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The International Development Research Centre is a public corporation created
by the Parliament of Canada in 1970 to support research designed to adapt science
and technology to the needs of developing countries. The Centre’s activity is
concentrated in six sectors: agriculture, food and nutrition sciences; health sciences;
information sciences; social sciences; earth and engineering sciences; and com-
munications. IDRC is financed solely by the Parliament of Canada; its policies,
however, are set by an international Board of Governors. The Centre’s headquarters
are in Ottawa, Canada. Regional offices are located in Africa, Asia, Latin America,
and the Middle East.

Le Centre de recherches pour le développement international, société publique
créée en 1970 par une loi du Parlement canadien, a pour mission d’appuyer des
recherches visant a adapter la science et la technologie aux besoins des pays en
développement; il concentre son activité dans six secteurs : agriculture, alimenta-
tion et nutrition; information; santé; sciences sociales; sciences de la terre et du
génie et communications. Le CRDI est financé entierement par le Parlement cana-
dien, mais c’est un Conseil des gouverneurs international qui en détermine I’orien-
tation et les politiques. Etabli a Ottawa (Canada), il a des bureaux régionaux en
Afrique, en Asie, en Amérique latine et au Moyen-Orient.

El Centro Internacional de Investigaciones para el Desarrollo es una corporaciéon
publica creada en 1970 por el Parlamento de Canada con el objeto de apoyar la
investigacion destinada a adaptar la ciencia y la tecnologia a las necesidades de
los paises en desarrollo. Su actividad se concentra en seis sectores: ciencias agri-
colas, alimentos y nutricion; ciencias de la salud; ciencias de la informacidn; ciencias
sociales; ciencias de la tierra e ingenieria; y comunicaciones. El Centro es finan-
ciado exclusivamente por el Parlamento de Canada4; sin embargo, sus politicas
son trazadas por un Consejo de Gobernadores de cardcter internacional. La sede
del Centro esta en Ottawa, Canada, y sus oficinas regionales en América Latina,
Africa, Asia y el Medio Oriente.

This series includes meeting documents, internal reports, and preliminary technical
documents that may later form the basis of a formal publication. A Manuscript Report
is given a small distribution to a highly specialized audience.

La présente série est réservée aux documents issus de colloques, aux rapports internes
et aux documents techniques susceptibles d’étre publiés plus tard dans une série de publi-
cations plus soignées. D’un tirage restreint, le rapport manuscrit est destiné a un public
trés spécialisé.

Esta serie incluye ponencias de reuniones, informes internos y documentos técnicos que
pueden posteriormente conformar la base de una publicacion formal. El informe recibe
distribucion limitada entre una audiencia altamente especializada.
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PREFACE

The IDRC Science and Technology Policy Workshop Programme was launched
in 1976. The objective and target audience of the Programme, as well
as its organization and methods of training were unique in many
respects. The Workshops were intended to both increase participants’
awareness of the importance of science and technology issues and, most
significantly, to strenghten their capacities for research and
analysis in support of policy formulation. It was this latter concern
with the development of policy research capabilities that especially
set the IDRC Workshop apart from similar programmes conducted by
other agencies.

At the time the Programme was initiated, a sizeable share of Third
World policy making expertise and research capability in the field of
science and technology policy was concentrated within Latin America.
This was reflected in the fact that most of the Centre’s early support
for research projects in the field was provided to institutions and
researchers from this region. In a limited way, the Workshops
Programme attempted to redress this imbalance by adopting a regional
focus and seeking explicitly participants from Africa, Asia, the
Middle East and the Caribbean. Thus, nearly 200 policy makers and
researchers from these regions attended eight IDRC Workshops held in
two phases between 1977 and 1983.

Emphasis was also placed on getting the best mix of participants from
different types of backgrounds, i.e. policy makers and researchers;
social scientists and engineers/scientists; and representatives from
different institutions such as ministries, universities, national
science councils and regional bodies.

With one exception,* all of the Workshops were concerned with the
problem of developing and implementing policies that would exploit
science and technology to further industrial development in the Third
World. Within this broad area, the Workshops’primary focus was to
examine and understand how developing countries could best accumulate
indigenous scientific and technological capacities throuch national
policies and, in particular, through the effective management of the
process of international technology transfer.

*One of the workshops held at the Science Policy Research Unit in 1978
was concerned with technology policy for the rural energy sector.
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While this approach, by the late 1980s, became a mainstream concern of
the field, it in fact represented a major departure from the
conventional wisdom of the 1970s. The common perception then was
that technology transfer was primarily a mechanism by which
international corporations could extract monopoly profits from
developing countries and at the same time increase these countries’
technological and economic dependency on the North. The Workshops
adopted an entirely different perspective - one that emphasised the
great possibilities for using the transfer process as a technological
and institutional learning mechanism, and the need for careful
research that could provide the foundation for policies to exploit
this potential.

The Programme’s emphasis on fostering participants’ research,
analytical and pollcy formulation skills led to the developnent of a
number of innovative approaches to training that were employed during
the Workshops. Three deserve particular mention here. The first
involved the use of the "literature". Limited access to the
literature, particularly unpublished empirical studies, and to
information about the experiences of other countries, severely
constrains the effectiveness of the work of Third World policy makers
and researchers by denying them the opportunity to learn from the
experience of others.

Consequently, each Workshop participant was provided with a
comprehensive set of articles, books, chapter extracts and monographs
that in effect constituted a mini-library in the field of science,
technology and development. The material provided was organized into
topic ‘modules’ for each session which participants had to study and
review intensively in order to participate fully in the Workshop.
More importantly, it was hoped that by making this material available
to the participants’ institutions when they returned home, it would
serve as an important resource in their work and that of their
colleagues. Full bibliographic information regarding this literature is
provided in the third section of this volume.

Secondly, an instructional format had to be devised that would
maximise the ‘training’ and ’learning’ aspects of the Workshops. To
reduce the time constraints inherent in short courses, the Workshops
were relatively long — ten weeks in Phase 1 and four weeks in Phase 2.
Workshop sessions were organized around structured sets of ’‘core’
lectures presented by a small number of full-time staff who were
present during the entire period.

These core lectures, focusing on different aspects of the central
themes of the Workshop, drew heavily on the material supplied to the
participants. Much use was made of empirical evidence and case study
material to illustrate both concepts and research method. The
lectures invited participation from the floor during presentations,
and these were followed by open discussion periods where extensive
involvement by the participants was expected and encouraged. This
combination of duration and format allowed participants and staff to

vi
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pursue an in—depth exploration of policy issues and research
questions.

'Ihlrdly, opportunities were provided for participants to pursue
individual interests and projects during the Workshop. This took a
variety of forms - presentations to the group, one-to-one sessions
with Workshop staff, qguided reading on particular topics, and
specially organised visits to outside institutions. As with the
formal sessions, the objective of these individual activities was to
give participants the chance to be fully engaged in a learning process
that was directly relevant to their professional interests.

Finally, in Phase 2 of the Workshop Programme, which took place in
Africa amd the Caribbean, participants carried out their own research
projects. Organised into multidisciplinary teams, they established
their own research objectives and methodology. Arrangements were made
for them to visit local enterprises to collect information and data.
This material was discussed and written up by the teams, and then
presented to the Workshop in formal session.

These mini-research exercises were a vital part of the Workshop
learning experience since they brought to life many of the concepts
and issues being discussed during the sessions. Moreover, they
allowed participants, some of whom had never even been inside
factories before, to gain first-hand knowledge of the empirical
research process. Many of the written reports constitute a valuable
contribution to our knowledge of conditions in the industrial sector
in countries on which empirically-based information is usually very
limited.

Many individuals and institutions have contributed to the success of
the Workshop Programme. Initial support for its establishment was
given by Dr Geoffrey Oldham in his capacity as Associate Director of
the IDRC Science and Technology Programme and this was continued by
his successor Tony Tillett. The first phase of the Workshop Programme
was based at the Science Policy Research Unit of the University of
Sussex in Brighton, England, where four workshops of ten weeks’
duration were held between April 1977 and June 1979. This phase was
directed by Martin Bell who, with the support of Kurt Hoffman,
developed the focus, core concepts and bibliographic materials on the
management of technology transfer and capability accumulation on which
the entire series of Workshops was based.

Fbrthesecondphase, a number of changes were introduced. Norman
G1rvan acted as Workshop Director for this phase, with Kurt Hoffman
again providing support as co-designer of the curriculum and chief co-
instructor. A major addition was also made to the topics covered with
development and inclusion of an extensive component of lectures
dealing with national technology planning and policies.

Also it was decided to shorten the duration of the Workshops and, most
importantly, to hold them in developing country locations.

vii
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Consequently, in Phase 2, four one-month Workshops were held at three
locations in Africa (Tanzania in April 1982, Liberia in October 1982
and Senegal in April 1983) and one in the Caribbean (Jamaica in
November 1983). These Workshops were all carried out in collaboration
with local academic institutions: the Institute of Development
Studies (IDS) of the University of Dar-es-Salaam, the University of
Liberia, the African Regional Centre for Technology (CRAT) in Dakar,
and the Institute of Social and Economic Research (ISER) of the
University of the West Indies.

