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THE MANAGEMENT OF TECHNOLOGICAL CHANGE

PREFACE

Commonwealth Heads of Government, at their meeting in New
Delhi in 1983, endorsed a recommendation from Commonwealth
Employment and Labour Ministers that a Commonwealth Working
Group be set up to examine member countries' experience in
managing technological change. The Group, which was chaired by
Prof .M.G.K. Menon of India, submitted its report, "Technological
Change: Enhancing the Benefits', to Commonwealth Governments in
August 1985. It was made available to the wider international
community during the following month, and considered at the
Commonwealth Heads of Government Meeting in The Bahamas in
October.

The Commonwealth Secretariat, in servicing the Group,
commissioned reports and provided other documentation to help its
members to fulfil their task. The Group duly examined the impact
of adopting new technologies, particularly microelectronics, on
the economies of Commonwealth countries, identified policies to
facilitate adjustment to those technologies, and suggested
arrangements for sharing Commonwealth experience to enable member
countries to derive maximum benefits from new technologies.

In view of the interest in the Group's Report, it has
been decided to make a selection of the background papers done
for its members available to the general public.

Chapter I contains a report on "The Impact and Policy
Implications of Microelectronics'" by Kurt Hoffman of the Science
Policy Research Unit, University of Sussex. Mr.Hoffman, who has
written extensively on this subject, first surveys developments
in microelectronics and considers their national and international
impacts; he then reviews the nature and orientation of existing
policy mechanisms towards microelectronics, and finally suggests
some policy options in this respect which are available to
countries at different stages of economic development. The study
is directed towards the developing countries, but it necessarily
draws heavily on the experience of the advanced industrial
economies. Particular attention is drawn to the pervasive effects
of microelectronics technology on every country's economy and
society. In some areas of this technology Mr.Hoffman foresees
considerable difficulties for developing countries; but in others
there seem to be great opportunities. Even the present situation
is in many respects unclear,however, and in a technology as
dynamic as microelectronics, the future is very much an unknown
quantity. Only one thing seems certain: that microelectronics
technology has the potential to alter the lifestyle of all mankind,
for better or for worse.



In Chapter II, N.P. Singh concentrates on the insti-
tutional framework and policy development process of technology
policy formulation in developing countries. Mr.Singh, who as
Secretary to the Technology Policy Implementation Committee of the
Government of India is writing in a personal capacity, first
surveys the present position of technology policies in a selection
of Commonwealth developing countries, reviewing and then assessing
these countries' policy objectives, criteria and institutional
framework. The second part of his report makes suggestions for
future improvements, not only in technology policies but also in
related economic, social and environmental policies and in other
measures.

In Chapter III, John Evans of the European Trade Union
Institute, Brussels discusses employment and labour questions.
The first part of Mr.Evans' paper examines the impact of tech-
nological change on employment - on its level, quality and nature,
including such aspects as health and safety at the workplace; the
second part considers agreements for negotiating technological
change, reviewing the various interests involved and practical
experiences gained, and suggesting the modalities of a model
agreement.

Technology selection is vital to economic and social
development, and in Chapter IV,James Pickett, Director of the
David Livingstone Institute of the University of Strathclyde,
examines some of the elements involved in the choice of indus-
trial techniques in developing countries. Prof.Pickett sets out
to consider whether the range of existing industrial techniques
is sufficiently large and dense to enable optimal choices to be
made, and in so doing discusses some aspects of the policies
needed to enhance technical progress. An addendum considers the
consequences of improved choice and of emerging techniques.

Chapter V also relates to the choice of industrial
technologies, but this time looked at more from the standpoint of
an aid agency. Written by a member of staff of the Industrial
Development Unit (IDU) of the Commonwealth Fund for Technical
Cooperation, the note first provides some background on the role
of technology transfer in IDU-assisted projects. It then con-
siders the criteria for selecting technologies for commercial
projects in developing countries and the importance of enhancing
these countries' scientific and technological capabilities.
There follows a brief review of trends in world industry and of
their implications for developing countries' technology. A
concluding section details three cases of IDU assistance in the
provision of advanced technology.

The final chapter concerns biotechnology and the third
world. Written by R.N. Azad when he was Assistant Director of
the Food Production and Rural Development Division of the
Commonwealth Secretariat, the paper first surveys the areas of
potential application of biotechnology, and its economic and
social aspects. This is followed by consideration of the
potential for biotechnology in developing countries and some of
the policy issues involved. 1In a concluding passage Dr.Azad



emphasises the vast potential that biotechnology holds for
developing countries, and puts in a plea for greater international
support to realise this potential.

On behalf of the Secretariat and the Commonwealth Working
Group I would like to express my gratitude to the authors for
their willing response to requests to write papers and for the
useful contribution this effort made to the analyses and
recommendations contained in the Group's Report.

It should be noted that the views expressed in the papers
are those of the authors and do not necessarily reflect those of
members of the Working Group, the Commonwealth Secretariat or
Commonwealth Governments.

B. Persaud
Director and Head,
Economic Affairs Division
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INTRODUCTION

It is by now a common observation that microelectronics technology has the
potential to transform the products we consume, the way in which they are produced
and indeed the whole framework of social relations within society and between
countries. This dramatic view receives strong support from developments that have
already taken place primarily within the advanced industrial economies over the last
five to eight years. In those sectors where the use of microelectronics is most
advanced, the rate of change in product and process technology has been particularly
striking. Numerous entirely new products and devices have been developed and
marketed. A wide range of enterprises offering a variety of computer and
microelectronics related services have seemingly blossomed overnight and grown at
phenomenal rates. At the same time, the characteristics of many existing goods have
been measurably enhanced and often completely transformed by the incorporation of
the technology. The production process in a number of established industries has
been fundamentally and dramatically altered, as have the composition and skill
profiles required of the work force.

Given the well publicized nature of these changes, it is perhaps not surprising
that the advent of microelectronics has provoked a deal of discussion and debate.
Much of this has centered on the possible impacts that the widespread use of
microelectronics would have on the functioning of society and the structure of the
world economy. Many views have been put forward regarding the scale and character
of these effects. For some, the assessment is one of enthusiastic optimism which
sees the use of microelectronics bringing many benefits in the guise of new jobs,
the elimination of dangerous and alienating occupations, and a greatly increased
amount of leisure time. This argument is countered by those who offer a more
pessimistic vision which foresees the spectre of mass unemployment and social
crisis, particularly if new labour displacing systems are introduced without the
consent or participation of the work force.

