage in Cebu at the time of the fieldwork was 195 Philippine peso (= US$3.75) for an 8-hour working day.
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be questioned to what extent he can serve as a source of knowledge or
feedback for exporters.

Knowledge transmitters on the other hand are generally lower in the
local production hierarchy. This group includes people who have limited
formal education and learned their skills primarily on the job. Despite
their limited education, these production workers are often highly skilled
in weaving or wood carving. Skilled workers often have an apprentice or
assistant under their guidance who helps them with production. Piece-
rate payment of skilled workers generally encourages workers to have a
(young) helper with them. This practice is an example of the transfer of
skills through informal mechanisms. Entrepreneurs admit that they have
little control over this process of transfer of skills among workers. The
on-the-job learning period may take just one month for simple rattan
weavings but up to three years for mastering the skill in sophisticated
wood carving. The transfer of skills among workers is limited to that di-
rectly needed in the production unit. The craft that a young apprentice
takes up depends on the area he lives in and the skills that his relatives
have. Workers also very much stick to the skill that they know and rarely
consider whether acquiring more skills would improve their chances of
future employability. There are very few workers in this cluster with
multiple skills: most workers just have expertise in one specific craft or
with one material.

The availability of a large surplus of skilled production workers in the
local labour market is generally encouraged through their easy willing-
ness to share knowledge and teach others their skills. Most of the surveyed
production workers indicated that they learned their skills primarily from
other workers, their lead men, or relatives. For lower hierarchy workers,
apprentices or helpers are not seen as a threat to their own position in
the labour market. The prospect that eventually these helpers will look
for a skilled position has not made them more hesitant to share their
knowledge. The high labour mobility of these workers within the local
industry can bring benefits to the entire industry as knowledge becomes
more widely accessible. Skilled workers may not always have a secure
position within the company they work for, but they feel that their
knowledge and skills give them the opportunity to easily find employ-
ment elsewhere in the local industry. Workers move especially easily be-
tween subcontracting units. In some cases they are hired only when there
is an order and move afterwards to another subcontracting unit in the
same neighbourhood for a similar job. It can be questioned if a high
labour turnover can distort the build-up of distinctive skills in individual
companies within the Cebu cluster. Undifferentiated, basic production
knowledge and techniques are widely available within this cluster, but
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complementarity of knowledge and skills necessary to strengthen the in-
dustrial base is limited.

When workers and subcontractors work under circumstances with lim-
ited security of tenure, like most workers in the “‘Skilled, secure/insecure
workers” and ‘“‘Semi-skilled, insecure workers” categories in table 7.1,
they seem to be more willing to share knowledge and undertake common
endeavours. For the interviewed subcontractors, discussions with other
subcontractors were one of their key sources of market information.
These contacts are important because formal providers of information or
knowledge from outside the cluster are difficult to access. For subcon-
tractors the necessity to protect their specific knowledge does not have
much importance. Localised learning and interventions to stimulate
learning might therefore have most success at lower levels of the produc-
tion hierarchy. On this level, production knowledge and skills are already
transmitted easily. When companies expand or people enjoy relative
security in the local labour market, the willingness to associate or under-
take collective activity that should encourage knowledge accumulation
diminishes.

7 Conclusion

The aim of this paper was to contribute to a better understanding of
learning processes in small enterprises by concentrating on the pre-
conditions for a local enabling environment and the role of skilled work-
ers in localised learning and diffusion of knowledge. In existing literature
it is stated that the scope for learning is much smaller in developing
country clusters because they mostly operate in mature markets domi-
nated by global buyers. Upgrading then depends to a large extent on the
buyer’s willingness to transmit knowledge.

The evidence from fieldwork in Cebu indicates that localised learning
in the furniture cluster is negatively affected by local modes of produc-
tion organisation. Local value chain relations and outsourcing strategies
are based on dominance by exporters instead of seeking active involve-
ment of subcontractors. Protection of their own position in the value
chain hinders the development of both horizontal and vertical ties among
large producers in Cebu. Learning and the development of a local
knowledge base in this cluster are also negatively affected by the increas-
ing outsourcing of work to the informal sector and through piece-rate
payment schemes for workers. An increasing informalisation of produc-
tion activity hinders the development of a regional culture of trust and
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collaboration, which is a necessary pre-condition for localised learning
processes. The informalisation of production also negatively affects the
investment in skills and capacities that is necessary for upgrading the
furniture industry in Cebu.

The furniture industry in Cebu provides employment to many people
with sophisticated skills but limited formal education. The majority of
the workers in the furniture industry have learned their skills through
informal mechanisms, with only a small number of workers depending on
formal training for their knowledge and skills. In this cluster, learning
processes and knowledge accumulation are negatively affected when for-
mally trained, relatively secure, workers and entrepreneurs are very
much concerned with protecting their scarce knowledge against fellow
entrepreneurs, designers, production managers, and subcontractors. This
protectionist behaviour among these key personnel hinders a regional
learning process and the accumulation of knowledge. At the same time
production skills and knowledge are transferred more easily among inse-
cure production workers as part of a longstanding cultural heritage in the
region. The negative consequence of this strong reliance on informal
learning mechanisms is that distinctive and complementary skills that
strengthen the entire cluster are hardly built up.

In an attempt to better understand localised learning processes, it
is necessary to identify how a learning process is built up and who is
involved in it. Future research can concentrate on further disentangling
localised learning processes. The ease with which knowledge is trans-
mitted does not necessarily depend on the tacitness of the knowledge, but
more on the position of its owner and how this person values his or her
knowledge. The second issue on which future research could concentrate
is who plays a role in the local diffusion of knowledge. A better under-
standing of which people in the labour force are involved is necessary for
developing interventions to stimulate localised learning. The success rate
of interventions will largely depend on the willingness of individuals to
share knowledge and their capacity to build further on this.

Notes

An earlier version of this paper was published in the International Journal of Technology

and Globalisation.

1. This paper is part of the research for a Ph.D. thesis which concentrates on the accumu-
lation and diffusion of knowledge in low-technological clusters in the Philippines and the
contribution of skilled workers to these processes.

2. A survey was held among 280 production workers representing 50 companies. Additional
information was gathered through open interviews with entrepreneurs in this cluster.
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Open interviews were also held at local support organisations. Informal interviews were
held with subcontractors and home-workers.

3. This section mainly relied on open interviews with entrepreneurs and at local support
organisations, and informal interviews with subcontractors and home-workers.
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Understanding growth dynamism
and its constraints in high
technology clusters in developing
countries: A study of Bangalore,
southern India

M. Vijayabaskar and Girija Krishnaswamy

1 Introduction

The rise of information and communication technology (ICT) based sec-
tors, as a lead sector in high-income economies, poses challenges and
opportunities for low-income, technologically less equipped countries.
The high growth potential of this sector and a relative lack of resources
to participate in this sector may lead to a possible aggravation of eco-
nomic disparities within and between countries (World Bank, 1998).
Simultaneously, there is a widespread belief that ICT provides an oppor-
tunity for such economies to “leapfrog” and ‘“‘catch up” with the indus-
trially advanced high-income nations (Perez and Soete, 1988). Since the
technologies are new and not yet matured, economies may more easily
learn and build up competence in this sector. Further, since impor-
tant segments of ICT production, such as software, are more skill in-
tensive than capital intensive, economies with a good human capital
base are likely to gain from growth of the “knowledge” or ‘“‘weightless”
economy.

Accompanying this process of “informatisation” is a greater integra-
tion of domestic input and output markets with the world market,
rendering competitiveness in the world market critical for the growth
prospects of countries. Building up competence in ICT is therefore tied
to its diffusion in other sectors of the economy to improve efficiency and
performance. There are, however, few low-income regions that have
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taken advantage of this “opportunity”. India is seen as one such country,
having established itself as an important player in the world software
services industry (Arora et al., 2001). Though a few other economies
such as Taiwan, Brazil, and South Korea have built up comparable tech-
nological capability in the electronics industry (Mathews and Cho, 2000;
Sridharan, 1996), India has been an exemplar in the software services
segment, with a global presence unmatched by most low-income coun-
tries. Understanding the sources of such competence is therefore vital,
especially that relating to the creation of appropriate organisational
structures and processes.

Technology-intensive production tends to concentrate in spatially ag-
glomerated clusters of firms, networked with each other, and with other
support institutions such as universities and research institutes, financial
firms, etc. (Breschi and Malerba, 2001). The Indian software industry is
also primarily concentrated in a few spatial agglomerations in the metro-
politan cities, the Bangalore software cluster being the most important. Its
significance extends beyond India, drawing comparisons with the Silicon
Valley high technology district of the United States (Balasubramanyam
and Balasubramaniam, 2000: 350). Home to over 900 software firms
consisting of subsidiaries of multinationals, joint ventures, domestic start-
ups and large firms, it caters for multiple segments of the software sector.
Here, we seek to understand the factors contributing to the growth of the
Bangalore software cluster, the prospects for a “high-road” trajectory of
sustained innovation, and implications for policy-making.

Existing studies seek to explain the success of the Bangalore software
cluster as being the result of government policies in conjunction with its
participation in the global value chain on account of its low wage costs
(Arora et al., 2001; Heitzman, 1999; Lateef, 1997; Parthasarathy, 2000).
Or else studies point to the important role played by multinational cor-
porations (MNCs) in infusing technological dynamism into the sector
(Fromhold-Eisebith, 2002; Patibandla and Petersen, 2002). With the ex-
ception of Arora et al., Fromhold-Eisebith, and Patibandla and Petersen,
these accounts are confined to explaining Bangalore’s ability to enter the
global value chain and are not concerned with factors conditioning its
subsequent growth pattern and possible trajectory. Bresnahan, Gambar-
della and Saxenian (2001) point to the importance of making this analyt-
ical distinction in understanding the future prospects of a cluster. For
instance, the pattern of learning that firms go through as a result of their
exports may influence the nature of subsequent growth. Also, the studies,
with the exception of Fromhold-Eisebith (1999, 2002), take little account
of the role played by the organisation of software production prevalent in
the cluster. Importantly, none address the larger issue of the ability of
low-income economies to ‘“‘catch up” through the promotion and/or cre-
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ation of such clusters. The dynamism that clusters evince ought to gen-
erate adequate growth and productivity linkages so as to bridge the gap
between the high- and low-income economies. Otherwise, the dynamism
may only reflect the New International Division of Labour proposition
put forward by Frobel, Heinrichs and Kreye (1980).

There is a growing body of literature that seeks to understand cluster-
specific factors, especially in knowledge-intensive production, that are
deemed critical to a high growth trajectory (Bresnahan, Gambardella and
Saxenian, 2001; Coombs et al., 1996; Saxenian, 1994). Here, we address
this dimension by comparing characteristics observed in high technology
clusters elsewhere with those prevailing in the Bangalore software cluster,
and use this exercise to reflect upon the ability of low-income economies
to catch up with the advanced capitalist economies. Apart from second-
ary literature available on Bangalore, the study is based on information
drawn from case studies of 20 firms from different segments of the soft-
ware services segment. In addition, data collected for another study by
the first author (Rothboeck, Vijayabaskar and Gayathri, 2001) from a
survey of 70 software professionals are used to examine the labour mar-
ket dynamic, seen by many as the core factor underlying many a high
technology cluster.! Interviews with key informants, such as industry ex-
perts and members of producer associations and financial institutions, are
undertaken to cover remaining gaps. The diffusion of “‘secrets of industry
in the air”’, as is common in industrial districts, renders key informants an
important source of information.

This paper is organised as follows. First, based on the literature, we
identify key variables that are considered critical to innovation-based
high technology cluster development. Next, we delineate the pattern of
growth of the Bangalore software cluster. Subsequently we move on to
examine the prevalence of relevant institutional variables within the
Bangalore software cluster and their contribution to the region’s dyna-
mism. Finally, we draw inferences for policy intervention in promotion of
IT based clusters.

2 Clustering and knowledge-intensive production

Many studies examine the role played by clustering in sustaining innova-
tion in high technology sectors. The static effects of clustering, such as
agglomeration economies and external economies, are distinct from its
dynamic effects. Firms in clusters benefit from economies of sourcing in-
puts and in use of infrastructure such as transport, communication, power,
and finance. Agglomeration also improves information flows between
producer firms, user firms, and employees, thereby reducing transaction
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costs and promoting knowledge diffusion. Importantly, clustering enables
firms to network with each other, which in turn fosters inter-firm division
of labour, with firms specialising in specific stages of the production pro-
cess and thereby building up competencies in respective processes.? In
clusters that successfully compete, networking is observed to play a criti-
cal role (Humphrey and Schmitz, 2000). Porter (1990) and Best (1991)
also stress the importance of a strong interactive relationship between
suppliers and firms that may diffuse technical knowledge within the clus-
ter. An interactive relationship between users and producers is also in-
creasingly critical, as mass customisation trends in markets warrant a
finer understanding of differentiated customer needs.