This feature of the Workshops enabled participants to get direct
empirical exposure to technology issues in a developing country
environment, as well as to have access to the work of local scholars
and to have the benefit of viewing issues from the perspectives of
local decision-makers, of whom the Workshop made ample use. It was in
order to take advantage of the opportunities this afforded, that Phase
2 featured the incorporation of multidisciplinary team research by
participants as an integral part of the teaching programme.

Throughout the course of the Programme, a number of individuals acted
as resource persons and made substantial teaching inputs at multiple
workshops - Dr Kadir Djeflat, Dr Raphie Kaplinsky, Don-Scott Kemmis,
Dr Steven ILangdon, Dr Lynn Mytelka, Maurice Odle, and Peter O’Brien.
Many other professional policy makers, researchers and industrialists
from both developed and developing countries, who are too numerous to
mention by name, also gave help and support in a variety of ways.
Finally, many professionalas at IDRC were instrumental in the success
of the Programme, both in terms of providing key administrative and
liaison services and more importantly by acting as a constant source
of enthusiastic encouragement and wise advice. Tony Tillet,
Christopher Smart and Jamieson Campbell deserve particular mention
here in this regard.

The contributions of the Workshop Programme have emerged in a variety
of ways. In addition to the benefits gained by individuals from their
attendance, the programme helped create a new set of personal and
professional linkages between participants, staff and the Centre that
continue in the present. A considerable number of researchers either
pursued the D Phil degree or have subsequently participated in research
projects in the field. Many of these projects have been supported by
the IDRC and have resulted in publications that have made a
substantive contribution to the field.

Many of the policy makers who attended the Workshops continue to work
professionally in the field and use the expertise and information
gained in their daily activities; some of these have even initiated a
variety of projects and programmes within their own institutions and
agencies that drew directly on their Workshop experience.

The success of the Workshop Programme also stimulated a number of
international agencies to sponsor similar exercises. For example, a
major programme of science and technology policy seminars was

viii
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conducted by the World Bank. In addition, the UN Economic Commission
for West Asia (ECWA) held a four-week Technology Policy Workshop for
the Arab Region in Baghdad, Iraq, in June 1985; during 1984 and 1985,
the African Regional Centre for Science and Technology in Dakar,
Senegal, sponsored a number of regional science and technology policy
workshops throughout Africa; and most recently, the Institute for
Social and Economic Research of the University of the West Indies in
Jamaica held a four-week Workshop in Kingston in September 1986. All
of these efforts drew inspiration from, and in some cases were
modelled on, the IDRC Workshops.

Given the strong interest in the issues addressed and in the material
presented in the Workshop Programme, the Science and Technology Policy
Program of the IDRC has decided to publish a selection of the teaching
and research material produced for the Workshops. This first volume
consists of three sections. The first section contains the set of
‘core’ lectures given during the workshops by Kurt Hoffman. These
analyse the process of international technology transfer with the
objective of showing how strategies may be developed at the enterprise
level to bring about the effective acquisition and assimilation of
imported technology.

The second section is a set of complementary lectures on national
technology policies and planning by Norman Girvan. These set out in
schematic form the approach which might be taken by policy makers in a
developing country with a weak science and technology infrastructure
and little experience and tradition in technology policy making. They
suggest how a government may develop strategies and policy instruments
aimed at encouraging the management and acquisition of imported
technology by enterprises, complemented by the selective development
of local technological resources and capabilities by direct
governmental action.

Both sets of lectures were refined continuously during the course of
several Workshops as a result of feedback from participants. The final
section provides the extensive bibliography developed during the course
of the two phases of the workshops, divided into principal subject
areas.

There is ample demonstration in the literature of the enormous
contribution that technology can make, and has made, to the econamic
development and social well-being of nations. Fmd.mg ways to harness
this pctentlal is a crucial task facing developing countries. 1In
p.:bllshlng this material, the IDRC hopes to continue to stimulate
interest in the subject area amongst researchers and policy makers
from different disciplines, to make available more widely the teaching
material and core bibliography developed for the workshop, and so to
contribute towards the achievement of better understanding and more
effective policies for technology transfer and development.

Dr. Amitav Rath
Social Sciences Division
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SECTION ONE

TECHNICAL CHANGE, TECHNOLOGY TRANSFER AND INDUSTRIAL DEVELOPMENT
IN THE THIRD WORLD

Nine lLectures by Kurt Hoffman
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TECHNICAL CHANGE, TECHNOLOGY, TRANSFER AND INDUSTRIAL
DEVELOPMENT IN THE THIRD WORLD

Kurt Hoffman

INTRODUCTION

There is a common lesson that can be drawn from the 1ndustr1a1 history
of countries as diverse as the United States and Germany in the late
19th century, Japan in the mid-20th century and South Korea since
1960. A key factor in their successful industrial development is that
they first accumulated a pool of skilled human resources - such as
craftsmen, engineers, scientists, technicians and managers - and were
then able to use these J_rdlgemus ‘capacities’ to devise technical
solutions to their own problems both by adapting and improving
imported equipment and know-how to suit local conditions and by
developing entirely new and more appropriate ways of solving their

problems.

Thus, all of these countries possessed an internal technological
"dynamism" that yielded a steady stream of technical improvements to
their methods of industrial production. And it is this flow of
innovations that constituted a crucial source of the continual rise in
productivity that provided the steady rise in living standards enjoyed
by these societies. Unfortunately, most developing countries, even in
the late 1980s, still lack this internal technological dynamism.
Consequently, despite their efforts to industrialise over the last
thirty years, they have been unable to harness the driving force of
one of the most powerful motors of economic development.

It was a central tenet of the IDRC Workshops that this situation,
though costly and difficult to change, was not intractable and need
not be an inevitable characteristic of the future of the Third World.
The core lectures of the Workshops therefore concentrated on exploring
two themes. The first was that it is possible for Third World
governments and firms to consciously devise policies that can both
foster the process of accumilation of indigenous technological
capacities and create conditions that allow effective deployment of
these domestic capabilities to solve local problems. The set of
lectures in this volume, prepared and originally presented by Dr
Norman Girvan, specifically addresses these issues.

The second theme of the Workshop was concerned not with the

formulation of policies but more with understanding the processes by
which indigenous technological capacities could be created and
accumulated. Though there are arguably many routes by which this can
be done, the Workshop was primarily interested in one particular
mechanism, that of international technology transfer from developed to
developing countries. The key line of argument explored under this

3


scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier


topic was that the process of technology transfer, effectively
managed, could provide unique opportunities for recipient firms to
acquire technological know-how and skills not available to them by any
other means.

Understanding and analysing the process of technology transfer from
this perspective is the focus of this set of Workshop lectures. This
is done in stages through a set of nine lectures. Lectures One and
Two present the concepts, evidence and arguments that place technical
change and the human and institutional capacities for effecting this
as one of the primary forces underlying the process of industrial
development in both developed and developing countries.

Lecture Three critically reviews the conventional wisdom of the 1970s
that judged the potential contribution that technology transfer could
make to Third World development from an essentially negative
perspective. Lecture Four presents an alternative approach to the
analysis of technology transfer that emphasises the need to understand
its potential as a "learning" mechanism so that policies can be
designed that will exploit these possibilities.

Lectures Five, Six and Seven adopt this approach in examining what is
called the ’pre-investment’ phase of technology transfer. Empirical
evidence is used to examine the costs and benefits of developing
countries’ efforts to identify and negotiate with foreign sources of
industrial technology. Emphasis is given to the fact that effective
management of the pre-investment phase is the key to the successful
acquisition of technological capacities through technology transfer.
Lectures Eight and Nine continue this mode of analysis by focusing on
the problems, the prospects and the policy tools available for
maximising learning during the ’‘investment’ phase of technology
transfer.

Due to the efforts of a great many researchers, there is now a
valuable and growing body of empirical and analytical studies
concerned with the relationship between technical change, technology
transfer and industrial development in the Third World. One of the
primary aims of these lectures was to simply and briefly present a
synthesis of only some of the main ideas to be found in this body of
knowledge. Thus, the concepts, arguments and evidence presented in
the lectures draw heavily on the existing literature, and I am
indebted to all of those authors for their insights and scholarship -
both those to whom I have referred directly in the text and those
whose contributions to my own learning may have gone unnoted here but
are nevertheless deeply valued. Of course, all mistakes in
interpretation are my own responsibility.

One final set of comments. These lectures were prepared for verbal
presentation. Consequently, they differ considerably from written
material intended for publication, in structure, use of evidence, and
in the logic of the argument presented. The reader should also note
that they were designed to be given within the particular context of

4
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Workshops that placed heavy emphasis on learning from the available
literature. As a result, it was assumed that the Workshop
participants had done fairly extensive preparation by reviewing
assigned material prior to the lecture sessions. In preparation for
this volume, revisions have been made to the lectures so that they can
be understood without extensive prior knowledge of the literature
referred to in the text. However, the lectures should not in any way
be considered as a substitute for the original empirical and
analytical studies on which they draw heavily. Much more will be
gained from the lectures if the reader is able to review same of this
material as well.
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So much has been written and said about the crucial role that science
and technology have played and continue to play in the process of
economic development that it may seem unnecessary to belabour the
point. Some may view technology as a means of human enslavement, as a
Pandora’s box that will lead eventually to the destruction of society
- and as such see it is a force that needs to be constrained.
Alternatively, others may see technology as a source of human
liberation, as providing a means of escaping drudgery as well as
mindless, dangerous and degrading work - and they therefore believe
that the further development of technology should not only be
continuously promoted, but that it should also be diffused as quickly
and as widely as possible.