At the international level, there has been concern and speculation about the
possible effects on competitive advantage and the international ranking of the
developed countries. One prevalent line of argument has been that the failure or
inability of a country to adopt microelectronics-related innovations (MRIs) could
result in the loss of international and domestic market shares to foreign
competitors who have successfully exploited the potential of the new technology.
Opponents of this perception contend that the international rate of diffusion of the
technology in many sectors will be slower than forecast even among the most advanced
industrial economies. The longer lead times foreseen would therefore allow a
competitive response to develop. This in turn would facilitate structural
adjustments even in the weaker economies which would absorb the displaced labour
without significant disruption to society.

These debates over the future developments in the advanced industrial countries
are still unresolved. However, broad trends can already be identified and most
governments have introduced a wide range of policies to encourage further
development and diffusion of microelectronics and information technologies.
Nevertheless, much uncertainty about long term trend effects remains; the one thing
that does appear certain is that information technologies will be a central feature
of the future in the industrialized world - whether these futures be bleak or
bountiful.

Much less is known and understood about the implications of microelectronics for
the countries of the Third World. Some, particularly the newly industrializing
countries (NICs) in Asia, have benefited enormously from the rapid growth in the
role of electronics in the world economy. For many other countries however the
opportunities and challenges posed by information technology are only beginning to
manifest themselves. Once again there has been a good deal of speculation. Some see
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in microelectronics and its application the opportunity for the Third World to take
a technological "leapfrog" over the long standing problems which have so far
constrained their development efforts.

Other observers are more apprehensive. They see the technological gap between
the First and Third World irrevocably widening. Central among these concerns is
that automation in the North will undercut the Third World's ability to compete in
international markets. More fundamentally, an open embrace of information
technology by the Third World in the absence of sensible policies to ensure the
appropriate level of its introduction and to mitigate any negative impacts that
would arise is seen by a number of analysts as 1ikely to have little or no
beneficial effect on the development process.

Both points of view are still highly speculative. The small body of empirical
studies which address Third World issues almost reassuringly contradict these
hypotheses as often as they confirm them. In this situation the need for caution is
clear. But given the pervasive potential of microelectronics, the rapid pace of
developments and the deep integration of many countries into the world economy,
there is little question that the technology will both directly and indirectly
affect the Third World. Consequently, the developing countries and the development
community at large need to address the wide range of issues raised by
microelectronics as comprehensively as possible.

This monograph was commissioned by the Commonwealth Secretariat as an input to
jts Working Group on the Management of Technological Change. The first part sets
out to describe and delineate the areas of application of microelectronics. Under
this heading we have included developments in both the electronics sector and in the
industrial and service sectors. These areas are covered separately in Chapters 1
and 2. In Chapter 3 we move on to consider the national and international impacts
of the technology. The material in this chapter has been organized to bring out the
implications most directly relevant to developing countries. In Chapter 4 the
nature and orientation of existing policy mechanisms are reviewed. In the case of
the developed countries and some of the more advanced developing countries, policies
relating to microelectronics are well developed. For most of the Third World
countries however, technology policies in general are not well articulated and the
specific challenges of the new technologies are rarely addressed. In Chapter 5 we
put forward some broad suggestions regarding the policy options open to economies at
different stages of development. Once again we will distinguish between policies
relating to the electronics sector and those concerned more broadly with the
industrial sector.

There are a number of specific features of the monograph which should be noted
here. First, we have generally oriented our discussions towards developments and
implications of relevance to the developing countries. Second, in doing this we
have however relied heavily on material drawn from the experience of the developed
economies. In part this is necessary because most of the available information
deals with these countries. However, it is also the case that developments related
to microelectronics are furthest advanced in the developed economies. Developing
countries will, therefore, be most directly affected by the character of the changes
taking place there and by the rate at which these changes occur.

Finally, the particular characteristics of microelectronics technology mean that
its effects are extremely pervasive not only in terms of the range of sectors,
products and processes being affected but also because these are occurring on
multiple levels. It is simply not possible in a short report to deal
comprehensively with all of the dimensions. Therefore, we have been deliberately
selective rather than comprehensive, while trying to concentrate on what we believe
are the most important policy issues confronting developing countries.
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CHAPTER 1

MICROELECTRONICS AND THE ELECTRONICS COMPLEX:
KEYS TO THE TECHNOLOGICAL REVOLUTION AND MAIN CARRIERS
IN THE THIRD WORLD

In this chapter our central concern is with the key technical and economic
characteristics of microelectronics technology and with the application of the
technology within the electronics complex.(1l) We believe the electronics complex
and its products will be the most important “"carrier" of the impact of
microelectronics on the Third World in the short to medium term; there are many
reasons for this. It is in the electronics complex where the greatest opportunities
have opened up for developing countries to enter into new markets. The diffusion of
electronics products, particularly consumer electronics, is already affecting
consumption patterns in even the poorest countries. One particular product, the
microcomputer, offers enormous scope for immediate applications which could yield
substantial social benefits. It is also in the electronics complex where technical
change in the North is already affecting the low wage based competitive advantage of
a large number of developing country exporters.

Finally, the pervasive character of microelectronics means that the electronics
sector will increasingly come to play a role in economic development akin to that
attributed to the capital goods industry. Like capital goods, the products of the
sector will be a driving force for technical change in user industries and hence for
capital accumulation in the economy. More importantly, electronics related skills
will have wide applicability throughout the economy, both in relation to
facilitating the appropriate choice of (increasingly electronics intensive)
technologies and towards allowing the economy first to adapt imported techniques to
Tocal conditions, and eventually to develop indigenous technologies.

In section 1, we describe briefly the historical evolution of the electronics
industry and the most important features of the "microelectronics revolution" which
give the technology such a wide scope of application. In sections 3 - 6 we try to
capture the most important trends resulting from the applications of
microelectronics in the electronics complex by focussing in detail on developments
in consumer electronics, in computers and in software.

Section 2: Evolution of Microelectronics and its Role as a Heartland Technology

The historical antecedents of microelectronics technology and the electronics
industry date back to the discovery of electricity at the end of the 19th century.
Continually since then, the electrical industry has remained one of the principal
sources of technological innovation in the advanced industrial economies. Soete and
Dosi (1983) show how technical change in power generating equipment and electrical
components led to the emergence of a "cluster" of new industries involved in the
development and production of capital equipment, transmission and control systems,
and a wide range of new electricity-based consumer durables such as lamps, radios,
refrigerators etc. The high rate of innovation associated with the emergence of
this "cluster" of new industries was accompanied by rapid growth in demand due to
the substitution of electricity for steam power, rising electricity requirements per
unit of output as production mechanization increased, the development of an
electricity grid and a change in the composition of the "consumption basket" towards
electricity based commodities.
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The extensive interaction of technical change and demand stimulated far reaching
structural changes in the industrial sector, substantial improvements in factor
productivity and associated rises in real wages and rates of profit, and a
fundamental alteration of social relations of production.(2) The generally upwards
trend in economic growth (i.e. in demand, investment, output, trade and consumption)
which characterized the period between 1900 and 1930 rested in a large part on the
stimulus provided by the electrical industry and demand for its products - although
similar processes were at work in other sectors such as chemicals. In the period
since World War II, the structure and output of the electrical industry was itself
transformed by the development of electronics technology and the semi-conductor
based transistor. Freeman et al (1982) show how (in a process similar to that
described above) rapid technical change in semi-conductor technology stimulated
successive rounds of product and process innovation in user industries which in turn
partly underlay the virtuous cycle of growth and expansion in countries in the OECD
during the 1950s, 1960s and early 1970s.