Networks in clusters are often not confined to the economic realm.
They are embedded in the social and cultural institutions of the region,
fostering a high degree of trust that enables firms to minimise transaction
costs as well as share information essential to build up innovative capac-
ity. Such factors are especially important in high technology clusters
where spill-over effects play an important role in organisational learning.
Studies show that collective learning is facilitated by interactions between
entrepreneurs and inter-firm mobility of employees that diffuse critical
tacit knowledge pertaining to new products, processes, or markets
(Saxenian, 1994).®> Such an “innovative milieu” is also supported by
technology support institutions such as universities, design centres, and
laboratories, apart from local institutions that provide ‘“‘real services”
that enable small firms to access resources that would otherwise be be-
yond their reach.*

It is also argued that in the case of radical innovations,” which require
a great deal of unlearning for an integrated organisation, loosely knit
firms tend to be a more conducive organisational form as ‘“‘the advantage
of non-redundancy is more important” (Nooteboom, 1999: 141). Radical
innovations, however, require a threshold level of financial, technical,
and organisational resources that would fall far beyond the scope of small
firms. In IT based sectors, initial production involves considerable sunk
costs in research and development, while subsequent reproduction can be
undertaken at almost nil costs. Apart from sunk costs involved in R&D,
marketing of the new product or service also involves considerable costs.
Hence access to risk capital is essential to firms undertaking innovative
activity.

Labour markets also influence the pattern of cluster development.
Though theoretically well recognised, this has received little attention in
the literature on clustering.® A strong labour organisation can resist
competing through lowering of wage costs, forcing organisations to com-
pete through innovation, facilitating the cluster moving on a “‘high-road”
trajectory. More importantly, high technology clusters require access to a
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skilled labour force with the ability to keep abreast of new technologies
and contribute to the innovative activity of firms (Bresnahan, Gambar-
della and Saxenian, 2001). Institutional intervention to ensure continuous
reproduction of a skilled workforce therefore constitutes another key
factor in sustaining such clusters. In sum, the presence of a strong inter-
firm division of labour, a cooperative environment, conducive labour
markets, and access to technological, financial, and other infrastructural
resources are key requisites to sustain innovative dynamism in high
technology clusters. Fromhold-Eisebith (2002) interestingly argues that
such factors, devoid of external impulses such as that from MNCs, are not
adequate to create a dynamic cluster. While it may be true that an iso-
lated cluster may not be able to access frontier technologies, it is more
important to understand the organisational features that draw MNCs and
enable diffusion of frontier technologies within the cluster. Rather than
raise an either/or scenario as Fromhold-Eisebith does, it is important to
understand the relationship between MNC affiliates and institutional
factors internal to a cluster. Also, as Breschi and Malerba point out,
access to a highly skilled transnational workforce is becoming a more
important means to infuse innovative dynamism than foreign direct in-
vestment by MNCs (Breschi and Malerba, 2001: 822).

Indeed, the importance of these variables may vary according to the
nature of specialisation and level of evolution of the cluster. Brusco’s ty-
pology of clusters with different levels of institutional intervention and
support is an attempt to capture this dimension (Brusco, 1992). Thus, inter-
firm division of labour and networks and/or the nature of institutional
support may not be an immediate outcome of clustering, but may result
over time due to increases in scale economies and growing technological
complexity or growth performance (Breschi and Malerba, 2001: 825).
Understanding the evolution of clusters and the accompanying institu-
tional dynamic therefore becomes important.

Despite early realisation of the role that ICT would come to play in the
economy, India has been able to gain some leverage in the global market
only in the software sector.” In terms of initiatives, this can be best at-
tributed to an indirect consequence of state intervention, especially in the
initial stages. Scholars contend that policies geared to indigenise software
development for imported computing systems and the vacuum created by
the forced exit of IBM led to the creation of a team of skilled software
developers (Heeks, 1996: 70).® Hence, when personal computers en-
hanced the diffusion of computers and related software development
needs, Indian software developers took advantage of the opportunity.
This process was also facilitated by policy measures to build a pool of
highly skilled labour (Heeks, 1996). This set of initial conditions, aided by
the accidental prevalence of English as a medium of communication and
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training, led to India establishing a first-mover advantage in software de-
velopment, where a low-cost but relatively skilled workforce is critical.
Having said that, we nevertheless need to understand the factors that led
to clustering of software development firms in Bangalore rather than
other centres in India.

3 Evolution of Bangalore as an industrial district

Ever since the early twentieth century, Bangalore’s urbanisation and in-
dustrialisation patterns have been strongly state-led. Being a part of the
erstwhile princely state of Mysore, it benefited immensely from the in-
dustrialisation efforts undertaken by the state, which included establish-
ing a polytechnic and a few state-owned factories. The premier research
centre, the Indian Institute of Science, was also set up during this period
(Holmstrom, 1998b: 170-171). Subsequently, from the 1950s to the 1970s,
its dust-free environment proved conducive for setting up large public
sector establishments specialising in sectors such as electronics, aero-
space, machine tools, and telephone equipment, apart from a few na-
tional defence research laboratories. This spawned a number of upstream
and downstream activities, predominantly small and medium ventures
that supported these firms.

Though the Indian software industry has its origins in Bombay in the
1970s,° shortage of skilled labour and the rising costs of built-in space led
to a search for alternative locations. Bangalore, for the reasons mentioned
above, together with lower land prices, proved to be a favourable desti-
nation. Clustering of electronics-related industries also brought people
from all over India to Bangalore, giving the city a very cosmopolitan
character and culture, extremely different from most other cities in India.
One interviewee suggested that for these reasons Bangalore was the only
city in India that most multinational corporation expatriates would be
willing to live in.

Such factors, especially the low-cost pool of skilled labour, drew multi-
national IT firms to Bangalore, Texas Instruments (TI) being the first.
TT India was set up in 1986 to “‘enhance ... presence in the Asia-Pacific
region ... India was selected because of its strong educational system in
theoretical sciences and engineering, for large technical manpower”
(NASSCOM, 1995: 384) and of course for its very large English-speaking
labour force. Bangalore was chosen because it was considered to better
suit the lifestyles of TI’s international staff. The software development
centre of TI had a direct satellite link with its headquarters in Dallas, the
United States. Excess capacity on that satellite link was to be shared with
other businesses that needed such a link. This paved the way for the
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entry of smaller domestic software companies to undertake data entry and
basic software programming jobs for distant clients. In 1989, Hewlett-
Packard also set up a fully owned subsidiary in Bangalore that was 100
per cent export oriented. This influx of foreign investment has steadily
increased since then, and Bangalore at present is home to a number of
wholly owned subsidiaries of other IT related transnational corporations
(TNCs) and joint ventures (Balasubramanyam and Balasubramaniam,
2000: 355), apart from a large number of Indian software firms undertak-
ing software development work for multinational client firms. This growth
in turn created labour pools with skills that new firms could draw upon.

Quite a few entrepreneurs, in the initial years, were erstwhile employ-
ees of overstaffed public sector firms, forced to reduce employment due
to policy moves to reduce state support for such ventures. Engineer-
entrepreneurs also came from the Indian Institute of Science, the Central
Machine Tools Institute and the National Aeronautical Laboratory
(Holmstrom, 1998b; Heitzman, 1999).'° The new liberal policy environ-
ment also drew entrepreneurs from among the NRI (non-resident Indian)
community wanting to relocate. As Patibandla and Petersen state, ““Most
of the TNCs’ and leading Indian firms’ development centers are con-
centrated in Bangalore. In Bangalore alone there are approximately 140
TNC development centers. There are approximately 750 large and small
domestic IT firms. About 40 per cent of India’s total exports of $8.3 bil-
lion in 2001 have come from Bangalore. There are about 60,000 IT pro-
fessionals employed in Bangalore” (Patibandla and Petersen, 2002: 23).
Kumar points out that, though Bangalore has the second largest number
of firms in India at around 20 per cent, this is a bit misleading as many
firms headquartered in other cities have their production work under-
taken in Bangalore (Kumar, 2001: 4287).

Others, including Lateef (1997), Parthasarathy (2000), Holmstrom
(1998b), and Balasubramanyam and Balasubramaniam (2000), have al-
ready discussed various aspects of the trajectory described thus far. None
of the studies, except that of Fromhold-Eisebith (2002), however, seek to
understand the dynamism on the basis of the organisational features of a
cluster. Balasubramanyam and Balasubramaniam’s study, although it has
the explicit aim of studying the nature of the cluster, hardly analyses the
effects of agglomeration or the nature of intra-cluster networks or labour
markets. Holmstrom’s work does attempt to understand Bangalore as an
industrial district, but it is confined to a study of electronics and machine
tool firms, while Fromhold-Eisebith, although emphasising the role of
MNC:s in infusing dynamism, does not address the manner in which local
cluster-specific institutions interact with MNCs to produce a specific tra-
jectory. As a prelude to our attempt to fill this gap, we provide an over-
view of the key characteristics of the Indian software industry.
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4 The Indian software industry in the global division
of labour

The Indian software industry is one of the fastest growing segments in
the global software sector, with revenues growing at over 50 per cent per
annum since 1996/1997. Though more than 70 per cent of revenues are
generated through exports, its share in the world market, at about 1.5 per
cent in 1999, continues to be very small (Heeks, 1998; Kumar, 2001).
However, it has established itself as a major player in the ‘“‘services”
segment of the industry, accounting for 18.5 per cent of customised soft-
ware sourced from other nations in 1999 (Kumar, 2001: 4278). That this
share has risen from 11.9 per cent in 1991 points to a clear advantage that
Indian firms enjoy in this segment.!!

Exports of software services assume two forms. Either firms send per-
sonnel to the client’s premises to develop software according to their
needs. Termed “body shopping” or on-site work, such services are paid
for on the basis of the quantum of labour required/used. Or projects can
be on a turnkey basis, where firms are responsible for delivering an entire
software package and are paid on a project basis. It is found that clients
mostly outsource low-end, labour-intensive tasks to Indian firms, retain-
ing more skill-intensive high-end activities such as design and product
development in-house (Heeks, 1998; Parthasarathy, 2000). Low wage
costs therefore continue to be the primary competitive factor for Indian
firms (Heeks, 1998; Lateef, 1997). Simultaneously, Indian firms have di-
versified horizontally into various service domains, taking advantage of
demand for new types of software services such as Y2K solutions, Euro-
conversion, and e-commerce. Among the various domains for which
Indian firms undertake software development, banking, insurance, health-
care, retail, transport, telecommunications, and education and training
constitute the primary segments (Kumar, 2001: 4282).

In terms of distribution of firms on the basis of size, we observe that a
few large firms account for the bulk of the output (Dataquest, 15 July
2000). Apart from export firms, firms catering for the domestic market
account for 25-30 per cent of the total number of firms in the country.
The range of services provided varies across firm size, with the larger
ones having a more diversified portfolio compared with smaller firms. A
handful of firms, including multinational subsidiaries, are involved in
product development as well. However, most firms are involved in de-
velopment of customised software, rendering networking with client firms
an important aspect of the organisation of software production in India.
Having highlighted the nature of the market for the Indian software in-
dustry and the importance of the Bangalore software cluster, we now
move on to evaluate the prospects for Bangalore to evolve into an inno-
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vative industrial district. Based on identification of key variables from an
earlier discussion, we evaluate their role in the Bangalore cluster.

5 Social division of labour and inter-firm networking

Clustering encourages specialisation of firms in complementary processes
and a concomitant build-up of expertise in respective areas, a key feature
of capability building in high technology clusters. In the Bangalore soft-
ware cluster, such a social division of labour is relatively absent. A few
big firms accounting for the bulk of the cluster’s output dominate the
cluster. Such firms undertake production of all the orders they secure in-
house. This absence of specialisation has largely to do with the cluster’s
location in the international division of labour. As pointed out earlier,
firms in Bangalore specialise in labour-intensive stages of software de-
velopment such as low-level design, coding, and testing and maintenance,
with client firms supplying them with high-level design after analyses of
their requirements. Hence, there is little scope for evolving a fruitful
vertical inter-firm division of labour within the cluster. Given that design
can be undertaken only after an understanding of user firm needs, it is
extremely difficult for firms in Bangalore to move into this activity as user
firms are located elsewhere, operating under less understood market
conditions. Barriers are also erected by client firms needing to retain the
more strategic stages of software development in-house, outsourcing only
the routine processes (Arora et al., 2001: 1274).