Whether we curse or we bless technology, I am quite sure that the ane
thing we are not quilty of is ignoring the impact that technology and
technological advance continually has on our lives, on the lives of our
friends and family and on the society in which we live.

Unfortunately, I am equally sure that many Third World policy makers
concerned with planning for industrial development, and with the
implementation of industrial projects are either unaware of the
importance of technology and the role of technical change as a driving
force for economic development; or else if they are aware, are unable
or unwilling to take the necessary steps to bring the process of
technical change and the use of technology under the control of local
firms, institutions and people.

This suggests that one of the principle aims of technology policy
research must be to generate the evidence necessary to illustrate the
importance of technological progress so that the perceptions of policy
makers can be changed. I understand the concept of technological
progress as that process whereby societies, and firms and individuals
within these societies, use technical knowledge to improve the means of
production, and thereby make better use of available resources to
produce goods and services. Put in this way, the concept is
admittedly an abstract one. Fortunately, however, the concrete
effects of technological advance on the economic fortunes of
countries both historically and in more recent times are extensively
well documented. In this first lecture, I would like to review some
of that empirical evidence by drawing on the experience of both the
industrialised countries and those in the Third World. My abjective is
primarily a polemic one and that is to establish the importance of the
phenomena on which I place so much emphasis throughout this set of
lectures.
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There are numercus examples of the process of technological advance at
work in all sorts of economy under many different types of conditions.
As might be expected, the most abundant body of evidence comes from
the histarical experience of the currently industrialised countries.
The available evidence can be grouped at four levels - at the level of
the firm, at the 1level of the sector, at the national level and at the

international level.
e o i a ev irm

Professor Chris Freeman’s book, The Economics of Industrial
Innovation, (1974) presents a wealth of material on firm-level
technical change, particularly in the chapters describing the
evolution of the chemical and synthetic materials industry in
Germany, Switzerland and the US. He shows, for example, that as far
back as the mid-19th century, chemical firms such as BASF in Germany
and CIBA in Switzerland were carrying out in-house R&D in order to
generate new knowledge and new products with the explicit aim of
capturing market share. Freeman also has an extensive discussion on
the impact of the R&D efforts undertaken by the German chemical firm,
I.G. Farben, during the period between 1925 and 1939. He shows how
these efforts were instrumental first, in establishing Farben as the
dominant firm in the world in synthetic materials; second, how the
technical advances generated by its R&D efforts greatly facilitated
the further development and widespread use of synthetic materials
throughout the economies of Europe and North America; and third, how
the success of Farben in turn laid the groundwork on which the
chemical sector played such an important role in Germany’s rise to
joint industrial hegemony in the world economy with the United States
in the post-war period.

A few of the facts presented by Freeman bear this out. Between 1925
and 1939, the R&D programme of I.G. Farben was the largest in the
world and as a result of this intensive investment in innovative
effort, the firm accounted for 17 percent of all patents taken out in
this sector in the world. No other firm except Dupont had as many as
one-sixth of the patents taken out by Farben in that period. (And
during the period, it is interesting to note that more patents were
taken out in plastics during the 14 years from 1931 - 1945 than in the
previous 140 years).

Freeman also compares the Farben performance in the area of patenting
with the two early post-war leaders, Dupont of the United States and
ICI of the United Kingdom. The dominance of the German company is
clear from Freeman’s analysis - indeed, even after World War II, after
the Allies had broken Farben up into smaller campanies (and in the
process of doing this had made many of its secrets available to
French, American and British firms), the innovative output of the
smaller Farben-related companies, and their share of the market, was
greater than that of any other firm in the immediate post-war period

7
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with the exception of Dupont.

The Farben example is one of many such cases related in the Freeman
book and in the work of people like Nathan Rosenberg, Samuel
Hollander, Bela Gold and others, which demonstrate conclusively the
direct connection between innovative effort at firm level and
camercial success. (See Rosenberg, 1976; Hollander, 1965; Gold, 1975).

Innovation at the sectoral level

Moving on to the sectoral level, one of the papers in Nathan
Rosenberg’s book, Perspectives on Technology (1976), cites the
research done by John Enos from Oxford University on the economic
implications of the process of technical change in the US oil
industry. Enos compared changes in the 1level and type of production
inputs (in terms of raw materials, capital,labour and energy) used per
100 gallons of petrol produced by US oil refineries in the years

1914, in the 1940s and in the 1950s. His results show that as a
result of technical improvements in refinery technolgy the unit
capacity of oil refineries increased from 90 barrels a day to more
than 36,000 barrels a day over that period. Other improvements were
effected as well - there was a 98 percent saving in labour costs, an 80
percent saving in the use of capital, and over 50 percent saving in the
use of material inputs - all of these of course being measured per
unit of final output. While startling, this is not an uncommon
example of the historical impact of technical change at the sectoral
level. Another example of sectoral advance cited by Rosenberg, is the
performance of the US blast furnace industry between 1900 and 1960,
during which time overall labour productivity increased by 300 percent
and output per man-hour increased by 530 percent. At the same time,
enormous scale economies were gained - in 1900, the total US pig iron
production of 15.4 million tons was achieved by 406 blast furnaces
with an average annual output of 38,000 tons while by 1960, total
output was over 67 million, produced by only 263 furnaces, with annual
output per furnace having risen to 256,000 tons.

of ica a ti level

It is precisely the sort of technical progress documented above - which
begins, of course, with the efforts of individual firms, extends to the
sectoral level, and then is multiplied across many firms and many
sectors at the national level - which has clearly been of such
fundamental importance to economic development in the developed
countries. This last statement is borne out if we consider national
level indicators of the historical relationship between technical
change and the economic performance of the OECD countries. Here we
can cite the well-known work by American economists, Solow, Dennison
and Kendricks, who, in separate studies, have shown that over the
period 1890 to 1960 technological advance (as measured by the so-
called ’‘residual factor’), has been responsible for 50-70 percent of
increases in output over the 70-year period. Similarly Peck and
Otto’s work on Japan showed that between 1953 and 1971, technical

8
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change was responsible for more than 20 percent of the total increase
in Japan’s national income.

Similar relationships have been documented for the other OECD
countries and all point to economic growth being spurred on by
continual rises in total factor productivity - based not on additions
to capital stock (as predicted by some segments of growth theory) but
by improvements to the existing capital stock. This point has
extremely important implications for the process of technology
transfer in developing countries to which we shall return below and in
subsequent lectures.

A second type of empirical analysis related to the interaction between
technical change and trade performance in the OECD countries has
established that a country’s ability to generate a stream of successful
innovations greatly influences its competitive position in
international markets for manufactured exports.

This work carried out in part by the Science Policy Research Unit
examined the relationship between the level/degree of a country’s
innovative activities and its share of world trade. The hypothesis
tested in this work was that if a country demonstrated a high degree
of innovative effort, it would enjoy a high share of world trade in
manufactured exports because of the competitive advantages which
accrue to the innovating country. The variables measured were
investments in R&D and patenting behaviour (where patents were used as
a proxy for innovative output), correlated with international trade
share. This relationship was shown to be very strongly positive for
the main OBCD countries across 40 industrial sectors. This evidence
underlines the importance of the innovation process in determining the
ability of an economy to prosper and withstand the pressure of
international economic forces. (Pavitt, 1979).

Beyond the general relevance of the above, we must keep in mind that
for those Third World countries seeking to develop an export-oriented
industrial base, this relationship does assume much more specific
signficance. The possession of a capability to undertake technical
change activities (in some cases involving the application of quite
sophisticated technologies to traditional areas of production) may now
be necessary to achieve/maintain export success - even in sectors
where developing countries have traditionally relied on their low wage
rates as their primary competitive advantage. (See for instance
Hoffman, 1986; and the articles in Hoffman, 1985 (a) ard (b) ).

The role of technological advance in the world economy

In moving next to the role of technical change in relation to the
world economy, we will here make only a brief set of observations.
Some versions of the so-called ’long wave’ theories link the emergence
and diffusion of fundamental technological advances to periods of
econonic expansion that have characterised the performance of
developed capitalist market economies over the last two hundred years

9
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(See Freeman, Clark and Soete, 1982). The innovations involved have
been the development of steam power and textile machinery in the
1780s, railroads and the steel industry in the 1840s; electricity, the
internal combustion engine and chemicals in 1890s; and electronics,
petrochemicals and synthetic materials in the late 1940s. The
emergence and gradual diffusion of these innovations throughout the
industrialised economies coincides with 20-30 year periods of
increasing rates of growth of output, employment, and productivity
gains. These periods of expansion have tended to be followed by 20-30
year periods of economic stagnation, recession and depression. This
occurs because as these innovations mature and diffuse, they tend to
lose their ability to generate high rates of profit and productivity
growth. This process results in a slowdown and eventual decline in
output and employment growth with the whole process eventually being
reversed by the emergence of a new set of ‘heartland’ technologies.

In the context of the current period of stagnation and slow growth in
the world economy, much of the interest in the so-called new
technologies of microelectronics, genetic engineering and others is
fueled by speculation that these technologies could contain within
them the seeds of a renewed expansion in the world economy.