Understanding the complex way in which technical change interacts with economic
and social variables is crucial to our assessment of future trends related to
microelectronics and we shall return to the topic in Chapter 3. Here we wish
primarily to draw attention to the central features of the process of technical
change sparked off by the development of semi-conductor technology and the
electronic processing of information. The first point to note is that the evolution
of the electronics industry since 1951 (when Bell Labs first developed the point
contact transistor) has been marked by an exceedingly rapid rate of product and
process innovation. This is shown in Table 1.1 which details some of the major
semi-conductor product and process innovations developed between 1951 and 1978,

JABLE 1.1

Key Innovations in the Semiconductor Industry

A Product Innovations

Innovation Firm First
Production

Point contact transistor Western Electric 1951
Integrated circuit Texas Instruments/Fairchild 1960-61
Light-emitting diode Texas Instruments 1964
MOS integrated circuit General Microelectronics/

General Instruments 1965
Magnetic bubble memory Western Electric (1968-77)
CMOS IC RCA 1968
Schottky TTL Texas Instruments 1968-70
1-K MOS RAM Intel/AMS 1969
Microprocessor Intel 1971-72
Uncommitted logic arrays Ferranti 1973-74
1 transistor cell dynamic RAM (1 K bits) Intel/Mostek/Ti 1974
16-K MOS RAM Intel/Mostek 1976
Micro computer (8048) Intel 1977
64-K RAM Fujitsu 1978
B  Process Innovations
Innovation Firm Date of

Introduction

Single crystal growing
Oxide masking and diffusion
Planar process

Beam lead

Ion implantation

Schottky junction
Integrated injection logic
Plasma etching

Deep ultra-violet photolithography

Western Electric

Western Electric

Fairchild

Western Electric

Mostek

TI

Philips

Standard Telecom Labs (UK)
Perkin-Eimer

1950
1950
1960
1964
1970
1970
1973
1974
1977

Source: adapted from Soete and Dosi (1983)
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Though more recent innovations have not been included (because of the time lag
necessary to judge their importance), there is 1ittle doubt that the pace of change
will remain high for many years to come. (3)

The development of the microprocessor by Intel in 1971, though following the
trends of component miniaturization and reduced unit costs established earlier,
represented a major technical and economic advance over the transistors and
integrated circuits of the 1950s and 1960s. For the first time it was possible to
incorporate all of the elements of a computer on a single chip. Since 1971, the
dominant technical trend in microelectronics has been the rapid, continuous
reduction in circuit size and a corresponding increase in chip density.(4) The most
important economic implication of this trend has been a dramatic decline in the unit
costs of performance as measured by the amount of information that can be processed
or stored on a chip. This crucial trend is demonstrated in Figure 1.1 which shows
the decline in units costs for random access memories (RAMs) between 1971 and 1985,
As the figure shows, the annual 35 per cent reduction in unit costs that has
actually been achieved far exceeded the original estimates made by Noyce in his well
known 1977 article in Scientific American.

Figure 1.1: Trends in Semiconductor Memory Cost per bit
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Source: Soete and Dosi, 1983

Declining unit prices have led to continually rising demand for semi-conductor
devices as the scope for applications grows ever greater in both the electronics
complex and the industrial sector. This is demonstrated by Table 1.2 which shows
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that the world market for semi-conductors has been growing faster than that for
electronics as a whole. This trend is expected to continue well into the future.

TABLE 1.2

Value Share of Semiconductor sales in Electronic Equipment, 1970-1990
(US$ billions)

World World Semiconductor
Year electronics semiconductor share of value
market consumption (per cent)
1970 50 2.2 5.8
1980 200 14.0 7.5
1985 380 35.0 9.0
1990 750 80.0 11.0

Source: adapted from O'Connor (1985)

The trends in unit costs and sales volume are indeed impressive. Yet they fail
to capture three other key technical characteristics of microelectronics. First,
due to its reliance on digital logic, microelectronics is essentially an information
processsing technology. The information processing function is critical in all
production processes, in all service activities and in many products.
Microelectronics devices are therefore applicable in any situation where information
processing is required - and most importantly the common use of digital devices will
create a universal language for information processing and transmission.

Second the devices are programmable and therefore a single chip design can be
adapted to a myriad array of different applications. This allows for important
scale economies to be gained by producers. From the users point of view this
feature means that programmes can be set which respond to in-situ changes in
operating parameters and allow the system to follow an optimal path under varying
conditions.

Thirdly and most importantly, are the implications of increasing chip density.
This means that there has been a continuous rise in the amount of information that
can be handled by the devices and a simultaneous reduction in the time required to
do this by several orders of magnitude. As a result simply in terms of
straight-forward quantitative improvements in cost-effectiveness, microelectronic
devices will be economically superior to other information processing systems. In
addition this characteristic facilitates the increasing convergence of previously
separate activities and previous separate industries producing these products. It
also allows the "real-time" handling of complex information sets and has proved
crucial in the development of highly sophisticated process control systems and
automation technologies such as computer-aided-design systems.

The collective importance of these technical features for user industries and
for the economy as a whole is dramatic and indeed “"revolutionary" in the fullest
sense of the word. Microelectronics technology is imbued with a set of capabilities
which simply did not exist in previous vintages of electronics. As a result, vast
possibilities are opened up for the development of entirely new products, processes,



18

services and even industries. Secondly, the considerable improvements in unit costs
and in performance documented above constitute an extremely powerful set of economic
incentives which virtually compel the substitution of microelectronics based systems
for earlier vintages of information processing technology in existing systems and
products. As we shall see below, both of these effects have had a very significant
impact on the electronics complex itself, which as yet is the main user of the
technology. More importantly, however, both the new product effect and the
substitution effect extend well beyond electronics industries to include virtually
every segment of the industrial and service sectors, as well as the agricultural
industry.

