


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 à 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 CROI est financé entièrement par le Parlement cana­
dien, mais c'est un Conseil des gouverneurs international qui en détermine l'orien­
tation et les politiques. Établi à 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 corporaci6n 
publica creada en 1970 por el Parlamento de Canada con el objeto de apoyar la 
investigaci6n 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 nutrici6n; ciencias de la salud; ciencias de la informaci6n; ciencias 
sociales; ciencias de la tierra e ingenieria; y comunicaciones. El Centro es finan­
ciado exclusivamente por el Parlamento de Canada; sin embargo, sus politicas 
son trazadas por un Consejo de Gobernadores de caracter 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, internai reports, and preliminary technical 
documents that may later form the basis of a formai 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'être publiés plus tard dans une série de publi­
cations plus soignées. D'un tirage restreint, le rapport manuscrit est destiné à un public 
très spécialisé. 

Esta serie incluye ponencias de reuniones, informes internos y documentos técnicos que 
pueden posteriormente conformar la base de una publicacion formai. El informe recibe 
distribucion limitada entre una audiencia altamente especializada. 
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'lhe IDRC Science and Technology Policy Workshop Progrannne was launched 
in 1976. '!he objective and target audience of the Programme, as well 
as its organization and methods of training were unique in many 
respects. '!he Workshops were intended to ooth increase participants' 
awareness of the importance of science and teclmology issues and, m:>st 
significantly, to strenghten their capacities for research and 
analysis in support of policy formulation. It was this latter conceni 
with the developnent of policy research capabilities that especially 
set the IDRC Workshop apart from similar progrannnes conducted by 
other agencies. 

At the time the Programme was initiated, a sizeable share of 'lhird 
World policy making expertise and research capability in the field of 
science and technology policy was concentrated within Latin America. 
'Ibis was reflected in the fact that m:>st 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 Fast and the Caribbean. 'Ihus, nearly 200 policy makers and 
researchers from these regions attended eight ICRC Workshops held in 
ONo phases between 1977 and 1983. 

~is was also placed on getting the best mix of participants from 
different types of backgrourrls, 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 l:x:>dies. 

With one exception,* all of the Workshops were concerned with the 
problem of developing and .implementing policies that ~d exploit 
science and technology to further industrial developnent in the 'lhird 
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 through national 
policies and, in particular, through the effective management of the 
process of international technology transfer. 

*One of the v.orkshops held at the Science Policy Research Unit in 1978 
was concemed 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. 'lhe COltllOOl1 perception then was 
that technology transfer was primarily a ne::hanism by which 
international coq:orations could extract nonopoly profits from 
developing countries and at the same time increase these countries' 
technological and economic dependency on the North. 'lhe Workshop:; 
adopted an entirely different perspective - one that eqilasised the 
great possibilities for using the transfer prcx::ess as a technological 
and institutional learning mechanism, and the need for careful 
research that could provide the foundation for policies to exploit 
this potential. 

'lhe Progranune's eqilasis on fostering participants' research, 
analytical and policy formulation skills led to the developoent of a 
mnnber of irmovati ve approaches to training that were employed during 
the Workshop:;. 'lhree deserve particular mention here. '1he first 
involved the use of the "literature". Limited acx::ess to the 
literature, particularly unp.lblished empirical studies, and to 
infonnation about the experiences of other cotmtries, severely 
constrains the effectiveness of the 'iNOrk of '1hird World policy makers 
and researchers by denying them the O.PJX>rtunity to leam from the 
experience of others. 

Consequently, each Workshop participant was provided with a 
comprehensive set of articles, OOoks, chapter extracts and m:>mgra?'ls 
that in effect constituted a mini-library in the field of science, 
technology and developnent. '1he material provided was organized into 
topic 'm:xiules' for each session which participants had to study and 
review intensively in order to participate fully in the Workshop. 
More inp:>rtantly, it was hoped that by making this material available 
to the participants' institutions when they returned bane, it would 
serve as an inp:>rtant resource in their '#JOrk and that of their 
colleagues. Full bibliograptlc information regarding this literature is 
provided in the third section of this voll.D119. 