Whether or not the next upswing will come, and when it will come, is
still a matter of contentious debate, as are the underlying
explanations of the long cycles themselves. Nevertheless, the
historical links between waves of technical change and cycles of
economic expansion and contraction are being increasingly accepted as
further evidence of the fundamental importance of innovation as a
driving force in world economic growth.

Whether or not the above examples of the impact of technological
advance in the developed countries are in any way relevant to the
experience and situation of developing countries is of course open to
question and debate. Nevertheless, this does not negate the cbjective
importance of the observed relationships between technical change and
economic growth within the developed economies.

Fortunately, we do not need to reply solely on the experience of the
industrialised economies to make our case. Evidence has also been
accumilating about the role that technological advance has played in
development in the Third World. The evidence available to us is
certainly not as extensive or as comprehensive as the information on
the experience of the OBCD countries. Nevertheless, it is substantial
enough to demonstrate that a sizeable number of Third World countries
have been able to develop a significant capacity to undertake
technical change activities in a broad range of areas - and on the
basis of these capabilities have managed to create in some cases a
strong and innovative domestic industry as well as achieving a degree
of competitive advantage and international competitiveness in products
and sectors where they had none at all to begin with. We shall be
drawing heavily on these studies in a detailed fashion in subsequent

10
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lectures and here I only want to highlight some of the main
conclusions. Again, we can present the evidence at different levels of
disaggregation.

National level analyses

Unfortunately, evidence relating to technical change and economic
performance at the national level is limited. There are a few studies
based, as those dealing with the industrialised economies, on aggregate
production function analysis. These studies do appear to show that
technological advance, captured through the measurement of the rate of
growth of what economists call total factor productivity, has been
partially responsible for the recent high growth rates registered by
some of the Asian economies - and suggest that countries such as South
Korea, Singapore and Hong Kong had a higher rate of total factor
productivity growth than the US in the 1970s. The results of such
studies, while perhaps indicative of a trend are neither numerous
enough nor sufficiently methodologically sound to draw any firm
conclusions. This is not the context in which to criticise these
aggregate studies in detail - suffice it to say that there are
significant methodological problems in using production function
analysis to examine TFP growth in developing countries - not least of
which is the inherent unreliability and inadequacy of the data base.
Nevertheless, it is unlikely that the above results are totally
without foundation particularly when aone takes into account the
evidence of technical change at the sectoral and firm level to which
we turn next.

Sectoral level studies

We are, in fact, on much firmer empirical ground when we drop our
analysis down to the sectoral level. Here we can point to two types
of related evidence. The first is the emergence of major new product
innovations developed by locally-owned firms in developing countries
in response to the particular structure of demand in local markets.
One well-known example involves the case of the airplane industry in
Brazil where public sector firms have been able to design a highly
successful series of commercial and military aircraft ideally suited
to Brazilian air travel conditions. The 1locally designed and produced
planes (11 models and more than 200 sold by 1980) have over 50 percerrt
local content, with many of the local components themselves
representing 1mportant innovations. The planes are competitive on
price and quality grounds with foreign aircraft. Most important of
all, these planes are being marketed successfully internationally via
exports to OBCD countries ($12m in sales in 1979), with more than 75
planes already sold in the US by the end of 1981 (Dahlman, 1982).

Other evidence of strong sectoral performances involving indigenous
innovation and often linked to exports has been documented by numerous .
studies cited in the IDRC bibliography such as Katz and Albin (1978),
and Teitel (1981) for Latin America; Mascerenhas (1982) for India; and
Amsden (1977) for Taiwan. In these cases, the combined innovative
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efforts of firms operating in sectors such as consumer goods,
mechanical engineering, chemicals, consumer electronics, petroleum
refining, and machine tools have lead to formidable rates of growth of
domestic and export market share - often in direct competition against
foreign firms. These exports have consisted of both final products
and technological goods such as process and engineering know-how,
consulting services, turn-key plants, etc.

Finally, Dahlman and Westphal (1982) review the experience of South
Korea in a number of sectors such as textiles and textile machinery,
plywood, shipbuilding and steel production where Korean firms have
exploited their traditional low wage comparative advantage in
combination with a high degree of efficiency improvements via
production engineering to greatly expand their exports to very
campetitive Western markets. These authors 1link the success of Korea
with the development and deployment of technological capabilities.
Moreover, in their discussions they point out that TNCs have had only
a very limited direct involvement in this process in most sectors.
This point is particularly interesting because it conflicts with the
widely held perception that South Korean exports come from sectors
where TNCs dominate.

Firm level evidence

Research examining the technological achievements of individual firms
is perhaps the most impressive evidence that can be marshalled. Some
of the most fregquently cited examples refer to steelplants in Latin
America. Maxwell’s study (1976) of a private sector Argentinian steel
campany, Acindar SA, documents a consistent stream of internally
generated technical improvements that contributed to an annual rate of
labour productivity growth in excess of 17 percent between 1966 and
1977, and an annual drop in capital/output ratios of some 14 percent
over the same period. Dahlman’s study (1978) of the USIMINAS steel
plant in Brazil shows how after that plant opened in 1962, it reached
planned nominal capacity of 509,000 tonnes/annum by 1966 and then over
the next six years had its capacity ’‘stretched’ (via technical change)
by over 100 percent to nearly 1,200,000 tonnes with its original
equipment and little new investment. Labour/output ratios were
increased from 70 tons to 228 tons of steel ignots, and capital/output
ratios were reduced from 4.79 in 1967 to 1.39 in 1972. A different
sort of success in innovation has been shown by Horatio Vlana’s study
(1984) of a Mexican firm, Midrex, which has successfully developed a
major new steel technology process (direct reduction) which they have
exported successfully to a number of countries.

Steel is not the only sector where Third World firms have demonstrated
an innovative capability. Dahlman and Westphal (1982) reviews the
work by Katz et al. (1978) that examined the experience of Argentinian
firms producing rayon, auto components and telecommunication equipment
who were able to introduce an impressive array of innovations that
lead to new products, improved quality, diversified raw material use,
and improved process efficiency. (See also Teitel, 1981). Similar
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successes are recorded in Asia, particularly in South Korea, where,
for instance, SNU (1980) examined innovative efforts carried out in a
polyethylene plant which substantially improved efficiency through the
1970s.

The above examples of firm level innovation by no means exhausts the
evidence that could be cited. However, before moving on to consider
some of these other examples, it may be useful to immediately deal
with one obvious qualification that must be appended to the examples
already given. This reservation is that the evidence cited above
relates to a relatively limited set of countries, most of which are
commonly known as the newly industrialising countries (NICs). This
bias in our sample certainly poses a problem of relevance since
clearly the NIC experience is somewhat removed from the reality facing
many other developing countries, whose industrial structure is much
less diversified than the NICs and who tend to be much more
technologically dependent on foreign countries.

Such reservations are cbviously legitimate - but we do not believe that
they are strong enough reasons to justify rejecting the relevance of
the NIC experience to other Third World countries. One principle
reason for this is that the NIC experience establishes that developing
countries do indeed possess a substantial capacity for indigenous
technological development. Such a proposal of course stands in direct
opposition to the still widely accepted ’theories’ of technological
dependence ard the supposed constraints this situation imposes on
development in the periphery.

3. The NIC Experience: The Death Knell far Technological Dependency?

While we are on the subject, it is probably worthwhile briefly
reviewing the main tenets of the dependency argument since it
dominates so much of the discussion in this field.l Technological
dependency, which is really a subset of wider notions of dependent
underdevelopment, posits that developing countries are nearly totally
dependent on foreign flows of technology for their means of
production. This dependency allegedly grew out of the historical
corditions of colonialism, when the particular patterns of demand by
the colonial administration for imported consumption goods was passed
on to the local elites.

In the post-colonial period, these imported consumption patterns
remained, and the technological means to satisfy these were brought in
via technology transfer from abroad under the guise of import
substitution policies, primarily through the good offices of direct
foreign investment by transnational corporations (TNCs). Thus,
imported consumer preferences and technologies were seen to have
penetrated deeply into domestic economies completely displacing
existing modes of production and consumption. In addition, it was

1 These comments are based on a SPRU mimeo prepared by Martin Bell.
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argued that the growing presence of TNCs, in alliance with the ruling
elites, also effectively prevented the development of local
technologies by local firms since these could either not compete (often
due to quality features and xenophobia) or else they were actively
discouraged by government policy.

One of the crucial points about this argument is that the existence of
current conditions of technological dependence are blamed almost
entirely on historical forces/factors which were/are external to the
economy. A further corollary of the argument is that the technologies
so imported were inappropriate to local conditions - and presumably
continue to remain inappropriate. This is presumed to be so because
developing countries were thought to lack the necessary technological
skill and expertise to generate their own technical solutions. aAnd
even where skills do exist, the argument implies that due to
dependence on outside sources of technology, local sources have been
progressively marginalised and isolated from the sphere of production.
Hence the circle is drawn up very tightly - with the end result being
that the developing countries are expected to remain technologically
static, completely reliant on foreign firms and hence prone to a whole
variety of exploitative measures designed to extract surplus from the
economy. I have of course characterised and oversimplified the
dependency argument a good deal. Nevertheless these are the bare bones
of the thesis presented by Frank (1972), Patel (1972) and others. To
be sure, these arguments certainly provide a useful analytical
framework from which to describe the experience of many sectors in
many countries. And the eampirical evidence on which they are based
also provides an accurate view of reality in some contexts. I
therefore certainly do not reject the basic concepts of the
dependency argument. But I do question the very rigid way in which
these are interpreted in the literature, and the myopic way in which
policy makers (and researchers) are so often dominated by a
'dependence’ mentality that leads them to place most of the blame for
the current technological backwardness of Third World economies on
external forces. The only conclusions they often seem able to draw
from this reasoning is that they do not believe that any improvement
is possible, short of total change in the way the world economy is
organised.