On the other hand, firms catering for the domestic market do specialise
in all segments and some, as has been pointed out by Arora et al. (2001:
1273), have developed extremely complex software system solutions.
However, such firms are not linked up to export markets, while firms ca-
tering for the export market seldom focus on the domestic market.
Fromhold-Eisebith (2002: 2169) argues that the “walking on two legs”
strategy of leveraging learning in the domestic market in the global mar-
ket may not be a feasible one as the market requirements are quite dis-
tinct. The contention is true only in a limited sense. As input and output
markets are increasingly integrated with global markets, there tends to
be a certain degree of convergence of technologies, with the entry of
MNC:s in other sectors on the one hand, and greater emphasis on exports
among domestic firms on the other. An interesting case in this regard is
that of I-flex Solutions, a former subsidiary of a multinational bank, which
has successfully launched a couple of software products for banking solu-
tions. Based on its expertise developed in-house in Mumbai, it initially
catered for low-income country markets, especially in Africa, before
moving on to markets in Europe and Canada. Similarly, Infosys Tech-
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nologies has used its learning acquired in software service exports to
launch software products for banking solutions in the domestic market.
Though such cases are few, they do point to the importance of develop-
ing linkages between exports and production for the domestic market.

Despite barriers to the evolution of a vertical division of labour, the
cluster has diversified its output market profile horizontally to cater for a
wide range of software services. It might therefore be expected that firms
would specialise in specific domains and then network with each other to
realise scope economies. On the contrary, evidence of such domain spe-
cialisation is once again meagre. Such diversification has been accom-
plished primarily through vertical integration of various segments within
a firm, rather than networking between domain-specialised firms. The
nature of the work does not require high-level domain expertise, leaving
firms with little incentive to develop any domain-specific specialisation.
The rise of large firms employing hundreds of workers, working on vari-
ous domains, is therefore understandable.

Another reason for the relative absence of firm-level specialisation and
networking is the clients’ need to ensure the secrecy of codes developed,
discouraging outsourcing by Indian vendors. In fact, contracts include
“maintenance of secrecy’ clauses as an important commitment by ven-
dors. Even the supplier firms resist such outsourcing due to the threat of
possible price competition from subcontractors later. The lack of social
institutions that bind the firms together and encourage inter-firm ex-
changes and networking may be another possible factor. Nevertheless,
there are exceptions in this regard. To begin with, subsidiaries of MNCs
operating in Bangalore do undertake software development exclusively
for parent firms, and hence build up domain specialisation. Second, there
are also a few firms that do specialise in specific domains such as telecom
or finance, as pointed out earlier. Also, new entrepreneurs, to cater for
new kinds of services, form specialist firms. Such relatively smaller firms,
specialising in domain-specific software production, are however few
in number and, more importantly, account for a very small share of the
total output (Dossani and Kenney, 2001: 19; Heeks, 1996: 87-90). Also,
most MNCs do not have linkages with local firms, though a few of
them do enter into collaborative arrangements with training and research
institutions.

Networks tend to be established with client firms located elsewhere
rather than within the cluster. Since client firms are leading MNCs, ven-
dors are exposed to frontiers in technology use and business practices.
Networking with buyers has enabled firms to undertake incremental
process innovations. In terms of the software development process, there
have been substantial improvements, especially among larger firms. The
use of improved software development techniques and an emphasis on
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quality control are all too visible, even in quantitative terms. Of the 31
firms worldwide that have attained Level 5 of SEI-CMM (Software En-
gineering Institute’s Capability Maturity Model, USA), the topmost level
for quality of software development management, 17 are in India, with 13
of them based in Bangalore. A total of 170 Indian firms have secured
International Standards Organization 9000 (ISO 9000) certification. Even
in labour productivity terms, Kumar finds a slight reversal in the declin-
ing trend since 1996/1997, as firms have been able to improve the reve-
nue per unit wage bill (Kumar, 2001: 4281). Though such learning is
useful to build up the capability of individual firms, their distant location
offers little opportunity to interact and understand user requirements.
Diffusion of tacit knowledge, critical to knowledge flows and learning in a
high technology cluster, is therefore inadequate.

The importance of the software development process to the growth of
the cluster is evident from the fact that the only instance of inter-firm in-
teraction and sharing of expertise in the cluster pertains to this area. In
fact, it is said that Bangalore has the largest active software process im-
provement network (abbreviated to SPIN) in the world. Formed in 1992
and comprising 10 core members drawn from leading software service
firms in the cluster, it has become active only since 1999, with regular in-
teractions via email and periodic meetings and talks open to other soft-
ware developers in the cluster (Hari, 2001).

Interestingly, while ICT is a realm marked by radical innovations and
shortened product life cycles, the process of software development as
such is relatively less characterised by this rapid technological change. In
fact, the inability of software development to match up to productivity
increases in hardware or technical changes in telecommunications has led
to it being referred to as the ‘“‘software bottleneck”. Despite automation
of certain processes and efforts to remove certain stages in software de-
velopment, the process as such continues to be highly labour intensive,
and confers regions with a pool of low-cost skilled labour with a definite
advantage. Consequently, firms in Bangalore are less open to threats
posed by technological overhauling of processes and products.

Innovations in global software development have been more in the
realm of expanding and deepening its application in other sectors. Herein
lies the importance of interactions with users. The extensive reliance on
the export market denies software firms in the Bangalore cluster such
critical interactions. The few firms that have moved into product devel-
opment and domain specialisation are firms that have been involved in
software development for a single client operating in a specific domain
over a long period of time. Or else entrepreneurs with previous work
experience in MNCs, either in the United States or in India, launch new
firms specialising in niche segments. Nevertheless, entry barriers posed
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by the high sunk costs of marketing and brand building continue to re-
strict firms from becoming involved in product innovation.

6 Labour markets

Scholars distinguish a ‘“high-road” trajectory, with a well-paid, multi-
skilled, ‘““functionally flexible” workforce contributing to innovation-
based competition of the cluster, from a “low-road” trajectory charac-
terised by cost-based competition and use of labour market flexibility
(Holmstrom, 1998a: 21). A human capital-intensive sector like software
development definitely requires the former type of labour force to build
up innovative capability. In the case of Bangalore, a set of favourable
initial conditions have played an important role, with later developments
serving to reinforce such advantages. Bangalore’s entry into software ex-
ports was primarily due to the large pool of skilled labour created
through the numerous high technology public sector firms in the city. The
consequent growth in software exports has only reinforced the existing
pool of skilled labour, while simultaneously drawing labour from the nu-
merous engineering colleges within the state and elsewhere in southern
India. All case firms sourced their labour almost entirely from engineer-
ing institutes within southern India with a few exceptions such as the In-
dian Institutes of Technology and Regional Engineering Colleges. Also,
its built environment, highly amenable to the consumption requirements
of a blue-collar, well-paid workforce, continues to offer itself as an
appropriate place to work, especially among the highly skilled NRIs
wanting to relocate in India.!?

To understand the skill requirements of the cluster, it is imperative
to understand the dynamic of technologies of software development.
Though the engineering process has not been relatively dynamic, the in-
creasing diversity of applications has led to continuous change in the
nature of languages and packages used in software development. For in-
stance, the rise of the internet has led to software tuned for web-based
applications. Similarly, the growth in multimedia entertainment has fos-
tered introduction of languages and packages meant for software devel-
opment in this segment. Continuous learning and an ability to shift from
one language/package to another are therefore critical to software de-
velopment in Bangalore, especially in the context of its specialisation in
low-end activities in a diverse spectrum of services.

In terms of access to a workforce amenable to learning and using
multiple skills, established export firms do not report many problems,
though, by and large, all respondents agree upon the tightness of the
software labour market (Rothboeck, Vijayabaskar and Gayathri, 2001).
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The recruitment process in big export firms, in fact, prioritises this
“learnability” facet of potential entrants above other factors such as ex-
isting skill sets. The average age of the workforce at 25-26 years in-
dicates a preference for fresh minds with a perceived ability to learn new
skills more quickly (ibid.). In the case of smaller firms, however, we do
observe a marked constraint in accessing such a workforce due to their
inability to match the bigger firms in salaries offered. On-the-job training,
apart from formal training in academic institutions, is important to sus-
tain production. For firms to invest in such training however, the benefits
derived from training need to offset the costs incurred. In other words,
the cluster as a whole has to effectively utilise the multi-skilled workforce
to compete on the basis of innovation. In this regard, we observe serious
limitations, even in big firms.

The limitation can be attributed to two primary factors. The global
shortage of software labour, especially in the United States, forces firms
to source labour from other regions including India. India, with its rela-
tively large pool of labour with a knowledge of English, in fact con-
stitutes the biggest source of external labour for the United States
(National Research Council, 2001). The higher salary levels in the sourc-
ing countries prove to be a lure for skilled labour in India, especially
Bangalore. As Arora et al. point out, firms in the United States faced
with labour shortages draw upon labour from India to work in core areas,
outsourcing routine work to software firms in India (Arora et al., 2001:
1276). Second, the inability of firms to specialise in more knowledge-
intensive segments of software production like design forces the very
skilled to migrate to firms where such activities are undertaken. The two
factors, together, pose serious constraints to firms in Bangalore seeking
to build up their innovative capability. The movement of personnel from
smaller export or domestic firms with lower salary levels to bigger firms
prevents the former from accessing a skilled workforce. Simultaneously,
the bigger firms lose their more skilled workforce to firms in other coun-
tries. Inter-firm mobility in Bangalore, therefore, undermines the ability
of firms to upgrade based on the built experience of the workforce. The
costs of labour mobility are also high due to investments in training.

The diffusion of “‘secrets of the industry in the air” in a cluster provides
an enabling environment for positive knowledge spillovers. This is defi-
nitely true in the case of large firms wherein inter-firm employee mobility
has enabled diffusion of skill and expertise. However, given the outward
movement of labour, such diffusion of skills takes place only at the lower
end of the spectrum. Such spillovers therefore do not translate into bene-
fits to firms within the cluster. Labour turnover therefore constitutes a
major hurdle to technological upgrading in the cluster.'® Diffusion of
skills has nevertheless resulted in the formation of new firms, especially
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ones that offer new kinds of services, and, more importantly, firms that
offer standardised packaged software, at times even for the domestic
market. The relocation of many non-resident Indian professionals has
also led to many of them establishing high technology ventures, espe-
cially in software (Khadria, 1999). Thus, while the cluster has definitely
been constrained due to out-migration of the workforce, the NRI re-
location back to Bangalore partly offsets the effects of labour poaching.
Of late, a contraction in demand due to recession in some of its biggest
markets, especially the United States, has led to employment flexibility
too being used. Informants reveal that, while smaller firms witness higher
firm mortality and consequent job losses, and medium-sized firms wit-
ness lay-offs, the bigger firms are experiencing a reduction/freeze in re-
cruitment accompanied by cuts in fringe benefits, etc. (interview with
Ramadoss by author, key informant, Bangalore, 28 August 2001). Such
employment flexibility, together with the inability of the cluster to access
a stable, multi-skilled workforce for innovation, indicates tendencies to a
low-road trajectory, partly offset by the rise of new service firms on ac-
count of labour circulation and consequent entrepreneurship. Having
highlighted the nature of inter-firm networks and labour markets in the
Bangalore software cluster, we now move on to examine the other im-
portant element of an innovative cluster, the provisioning of critical
services essential for build-up of the innovative capability of the cluster.

7 Real services
7.1 Infrastructure

Provisioning of services requires, to begin with, appropriate institutional
mechanisms to identify the needs of a cluster, followed by measures to
provide the required services.'* We have already highlighted the role
of public sector enterprises in drawing software capital to the cluster,
through creation of a pool of skilled labour. Another critical input to
software service production is the availability of communication and
hardware support. In both respects, the state has had a major role to
play. At the state level, policies fostered private participation in higher
education, leading to the establishment of a number of engineering col-
leges, thereby enhancing the supply base for labour. Subsequent to the
software boom, at the national level, private sector participation in soft-
ware training is encouraged and, at present, training is an important seg-
ment of the software sector in India (Kumar, 2001).