It is this process of rapid change in the core technology itself (i.e.
microelectronics) combined with the spread of the technology throughout the economy
which is the phenomena at the heart of the "microelectronics revolution" (Soete and
Dosi, 1983). It confers upon the technology a generic and pervasive character which
gives it wide applicability across sectors. The economic gains associated with the
use of the technology and the multitude of new product opportunities generates
rising demand and new profitable investment opportunities. These in turn can lead
to increased demands for capital equipment, services and employment needs. Finally,
the diffusion of the technology creates a set of technological imbalances within the
economy which themselves stimulate further rounds of technical change, investment
and employment creation. Microelectronics therefore possesses all the
characteristics of what Freeman (1979) calls "heartland" technologies, and, like the
earlier similar heartland technologies of steampower, electricity and the internal
combustion engine, it possesses the ability to revolutionize not only the economy
but the very nature of society.

Trends and applications in the electronics complex

In the next three sections we try to give a broad overview of the most important
developments that the advent of microelectronics has caused within the electronics
complex. In so doing we have chosen to do more than just tick off the enormous
variety of areas where the technology has been applied. These developments are
important of course but they depict only one part of the story. We believe a
broader view is necessary since the formulation of policy in this field must take
into account not only applications (and market opportunities) but also trends in
technical change, the structure of the sector and the nature of competition, the
strategies of the leading actors, and the barriers to entry which are developing.

Before begining our more detailed analysis we want to make a few broad
contextual comments. The first is to simply point out that the electronics complex
is well on the way to becoming the single most important sector in the world
economy. The sheer size of the sector can be seen from Table 1.3 and by the fact
that by 1984 (if not earlier) the collective output of the electronics sector was
already equivalent to that of the world's steel industry. Despite the continued
presence of recessionary pressures in the world economy the industry is expected to
continue to expand at or above historical trends, with specific segments growing
much quicker.

Second, one of the most important features of the expansion of the electronics
industry has been the prominent role played by the Third World as exporters of
electronics products. Initially brought into the international division of labour
in the industry as a result of the efforts of transnational corporations (TNCs) to
reduce labour costs, national firms have begun to figure prominently, particularly
in sectors such as consumer electronics where they have established an
internationally competitive mass production capability. This is shown by Table 1.4,
where the annual growth rate of Third World exports in seven categories of
electronics products exceeded that of world exports by more than two and sometimes
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TABLE 1.3

World Electronics Production
(US$ bilTions)

1965 1970 1975 1977 1981 1985 1991
ACtua] seseee EStimate ee0c0.
38 58 84 108 150-368* 230-560* 845*

Sources: World Bank (1980)
* Mackintosh (1980)

TABLE 1.4
Third World Exports of Electronics Products, 1967-1980

1967 1973 1978 1980 % annual
SITC Class Value % of Value % of Value % of Value % of growth rate
{revised) (3000) world ($000) world ($000) world (3000) world 1970-1980
729 - Electrical
machinery, n.e.s. 72,101 2.25 760,774 6.94 2,918,509 10.34 4,930,872 12.68 34.2
724 - Telecom-
munications
equipment 64,954 2.36 631,082 6.78 2,661,124 11.47 5,444,515 17.83 33.5
714 - Office
machines 30,011 1.31 330,299 4.38 720,959 4.23 1,238,343 4.26 28.7
722 - Electrical
power, switchgear 20,769 0.88 145,100 2.10 683,734 3.60 1,536,330 6.02 37.7
891 - Sound
recorders,
producers 8,811 0.93 111,661 3.60 543,938 7.85 960,083 8.76 42.8
861 - Instruments,
apparatus 16,487 0.75 183,268 2.99 482,059 3.29 850,341 4.10 35.4
726 - Electro-
medical, x-ray 395 0.20 4,820 0.73 6,525 0.3 12,887 0.43 33.3
Total Electronic 213,528 2,167,004 8,016,848 14,973,371

Source: adapted from O'Connor (1983)
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three times. The gains in SITC 729 (electrical machinery electronic components) and
SITC 724 (telecommunications equipment) are particularly notable because of the size
of market share and the greater technological complexities of some of these products
compared to the other categories.

Third, as is well known, a few developing countries have accounted for the great
majority of Third World electronics exports. Most important have been the NICs in
Asia, particularly Hong Kong, Singapore and South Korea, which are exceptionally
strong in virtually every product category. Five other countries form the "second
tier" of Third World electronics exporters - Taiwan, Malaysia and the Philippines in
Asia, and Mexico and Brazil in Latin America. The high degree of concentration of
export share enjoyed by these countries is reflected in Table 1.5 which shows the
four developing country leading exporters of telecommunications and electronics
components to the US between 1967 and 1980.

TABLE 1.5

Share of Developing World Export of Telecommunication Equipment and Electrical
Wachinery from Selected Developing Countries, 1967-1980

Telecommunications Electrical Machinery
% of % of
developing developing
world world
1967 1967
Hong Kong 75.80 Hong Kong 66.30
Singapore 5.54 Singapore 11.70
Mexico 5.35 Brazil 4.68
Korea 3.61 Korea 4.32
90.30 87.00
1973 1973
Hong Kong 42.85 Singapore 31.51
Singapore 16.02 Hong Kong 28.33
Mexico 13.30 Korea 26.88
Korea 12.63 Brazil 3.02
84.80 89.74
1978 1978
Korea 22.98 Singapore 31.53
Hong Kong 20.74 Malaysia 19.03
Singapore 17.59 Korea 16.67
Brazil 4.94 Hong Kong 9.06
66.25 76.29
1980 1980
Singapore 23.13 Singapore 28.97
Korea 17.3 Malaysia 22.05
Hong Kong 16.86 Korea 14.13
Brazil 2.74 Hong Kong 8.24
60.04 73.39

Source: adapted from 0'Connor (1983)

Despite the strength of this small group of exporters a number of other developing
countries have also managed to achieve a considerable rate of growth of exports in
specific product categories, even though they still account for a small share of
total exports. Table 1.6 reflects this trend.
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TABLE 1.6
Exports of Electronics from Selected Developing Countries, 1967-1979
T0S%,000)
Average Average Average
1967 1973 1979 growth rate growth rate growth rate
Total Electronics (1967-1979) (1967-1973) (1973-1979)
1 Singapore 7125 217974 2136595 60.85 76.85 46.29
2 Korea 5419 325612 1581234 60.48 97.91 30.13
3 Hong Kong 73658 392387 1205769 26.23 32.15 20.58
4 Malaysia 192 9357 963760 103.42 91.12 116.51
5 Brazil 11594 86048 306328 31.37 39.66 23.57
6 Thailand 9 775 148627 124.64 110.14 140.14
7 Argentina 13553 42577 72173 14.96 21.02 9.19
8 Philippines 0 568 27831 - - 91.29
9 Kuwait 0 8316 62880 - - 40.10
10 Indonesia 0 0 82492 - - -
11 India 2004 14812 28425 24.73 39.57 11.48
12 Mexico 5269 154153 27317 14.70 75.54 -25.05
13 Barbados 1 1094 5340 104.47 221.00 30.24

Source: adapted from 0'Connor (1983)

There are of course many other features of the structure and orientation of the
electronics industry which are important from a broad policy perspective. One is
the obvious fact that TNCs play a major role in a number of sectors as components
and consumer electronics and their strategies and actions need to be taken account
of. Another factor is that some of the products where the Third Worlid has become a
successful exporter are low technology products whose manufacture entails only
1imited local linkages. Employment in some cases is not growing nearly as fast as
exports in spite of the emphasis this is given by many countries, though it is
important to note that electronics sector employment has frequently grown much more
quickly than employment in other sectors in the past. Finally, international
competitiveness is increasingly determined by factors other than low wages, thus
posing considerable barriers for entry to new entrants. We try to illustrate these
points and others in the sections that follow.