The evidence cited earlier shows that this was not the case in
precisely those economies in Iatin America on whose experience the
technological dependency thesis was originally based. What these
studies show in fact was that indigenous technological advance did
occur within domestically owned and controlled firms. As a result,
productivity improved, more appropriate products and processes were
developed, and perhaps most importantly, a set of links with local
scientific and technology suppliers were established which lead to
further intersectoral integration. In short, a particular form of
technological dynamism emerged which has continued and has lead, as I
mentioned, to some Third World firms establishing a genuinely
competitive capacity in major international markets.
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I believe that it is very significant that these capacities emerged in

countries/economies in which there was a m&iﬂm which
the national goverrment of the day clearly favoured and in which
political conditions were in some cases extremely oppressive. For
instance, Brazil is one of the economies to which dependency analysts
usually refer - yet by 1949, domestic capital goods suppliers using
indigenous technology wereable to supply approximately 69 percent of
all producers equipment required by the economy.

Even in the technically camplex petrochemicals sector, Brazil has
demonstrated a substantial accumulation of technological skills.
Between 1972 and 1982, the domestically supplied proportion of
engineering services and capital goods needed for the construction of
a series of three ethylene plants rose from negligible to 61 percent
and from 30 to 70 percent, respectively (Sercovitch, 1980). These
sorts of example, which can be repeated for other countries,
demonstrate the possibilities for technological improvement even in
countries in which the particular conditions of dependence seemed to
impose severe limitations. Hence even if we reject the direct
relevance of the NIC experlence for other countries, it at least
shows that some change is possible, and points the way forward in many
important ways that I shall pick up in later lectures.

4. The Experience of Other Developing Countries

Despite the value of the NIC experience, it would of course be a
mistake to assume that only these countries have demonstrated any
capacity for indigenous technological development. Many other
countries have shown they have this capacity as well. A priori
evidence of this comes from the export performance of the Third World
in the 1970s. By 1979, some 40 countries (28 non-NICs) were annually
exporting over $150 million of manufactured goods. Much of this can
of course be related to non-technological factors such as low wages or
the involvement of TNCs. But I believe that an increasing degree of
technological capability lies underneath this export performance since
there has been a gradual diversification of Third World exports away
from labour-intensive goods towards more technologically complex
products.

There is other evidence of this as well as from both inside and
outside the formal industrial sector. In a D.Phil study at SPRU, Nit
Chandramonklasri (1985) examined the experience of 20 industrial firms
spread across 10 industrial sectors in Thailand for evidence of their
ability to improve their efficiency of energy use in response to high
fuel prices caused by massive price rises in the 1970s. He found
numerous examples of minor and major process innovations which lead to
improvements in fuel efficiency of up to 800 percent per unit of
output.

Also in Thailand, Bell (1978) examined the experience of the cassava
flour industry. In the 1950s, the industry producing cassava flour
was characterised by a large number of small-scale, highly inefficient

15


scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier


plants. In the 1956-1960 period, three large-scale, foreign-
controlled, ‘modern’ plants that were based largely on imported
technology were set up and for which the local equipment industry
provided only 6.3 percent of the necessary inputs to establish the
plant. Yet by 1965, after a rapid expansion of the export market for
cassava flour, Bell discovered that 15 new plants had been
established. Most of these new plants were set up not by foreign
enterprises but by local entrepreneurs who turned to local input
suppliers to provide 75 percent of all the capital equipment required.
Moreover, the capital/output ratios for these plants (over the earlier
vintages) had declined by 50 percent, the quality of the final product
was greatly improved, and the labour intensive nature of the new
plants generated considerable local employment. This example is
particularly interesting since it is taken from a country which at
that time resembled many of the poorer countries of the present period
~ a small economy, heavily dependent on agriculture, with a small
agro-processing industry, and whose ’‘capital goods’ industry was
primarily composed of simple workshops for metal fabrication.

Similarly impressive evidence on innovative capability in non-NIC
countries is documented in a recent collection of case studies
carried out in the Middle East (Bell, 1986). Malkawi (1986) studied
the effects of the public sector Jordanian Phosphate Company to
improve its efficiency and overcome severe design faults in foreign
(mainly British) supplied processing equipment. The technical changes
introduced by the company are very interesting because the variety of
changes matches the sort of improvements carried out by firms in more
advanced countries.

A completely different type of example, this time involving product and
process change, is discussed by Fattah (1986). This describes the
evolution of a small private sector Lebanese producer of commercial and
domestic refrigerators. Over two decades the firm completely absorbed
imported refrigerator technology and was able to design and produce its
own products that competed very successfully on quality and price
terms against untaxed foreign imports in the totally open Lebanese
market. The firm produced nearly 80 percent of its component
requirements and designed and fabricated virtually all of its process
equipment. In 1979, it submitted a tender to set up a refrigerator
factory in Iraq in which it was competing against all of the world’s
major refrigerator producers - Admiral, Sunbeam, etc. The firms’ bid
was 11 times below the lowest bid of the big manufacturers, for a
factory whose ocutput would be suited to the Iragi market size, yet
whose unit costs were equivalent to those estimated by the large firms
who planned to construct a much larger capacity plant in order to
achieve scale economies that could only actually be realised via
exports.

If one cares to look there are many other examples of technical change
occurring in small economies - particularly once you move out of the

formal sector into the performance of the informal sector. Here one
can find an abundance of evidence of the ability of
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firms/entrepreneurs, working with very little in the way of equipment
and capital, to produce highly innovative products and technical
solutions to problems under the most adverse conditions. The
appropriate technology literature abounds with these examples -
Thoburn (1973) on the Malaysian engineering industry; King (1974) on
metal workers in Kenya; Muller (1980) on blacksmiths in Tanzania;
Sanson (1979) on a motor pump innovation in Vietnam and Jecquier (1976)
who provides an extensive series of examples of the existence of a
pervasive technical change capacity in even the poorest Third World
countries. Clearly these capacities are at a very much lower level
than those in the NICs; they are much more ad hoc and more often than
not have not led to the kind of self-sustaining technological dynamism
evident in the NICs that we believe is so important for independent
development. But they certainly do exist.

5. Some Important Qualifications

Before moving to explore the implications of the evidence just
presented, I must first make some very important qualifications about
the generalisability of these experiences. First, as impressive as
these examples are, and despite the fact that we could cite many more,
unfortunately the painful fact remains that they are relatively minor
exceptions to the reality found in the industrial sector of most
developing countries. This reality is only too well-known. Most poor
countries do not possess a thoroughgoing innovative capacity - indeed
many do not even have the critical minimum levels of skills necessary
to successfully operate the production facilities already in place.
As a result, technological dependence is still very widespread and in
some cases is getting worse.

Secondly, even where innovation does occur we must be very careful to
point out that (a) the innovation process does not resemble what
happens in the developed economies, it is much more ad hoc and
sporadic; (b) the rate of improvement in efficiency that does occur is
often far below that which is theoretically achievable; (c) observable
bursts of growth in efficiency are often preceeded by years if not
decades of zero, or even declining, productivity growth and the
resultant high social and private costs of this phenomenon.

Thirdly, I am particularly concerned to stress that both in cases
where there is and where there isn’t evidence of technical change and
productivity improvement, we must be careful in attributing these
conditions solely to the existence or lack of existence of an
indigenous technical change capacity. Many other factors can
intervene. 1In the cases of success, the ability of the firm to
translate technical change into measureable economic gains depends
also on luck, good management skills, favourable govermment policies,
market size and many other variables. (See Teitel, 1981b for a good
discussion at this point).

Fourthly, many Third World firms succeed in surviving and making a
profit very often without affecting any technological improvements at
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all. Thus, the existence of technical change capacities is neither a
necessity nor a sufficient condition for commercial success -
particularly in the highly protected markets characteristics of most
Third World countries. (See Bell Scott-Kemmis and Satyarakwit, 1982
on this point). Likewise even when the necessary technological
resources do exist, the illogicality, illegality and institutional
rigidity of the firm’s envirormental operating conditions may simply
choke off and stop dead any effort to use these resources

effectively. The well-known example of public sector enterprises,
whose undoubted capacity to stimulate economic growth and
technological improvement, yet whose operation is subject to the whims
and interference of government bureaucrats, is a case in point.