With regard to physical infrastructure, in the mid-1980s the Karnataka
state government in conjunction with the Department of Electronics
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(DoE) created an Electronics City. It provided the facilities and infra-
structure necessary to promote investment in the electronics industry,
including a guaranteed supply of electricity, telecommunications facili-
ties, and a technical training centre. Financial incentives such as cheaper
credit and tax relief were also offered.!® They were later extended to
software when it became apparent that this would be an important source
of revenue, enabling firms to undertake offshore projects. While earlier,
on-site services were composed nearly 100 per cent of exports, with the
establishment of software technology parks and accompanying data
communication facilities there has been a steady increase in offshore
software development, which at present accounts for more than 50 per
cent of exports (Parthasarathy, 2000). This movement has definitely
helped firms to move into more complex projects and compete at lower
prices, and importantly provides the opportunity to create linkage effects
in the cluster apart from enhancing net foreign exchange earnings.

In addition, the state government, in collaboration with a Singapore-
based firm, has built a technology park, which provides excellent data
communication and power facilities for software and other high tech-
nology firms. While hardware imports also have been liberalised, efforts
to develop a vibrant hardware sector have been negligible. In terms
of communications infrastructure, Bangalore is well connected to other
cities in the world through a gateway located in the city, with one of the
highest bandwidths in India (http:/www.bangaloreit.com/html/itscbng/
itinfra.html). It is also connected to other cities in India through wide-
band optical fibre and microwave media, though further improvements
may be required with the growth in e-commerce related ventures. The
next most important requirement in a high technology cluster is access to
risk capital for innovative ventures.

7.2 Finance

The cluster has only recently begun to need innovative financial instru-
ments. Onsite services did not call for much capital investment as it was
largely export of labour. Only with the movement to offshore projects did
the need for physical infrastructure such as computers and communica-
tion equipment arise. And since in most cases firms moved into offshore
projects from body shopping, they had surplus capital to invest in infra-
structure. However, new firms that sought to move directly into offshore
projects needed investment assistance. With the growth in offshore pro-
cessing and attempts by a few firms to enter product development, venture
capital has become important.

Conventional sources like bank loans were difficult to access given the
lack of collateral for these firms. Further, the relatively high interest rates
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Table 8.1 VC/angel investments in high tech firms in India

Year Rs million US$ million
1996 700 20
1997 3,200 80
1998 6,100 150
1999 14,000 320
2000 32,000 750
2001 50,000 1,200
2008 450,000 10,000

Source: http://www.american.edu/carmel/ph0616a/pagel3.html.
a. Projected figures.

prevailing in the economy made traditional means of borrowing ineffi-
cient, especially when firms compete internationally to access markets. It
is in this context that venture capital (VC) firms began to gain promi-
nence in the Indian software sector. The government’s role has been
twofold. On the one hand, in active collaboration with industry experts, it
has sought to facilitate the entry of VC firms into the country. On the
other hand, government financial institutions and even state industry
promotion agencies, including that in Karnataka, began to set up VC
arms of their divisions to promote entrepreneurship. In addition, nation-
alised banks also began to move into venture funding. More importantly,
the last few years have witnessed the entry of foreign institutional in-
vestors into this segment, which at present constitutes the largest share of
VC funding in India (Dossani and Kenney, 2001: 31). Together, these
factors have led to a sharp rise in the growth of VC flows into high tech-
nology sectors including software (table 8.1).

Bangalore has been a beneficiary of all these initiatives. In fact, the
first venture capital institution in India, the Technology Development
and Information Co. of India Ltd. (TDICI), a subsidiary of the state-
owned and state-run financial institution ICICI, was established in Ban-
galore in 1988 (Dossani and Kenney, 2001: 23). TDICI funded many a
venture in the early phases, including success stories such as Microland,
VXL, Mastek Software Systems, and even a project for Wipro (ibid., p.
25). Though Bangalore ranks only third in the number of venture capital
firms locating their offices in India, it hosts the bigger venture capital
firms such as Draper International, TDICI and others (ibid., p. 32). Fur-
ther, Walden International, a leading venture capital firm, estimates that
Bangalore accounts for the largest share (35 per cent) of the total risk
capital flowing into the country (Hari, 2001). To identify the importance
of venture capital for the growth of the industry, we undertook a case
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study of a successful firm that had relied on venture capital, and gathered
information from key informants.

Funded by an international VC firm, the funds were essentially for
services. The entrepreneur, with a long stint in a multinational software
firm and known in industry circles, had no difficulties in getting funds.
Interestingly, at that stage, the VC firm even drew up the business plan,
and all that the entrepreneur had to do was to recruit the right people
and coordinate production. As the VC firm had a global clientele of over
500 firms, it was easy for this start-up to procure orders from clients. The
VC firm’s reputation, aided by introduction to its clientele, enhanced ac-
cess to markets. To that extent, there existed a synergy between the two
firms’ strengths. Once established, the firm decided to launch a product
for which it sought funding from another VC company, once again a
multinational (MN) firm. A new firm was developed which concentrated
solely on the sale of the product developed. The reason for opting for a
new VC was the new clientele it would bring. The respondent says that
since the VC firm knew of the success of the earlier venture, and given
the high demand for such a product at that time, there was no hitch in
accessing funds.

As most firms specialise in low-end services, VC is required more for
marketing and accessing clients and to an extent for scaling up of cur-
rent operations, rather than for product innovation in Bangalore. Re-
spondents suggest that they prefer funding from reputable multinational
firms, as, apart from drawing upon a premium clientele, it helps firms
to use the former’s reputation as an indication of their firm’s ability to
deliver. And precisely for the same reason, they seldom approach VC
firms set up by government institutions to fund their requirements. In
fact, sourcing from the latter may diminish their reputation among for-
eign clients as it may be seen to reflect their inability to source from pre-
miere MN VC firms with good technology valuation procedures. Further,
it is said that the ceiling on venture funding from state institutions is much
lower than that allowed by foreign VC firms. However, state-supported
VC institutions are agreed to have a role to play in the development of
software for the domestic market.

The Government of India has also nucleated a National Venture Cap-
ital Fund for the Software and IT Industry (NFSIT). Set up in association
with various financial institutions and the industry (http:/www.american.
edu/carmel/ph0616a/pagel3.html), it encourages entrepreneurship in the
areas of software, services, e-commerce, and other IT-related segments
in which India has built up competence. Nevertheless, respondent en-
trepreneurs contend that it is difficult for entrepreneurs with truly inno-
vative ideas or products to acquire seed capital, as there are hardly any
entrepreneurial networks within the cluster, unlike the situation in suc-
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cessful clusters such as Silicon Valley where substantial venture funding
was through high technology-based entrepreneurs themselves. In India,
most VC funds are from financial institutions less willing to undertake
such innovative and risky ventures primarily because of India’s location
in the global division of labour, which poses barriers to moving into more
innovative segments. As Arora et al. point out, “Firms that are trying to
develop software products have faced problems in getting finance, in part
because of the inexperience and conservatism of Indian venture capital
funds” (Arora et al., 2001: 1281). Rather, funds have largely gone into
funding service firms that undertake more routine software develop-
ment work with almost assured markets or, of late, to IT-enabled services
that are low-end and involve much less risk. Though such lack of funding
may not affect the prospects of firms in the cluster at present, it would
definitely pose constraints to moving onto a high-road path. Finally, exit
options were considered to be few, with the general feeling that entre-
preneurs were unwilling to sell their start-ups even if it were feasible.

7.3 Technology and marketing support services

Throughout the 1990s, the state government has been quite successful
in marketing Bangalore as a centre for foreign investment in the ICT
segment. It has supported initiatives such as collaboration between the
European Commission (EC) and the Department of Electronics of the
Government of India in setting up the Software, Services, Support and
Education Centre Limited (3SE). The purpose of 3SE is to ‘“‘promote
cooperation between the EC and India in the field of computer software”
(3SE brochure). It recognises that the Indian software industry needs
to diversify its markets and that European companies have been slower
to take advantage of the high-quality/low-cost software development en-
vironment that India provides, in terms of their sourcing activities. 3SE
provides information services about Indian software companies to Euro-
pean companies looking to outsource or form alliances, in terms of match-
ing needs. It also informs Indian software users of products brought out
by EU companies.

Apart from such support in marketing, a few institutions have been
established to provide technology and training support to the industry.
The Indian Institute of Information Technology, Bangalore, and the
Institute of Bio-Informatics are novel experiments in public—private
partnership that seek not only to train high-quality professionals for the
software industry, but also to encourage interaction between academia
and experts from industry.'® In addition, the Software Engineering In-
stitute has been set up as a joint venture between the state government,
the Indian Institute of Science, LG Soft India and the Center for Infor-
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mation Systems Engineering of the Carnegie Mellon Research Institute
for Information Systems Engineering. This institute also offers advanced
training in software engineering (Patibandla and Petersen, 2001: 14; 2002:
1572-1573). Interaction between academia and industry, which has
always been low due to earlier governmental restrictions on university
employees participating in commercial ventures, has increased in recent
years, especially with the formation of the Society for Innovation and
Development by the Indian Institute of Science (IISc) in the late 1990s.
Since then, the number of collaborative projects with the industry has
increased to 80 from 10 only 3 or 4 years ago (Hari, 2001). The Institute
has also been able to incubate a few high technology firms of late.!” The
development of the “Simputer” by a set of scientists at the IISc is a case
in point. This is purported to be a low-cost alternative to the personal
computer that can be shared by many users and allows user interfaces
based on sight, touch, and sound. It is hoped to find diverse applications
for it in rural India where literacy levels are low. The Simputer Trust
consists of both academics and members from the industry.

Simultaneously, a number of MNCs have established research labo-
ratories and development centres focusing on frontier technologies to
take advantage of the low-cost highly skilled labour force in the cluster.
This will in turn create a pool of skilled labour that can be tapped into by
future start-up firms. Hari (2001) cites the case of a high technology ven-
ture which recruited its first 20 technical personnel from within the clus-
ter itself. More definite understanding of the impacts of such foreign
investments needs a detailed study. The state, as can be seen, neverthe-
less continues to play an important role in ensuring that at least a certain
number of important real services are made available to firms in the
cluster. While earlier the role of the state was rather indirect, along with
the growth in exports there has been a concerted effort to improve the
competitiveness of the cluster by both state institutions and/or producer
associations.

8 Implications for policy intervention

The growth performance of the Bangalore software cluster is not easily
observed in clusters located in other low-income regions. The establish-
ment of strong networks with clients, investments by numerous sub-
sidiaries of MNCs, return migration of skilled labour, and the resultant
entrepreneurship in high technology segments have led to diffusion of
skills and knowledge of frontier technologies in software production.
This, coupled with competitive pressures, has led to improvements in
processes, emphasis on quality control, improved employee productivity,
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and limited movement into more value-adding services. The state too has
played an important role in ensuring a steady supply of skilled labour,
apart from positive interventions in the realm of infrastructure and tech-
nology support services. In terms of access to finance, few existing firms
studied reveal constraints. Despite the presence of factors recognised as
contributing to an innovative milieu, the primary basis of competition
continues to be one of low wages and a large pool of skilled labour. At-
tempts to move beyond such low-road competition have not met with
much success so far. Further, we observe serious differences in firms’
ability to access skilled labour even within the cluster, with the smaller
firms and firms catering for the domestic market unable to compete with
established well-paying large export firms.

The most important constraint facing the cluster is a relative absence
of inter-firm division of labour and networking, especially with regard to
user—producer interaction. The excessive focus on the export market
prevents firms from interacting closely with users so as to understand the
latter’s needs better, which is becoming increasingly critical to software
development. While firms have definitely built up adequate competence
in software development, an inability to move into design prevents them
from building up further capability in this sector. The out-migration of
skilled and experienced labour compounds this inability, as it tends to
push firms further away from investing in training and competing on the
basis of innovation. Even with regard to financing, though constraints
on venture capital flows have eased considerably, such flows tend to be
directed mostly to less risky, relatively low-end software development
ventures. Funds for product innovation have hardly found their way into
the cluster. This is due not only to a lack of inter-firm networking within
the cluster, but also to constraints faced by virtue of its positioning in the
global division of labour as a cluster providing complementary services to
technology leaders in high-income countries. A lack of intra-cluster divi-
sion of labour and specialisation in low-end segments of the vertical chain
also retard individual firms’ tendency to acquire domain-specific compe-
tence as observed in more innovative clusters.