Section 3: Consumer Electronics

Developments in the consumer electronics sector provide some very good examples
of trends which are common throughout the electronics complex. The first trend has
been the tremendous proliferation of new products based on microelectronics. This
is demonstrated in Figure 1.2. Burgeoning demand for these new products has
stimulated the renovation and resurgence of what had been a mature industry. For
instance, in the US sales for all consumer electronics products were $16.1 billion
in 1982, $20.1 billion in 1983 and an estimated $22.7 billion in 1984 - a 41 per
cent increase over three years. Although the European market is not really as
buoyant overall as the US, certain segments are growing rapidly, such as video tape
recorders (VTRs) where unit sales will grow from 5.6 million in 1983 to 6.6 million
in 1985 (Electronics Week 1984).

The second feature to note is that the unit cost, content and function of many
consumer electronics products have changed dramatically due to technical changes in
microelectronics. In the case of electronic calculators, unit prices have decreased
from $170.00 in 1965 for a business calculator relying on discrete components, to
less than $5.00 in 1980 for calculators using large-scale integrated (LSI) circuits.
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This has occurred at the same time that the range of functions has increased
enormously (Rada, 1983). This same trend has also emerged in the case of colour TV
sets. Mackintosh (1984) shows how as the consumer price index rose by 125 per cent
over the 1975-1982 period, the price index for colour TVs actually dropped by 10 per
cent. The number of components has also been reduced dramatically. For the new
generation of digital colour TVs, five very large-scale integraters (VSLI) and three
peripheral chips have replaced 25 integrated circuits, 20 transistors and 350 other
conventional components. The TV is also in the process of being transformed from a
passive entertainment device into a multipurpose component of an interactive
information system. Not only will the new generation of colour TVs receive
transmissions in different standards (i.e. PAL or SECAM) without a decoder, they
will have the capacity to be Tinked into a wide variety of compatible devices, as
shown by Figure 1.3.

This transformation of the colour TV from a discrete product to a component of
an integrated system is paralleled by similar developments elsewhere. Take the case
of the electronic cash register. The substitution of electronic components for
electromechanical components converts cash registers from mere adding machines to
interactive data entry terminals capable of providing an extremely wide range of
services via a network of interconnected information systems - the detailed
monitoring of transaction patterns for in-house store management for inventory
control (via computer based connections backwards to the goods distribution network)
and electronic funds transfer (with connections forward to the financial network).

These developments illustrate one of the key phenomena of the microelectronics
revolution - the trend towards convergence. Convergence is occurring on multiple
levels, each with different impTications. First, component integration within the
product means a shift in value added away from final product manufacture to the
components themselves and by extension to component producers. Second, the product
is now part of a system. Product suppliers therefore are led to integrate backwards
into component supply and forward into becoming suppliers of total systems
compatible with other systems. As a result, major new technological and size
related barriers for entry are emerging. Third, for the systems to be able to
communicate with each other, the appropriate communications network must be in place
to facilitate the exchange at transmission of digital (and satellite) based
information. This feature emphasizes the crucial role of the telecommunications
system as the "highways" of the information age. As we shall see, these same trends
toward convergence are taking place in relation to computers (discussed in the next
section), in office automation and of course via the advance in industrial
automation discussed in the next chapter.

The evolution of consumer electronics products from maturity to dematurity due
to microelectronics also illuminates the changing fortunes of developing countries
in the electronics industry. Until recently, the assembly of consumer electronics
products was highly labour intensive and for many developing countries offered a
relatively easy entry point into the international electronics market. This is what
happened in the Asian countries in the 1960s and 1970s when exports of products such
as radios, tape recorders, watches, calculators and black and white (and later
colour) TVs expanded at more than 20 per cent annually. A good example of this
phenomenal expansion comes from the Hong Kong watch industry. In 1970, Hong Kong
had 176 watch companies employing 7,000 people. By 1979 this had grown to 770
companies employing 32,000 people. Exports increased from 28.5 million units in
1970 to 119 million in 1980 (Willjams, 1982). One sign of the success of Asian
consumer electronics exporters can be seen in the rapid rise of UK imports of
consumer electronics between 1975 and 1980. These grew from £179 million to £489
million with more than 60 per cent being imported from Asian developing countries
(Soete and Dosi, 1983).
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Figure 1.2: The Expanding Consumer Electronics Universe
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Figure 1.3: Television as Part of the Communication System
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TNC involvement in local assembly for export was a crucial element in the
initial expansion of the consumer electronics industry in Asia. However, by
restricting foreign competition in the domestic market, a number of countries have
been able to develop a strong local industry in certain "mature" products where
design has standardized and process change is only incremental in nature.
Independent producers are strongest in South Korea and the other NICs where they
exhibit both a good design capability and have high Tocal content in their component
supply. Even Thailand, where most components are imported, boasts a domestic
industry composed of seven large radio and TV assemblers, 20 small-scale factories
and a large cottage industry carrying out repairs and assembling copies of popular
products - the latter capability extends all the way through to the design and
assembly of copies of personal computers (Clark and Cable, 1982).

The emergence of Asian countries as the dominant world source of consumer
electronics products, based on the advantages of their low wages, location and
attractive governmental incentives, was the principal feature of the industry during
the 1960s and 1970s, and has of course persuaded many other countries to attempt to
follow the same path. Indeed even today in certain product categories, new entrant
developing countries may well be able to retrace these steps, and by concentrating
first on satisfying the domestic market they can probably do this either with or
without TNC involvement. However, where the intended objective is the export market
in more sophisticated products, a whole new set of difficulties has arisen which
suggests some form of mutually beneficial co-operation with TNCs will be necessary.

Again, the situation of the Asian countries is instructive in this regard.
Despite a growing local industry, most Asian consumer electronics producers are
heavily dependent on Japanese TNCs either for product design know-how or for
components. On average these countries import more than 70 per cent of their ICs,
precision component parts and colour TV components from Japan (Clark and Cable,
1982). Such dependence is proving problematic as the Asian companies try to upgrade
their product capabilities to handle the new generation of advanced products such as
VTRs, video disc systems, sophisticated audio products and new vintages of colour
TVs incorporating view data and telex facilities. As noted above, these products
incorporate significant technical advances in product and process technology based
in large part upon the advances in components technology described in
Section 2.