Nevertheless, despite all of these qualifications, let me underline the
relevance and permanence of the basic themes highlighted by the
empirical evidence I have presented. First there is a demonstrable
link between technical change and economic performance in Third World
countries at the 1level of the firm, the sector, and the economy.
Secornd, it is possible for firms, operating under extremely adverse
conditions, to accumilate the technological capacities needed to
effect technical change. Thirdly, firms operating in countries at all
levels of development possess the capabilities for technical change.
And finally, developing countries will only benefit substantially from
the use of technology when they have the capacity to ensure that that
technology can be made suitable to their requirements and can be
continually altered and improved to take account of constantly

changing conditions.
6. The Need to Meke the Case to Policy Makers

It may appear that all of the above evidence adds up to a pretty
strong case for Third World govermments to develop positive policies
designed to support local innovation. Unfortunately this is not yet
the case in many countries, and the importance of accumlating
indigenous technical change capabilities is simply not recognized in
policy formilation and implementation. I think this failure of
recognition on the part of the policy makers is one of the most
critical problems that professional researchers and the developing
world in general face today. There are three reasons for this point.

First, I believe that one of the reasons why the current world
economic crisis is creating so much suffering and chaos in the Third
World is because developing countries lack the technological capacity
to respond to the crisis in ways which mitigate its worst effects.
Just one example of this is the appalling situation that exists as
regards the low levels of capacity utilisation in the industrial
sector. Severe foreign exchange shortages throughout the Third World
are preventing the importation of the spare parts and intermediates
necessary to keep industry operating. As a result, capacity
utilisation is probably below 30 percent in all but a few countries.
Being unable to operate factories at minimim levels of capacity of
course has severe direct and indirect ‘knock-on’ effects on the
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economy. Certain basic consumer goods cannot be produced and
therefore people have to go without them; factories close down
because they cannot operate and people are put out of work; the goods
that are produced are very costly to the economy; and exports are
lower than they should be and so foreign exchange earnings are further
reduced - thereby worsening the overall situation. Yet in many cases
the spare parts and intermediates necessary to keep the factories
going could have been produced locally (or regionally) if governments
had conciously pursued policies designed to generate the necessary
indigenous capacities to produce these imported items. If such
policies had been followed, then many (but of course, not all) of the
problems currently arising from low capacity utilisation in the
poorer countries of the Third World would have been much less.

Secondly, in addition to the problems caused by the existing gaps in
technological capacity, a whole series of radical innovations have
emerged on the horizon which could cause the technological gap between
the First and the Third World to grow even wider, with even more
severe consequences for developing countries in terms of their ability
to compete and survive in or out of the international division of
labour. Unless industrial and developmental policies are formulated
and implemented which take account of these potential changes in the
technological basis of production, even the ability to survive of
those countries who have already achieved a measure of technological
development must be brought into question. It is going to be an even
tougher ball game in the future than it is now - and the reasons for
this are largely rooted in technological change.

Thirdly, there appears to be a new, concerted and coordinated attack
upon the role of the state in Third World economies. The sources of
this attack are the international financial institutions such as the
IMF, the commercial banks currently playing such a key role in
propping up bankrupt developing countries, OECD govermments,
particularly those of a more conservative d1sp051tlon, various
international and bilateral aid agencies, TNCs as well as various
distinquished members of the development profession.

The objective of their attack is to roll back what they see as an
excessive degree of state intervention in the economy - through the
public sector and through various other institutional and fiscal
mechanisms such as, for instance, the systems of protectlon which
exist to support ostensibly 'mfant' industries. They aim to replace
state control of the economy with the discipline of market forces.
The reasons for this attack are both pragmatic and political.

Throughout these lectur&s, the reader will note that I am extremely
critical of the various modes of intervention adopted by Third World
govermments. This criticism extends not only to the ineffective use of
protection to stimulate the growth of protected industries, but also to
the many ill-advised attempts to institutionalise science and
technology through the creation of National Science Councils and
industrial research institutions. I also believe that efforts to

19


scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier

scormier
Sticky Note
None set by scormier

scormier
Sticky Note
MigrationNone set by scormier

scormier
Sticky Note
Unmarked set by scormier


eliminate the excesses associated with technology transfer such as
monopoly pricing, "packaging", and restrictive contractual clauses
via, for example, the establishment of registries for vetting
technology transfer contracts has often been ineffectual and a
diversion of effort and scarce resources.

However, equally I do not believe that a retreat to the rigours of the
market is the best and only means of developing indigenous
technological resources. As I will try to show in subsequent
lectures, there must be some form of state intervention in this area -
but this must be quite different from the approaches currently being
followed by many countries.

So for all of the above reasons - the failure of policy makers in both
the public and private sector to pursue strategies for the
development of technological capabilities is a very big problem.
Moreover, the reasons why technical change and the accumilation of
capabilities are not on the policy agenda in most countries are
legion.

As noted earlier, policy makers simply may not be aware of the role
that technological advance plays in the process of economic
development. They tend to be more concerned with increasing the size
of the capital stock which is what theory and the textbooks tell us is
a key determinant of economic growth. It may also be the case that
policy makers do not believe that independent technological
development is possible or necessary in their own economies and that
hence there is no need to do anything to promote it. Such a
perception is as likely to emerge from those with a ’dependency
mentality’ who believe that conditions are so bad that nothing can be
done; as it is from those who believe for pragmatic or theoretical
reasons that nothing should be done - either because they see
industrialisation as a process in which technology is an exogenous
variable and that technical improvement happens more or less
automatically with no need for state intervention, or because they
believe that investments in technical change (i.e. investments in R&D)
should not be undertaken by developing countries who do not possess
any inherent advantages in this area but should be left rather to the
developed countries who do possess these capabilities. In this
situation the policy prescription has been that developing countries
should simply import (via unrestricted technology transfer) the best
that the developed countries have to offer - thereby bypassing all of
the difficulties actually involved in R&D. Explicit in this view is
the belief that this technology transfer should take place strictly
within the private sector with no restrictions/ interventions from
goverrment.

It is important to note that these perceptions have their roots in
neoclassical economics - a set of arguments which many reject because
of the totally unrealistic assumptions on which they are based. Yet
it is not sufficient in this context simply to criticise these views,
as this is unfortunately the dominant paradigm within which most
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policy makers operate. Rather we need to make the case on their own
terms and with their own arguments.

Even without such theoretical clashes, it should also be adbvious that
persuading policy makers to invest in the creation of indigenous
technological capabilities is likely to be a very difficult task in the
current economic climate in most Third World countries. Merely
claiming that technical change and technological capabilities are "good
things" (like patriotism and apple pie), or pointing to their
importance in other countries is not enough. The resources available
for investment in developing countries do have opportunity costs.
Thus, those who argue the case for investing in technical change
related activities must be able to quantify the returns to these
investments and show how and why they are higher than for other uses
for these resources. This may be particularly important for the short
run because of the short run costs of intervention - i.e. giving
opportunities to local firms to improve on imported technology or
subsidising R&D - are likely to be both expensive and risky from the
perspective of the private sector user of local technology. Local
suppliers will inevitably make mistakes, offer low quality, fail to
meet delivery times, etc. In light of this and without the
possibility of compensation from the state, local user firms will not
contract with local suppliers, and will prefer instead to rely on
‘reliable’ foreign sources of supply.

Moreover, even if subsidies are made available and even if the firms do
improve their technological skills over time, it is very difficult to
estimate the scale and the time frame over which these benefits are
likely to accrue. We have gone some way toward understanding
technical change processes in the Third World - but the analytical
tools available to us are as yet inadequate to cope with the need to
provide a rigorous Jjustification for our case. Hence it is simply
very difficult to predict where and how X dollars of training or
support for R&D will produce Y benefits 10 years from the time of
investment. To make matters worse from the policy makers perspective
- particularly if he/she is in a politically visible position - such
long term benefits to the society are inevitably very heavily
discounted. Short term visible results are what count in the s le
for the allocation of resources.

I want to close here by again emphasising a point I made at the
beginning of this lecture - one of the principle objectives of
technology policy research must be to provide the evidence necessary
to persuade policy makers of the need to take a more aggressive stance
vis-a-vis support of the development of a capabilities to effect
technical change - by identifying where technical change is occuring
(or should be), by demonstrating the benefits arising from it and/or
by illustrating the costs incurred by firms, individuals, and society
as a whole by their future fail to invest in the creation of
capabilities to effect technological advance.
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Lecture One attempted to marshall the available empirical evidence to
demonstrate the central role of technical change in the process of
economic development and industrialisation. I was, of necessity,
rather eclectic and empiricist in that presentation. In this lecture,
however, I want to step back a bit from the empirical detail and
discuss some of the theories, conceptual tools and analytical
approaches that researchers in the technology and development field
have developed over the years to explain and analyse empirically
observed relationships between technological progress and economic
advance. In the course of doing this I want to introduce some of the
key concepts and concerns that I will be using or relying upon both
implicitly and explicitly throughout this set of lectures.

I start in Section 1 by giving a lbrief description of the treatment of
technical change in the mainstream economics or neoclassical
literature. Section 2 presents an alternative conceptualisation of
the role of technology in a market economy based on the work of
Schumpeter. Section 3 builds on this analysis to introduce our core
set of concepts that form the conceptual basis.