State policies need to be directed towards promotion of the domestic
market and leveraging of this learning in the global market. Provision of
tax and credit incentives to export firms and a consequent reduction in
incentives to produce for the domestic market may undermine the scope
for such learning. To overcome these limitations, not only is state inter-
vention critical, but so is the “‘strategic intent” of lead firms in the cluster.
Given that a few big firms dominate the cluster, it is imperative that these
firms direct the activities of the cluster in such a way as to strengthen
its innovative capability. Entering into strategic alliances with MNCs in
areas such as brand building and marketing may prove to be increasingly
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critical. Simultaneously, the firms need to work in close collaboration
with state institutions to ensure that critical resources are provided. Lim-
ited ability to retain skilled labour and the relative lack of inter-firm
division of labour and networking with users may, however, continue to
pose constraints to transition to a “‘high-road” trajectory.

Two strategies are suggested for nascent clusters to link up to markets.
One involves specialising in technologies complementary to technology
leaders like the Bangalore cluster and then striving to “move up the
value chain”. Constraints on such a strategy are evident from the above
discussion. The other strategy is to specialise in segments not covered by
the technology leaders, i.e. to “run a different race” rather than seek to
‘““catch up”. The importance of the domestic market, especially large ones
such as those of India or China, to the latter strategy cannot be over-
stated. Importantly, failure to leverage learning from exports to cater for
the domestic market throws up the larger issue of the ability of econo-
mies to “‘catch up”’. If the knowledge generated serves more to enhance
the productivity of firms in high-income economies, with few spillovers
into the rest of the host economy, the dynamism may only reinforce ex-
isting global divisions of labour. Herein lies the importance of strong in-
stitutional intervention to ensure that the innovative capabilities of a
cluster are directed to create positive linkages in the local economy.

Notes
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Association of Development Research and Training Institutes (EADI) held at Ljubljana,
Slovenia, during September 19-21, 2002. The authors are thankful to K. Vaijayanti for as-
sistance provided during fieldwork. Thanks are also due to Mr. Ashok Talugdar (Cellnext,
Bangalore), Mr. Milind Priolkar (BedRoq, Bangalore), Prof. S. Sadagopan and numerous
other key informants for critical support, without which the study could not have been
completed. Useful inputs from Dr. Henny Romijn, Dr. Sunil Mani and participants in the
above-mentioned conference are gratefully acknowledged.

1. “The mobility of skilled workers represents, in fact, the crucial source of new firm for-
mation as well as the main mechanism through which technical and market knowledge
flows locally” (Breschi and Malerba, 2001: 821).

2. “For a firm to increase or deploy its own knowledge effectively, it may have to comple-
ment this knowledge with that of other firms; and more often than not, by way of some
kind of collaborative agreement” (Dunning, 2000: 10).

3. We use the term “collective learning” as opposed to the rather static term “collective
efficiency” to capture the importance of the dynamic learning process to a high tech-
nology cluster.

4. The notion of real services was introduced by Brusco (1992), by which he means ser-
vices provided by local organisations in real terms as opposed to provision of financial
assistance to firms to acquire the same. Information on technological change, raw ma-
terial prices, market trends, and equipment testing facilities are examples of “‘real ser-
vices” provided in dynamic clusters.
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5. Innovations that involve a quantum leap in the production frontier or creation of new
frontiers.

6. Two works that explicitly comment on the role of labour organisations in influencing the
source of competitiveness of industrial clusters are Best (1991) and Schmitz and Musyck
(1994).

7. The different trajectories that different segments of ICT, such as telecoms and software,
have assumed and the role of government policy in this regard have been discussed by
Parthasarathy (2000).

8. In fact, quite a few ex-IBM employees moved on to establish small software firms (Par-
thasarathy, 2000).

9. The first software export park was set up there in 1991.

10. “The public sector was, in this sense, a stage in the assembly of capital and human re-
sources that established a critical mass of market opportunities and people, allowing the
emergence of an internationally competitive high technology” (http://www.epw.org.in/
showArticles.php?root=1999&leaf=01&filename=2935&filetype=html#top).

11. Customised software is developed for specific clients as opposed to generic software
packages or products that are sold in the market for wider, mass consumption.

12. A study of Indian emigrant labour in the Silicon Valley, USA, by Dossani reveals that
though in terms of origins of the workforce Bangalore ranks fifth, it is first as the pre-
ferred destination for relocation of these employees in India (Dossani, 2002: 7, 18).

13. Of course, this is not to say that labour market constraints are the only constraints on a
high-road trajectory in Bangalore.

14. The role of policy measures has been described by many, including Bajpai and Shastri
(1998).

15. See http://www.dqindia.com/content/search/showarticle.asp?artid=21969.

16. The former has an incubation centre that has already enabled two start-up firms.

17. In addition, this has also facilitated some faculty members of IISc to invest in the equity
of a bio-informatics firm (Hari, 2001).
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Culture, innovation, and economic
development: The case of the
South Indian ICT clusters

Florian Arun Taeube

1 Introduction

How can the Indian success in information and communication tech-
nologies (ICT) be explained? Is it a result of the liberalisation of the
1990s? If so, then why have other sectors not produced such an impres-
sive performance? Or is it rather influenced by other factors, which have
been released — or rediscovered — through this liberalisation, for example
a culture of entrepreneurship and innovation? Or may there even be a
predisposition towards the so-called knowledge economy?

This chapter is concerned with the successful development of the soft-
ware industry as the major component of ICT in India. It is inspired by
two noteworthy phenomena concerning this industry. First, most of the
studies analysing the Indian software industry cover basically the major
centres in Bangalore, Hyderabad, and Chennai, all South Indian. Sec-
ondly, while there has always been a tradition of entrepreneurship by a
particular social group, the merchant and trader caste of the Vaishyas,
the software industry witnesses more than a proportionate presence of
Brahmins, traditionally the priestly and knowledgeable caste group.

Thus the central questions are why do Brahmins participate to such an
extent in the new industries and, subsequently, why are they concentrated
mainly in the south of the subcontinent? Consequently, culture will be
examined through the variables caste and ethnicity. It is important to em-
phasise that these variables cannot be more than complementary to other

202



SOUTH INDIAN ICT CLUSTERS 203

explanations of the success of the Indian IT industry. Basically, other
contributing factors, such as R&D and technology policy, are omitted
from the analysis, for there already exists a large body of research on
these systemic factors.

Therefore, this chapter employs a mixed methodology. First, an at-
tempt will be made to make the notion “‘culture’” workable in terms of a
useful definition. This is done by examining the relevant literature. Later
this definition will be applied to the Indian context through identifica-
tion of characteristic features of Indian society and the Indian economy.
Second, this application then leads in to the empirical section in which
I have tried to analyse the societal composition of the Indian entre-
preneurial “class” of the so-called knowledge economy. This preliminary
analysis is based on a small set of existing interview-based studies in
which the interviewees’ names are taken as an approximation of their
cultural background in terms of societal affiliation or, more precisely,
social and regional origin. While the use of interview data has its limi-
tations, especially when there is only a limited amount of data available,
it opens new directions for further research and should, therefore, be
seen as a basis for more empirical work.

The chapter is structured as follows. Section 2 examines the large field
of anthropological and social science work to produce a definition of
culture which is useful in the economic context. Section 3 takes a closer
look at the Indian and, in particular, the South Indian situation. Section 4
then applies the resulting hypothesis to the Indian software industry.
Section 5 concludes.

2 Economic culture and development

There is a renewal of interest in the relationship between culture and
(economic) development. This is manifested in the debate on ‘““Asian
values” as an explanation for the success of the so-called tiger economies.
Having started their catch-up from a level similar to other developing
countries, their much more successful results are often imputed to their
favourable culture. Another recent example is the collective volume
edited by Harrison and Huntington (2000) which brings together scholars
from different social sciences.

Why can it make sense to include culture in an economic analysis?
How can this variable be integrated? Where are the shortcomings of such
an approach? A simple but somewhat naive answer to the first question is
to single out which of the characteristics different cultures possess are
most likely to result in socio-economic progress in order to replicate these
positive attributes in other cultural settings. The challenge of approaches
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which stress the importance of culture and other social factors that are
non-economic in nature but influence the economy and are influenced by
it is not merely to impute differences in economic performance to the
cultural factors, as earlier scholars often did, but to integrate culture as a
variable into theoretical models (Klump, 1996). An interesting approach
has recently been taken by Frederking (2002), who tries to carve out the
substance of the relationship between culture and development in order
to achieve a basis for cross-cultural comparisons.

For this purpose, a quite generic approximation of culture has to be
found and applied. Later in this chapter, I will use the variables caste and
ethnicity. This is a customisation to the object of study, but could rea-
sonably be part of a broader aggregate of cultural factors. And, although
it is not primarily an economic one, focusing on the economic implica-
tions of these proxies narrows the scope of this chapter.

At the outset, one has to emphasise how difficult it is to consistently
integrate the mutual interdependences that exist with regard to culture
(Klump, 1996). Basically, there are two dimensions in this relationship.
First, culture can be seen as an end in itself, that is, a good which should
be preserved as part of a larger spectrum of goals that should be reached
in the course of development. Second, it is also a means to development,
both directly through cultural investments and, more importantly, in-
directly through values and norms working in a society (Sen, 2001). Since
the majority of development theorists see culture rather as a means than
as an immediate goal, at least in the near future, I will concentrate on
this. Then the question is how culture exerts its influence on the eco-
nomic realm (Ruttan, 1988). First, there are the often-cited values, be-
liefs, traditions, and norms. However, they are rarely observable, and
hence difficult to measure. Therefore the more visible manifestations of
culture are actions, behaviour, and actual social practices which are usu-
ally influenced through norms and values.

Focusing on the relationship between culture and the economy and
recognising the fact that there are manifold problems with the definition
of culture (Gupta, 1994)," in order to make it operational in the context
of economic development the analysis should be narrowed to economic
culture. What, then, is economic culture? Certainly, it is part of the larger
cultural setting of a society. The methodological problem that integrating
culture with economics poses to the economist is that it is difficult to de-
fine and quantify separately from other factors, for example institutional
ones. The economic sociologist DiMaggio (1993: 27) says ‘“‘aspects of
culture shape economic institutions and affairs ... economic processes
have an irreducible cultural component”. In the same vein is the state-
ment by North (1990: 37) that culture underpins the “rules of the game”
in any society and provides “‘the informal constraints on human interac-
tion”. Instances of the economic culture approach are the concepts of
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social capital (for a review see Fukuyama, 2000) and social capability
(Abramovitz, 1986). The first approach stresses the informal values and
norms shared by a small community allowing for trust and cooperation.
The latter is more macro oriented and focuses on the ability of a coun-
try to innovate and adapt to changing external factors in order “to ex-
ploit emerging technological opportunities” (Abramovitz, 1986: 406). It
stresses the interplay of different factors ranging from education, institu-
tion, and openness in enabling a country to adopt new technologies and
is related to the literature on systems of innovation (Lundvall, 1992;
Nelson, 1993), which vary, however, in terms of geographical focus, i.e.
their perspective stretches from national to regional and local. The focus
of the innovation systems literature is certainly not on culture, but it can
be a complementing factor. The literature dealing with the culture of
economic development demonstrates predominantly one line of argu-
ment. Most of the authors working on economic culture try to single out
those cultural factors that can be positively correlated with development
in the sense of modernisation and growth (Lal, 1998b). Usually men-
tioned are, for example, trust, rationality, the value of work, and religion
(Grondona, 2000).? This reasoning can be traced back at least to Max
Weber’s ideal types and has its latest revival in the “Asian values” de-
bate, which has been dubbed a ‘“neat reversal of Max Weber’s famous
thesis” (Lal, 1998a: 2). These values characterising the highly hierarchical
societies of East Asia, however, do not really match the South Asian
context. As Sen (1999) points out, there are ancient Indian traditions and
values that are in contrast to those of the Sinitic societies to the east. An
analysis of the principles of the ancient Indian thinker Kautilya shows
that they are more egalitarian and condemn such authoritarian ap-
proaches as those of East Asia (Sarkar, 2000; Sen, 1999).

However interesting the value debate, culture is manifested and ob-
servable only though action or social practices. In summary, culture can
be defined as a ‘“‘socially transmitted heritage”, which opens the door
for analysis of actual behaviour. The problem with interpreting cultural
influences through the study of literature, or the “book view”, is that
people often act differently from the way in which they would prefer to
behave. An instance of such a “preference falsification”, it is argued,
might be at work in the caste system (Kuran, 1987). This leads me to the
Indian situation.