Japanese firms are proving extremely reluctant to provide product and process
technology, preferring to reserve production of these products for their domestic
facilities where they can quickly exploit scale economies to achieve market
dominance. From the point of view of the future competitive position of these
countries, this posture can cause problems. For instance, Rada (1983) cites
statements by the Chairman of the Electronics Industry Association of Korea who
argued that the speed of technological development, the lack of technology transfer
from the Japanese and the severe competition in the international market were making
it exceedingly difficult and costly to obtain a large market share in high
technology products. The strength of the Japanese in new consumer electronics
products is highlighted by their success in VIRs. In the mid 1970s Japanese VTR
producers introduced a number of product and process improvements to existing VTR
technology. Product redesign was carried out to reduce component numbers and
allowed the use of automatic insertion equipment to achieve scale economies and
lower unit costs.(5) At the same time quality was greatly improved via the addition
of a variety of operational features. As Table 1.7 shows, Japanese VTR producers in
five years exploited these gains and their protected domestic market to increase
production from 350,000 units to more than eight million, in the process, they
thereby captured 95% of the world market.
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TABLE 1.7

Japan's Production and Export of Video-Tape Recorders, 1976-1982
(Units)

Export Production Export/Production

1976 150,000 350,000 0.43
1977 400,000 800,000 0.50
1978 950,000 1,400,000 0.68
1979 1,600,000 2,200,000 0.73
1980 3,400,000 4,400,000 0.77
1981 6,900,000 8,400,000 0.82
1982 14,000,000

Source: adapted from Sigurdson (1983)

What is particularly significant about this situation is that, as with
earlier consumer electronics products, Japanese dominance in VTRs is now
being diluted - but whereas before, this dilution would have been led by
the NICs' rapid assimilation of the technology from Japan, it is now
occurring via Japanese manufacturing investments overseas in the US and
Europe and through cross-licensing agreements with OECD firms. The
following quote emphasizes this point:

"In the past Japanese producers directed their attention to
Asian countries as a place for overseas production but there
is now a move to divert investment to developed countries in
North America and Europe. No substantial expansion beyond
the current fairly active situation is expected." (Clark and
Cable, 1982, p.33).

The above moves on the part of Japanese (and increasingly South Korean) firms
towards inward investment in the U.S. have been driven by their fears that future
protectionist barriers will severely restrain inport levels. An important
facilitating factor allowing these new investments to remain competitive with
imports from low wage countries lies in the high degree of production automation and
more sophisticated product technology.

European firms are now pursuing the same strategy. The renewed strength of the
UK colour TV industry is due in part to that industry's rapid pursuit of the
"example set by Japan with automation of production, continued innovation in design
and improvements in quality, cost and availability of components" (NEDO, 1981,
p.25). Due to a heavy investment programme that has been continuing since 1979 the
industry is expected to be competitive with OECD and Asian competitors, including
Japan, by 1985.(6) Philips, the Dutch electronics multinational has also recently
claimed that due to automation “"productivity grew by 12 per cent last year in its
six television tube plants which are now operating at, or close to, Japanese levels
of efficiency."” (Financial Times, October 26, 1983). The above discussion has a
number of implications for future strategies of the consumer electronics industry in
Asia and other regions which are discussed in Chapter 5.
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Section 4: Computers

The evolution of computers and of the computer industry has been closely tied to
developments in the electronics industry ever since the development of the
transistor. A good idea of how technical changes emanating from the semi-conductor
industry have transformed user products is given in Table 1.8. This presents a
"composite" index of changes in three performance variables - speed of operations;
cost per operation and memory capacity for successive computer vintages introduced
between 1951 and 19...

TABLE 1.8

Computer Indices by year of Computer Introduction, 1951-1978

Computer Year Speed Cost Capacity Index
(Kops/sec) (Kops/$) (Kbytes)

UNIVAC U1 1951 0.27 7 8 0.011
IBM 704 1955 3.79 50 192 0.246
1BM 7090 1959 45.47 443 197 0.378
IBM 7094 1962 95.90 842 197 0.526
CDC 6600 1964 4,090.00 33,988 1,280 13.694
coc CyB/76 1972 10,220.00 38,632 5,770 35.479
IBM 3033 1978 19,019.00 65,932 16,384 72.675

State-of-the-art factors

Factor Units Weight
X X, X3
X1 : Speed Kops/sec K1 = 0.5 Index = 100 K1 - + K2 - 4+ K3 —_
*
Xz : Cost Kops/$ Kz = 0.3 X x2 x;

x3 : Capacity Kbytes K3 = 0.2
X* = minimum value of the parameter

X¥ = 19,019 Kops/sec (1BM 3033)
X% = 739,300 Kops/dollar (HP21MXM)
= 16,384 Kbytes (IBM 3033)

abip wd:

Wk N

Source: adapted from Soete and Dosi (1983)

The gains in performance and reductions in cost shown in the table have not
surprisingly resulted in a continual growth in worldwide demand for computers of all
sizes, as well as for associated peripherals and software. Table 1.9 documents this
by showing the rate of growth of world production of computers by the developed
countries between 1977 and 1981 and total production for the latter year. By 1990
total world production of computing equipment is expected to surpass $185 billion.

A particularly important feature of the computer industry has been the emergence
of the microcomputer and the phenomenal growth of demand for these in the
commercial, industrial and domestic markets. Priced at anywhere between $100 and
$15,000, these systems have benefited enormously from improvements in components -
so much so in fact it is becoming increasingly difficult to distinguish between the
more powerful micros using 16 and 32 bit processors and mainframes and minis. After
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experiencing four years of 50-100 per cent annual rates of growth, the world market
for microcomputers in 1983 was estimated at around $11 billion and is expected to
rise to $33 billion in 1987 and $50 billion in 1990 (Bessant, 1983). At the level
of individual countries, the business market for personal computers in the US was
$6.3 billion in 1983, $10 billion in 1984, and expected to rise to $13.5 billion in
1985, while in Europe, 1985 sales are projected at $1.86 billion for France, $2.7
billion for West Germany, $1.27 billion for Italy and $2.25 billion for the UK
(Electronics Week, 23 July 1984).