1. The Treatment of Technical Change in Conventional Boonomic Analysis

Mainstream economics is dominated by a school of thought which accepts
the centrality of the "neoclassical" model of the economy. The
primary concern of the neoclassical approach is to illuminate the
equilibrium relationships between static economic variables (prices,
output, profits etc) and the smooth functioning of the economy as it
follows a path of balanced growth. The central components of what has
been called the "vision" of neoclassical economics are the aggregate
production function, perfectly competitive markets, and the
instantaneous adjustment of factor prices. It is the interaction of
these components within a strictly defined set of behavioural
parameters that facilitates the smooth and continuous adjustment of
the economy towards its "natural" position of general equilibrium.

The important point to note given our particular concerns, is that
within the neoclassical paradigm the role of technical change as a
motor of economic development was not recognised at all. Technology
was taken as a given element for both the firm and the economy as a
whole. Firms were assumed to be faced with an existing production
system or range of techniques - sitting ready and waiting to be used
like boxes on a shelf. Each technique consisted of a specific
combination of (undifferentiated) inputs of labour and capital that
when combined produced a given level of output. This range of
techniques was conceptually "defined" by a production function. This
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production function represented all the possible existing and future
combinations of labour and capital needed to produce a given level of
output. It was further assumed that when a firm decided to enter into
production, it would choose from the shelf of techniques (ie the
production function), the specific technique that was most appropriate,
to its own circumstances in light of the prevailing prices it had to
pay for labour and capital. In the neoclassical model the firm was
always able to make the correct or optimal choice of technique because
it had a total (perfect) understanding of the economic and technical
characteristics of the range of techniques from which it had to
choose. Moreover, this decision was assumed to be made
instantaneously and without the firm itself incurring "selection"
costs of any kind.

There are many curious things about this way of viewing the world that
could be subjected to severe criticism. Indeed there is a massive and
long standing body of seriocus analytical literature that attacks
neoclassical theory from virtually every aspect. However as our
cancerns are with the technology variable I want to emphasise only two
of the unusual characteristics of the model. The first is that in
this model the firm (choosing the techniques) is simply a user of
fixed production systems. The economists who developed the
neoclassical model did not envision that the user firm had any
interest, any capabilities or any need to be involved at all in the
development of the specific techniques it was to use. These were
simply assumed to be made instantly available (fully perfected) to the
user as if they were "manna" from heaven.

The second point to note is that when neoclassical economists depict a
new situation where the firm is able to produce either the same or
more of an output with fewer units of labour and/or capital, they
simply assume that a new set of techniques (ie a new production
function) would automatically become available to the firm. Once
again no attention and no significance is given to the matter of where
these new techniques (or new ways of doing things) originated.

The second distinction involved shifts of the whole production
function whereby you get increases in output that stem entirely from a
new set of factor combinations. This shift in the production function
is described as technological change. In the earliest formulations of
the model, economies/firms were thought to move onto a new production
function in response to massive wage increases paid to the labour
force. Hence these shifts in the production function (ie
technological change) usually came to be associated in the
neoclassical formulation with unit cost reductions in the use of
labour. In contrast to movements along the production function, a
shift in the production function did actually involve an entirely new
way of doing things such that factor productivity was improved.

From our perspective, the most worrying problem with this way of
conceptualising the nature of technology and technological change is
that it assumes that these are in a sense exogenous to the
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functioning of the economy. Thus this formulation is totally at
variance with the enormous bulk of empirical evidence (some of which
was reviewed in Lecture One) which in fact demonstrates the absolute
centrality of the phenomenon of technological change. More
importantly, no account is given of the sources of technology and
technological progress, of various types of technology and technical
change that exist nor of the mechanisms that lead to technical change
and the diffusion of these changes through firms within an economy.
Instead the main sources of economic growth are assumed to be through
augmenting stocks of labour and particularly capital. It was/is this
perception (that growth derived from increases in the capital stock)
that underlays much of the early emphasis in development economics on
the need to maximise the rate of new investment by importing ready
made systems of production from the industrialised countries.

Of course the above discussion is an enormously over-simplified
presentation of the neoclassical model. There have been numerous
attempts by neoclassical economists to "improve" the treatment of
technology within their models in an attempt to bring these a little
closer to demonstrated reality - particularly in light of the
persuasive arguments that have been made against the model’s internal
theoretical validity (as presented most clearly in the classic
critique made by Kennedy and Thirwall, 1972). Many of these
amendments have either involved attempts to embody technological

change in the investment process as a source of productivity increase -
as either capital embodied innovations or as a function of the scale
of investment (See Arrow, 1962); - or to link R&D expenditure to
investment by seeing it (R&D) only as a means by which the profit
maximising firm is better able to meet the performance criteria of the
general equilibrium (See Eltis, 1971 for the best presentation of this
approach).

However in the end, these attempts by neoclassicists to refine their
"models" are (as Arrow, 1962 himself notes) primarily defenses of the
production function approach. They fail as noted above to explain the
origin of technological change, its nature and factor bias, the rate at
which it occurs, the costs involved in generating it, and the
mechanisms by which this occurs at the level of the firm, the sector
and the economy.

Now it may be that this latter set of factors are in some curious
sense not a "legitimate" concern for neoclassical economics with its
exclusive focus on static equilibrium within a fully developed market
economy. However, given the sheer weight of the evidence pointing to
the importance of the technological factor in the industrialisation
process, we are forced therefore to look elsewhere for a model which
first adequately explains the observable phenomenon, and more
importantly provides some pointers towards the realm of policy.
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2. ’'s ibarti

I believe we can find a much more useful set of concepts and insights
into the role of the technological factor by considering briefly the
analysis of these issues carried out by the German economist, Josef
Schumpeter, who probably has done more to introduce the reality of
tgchnological progress into economic thinking than any other economist
since Marx.

In a major departure from the mainstream of economic analysis in his
day, Schumpeter instead of seeing technology as a exogenously
determined static variable with no influence, in fact viewed the
process of technical change as the principle motor driving the
functioning of a market economy. For him, technical change was
endogenous to the economy; indeed firms introduced new ways of doing
things (improved techniques) or new products e_xpllc1tly because it
gave them an advantage over their competitors in the market place.
The new product or lower cost production method would allow the
innovating firm to reap extra (or super-normal) profits over and above
that of its competitors. Thus Schumpeter placed technical change at
the very heart of the forces governing the laws of competition in a
market economy.

Schumpeter saw this mechanism operating in a dynamic way, since he
recognised that innovating firms in a competitive economy could not
hope to permanently secure extra profits from the innovation. This
was because a competitor would in time be able to imitate the first
innovation and thus by selling the resultant product at a slightly
lower price would be able to whittle away at the super-normal profits
of the original innovator. This decline in the rate of profit would
however, in Schumpeter’s model, soon be interrupted by the
introduction of yet another innovation/technical change thereby
causing the whole cycle to begin again. For Schumpeter this process
of - innovation - super-normal profits - imitation - profit reduction
- innovation - was continuous and happened throughout all major
sectors in the economy; and meant that the economy was in a constant
state of disequilibrium rather than always tending towards the
equilibrium of the neoclassicals. In the classic statement of the
mechanism Schumpeter argues that:

"the capitalist economy is not and cannot be stationary. Nor
is it merely expanding in a steady mamner. It is
incessantly being revolutionised from within by new
enterprise, i.e. by the intrusion of new commodities or new
methods of production or new commercial opportunities into
the industrial structure as it exists at any moment. Any
existing structures and all the conditions of doing business
are always in a process of change. Every situation is being
upset before it has had time to work itself out....
Possibilities of gains to be reaped by producing new things
or by producing old things more cheaply are constantly
materialising and calling for new investments. These new
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and new methods compete with the old products and
old methods not on equal terms but as a decisive advantage
that may mean death to the latter. This is how "progress" is
brought about in capitalist society. In order to escape
being undersold, every firm is in the end compelled to
follow suit, to invest in its turn and, in order to do so, to
plow back parts of its profits, i.e. to accumlate.
Thus, everyone else accumilates" (Schumpeter 1961).

Schumpeter’s analysis provides a substantially more realistic
explanation of the role of technology and its impact on firm
behaviour in a market economy than the explanation offered by the
neoclassicals. However if we examine Schumpeter’s model closely, it
becomes clear that his analysis also had some severe limitations.
First of all he was only interested in "big" technical changes - ie in
what neoclassicals would call shifts in the production function. He
saw these technical changes as being of fairly momentous import and
significance and believed that they were therefore discontinuous
events associated with the investment process. He believed that the
technical changes themselves originated with inventors who carried out
an R&D function that was normally separate from the business of
production. These inven t%wereputmtocamercmlusebythe
innovator firms; and for Schumpeter it was the innovating firm (or
rather the entrepreneurs who in his search for profit was continually
seizing upon the products of the inventors) who was the "hero" of the
capitalist economy. Thus his analysis was primarily concerned with
what happened after the original invention was commercialised
(introduced into production by the entrepreneur).

Consequently we can see that even in Schumpeter’s approach, though he
recognised technical change as endogenous to the economy, there is no
real analysis of the nature of inventive activity; or where and from
what sources inventions arocse. IrxieedeveninSchLmlpeter'sconcern
with events after the invention is commercialised, his view was that
the process of imitation that ensued was precisely that, exact copying,
by the imitating firm of the original invention; and by extension, his
concept of the process of diffusion was formulated rather
simplistically as only involving the movement of the original
invention from firm to firm. He did not actually envision that the
imitating firm in any way engaged in efforts to make technological
improvements on the original invention.