3 South Indian economic culture
This section is a brief theoretical attempt to outline the basic features of

an economic culture that can be derived from a Brahmin and South In-
dian background. The question is whether there exists a regional culture
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of innovation resembling that of Silicon Valley (Gertler, 1997; Saxenian,
1994). Therefore, Indian culture has to be analysed from a disaggregate
perspective.

Broadly speaking, for Indian society the cultural framework is “Hin-
duism”’, which provides a comprehensive philosophy rather than “merely”
a religion (Dehejia and Dehejia, 1993). But what is commonly known as
belonging to “Hinduism” is only part of the more complex Hindu civi-
lisation — it is embedded in an all-encompassing worldview (see, for ex-
ample, Rothermund, 1995; Stietencron, 1995). Albeit the differences
within that composite of religious beliefs are too subtle to be explored
here, the broader cultural view allows for the observation of several
characteristics.

According to the distinction made in the section above, I will first deal
with the issue of values and then proceed to that of observable behav-
iour. The section ends with an analysis of South India.

3.1 Values and caste

Is there anything that makes the Indian economy an unusual object of
analysis, something that precludes a conventional economic study? Pre-
sumably there is, some would argue, given the unique phenomenon of
caste as the characteristic feature of Indian society. On the other hand,
there are those who downplay the influence of caste and, moreover, the
institution as such as an invention of “orientalist”” scholars. Their most
compelling argument is that some social structure similar to the caste
system existed long before the arrival of the British, but, through their
desire to rationally understand Indian society, they hierarchically in-
stitutionalised the rather informal norms with the support of Indian elites
(Bayly, 1999). While the issue whether there is a system of caste is heav-
ily disputed in the anthropological literature, it is quite safe to assume a
certain influence of caste. That is why it is taken as one of the proxies for
culture in this analysis.

However, the term caste is used in two different contexts. First, it is
used to describe the jati, hierarchically ranked endogamous kinship
groups with a regional base centring around the performance of tradi-
tional occupations (such as leatherworkers, priests, merchants, or tailors)
in an interdependent relationship with other jatis. Secondly, it depicts the
more aggregate societal structure of a class-like division, the varnas
(Bayly, 1999).

Describing the caste system as consisting of a fourfold hierarchy of
varnas plus the so-called untouchables, mistakenly referred to as out-
castes (Dumont, 1980),> is a gross oversimplification (see Chapham,
1993)* that does not do justice to the complexity of this perhaps most
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refined institution extant today. Except for the highest varna of the
Brahmins, the remaining varnas consist of numerous jatis. But it is useful
in the sense that the categories so derived allow for a pan-Indian exami-
nation of issues related to caste. It can be seen as the conceptual frame-
work for the actual practice of the society stratified by jati (Sau, 1999).

Although very prominent, and studied both intensively and extensively
by anthropologists, predominantly in field studies but also on a theoreti-
cal level, the meaning of the caste system for development has not
been scrutinised thoroughly by economists. It is predominantly both the
alleged stability of this unique institution and, in connection with that,
fatalism, the presumed tendency of the poor to ascribe everything to
their karma, which led many economists to the conclusion that the caste
system impedes modernisation of the Indian economy (see, for example,
Akerlof, 1976; Kuran, 1987; Lal, 1988; Marx, [1872] 1971; Myrdal, 1968;
Olson, 1982; Scoville, 1996; Weber, 1972; and a comparative survey of
economic, historical, and anthropological literature in Subrahmanyam,
1996). They blurred both concepts with the resulting lack of an adequate
picture of Indian reality as known through anthropological fieldwork. In
order to establish through economic theory the rigidity and drawbacks of
the caste system, they overlooked the fact that it has always been much
more open, flexible, and adaptable.

The actual meaning of karma is action or deed that also influences
current and future lives, but it is often (mis-)interpreted simply as fate,
which defies the ability of individuals to influence their present life, which
is inconsistent with the actual Hindu philosophy as understood, for in-
stance, by Thapar (1990).

Parry (1996), firmly rejecting Weber’s thesis of the “spirit of capital-
ism” being absent in India, states that the ethical preconditions for the
emergence of capitalism have been much more favourable in India than
they actually were in Europe. This might be seen as implicitly subscribed
to by Lal (1988), who argued that the caste system initially was a highly
efficient institution and very much in favour of economic development,
embodied quite early in a high level equilibrium which then was main-
tained at stable conditions over millennia by still entrenched hierarchies
or distributional coalitions in the terms of Olson (1982). The recognition
of commerce, trade, and other sources of accumulating wealth being in
conformity with the religious doctrines, which are definitely culturally
determining, on whichever element the emphasis is placed, allows for
identification of a climate in traditional India, be it in ancient times or in
remote areas today, which was unmistakably favourable to generating a
capitalist spirit.

There is a widespread misconception of the Indian, or better ““Hindu”’,
attitude towards secular affairs, at least if one tries to locate the source of
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fatalism and “accommodation”, to use Galbraith’s ([1979] 1993) notion,
in the roots of the cultural and religious traits as manifested in the an-
cient scripts. This inference was initially proposed by Weber® and is
known also as the karmic view of Indian society. This picture erroneously
propagates the pursuit of religious duties and the outright rejection of
material wealth as the basic components of ““Hindu” belief. Thence, ac-
cording to this perspective, supposedly originates the ignorance of the,
indeed, very religious Indian population of (technical) change and inno-
vation that could otherwise bring progress to and enhance the welfare
and well-being of the deprived population. The presumption underlying
this image is a traditional society with a well-balanced power structure
in which innovations of whatever nature are deemed to be a threat to the
existing equilibrium.® These scholars ascribed the stagnation in what Lal
calls a “high level equilibrium trap” (1998a: 34) mono-causally to the
extant ideologies of ‘“Hinduism”.

After, I hope, convincingly debunking the perception of (Western)
economists of the values of Indian society as allegedly impeding devel-
opment, I will turn to the investigation of actual behaviour. Such an
analysis is much more anthropological than economic.

3.2 Behaviour

The single most important fact to state with reference to the translation
of values and beliefs into action and behaviour is that there are usually
large deviations. The motivation for such deviations has been analysed
with game-theoretic approaches as ‘“‘preference falsification” (Kuran,
1987).

One reason for the dissonance between ideological beliefs and actual
behaviour is to be found in the philosophical conceptualisation of Hin-
duism. Whereas many scholars are intrigued by the picture of an over-
riding principle of Hindu religion like karma, often translated as fate,
such an idea does not in fact exist. Rather karma has to be com-
plemented, if not substituted, by dharma, perhaps best translated as
“sacred duty”,” as the most important principle in determining and under-
standing the behaviour of Hindus.

Heesterman restates the view of merited sociologists such as Louis
Dumont that dharma is the ever-present moral order which guides the
people rather than commands them (“[L]e dharma régne de haut sans
avoir, ce qui lui serait fatal, a gouverner”, cited in Heesterman, 1984: 77,
see also Srinivas, 1978). This aspect of dharma can be seen as the ab-
stract, all-encompassing philosophy of Hinduism.

But dharma is not a monolithic concept; it has to be seen as contingent
on the person and the group they belong to (Morris, 1967). There is an-
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other implication of dharma which is much more practical: it is one’s duty
obligated to a certain caste (svadharma, i.e. one’s own dharma) in order
to maintain the cosmic harmony. Parry speaks of the seemingly very
similar notion of jati-dharma as “‘the code of conduct which is an aspect
of his nature” (Parry, 1996: 78). Again we have an ambivalent meaning
of the proper word; for example Gelblum (1993: 38) interprets it as the
“concept of the individual’s duty”, which is implicitly reciprocal of the
concept of rights.® It is in any case of relevance to the individual insofar
as it conveys the moral or right actions conforming to the caste one be-
longs to.

It is quite interesting to note the parallels between dharma, jati-
dharma and svadharma on the one hand and ‘“‘conventions, norms of be-
haviour and self-imposed codes of conduct” on the other hand (North,
1990: 23). In this sense the social system of Hindu civilisation could be
plausibly subsumed under a general categorisation with regard to infor-
mal institutions.

Upper-caste groups, such as Brahmins and merchant and ruling
groups, have traditionally discriminated against lower-caste groups, but
the ranking of upper- and lower-caste groups has varied by region and
through time.

“If the stability of the caste order could not hinder property differentiation,
it could at least block technological change and occupational mobility... [E]ven
today, the very fact that new skills and techniques actually lead to the formation
of new castes or subcastes strongly handicaps innovation. It sustains tradition no
matter how often the all-powerful development of imported capitalism overrides
it.” (Weber, 1958: 104)

Although there has always been upward (and downward) mobility, one
could say that the principal varna providing economic services such as
merchants or entrepreneurs was that of the Vaishyas (Rutten, 2002),
complemented, of course, by the minority communities of Parsis, Jains
and Sikhs (for example Tripathi, 1992).

Brahmins, on the other hand, were traditionally priests and teachers or
in related professions. These related professions cover all the tasks nec-
essary to perform the various religious rituals. These consist mainly of
studying, reciting, and handing down the sacred texts, but include auxil-
iary sciences such as grammar and astronomy, as well as mathematics
and geometry (in order to optimally construct the altar for sacrifices)
(Stietencron, 1995). Moreover, the Hindu-Brahminical education system
encompassed medicine, literature, philosophy, and logic (Das, 2000;
Gosalia, 2000). Hence, there are many disciplines that are very useful for
intellectually challenging professions in the so-called knowledge econ-
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omy such as sciences or research-related pharmaceuticals, biotechnology,
or software. This tradition being handed down from one generation to
the next for decades or even centuries would place descendants in a
privileged position regarding such professions and, thus, be an example
of (economic) culture as summarised in the previous section. Therefore,
even if Brahmins have monopolised learning, as some argue, there might
be a positive impact on the Indian economy in the “knowledge age”
(Das, 2000: 153).

Especially with regard to traditional professions like artisans, this divi-
sion of labour seems to be still perfectly in place. There is evidence from
various field studies, both economic as well as sociological and anthro-
pological, that this holds true.” Moreover, such a network of interdepen-
dent producers and traders adhering to their customary occupations can
be described as a cluster. In the traditional footwear cluster of Agra, a
major factor in the successful mastering of crises is the extent of vertical
relationships (Knorringa, 1999).

However, with regard to the urban, and especially the metropolitan,
areas of India, this traditional aspect of the culture derived from religion
is being undermined by various factors, most notably industrialisation
and occupational diversification in general (Srinivas, 1978). In particular,
caste is being superseded by issues of class (and ethnicity), more so
among the upper than the lower castes (Béteille, 1996).

Whatever might be the importance of these moral values today, it is
noteworthy how they are supposed to have spread during the past mil-
lennia in a process described as ““Sanskritisation” of the lower castes; that
is, the imitation of customs and rites as followed by the Brahmins, to the
extent possible in terms of ability to perform these rites (Srinivas, 1978).

As already said, the most widespread inference made does not take
into account the internal dynamics of caste and its adaptability and tol-
erant attitude towards external institutional changes, be they political or
legislative or anything else (Osborne, 2001). Nevertheless, this stance is
usually taken by economists who ignore the insights from history and
anthropology evidently showing the opposite. They account for neither
the upward mobility of previously lower castes through economic success
nor the process of Sanskritisation as inherent to caste. Instead the caste
system is seen as inseparably interrelated with the Hindu religion, despite
the fact that it hosts other religions and sects too, albeit as subdivisions,
jatis, being ranked according to the prevailing circumstances like, for in-
stance, economic success.

Closely related to the flexibility of the system with regard to the mo-
bility of castes, or better jatis, almost as a precondition, is the emergence
of new occupational activities. The jati-dharma has been almost fixed for
ancient castes and jatis through scriptural tradition. But there cannot be
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prescriptions for all the newly evolving subcastes, just as there cannot be
explicit contracts specifying every contingency. Thus, in modern Indian
society there is some vagueness concerning the future adherence and
obedience to dharma, because there is no (religious) authority legiti-
mated to declare such a social code of conduct. Furthermore, the devel-
opments observed reveal a certain tendency to reverse the process Max
Weber has described as ‘“‘the transformation from ethnicity to caste”
(Fuller, 1996: 22), which Dumont labelled ‘‘substantialisation of caste”
(quoted in Béteille, 1996: 172; Fuller, 1996) and anthropologists more
broadly have named ethnicisation. It might be particularly meaningful in
India as it dissociates class from caste (Béteille, 1996; Fuller, 1996; Plat-
teau, 1995).