TABLE 1.9

Computer Production by Country

1981 output value Growth rate World market
(US$ billions) (1978-1981) share
United States 29.53 23.2% 57.7%
Japan 6.70 17.5% 13.1%
France 4.88 18.1% 9.5%
West Germany 3.50 13.3% 6.8%
Great Britain 2.33 12.1% 4.6%
Italy 1.19 30.4% 2.3%
Others 3.07 - 6.0%
Total 51.20 20.6% 100.0%

Source: adapted from 0'Connor (1983)

In temms of industry structure, three features are important (and illustrative
of trends in other parts of the electronics complex). First, US computer firms and
IBM in particular, dominate the world industry. IBM alone controls 70 per cent of
the market for mainframes and between 30-40 per cent for virtually every other
product segment in which it is involved.(7) This situation will continue, though
European companies have a strong domestic presence and the Japanese are expected to
be moving into a position to mount a broad challenge to US supremacy in the near
future. Second, the industry has also been characterized by the emergence and rapid
growth of small, highly innovative firms - particularly in the most recent period
with the introduction of the microcomputer. Such companies regularly record
extremely high rates of growth.(8) Finally, the same high growth rates which have
spurred the entry of so many new firms have also led many large established firms
from other parts of the electronics complex to enter the market. Since late 1981,
many large firms have brought out business/microcomputers with the explicit
intention of capturing a major share of the rapidly growing demand for these
products. Many of the 'big names' in components, office automation and larger
computers are now involved in microcomputers such as DEC, ICL, Wang, Systime, Sony,
NEC, Hitachi, Texas Instruments, Hewlett-Packard and IBM.

Not surprisingly, this has led to intense competition in an already fierce and
crowded market. IBM's entry has been particularly significant - its personal
computer captured nearly 30 per cent of the US market within months of its
introduction. So far casualties have been high. Texas Instruments has pulled out
completely (November 1983) with a loss of several hundred million dollars, Victor
went bankrupt, and others such as Apple, Atari and Mattel all suffered serious
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losses in the US (though some firms such as Apple who initially suffered have now
recovered and are fighting back to regain lost marketshare); while in the UK, firms
such as Acorn, Dragon and Grundy have also suffered losses, with Acorn ultimately
being forced into accepting a takeover by 0Olivetti to ensure its survival.

Finally, the trends towards convergence are very powerful in relation to the use
of computers. The continued improvement of the microcomputer and associated
developments in telecommunications will provide the impetus to a whole variety of
future trends. They will involve a) the increasing domestic and commercial use of
"stand alone" units, b) the merging of these stand alone units into integrated
systems via local area networks and distributed processing systems within firms; c)
the merging via the tying in of domestic terminals to subscription based interactive
information systems; and d) finally the linking of local area networks into national
and international information networks.

Some Third World Issues

There are two broad implications for the Third World in these developments.
First the diminishing real price, increasing capacity and flexibility of the
micro-computer has created a tremendous range of application opportunities which
could yield substantial developmental benefits. Most of these remain latent however
as the overall capacity of most Third World countries to articulate and then fulfil
their demands with appropriate applications remains limited. Nevertheless, over the
last few years there has been a rapid proliferation of microcomputer applications in
industry, agriculture, services, health, education and the public sector. These
applications can be quite sophisticated and often extend well beyond traditional
electronic data processiing (EDP) activities. Rather than give examples in the
text, we have in Appendix I compiled a table which gives details of different actual
applications. The list is by no means comprehensive but is indicative of what is
happening at ground level. What is particularly important to note about the
information presented in Appendix I is the predominance of applications in relation
to the agriculture and health sector in developing countries, once more emphasising
the extreme flexibility of the technology (See also Munasinghe et al., 1985)

It is not really possible at this point to identify clear trends in the use of
microcomputers in developing countries. If we consider the broader patterns of use
of all computers (from the Tate 1950s through the 1960s) typically the first
computers installed would have been mainframes often imported by subsidiaries of
foreign companies for routine commercial clerical work (book-keeping, accounts,
etc.) Government purchases of mainframes soon followed, and as Table 1.10 shows for
Ghana and Bangladesh, the public sector remains the dominant user of mainframes in
the less industrialised countries.

With the emergence of mini and then microcomputers this situation has changed
significantly. For instance, the level of use of minicomputers increased
significantly in the 1970s. In 1980 Brazil had 1880 minicomputers with the public
sector accounting for about 50 per cent and most of the rest in services. In 1977
Mexico had 2250 mini and mainframe comuters of which 29 per cent were in the public
sector, 29 per cent in industry and the rest in services. In Venezuela, 79 per cent
of a total of 7435 computers in use were minis, again spread more or less evenly
across the public and private sector (Rada, 1983). For microcomputers, numbers are
much harder to come by but it seems that apart from the NICs their use is increasing
even in the poorer countries {though of course it is still far below that of the
developed countries). In Bangladesh, for instance, only six micros were known to be
in use in 1980 - today there are more than 150. Similar trends must be happening
elsewhere, with the most intensive usage being in services, (particularly banking
and in the tourist sector) consulting firms, foreign entities (firms, embassies,
etc.) and the government, education and health sectors.
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Analytically, it would appear that exogenous forces (i.e. the drive for market
share by foreign companies and personal mania for the latest technology) means that
microcomputers are being introduced into an unstructured and unregulated
environment. Well before users have become fully aware of their potential and
before the necessary skills and support infrastructure have emerged, numerous firms
set themselves up as local agents for imported micros and peripherals. For example,
Bangladesh has a dozen such agents marketing personal computers from IBM, Radio
Shack, Sord (Japan), NCR, Monroe, Alpha-Micro, Honeywell, ICL, Victor, Motosacoche
(Swiss); Kenya has close to 20 and similar numbers exist in the Caribbean
countries.(9)

This situation, which is common even in the poorest developing countries,
creates a whole range of problems. The local agents operate in a sellers market and
have little incentive to offer user training and service, or to ensure the
appropriateness of the system being supplied. The many varieties of imported system
and software packages are often inappropriate to users needs, and are being
introduced in the absence of capabilities to use, adapt and maintain them. The
resource costs of this situation can be quite considerable in the public as well as
the private sector. For instance, a study of microcomputer use in the public sector
in Mexico identified more than 350 different models (supplied by 120 local agents),
many of them mutually incompatible. Poorly trained users and lack of maintenance
mean that many of these systems are under-utilised or not functioning at all
(Nochtieff and Lahera, 1982).

Another aspect of computer applications in developing countries which deserves
mention is the overall nature of applications. We noted above that micros are
increasingly being used in non-traditional activities. However, it is still the
case that computers are overwhelmingly used for routine data processing
applications. Rada's (1983) survey of users in Latin America showed that in
Argentina, Brazil, Mexico and Venezuela 80 per cent or more of all computers are
used for this sort of application. At one level this makes economic sense, given
the low wage levels and lack of skills. However, it does suggest that there is a
rapidly growing gap between developed and developing countries in terms of the level
of computerization of economic activities and that could cause severe problems for
the latter group of countries in the future. This is an issue we return to in later
chapters.