The above comments suggest that Schumpeter’s approach, although
representing a major and fundamental improvement on the neoclassical
view of the world, does have its limitations. Nevertheless, his views
have been enormously influential and have fostered a substantial and
illuminating body of theoretical and empirical study which has sought
to illustrate the central role of technology in the economy. Much of
this early work was carried out by the economists and economic
historians mentioned in Lecture One such as Nathan Rosenberg, Chris
Freeman, Stuart Hollander and John Enos. Their work and that of
others has introduced far too many refinements to Schumpeter’s model
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and therefore to our conceptual understanding of the technoloqgy
factor to be reviewed here (though many are discussed in Freeman, 1974
and Rosenberg, 1976 and 1981). Rather than discuss each, I want to
simply summarise some of the main findings from this body of work and
urge you to consult the literature for further details.

(a) Research has led to the (still contested) view that the

(b)

(c)

(d)

accumulation and application of experience- based technological
knowledge in fact frequently preceeded the development of
scientific knowledge in many fields; and thereby led to scientific
discoveries and indeed to the development of some scientific
disciplines. This cause/effect relationship of course
contradicts the common presumption that technology is the mere
application of prior scientific knowledge.

For instance, the science of metallurgy began to develop in the
second half of the 19th century largely in order to account for
the behaviour of metals already being produced by the Bessemer
and post-Bessemer steel technologies. Even the scientific
research underlying the so-called "science based industries" such
as electronics benefitted from the stimulus provided by practical
industrial experience. Scientific research which led to the
development of the transistor effect was undertaken in an attempt
to understand the behaviour of semi-conductor materials such as
copper oxide and silicon rectifiers which had been discovered and
developed by purely empirical means and were already in
industrial use years before the transistor effect was "discovered"
in 1947.

Research also firmly established that, historically, much
technological progress (indeed from as early as the end of the
19th century), has in fact originated largely within the producer
firm as a result of organised R&D efforts undertaken by the firm
to improve its products and processes. Research into this topic
made it clear that the role of the individual inventor (much
loved by Schumpeter) as a source of technical change for firms has
declined substantially since then.

Following on from this shift in the perspective (i.e. from viewing
the firm as opposed to the individual/scientist as the chief
source of technical change), the role, function and impact of
corporate R&D has been the continual focus of policy research.
This work has subsequently demonstrated that a good deal of the
R&D carried out within the firms is actually biased towards
applied research efforts that rely heavily upon applied
engineering disciplines rather than the skills of the scientist
involved in "basic" research.

Furthermore, while formal organised corporate R&D programmes have
been found to be particularly important in achieving major
technological hreakthroughs, it is now also accepted that minor or
incremental technical change has been responsible for much of the
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(e)

observed improvement in productivity at the firm and at the
aggregate level (such as that recorded by Solow, Dennison and
others). Such incremental technical changes can be viewed as
improvements to existing equipment, processes and techniques that
are of a relatively minor nature compared to the scale of change
and the costs involved with major investments in new capital
stock.

A good example is the Enos study of dynamic technical change in
the US petroleum industry, cited in Lecture One which detailed
technical change related increases in productivity such as an
increase in capacity from 9 barrels/day to 36,000/day; 98% saving
in labour costs, 80% in capital costs, over 50% in material
costs/unit of output. Enos’ work suggests there are significant
differences between the types of technical change that occurred in
the industry over that period and he places a good deal of
emphasis on the much greater importance of minor technical change
as a source of the above mentioned productivity increases (Enos,
1962).

Enos distinguishes between the "alpha" and "beta" phases of
technical change in petroleum refining. The former covers the
invention, development and innovation (the first commercial
introduction) of basically new processes. The latter covers the
subsequent improvement of those basic process innovations. The
beta-phase includes not only "learning" within any one plant, but
also the series of improvements which result from building
incrementally more efficient new plants embodying the same basic

process.

"the beta phase is as significant in its economic
effects as is the alpha. There appear to be
greater reductions in factor inputs, per unit of
output, when a process is improved than when it is
supplanted by a better one."

Enos’ findings have been confirmed by Hollander, 1965, Gold, 1975
and many others and have convincingly established the point that
minor technical changes, involving alterations to existing
processes and equipment, are a significant and major source of
productivity improvement and are in no way less important than
more radical technological breakthroughs.

In highlighting the importance of minor technical change, the
literature drawing from the experience of the industrialised
countries underlines the related point that many of these minor
improvements do not emanate out of the R&D lab - but instead come
from a wide variety of sources within the firm - from the machine
shops, from production workers, from efforts at quality control,
from improved instrumentation, as a result of maintenance and
trouble-shooting activities, and so on. The argument made is
that the knowledge of the characteristics and constraints of the
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existing production system generated by all of these activities
has frequently been used by engineers and technicians working
within the firm to effect relatively small but cumulatively
significant technical improvements. From this perspective,
technical change can be seen to occur throughout the entire
productive enterprise and therefore, a priori, successful
improvements are as likely to arise from maintenance activities as
they are from the R&D labs. Likewise, there is the implicit
point that the range of skills that can be drawn upon to effect
technical change within the firm extends far beyond those of the
R&D "scientist" and rests particularly heavily on engineering
disciplines of various types.

(f) The sorts of minor and major technical change that take place
within firms are not simply associated with reduction in labour
cost per unit of output but also result in a multi-dimensional
effect on various aspects of factor use and performance such as
the reduction of materials use, saving of energy, improved
capacity utilisation, higher throughput rates, improvement in the
quality of inputs used, products, etc. And rather than simply
affecting one parameter at a time, a single technical change
event frequently involves improvements on many of these fronts
simultaneously.

(g) Finally, it has now become clear that the movement of a technical
change from invention to innovation to imitative diffusion (in
the Schumpeterian sense) frequently takes a very long time and is
in no sense an instantaneous process. Moreover, the process
usually involves each successive firm in making changes to the
original invention in order to fit its own particular
circumstances. Hardly ever would they do this through simple
imitation - firm circumstances vary widely, and change too
frequently for one invention to suit everybody’s needs.

Therefore there is an ongoing process of technique-specific

technical change occurring as the new technique diffuses through
the economy. Thus technical change was perceived to be continuous
and occuring throughout the "life" of the product and/or process.

There are of course many other elements that could be included in the
above 1list which draw on empirical research carried out in the
developed countries and have enriched our analytical understanding of
the technical change phenomena - about the relationship between
innovation and firm size, trends in scale economies, differences
across sectors and many others. My aim in presenting the above
selected set of examples has been simply to give some idea of the way
in which empirical research at the firm level carried out within the
Schumpeterian tradition has given us a bundle of insights that
provides a mich more realistic and workable conceptualisation of the
process of technical change, its relationship to firm behaviour and
economic growth, than that provided by the neoclassical model - ane
that is not restricted to large firms, the province of state—supported
R&D labs and major technological breakthroughs, but emphasises instead
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the importance of incremental technical changes that can literally
take place at any point in the production process or within different
types of firms. What we now have is a picture of a non-linear process
of innovation that is infinitely more realistic that the static
perspective imposed by the neoclassical model and more importantly
provided researchers and analysts with a starting point from which to
generate a much more useful set of policy relevant insights into the
rate of technology in Third World development.

3. ical in the Third World

I would now like to shift the focus of the discussion towards issues
related specifically to the role of technology and technical change in
the process of industrialisation in the Third World. To do this, we
need to start by introducing a few fairly straightforward definitions
regarding the concepts of technique, technology and technical change
upon which I will rely throughout the rest of this series of lectures.
There is a great deal of confusion in the literature with regard to
definitions of these terms and many analysts offer differing and even
contradictory interpretations. As it is not possible here to sort out
all this confusion, I shall simply follow closely the conventions
developed by Bell in a number of recent publications (Bell, 1982 and
1986; Bell and Hoffman, 1981, Bell, Scott-Kemmis and Satyarkwit, 1982;
Bell, Ross-Larsen and Westphal, 1984).

Thus I start with a definition of "techniques" as meaning "utilised
methods of production" that relate to the production of a specific
product at a specified volume of ocutput. This notion of techniques
differs from that of most economists who tend, as we mentioned
earlier, to define a technique in terms of the econamic relationship
between inputs of undifferentiated labour and capital needed to
produce given output. Instead, in our terms, a technique refers to a
physical phenomenon - to the particular configuration of different
types of equipment, materials requirements, operating procedures, and
labour inputs (of all types) necessary to produce a specified level
and type of output. From this perspective, the technical
specification of a production system or technique (even a simple one
used to produce a simple product) can in fact as Bell, Scott-Kemmis
and Satyarkwit, 1982 point ocut, be quite detailed and were they to be
written down would easily run to several volumes of drawings,
equipment lists, schedules, specifications, operating manuals and so
on.

The next definition I wish to introduce relates to the concept of
"technology". In the literature this word is used to refer to many
different things - some analysts use it interchangeably with technique;
others see technology as being composed of a set or a series of
techniques. I shall use the term technology like Bell to refer to
knowledge - or more precisely to a body of knowledge about techniques.
Such a definition, though simple, encompasses a great deal - it
obviously implies knowledge already embodied in techniques and the
specific elements of which they are composed, but it also incorporates
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