Recently, there is some more than anecdotal evidence that the struc-
ture of new Indian enterprises is determined by Brahmins rather than
Vaishyas, the traditional merchant caste; this evidence is analysed in the
next section. It might result from the fact that Brahmins have been in-
volved not only with the profession of priesthood but more generally
with activities relating to knowledge and wisdom. In earlier times Brah-
mins had a much more negative attitude towards business, trade, and
commercial castes in general. Lal (1995) called this attitude atavistic and
described the Brahmins as primarily protecting their status.

An interesting comparison between values and practices is the
GLOBE project, which identifies cultural clusters worldwide. India, as
part of the South Asia cluster, is distinguished as highly group oriented,
humane, and male dominated. Regarding business strategies, the study
finds that South Asian managers focus on a combination of knowledge,
action, and devotion (Chhokar, 2002; Gupta et al., 2002).

3.3 South India

With regard to South India there are a few notable, somehow contradic-
tory deviations compared to the rest of India. Firstly, caste is perceived to
have been imported by (Brahmin) Indo-Aryan-speaking migrants from
the North.'® Therefore the position of the Brahmins as representatives of
this hierarchical order seems to be more exposed in the southern states,
particularly Tamil Nadu, but also the neighbouring Karnataka and
Andhra Pradesh. However, there is also an indigenous Dravidian culture
with its own languages, symbols, and sacred texts. These South Indian
cultural elements had to be balanced by the Brahmins against their
own Sanskritic traditions. On the other hand, there have always been
high-caste non-Brahmins within the indigenous Dravidian population
who not only were engaged in the learning of the Dravidian texts
but “were adept in Sanskrit learning as well” (Stein, 1999: 52). Hence,
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Brahmins are to be seen as mediators who provided for the diffusion of
Sanskritic knowledge rather than as monopolists. Thus, the foundations
for a knowledge-based society have apparently long existed in South India
and, moreover, have been much more diffused throughout the whole so-
ciety. Moreover, political movements in favour of the backward groups
of Indian society started much earlier in the South and led to a more
equal pattern there as opposed to the more traditionally dominated
northern states (Jaffrelot, 2002).

Secondly, the indigenous population of the South is said to be much
more homogeneous and not to display the two middle caste groups of
Ksatriyas and Vaishyas to the same extent as in the North (Dirks, 1996;
Stein, 1999). In addition, there was a further distinction between so-
called “right hand” and “‘left hand” divisions in at least three of the four
southern states, adding to the complexity of the hierarchy (Srinivas,
2003). Both Brahmins and high-caste non-Brahmins have been excluded
from the occupations of these two caste groups, which included different
kinds of traders and merchants in both agricultural and non-agricultural
occupations. The absence of the warrior castes of the Ksatriyas in partic-
ular resulted in a generally more peaceful and contemplative society, one
reason often cited for the higher political stability of South Indian states
(Stein, 1999).

This considerable emphasis on learning is reflected by the higher
proportion of institutions of tertiary education and a greater presence
of higher education establishments in the South Indian states (D’Costa,
2003). This is particular revealing when taking into account the lower
economic status of these states compared with those of North India
(Chalam, 2000). Generally, mathematics and other pure sciences are said
to confer a high status on people proficient in them, since they are intel-
lectually the most demanding (Krishna et al., 1998).

What is particularly striking is the large number of technical and en-
gineering colleges in the four southern states (D’Costa, 2003). Although
the numbers vary according to the definition of a college used by differ-
ent sources, the figures remain relatively stable. Dossani (1999), for ex-
ample, identifies one of the strengths of the South Indian states as their
technical capacity, with 400 out of 600 technical colleges located here.
Similarly, Arora and Athreye (2002) report that roughly 50 per cent of all
Indian engineering colleges and enrolment as well as 79 per cent of pri-
vately financed colleges are in South India, as against the national aver-
age of 69 per cent (table 9.1).

Arora and Athreye find the latter figures in particular startling and
hypothesise that they might be related to cultural and political factors.
Chalam (2000) more explicitly links this fact to social and cultural move-
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Table 9.1 Number of engineering colleges and enrolment

No. of National share Enrolment National Percent share Share of

engineering in engineering (sanctioned share in of national self-financed
Region colleges colleges capacity) enrolment population colleges
Central 50 7.54% 9,470 6.05% - 52%
East 25 3.77% 4,812 3.07% 25.8% 26%
North (incl. North-west) 140 21.12% 25,449 16.26% 31.3% 42%
West 140 21.12% 34,165 21.83% 19.6% 74%
South (incl. South-west) 308 46.46% 82,597 52.78% 232% 79%
Total 663 100.00% 156,493 100.00% 100.00% 69%

Source: Arora and Athreye (2002).
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ments (see previous section) that tried to break away from the traditional
and superstitious customs in order to arrive at more humanitarian values.

Taken together, the southern part of India seems to exhibit a more in-
tensive regional culture not only of learning, quite literally rather than in
the sense of the regional development literature, but also of innovation
(see chap. 8 in this volume). Apparently, this attitude is a solid founda-
tion for the absorptive capacity necessary to adapt to new technologies
(Lateef, 1997).

4 The Indian ICT industry

This section provides an overview of the Indian software industry. It is
basically a survey of the recent literature in economics and geography
dealing with IT in India. This review could also be described as a sum-
mary of the usual analysis of the success of Bangalore, which will be
supplemented by a cultural explanation later on. This cultural argument
is supported by the findings of previous interview-based studies which are
discussed in this section. It should be highlighted that this argument is
being added to the conventional analysis of the software agglomerations.

4.1 Overview

The Indian ICT industry mainly consists of a broad spectrum of software
development enterprises. It contains the most successful branches of the
services industry in the Indian economy. The growth, particularly of
software exports, has been at an astonishingly high compounded annual
rate of 46 per cent for the last decade (1990/1991 to 1999/2000) (Partha-
sarathi and Joseph, 2002), which is quite respectable with respect to the
same industry in other (developing) countries. It is for this reason that
other emerging economies have tried to replicate the “Indian model”,
similarly to the orientation towards Silicon Valley by industrialised
countries (Arora et al., 2001b). There is a high demand abroad for Indian
support in establishing software technology parks (STPs) on the Indian
model, most of the demand coming from countries of the Asia-Pacific
region such as Hong Kong, Singapore, Korea, and China. This stems
from the fact that, although some scholars describe the involvement of
the Government of India as “benign neglect” (Arora et al., 2001b: 25)
rather than actively stimulating business, it did in fact recognise the im-
portance of supporting the software sector in general, and exports in
particular, as early as 1972 (Parthasarathi and Joseph, 2002) with the ini-
tiation of an export processing zone near Bombay (Bajpai and Shastri,
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1998). Other supportive policies, such as establishing the prestigious In-
dian Institutes of Technology, have been of critical value to the evolution
of the software industry (ibid.). Subsequently, the first STPs were estab-
lished in 1990 (Parthasarathi and Joseph, 2002). But there could be more
policy initiatives, such as encouraging investment by non-resident In-
dians. For example, from 1991 to 1998 India received as foreign direct
investment only about one fourth of the amount China received in 1998
alone (Klein and Palanivel, 2000).

There are some authors who are rather critical of the innovative capa-
bilities of the Indian software industry (ibid.). Their argument is that
the major activities consist of data entry, on-site project work (mostly in
the United States), or others jobs rather low in the value chain (Arora et
al., 2001b). India could excel with these activities as long as there is a cost
advantage. But these activities are being increasingly automated. The
relatively unimportant domestic market is usually identified as the major
shortcoming (Bajpai and Shastri, 1998).

On the other hand, the quality of the software exporting firms is certi-
fied at high levels. Indian firms provided the largest number of ISO 9000
certified companies worldwide in 1998 (ibid.), and more than half of
those certified in 2001 (Arora et al., 2001a: 1283). Moreover, worldwide,
India has the largest number of enterprises certified to Level 5 of the
Carnegie Mellon University’s Software Engineering Institute (SEI) Ca-
pability Maturity Model (CMM) (Bajpai and Shastri, 1998); recently
Wipro Technologies has become the first company to obtain Level 5 both
of the People Capability Maturity Model and of the CMM-SEI (Yue et
al., 2001).

Even if the export performance is overstated, as some argue (Partha-
sarathi and Joseph, 2002), and individually disappointing results lead to
falling share prices, this is in sharp contrast with the rest of the economy.
Since independence more than 50 years ago, the Indian economy has
grown at only 3.5 per cent, the so-called “Hindu Rate of Growth” that
implies ““deep cultural factors” (Bhagwati, 2001).

4.2 Results of interview data

Certainly, there is no doubt about the purely economic factors that have
contributed to the successful evolution of the Indian software industry. It
seems quite obvious, for example, that the liberalisation initiated in the
1980s and accelerated to a certain extent in the first half of the 1990s has
made its contribution. However, regarding the software industry, which
reached a critical size only in the 1990s, one finds that its locations are
relatively unevenly distributed. Basically the industry is clustered in the
three South Indian regions of Bangalore, Hyderabad, and Chennai (for-
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merly Madras), as well as the western Indian cities of Mumbai (formerly
Bombay), Pune and Ahmedabad, and around the capital New Delhi.

Thus the question that is addressed here is why some regions, largely
in the southern (and western) parts of India, are more successful than
their counterparts in the rest of the country. The hypothesis is that, be-
yond economic and geographical aspects, cultural influences come into
play and have a significant impact upon the economy. These cultural in-
fluences are approximated through the variables of the geographical and
social origin of the persons interviewed.

The approach is a very simple, qualitative one looking at the interview
data of previous studies of the Indian software industry. The studies an-
alysed are those of Tschang (2001), Saxenian (1999), Bajpai and Shastri
(1998), and Arora et al. (2001b). No econometrics are employed, though
this should be done in future research. Nor were correlations tested, for
the number and clarity of the data were not entirely satisfactory and only
frequencies based on the variables of location and social and regional
background or origin were calculated. What follows are the first prelimi-
nary results.

All interviewees were key entrepreneurs, managers, or administrative
staff. The information provided in the appendices to these studies is not
uniform, thus the sample sizes are not the same for all distributions.
However, altogether there are more than 200 entries, nearly all of which
mention the name of the interviewee, which is crucial to my findings.

Almost all studies claim to cover the entire software industry and do
not specify a particular regional focus. However, analysing the interview
data of these studies one finds a bias towards South Indian (and, to a
lesser extent, western Indian) locations as the major centres of this in-
dustry. More than 90 per cent of the interview partners came from firms
or authorities in southern or western India (fig. 9.1). Of those, more than
50 per cent were from Bangalore and its surrounding state Karnataka
(fig. 9.2). This finding is supported by Heeks (1998), but is in contrast
with some of the studies asserting that Bangalore is not the centre of the
software industry, but is rather losing its former status as “‘the Silicon
Valley of India” (Arora et al., 2001a: 1272). Presumably, the industry is
still at an early stage in which the distribution of companies varies highly.
Therefore the merit of being the number one location might change be-
tween Bangalore, Bombay, and probably Hyderabad. Of course, there
are the usual explanations of university—industry linkages with the Indian
Institutes of Technology (IITs) and the establishment of software tech-
nology parks close to the IITs, as well as historical circumstances which
led to the initial localisations.

But, if one takes a closer look at the names of the interviewees, there is
another remarkable finding. As shown in the previous section, customary
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Figure 9.1 Regional distribution of interviewees in India.
Source: Based on Bajpai and Shastri (1998), Saxenian (1999), Tschang (2001),
and Arora et al. (2001b).

values and traditions are still adhered to in India, especially in South
India. This phenomenon finds expression in the fact that one can tell the
ethnic and social, but not necessarily the economic, background of many
Indians from their name (Deshpande, 2002). This is done by the use of
anthropological literature and an Oxford dictionary with a supplement of
Indian terms. Although the results seem to be very clear, I must state that
one has to be very careful interpreting these results.

The findings for the interviews show that almost 70 per cent of the in-
terviewees are Brahmins, irrespective of the location within India (fig.
9.3). The ethnic background is slightly more ambiguous, with roughly 50
per cent of the people interviewed being from South India and an addi-
tional quarter from the otherwise underrepresented Hindi heartland in
the Centre/North (fig. 9.4). However, there is again an overrepresen-
tation of the South compared with its share in the national population
(table 9.2).