Nevertheless, despite the constraints and the problems, the trend towards
increasing diffusion is inevitable since the incentives for the efficient
application of computers are very considerable. All of this points obviously to the
minimum requirement which is that all countries need to develop policies regarding
the import, sale and use of computers to ensure that such devices make the maximum
contribution to development.

The second implication arising from the emergence of microcomputers relates not
to their use but to the market opportunities which the technology has created.
These opportunities fall into two categories - production of computers, peripherals
and related components for export, and the development and production of systems for
the local market. Turning first to the issue of exports, developed country based
computer manufacturers have turned increasingly to developing countries as a source
of lTow cost assembly labour (primarily for micros) and competitively priced
components and peripherals supplied to both micro and mainframe manufacturers.(10)
These initiatives have been undertaken both to supply developed country markets and,
in the case of advanced Third World economies such as Mexico, Brazil, Singapore and
South Korea, to serve domestic and regional markets as well.

The entry of foreign firms has been accompanied by the emergence of domestic
producers, particularly in the Asian NICs and in Brazil and Mexico. For example,
South Korea now has 13 computer producers with an annual output of 54,000 units.
Singapore is pursuing the establishment of its own export oriented computer industry
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and at least one local company is preparing to manufacture and export portable
microcomputers in direct competition with the Japanese (Lee 1983). Even without an
original design capacity, some Asian firms operating in the "informal" sector of
Hong Kong, Taiwan and South Korea have proved remarkably adept at producing passable
copies of the Apple II for around $200.00. Though tariffs and poor software have
prevented these machines from flooding the OECD markets, the success of these firms
is likely to prove an important spur to efforts by other countries.

The same story emerges in the case of components and peripherals; and here the
role of Asian NICs as computer component producers should be noted separately, since
it highlights another set of product niches opened up by the boom in computer sales.
Obviously enough rising demand for computers also means rising demand for
computer-related peripherals and components. Some OECD countries such as the UK
while strong in computers, are very weak in the domestic supply of peripherals and
parts - in 1979 the UK trade balance in computers was $56 million in surplus while
there was a $275 million deficit in peripherals (Nedo, 1981).

Astute observation of such market trends by the Asian NICs have led them to
mount a massive assault on the parts and peripherals markets. In 1982 none of the
big four producers, Singapore, Hong Kong, South Korea and Taiwan, were exporting
more than $300 million of these products, yet all expect to export more than $1
billion worth in a few years time. Taiwan and South Korea are expected to become
major suppliers of terminals, monitors and printers (South Korea already has 18
Cathode Ray Tube producers with annual production of 306,700 units and 9 printer
manufacturers producing 23,000 units annually); Singapore aims to become a major
supplier of disc drives (Ernst 1983, and Lee 1983). Second tier countries such as
Malaysia have also entered into the components market (Malaysian Business, 1984).

The sourcing strategies of foreign firms and the export activities of local
firms mean that a small group of developing countries have become important forces
in the world computer market. This is clearly evident in Table 1.11 which shows
1977-1981 exports from selected developed and developing countries across four
categories of data processing equipment - computers, central processing units,
peripherals, and off-line data processing equipment.

In relation to the supply of systems for the local market, we have already noted
that many opportunities exist. Local suppliers are extremely well placed to use
detailed knowledge of local conditions and user needs to exploit the flexibility of
computers to fill niches ignored by foreign suppliers. As we shall see, this is
particularly true in relation to software application, but it relates to systems
supply as well. Small but skilled teams can easily design small computers.

Assuming an adequate market and government protection from import competition, such
firms can use the well developed international market for off-the-shelf components
to assemble and market their own design computers and peripherals.

This has already happened in many of the larger countries such as Brazil and
Mexico. In both cases, the policy approach adopted was one of "market reserve"
where access to the smaller computer market was restricted to local companies. In
Brazil before 1977, there was almost no national computer industry (though IBM did
assemble from imported components). Market reserve policies were established in
1977 and by 1980 five mini computer and about 20 microcomputer firms were
responsible for 22 per cent of all mini computer (1880) and microcomputer
installations (3000). Between 1978 and 1982 the total value of the mini and
microcomputer market in Brazil grew from $144.8m to $608m. The percentage share of
locally produced systems and of total consumption grew from 17 percent in 1978 to 80
percent in 1982. Though as Table 1.12 shows, the local industry did not acheive
quite as spectacular a breakthrough in more expensive and more complex mainframe
systems, there is little doubt in recent literature that the industry benefitted
considerably from market reserve policies. (Erber, 1985; Tigre, 1983). A similar
strategy was adopted in Mexico from 1980 and as Table 1.13 shows, the results have
been equally impressive.
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Exports of Automatic Data Processing Equipment(b). from World, Selected Regions

and Countries, 1977-1981

(US 3 millions)

A1l DP Digital Central Peripheral Off-line
equipment computers processing equipment DP equip-
units ment
1977
World market economy 4338.3 192.1 104.7 284.8 25.7
North America 1271.3 - - - -
United States 991.3 - - - -
Canada 280.0 - - - -
Europe 2806.4 151.0 78.4 220.1 10.5
Japan 153.5 40.9 26.2 64.4 11.2
Oceania 4.3 - - - -
Latin America 88.2 - - - 0.2
Brazil 63.0 - - - -
Argentina 24.0 - - - -
Mexico 0.4 - - - -
Asia 13.9 0.1 0.1 0.3 3.8
Hong Kong 0.9 - - - -
Singapore 2.8 - - - -
Rep. of Korea 4.1 - 0.1 0.2 3.7
1979
World market economy 9325.9 1720.0 1595.2 449.8 188.6
North America 4002.1 688.0 756.6 1623.0 -
United States 3441.7 688.0 756.6 1623.0 -
Canada 560.4 - - - -
Europe 4801.5 954.1 763.0 2513.9 161.0
Japan 372.0 72.4 7.7 202.5 21.5
Oceania 21.9 0.4 0.2 0.7 0.5
Latin America 104.2 1.6 0.8 97.4(2) 2.1{a)
Brazil 79.1 1.4 0.5(a) 71.5(a) 1.5{a)
Argentina 24.7 0.1 0.2(a) 20.4(a) 0.3(a)
Mexico - - - 5.3 0.1(a)
Asia 23.2 3.2 2.0 10.0 3.8
Hong Kong 10.3 - 1.4 2.8 -
Singapore 7.2 - 0.2 2.9 1.1
Rep. of Korea 6.1 - - 0.1 2.1
1981
World market economy 11775.2 2009.7 1919.9 §546.7 170.6
North America 5835.8 961.6 1028.0 2517.9 -
United States 5042.9 961.6 1028.0 2517.9 -
Canada 792.9 - - - -
Europe 4756.2 826.3 768.0 2303.1 130.8
Japan 878.0 206.7 76.1 561.3 26.4
Oceania 25.8 0.5 0.6 0.8 0.7
Latin America 199.5 2