Tamil Nadu
3%

Maharashtra
29%
\/ Bangalore +
Karnataka
56%

Hyderabad + AP
12%

Figure 9.2 State-wise distribution of interviewees in South and West India
Source: Based on Bajpai and Shastri (1998), Saxenian (1999), Tschang (2001),
and Arora et al. (2001b).
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Figure 9.3 Social background of interviewees in India
Source: Based on Bajpai and Shastri (1998), Saxenian (1999), Tschang (2001),
and Arora et al. (2001b).

Other/n.a.
12% Hindi

West
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Figure 9.4 Ethnicity of interview partners in India
Source: Based on Bajpai and Shastri (1998), Saxenian (1999), Tschang (2001),
and Arora et al. (2001b).

Table 9.2 Ethnicity of interviewees in the Indian software industry and their
share in the national population

Proportion in Percent share Percentage of

the software of national over-/under-
Region of birth industry* population® representation
South India 49 232 +111%
West India 7 19.6 —64%
North India 24 31.3 —23%
East India 8 25.8 —69%
Other 12 - -

a. Own calculations, based on Tschang (2001), Saxenian (1999), Bajpai and
Shastri (1998), and Arora et al. (2001b).
b. From Dossani (2002).
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To summarise, the findings are that the majority of the key people in
the Indian software industry are located in South India, are Brahmins,
and come from a South Indian background in terms of ethnicity or family
affiliation. These findings are supported by the recent study by Saxenian,
Motoyama and Quan (2002), which highlights the importance of South
India as a destination for deliberately planned investments and returns to
their home country by Silicon Valley Indians.

Before I venture into a discussion, I should state once again that the
results should be interpreted with caution because the data are not com-
plete and sometimes not entirely consistent. However, the strength of the
result allows for some provisional interpretations that call for further re-
search in this direction.

The regional distribution seems to be influenced by historical and geo-
graphical factors, at least to a certain extent. Similarly, ethnic background
might simply be due to the same reasons. The historical factors are the
early localisation of science and technology related research and teaching
institutions in Bangalore as an ideal place in terms of climate and infra-
structure to conduct scientific research in sensitive areas such as defence
and electronics. To qualify what has been said earlier, the southern cen-
tres are not the only centres, but they seem to be the dominant ones.
That is, there also are STPs in North India together with successful local
firms and regional offices of South Indian companies.

What is more surprising, however, is the distribution of socio-cultural
and ethnic descent. There have never in Indian history been so many
entrepreneurial and managerial Brahmins as are now seen in the soft-
ware industry. Generally speaking, Brahmins were rather associated with
priestly tasks, government jobs, administration, and landholding. On the
other hand, Brahmins as members of the priestly caste were always con-
nected to various activities related to knowledge, learning, and teaching.
That might explain why they seem to be well suited to knowledge-inten-
sive industries like that of software (Das, 2000; Zingel, 2000). Moreover,
the combination of subjects emphasised by a Brahminical syllabus seems
to be especially apt for software programming, which requires not only
mathematics but also language or grammar. In addition, even though few
Indian software companies produce software products or packages, codi-
fication is still important.'! Most of the firms are engaged in outsourcing
from Western or multinational companies. In order to communicate ef-
fectively between the two corporations involved, a common language
platform is essential. Therefore, at least some work must be done in a
codified manner (Grimaldi and Torrisi, 2001). Here, not only a particular
Brahminical tradition of analytical and methodical thinking comes into
play, but also the way Indian software experts are trained, that is ac-
cording to the International Standards Organization methodology (Nich-
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olson and Sahay, 2001), implying a high degree of codified knowledge.
Vice versa, the software industry is particularly suitable for Brahmins, for
it is an industry where they do not run the risk of pollution, which has
traditionally been a major concern of many Brahmins (Zingel, 2000).

Also unexpected is the relative underrepresentation of Vaishyas. As
stated above, they have always been the entrepreneurial castes of the
Hindu population (Dorin, 2003). Although there have always been other
entrepreneurs (Tripathi, 1992), not even in combination with the Parsis
and Jains do they make up their usual share. While it seems plausible
that there is a high percentage of Brahmins in the industry workforce,
the industry’s leadership also seems to be dominated by South Indian
Brahmins (Fromhold-Eisebith, 2000; Merchant, 2002). This is fascinating
insofar as South Indians as a social group used to be excluded from
the entrepreneurial pool of the Indian business houses (Kapur and
Ramamurti, 2001).

This also leaves unexplained why so few northern Indians act as entre-
preneurs in the relatively young software industry. It could be assumed
that they have been lured to the southern regions by high profits. An-
other explanation lies in the attitude of the traditional merchants and
trader class towards risk and quick profits. They often prefer the latter
and avoid taking risks, thus forgoing higher profits in the longer term
(Frederking, 2002). But probably there are entrepreneurs in the North
who were just missed by the interviewers.

Apart from the association with knowledge and learning, there is
another, socio-cultural factor that might explain the dominance of
Brahmins in the South. As indicated in the previous section, this factor
is ambiguous. Not being an indigenously Aryan-speaking people, South
Indians were fiercely opposed to the Brahmin domination of the North.
It has been argued that the non-Brahmin society was relatively homo-
geneous, which might partly explain why in South India the two middle
varnas were absent. This absence in turn could have led to an even more
dominant position of the Brahmins in the southern parts of India, which
dominance was then compounded by land ownership and political power
(Dirks, 1996). The contradiction regarding industries such as software
lies with South Indian society apparently being more egalitarian in terms
of traditionally opening knowledge to broader sections of the population,
as witnessed by a higher proliferation of education institutions in modern
times. But this could eventually have become dominated by the political
power of the dominant castes. Deshpande (2000) calls a cumulative ad-
vantage the fact that the upper castes today are in such a strong position
that, in order to retain their privilege, they no longer need the customary
inheritance of status (see also Nafziger, 1975). Such a dominant position
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in administration could have been used in order to ensure a more than
proportionate share of Brahmins in high schools and universities. It
would be worthwhile undertaking some more research analysing the
networks of the IT industry that have been built through the educational
system.

5 Conclusion

This chapter has looked at the success of Indians in the global IT industry
from a new perspective. The view taken here suggests that, beyond the
economic and geographical factors that have been extensively discussed
elsewhere, cultural aspects play an important role. An attempt has been
made to operationalise culture through a pair of variables. These vari-
ables are caste, in the sense of varna as an aggregation of occupationally
inherited jatis, and ethnicity. In spite of the shortcomings such an aggre-
gation inherently possesses, there is some evidence that within India the
traditionally assigned occupations are losing their importance. Neverthe-
less, caste continues to play its part in the society, primarily in politics. To
a certain extent, the second variable, ethnicity, is correlated with the first,
although through aggregation much of this connection is lost. This stems
from the fact that the regional variations within the system of jatis are not
reflected through varna. However, interpreting the two varnas most
featured in the interview data, the Brahmins broadly as priestly and
knowledgeable and the Vaishyas as those occupied with commerce and
business, displays a socially powerful result. The once dominant group of
entrepreneurs has not retained its customary share in business in the
evolving software industry, which is now largely controlled by Brahmins.
This statement needs to be qualified for the small sample size and some
incompleteness of data in a few cases. Also, there might be an ex-post
selection bias stemming from the concentration on the most successful
firms in the industry in the South, overlooking social and cultural changes
taking place in other regions. However, the results indicate a worthwhile
direction for further research.

Summarising, it can be said the rise of the software industry in South
India stems from the combination of a broad human capital base and the
geo-physical circumstances, at least in the case of Bangalore, stimulating
government policies, which to a certain degree have been unintentional,
and the involvement of non-resident Indians. But most of all, the rise of
the industry appears to be the result of the generally more hospitable at-
titude towards education and learning in South India and the eventual
development of an infrastructure in (higher) education. Also the soft-
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ware industry seems to be clearly dominated by South Indian Brahmins,
which, in turn, may explain the spatial concentration of this industry.
Moreover, the geographical origin of migrants seems to play another im-
portant role, since most of the flows through the transnational networks
are directed towards South India, which might become a positive feed-
back process thereby increasing the regional concentration of the Indian
software industry. This process seems to be already well under way, pro-
viding in particular Bangalore, and to a lesser extent Hyderabad, with the
competitive advantage for research-intensive industries in a knowledge
economy.

As already mentioned, this chapter is the first rather theoretical part of
a larger project analysing the effect of socio-cultural influences on the
evolution of the Indian software industry. Further research will be under-
taken to assess the impact of social networks among the South Indian
communities in the software industry both within India and abroad. We
have already interviewed managers of Indian software firms in Frankfurt
and found only limited evidence of networks and collaboration, probably
due to the primarily marketing functions of these offices. It is planned to
conduct semi-structured interviews with company executives as well as
university faculty members in Bangalore at the end of 2003. The result is
expected to indicate a process of social networking starting at university
or college level, thereby supporting the cultural influence argument.
These networks are thought to encourage entrepreneurship by both
faculty members and the employees of larger, often multinational, com-
panies through mutual support and cooperation. Hence innovation in the
IT industry would occur to a large extent at the research level. If this
holds true it would not be surprising that the Indian software industry is
concentrated in South India, since the number of education institutions
is much higher there. However, this would implicitly stress that software
is primarily a people-centred business and, again, place relatively little
emphasis on other ‘“hard” locational factors.

Notes

This is a revised version of a presentation delivered at the United Nations University—
Institute for New Technologies, Maastricht, the Netherlands. Earlier versions of this paper
have been presented at conferences at New School University, New York, and the Center
for International Development at Harvard University, Cambridge (Mass.), and the Euro-
pean Summer School on Industrial Dynamics at Carghese. I would like to thank all the
participants in these conferences, in particular Peter Knorringa, Sunil Mani, Lynn Mytelka,
Rajah Rasiah, and Henny Romijn; Alberto Araoz, B. Bowonder, Uma Chandru, and Smita
Srinivas; and Paul David and Dominique Foray, for helpful comments. All remaining errors
are, of course, solely my responsibility.
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10.

11.

. Gupta mentions a taxonomy collected as early as 1952 which gives 164 definitions of

culture; presumably there is a multiple of this number today (Gupta, 1994: 2).

. Grondona has a typology of 21 factors.
. Dumont (1980) regards the fact that nobody is excluded from the societal structure,

contrary to (medieval) Western class conceptions, as the most outstanding feature of the
caste system.

. M. N. Srinivas (1978) mentions an earlier “calculation” by Ghurye “that there are 2000

subcastes (jatis) in every linguistic area”. Chapham (1993) even speaks of 3,000 sub-
castes for the major groups, and of 90,000 endogamous marriage groups.

. “Ever since Max Weber’s analysis of Indian society, many Western (and Indian) social

scientists have interpreted social institutions such as caste and the extended family as
oppressive, in the sense of hindering the growth of such personality traits as ‘inde-
pendence’, ‘initiative’, ‘persistence’ and ‘achievement motivation’ in the individual”
(Kakar, 1981: 10).

. Warner (1970) defends Weber’s ideas against critics such as Morris (1967) who argue in

favour of a secularly oriented mentality that is also responsive to many forms of
incentives as offered, for instance, by the market mechanism. The latter view is based
partly on studies of industrial entrepreneurs in western India. See the discussion in
Subrahmanyam (1996) and the chapter by Singh (1989) on ‘Relevance of Max Weber
for the Understanding of Indian reality”’. The conclusion is that, in spite of many inter-
pretations that have mistaken Indian reality, in terms of sociological methodology,
Weber’s approach can still be regarded as extremely useful. Accordingly, Weber’s idea
of “interpretative understanding” as part of his methodology is especially valuable for
Indian sociologists, despite his misplaced emphasis on the meaningfulness of cultural
factors.

. Thanks are due to Prof. Burkhard Schnepel, now of the Institute for Social Anthropol-

ogy, Martin Luther-University, Halle, for this remark commenting on an observation
made during several field studies in India.

. This aspect was emphasised by Mahatma Gandhi, who considered varnadharma as the

most important and attached to it the importance of the group as opposed to the indi-
vidual and the primacy of duties over rights (see Béteille, 1996: 160).

. See Nafziger (1977, 1986, 1994) for economic studies conducted in the southern state of

Andhra Pradesh; Rutten (1999, 2000) for a sociological perspective on the western state
of Gujarat; and Reiniche (1996) for an anthropological field study of a merchant caste in
South Indian Tamil Nadu.

Stein (1999) points out that there is no evidence for such an invasion or migration of
substantial dimensions.

I would like to thank Sunil Mani and Rajah Rasiah for clarifying my understanding of
the importance of codification in the software industry.
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