Secorrll.y, an instructional fonnat had to be devised that would 
maximise the 'training' and 'learning' aspects of the Workshop:;. 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 arouni structured sets of 'core' 
lectures presented by a small number of full-time staff who were 
present during the entire period. 

'1hese core lectures, foousing on different aspects of the central 
themes of the Workshop, drew heavily on the material Sl.JR>lied to the 
participants. Much use was made of empirical evidence and case study 
material to illustrate both concepts and research toothed. '!he 
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. '!his 
combination of duration and format allowed participants and staff to 
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pursue an in~epth exploration of policy issues and research 
questions. 

'lhirdly, opportunities were provided for participants to pursue 
individual interests and projects during the Workshop. 'Ibis took a 
variety of fonns - presentations to the group, one-to-one sessions 
with Workshop staff, guided reading on particular topics, and 
specially organised visits to outside institutions. As with the 
formal sessions, the objective of these imividual 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 and the Caril::hean, participants carried out their own research 
projects. Organised into nDJltidisciplinary teams, they established 
their own research objectives and methodology. Arrangements -were made 
for them to visit local enterprises to oollect information and data. 
'Ibis material was discussed and written up by the teams, and then 
presented to the Workshop in formal session. 

'lhese mini-research exercises were a vital part of the Workshop 
learning experience since they brought to life many of the ooncepts 
and issues being discussed during the sessions. r.t>reover, they 
allowed participants, same of wham had never even been inside 
factories before, to gain first-ham knowledge of the empirical 
research process. Many of the written reports oonstitute a valuable 
oontrih.ltion to our knowledge of conditions in the industrial sector 
in ex>untries on which empirically-based information is usually very 
limited. 

Many individuals and institutions have oontrib..tted to the sucx::ess 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 oontinued by 
his successor 'lbny Tillett. '!he first ?'lase of the Workshop Programme 
was based at the Science Policy Research unit of the university of 
SUSSex in Brighton, Ergland, where four tNOrkshops of ten weeks' 
duration were held between April 1977 and June 1979. 'Ibis :r;ilase was 
directed by Martin Bell who, with the support of Kurt Hoffman, 
developed the focus, core concepts and bibliograpti.c materials on the 
management of technology transfer and capability accunlll.ation on which 
the entire series of Workshops was based. 

For the second ?'lase, a number of cl'lan.:Jes -were introduced. Nonnan 
Girvan acted as Workshop Director for this J;ilase, with Kurt Hoffman 
again providing support as co-designer of the curriculum and chief ex>­
instructor. A major addition was also made to the topics oovered with 
developnent and inclusion of an extensive component of lectures 
dealirg with national technology planning and policies. 

Also it was decided to shorten the duration of the Workshops and, mst 
~rtantly, to hold them in developing COlllltry locations. 
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Consequently, in Phase 2, four one-IlDl'lth Workshops were held at three 
locations in Africa (Tanzania in .April 1982, Liberia in October 1982 
arrl senegal. in .April 1983) arrl one in the Cadtt>ean (Jamaica in 
November 1983) • rrhese Workshops were all carried out in collal:x>ration 
with local academic institutions: the Institute of Developtelt 
studies (ms) of the University of Dar-es-Salaam, the University of 
Liberia, the African Regional Centre for Technology (~T) in Dakar, 
am the Institute of Social am Fconomic Research (ISER) of the 
University of the West Il'Xi.ies. 

'!his feature of the Workshops enabled participants to get direct 
empirical exposure to teclmology issues in a developirg country 
enviromnent, as well as to have acx::ess to the \VOrk of local scholars 
arrl to have the benefit of viewing issues from the perspectives of 
local decision-makers, of wham the Workshop made ample use. It was in 
order to take advantage of the opportunities this afforded, that Phase 
2 feature:i the incorporation of :multidisciplinary team research by 
participants as an integral part of the teaching progrannne. 

'Ihroughout the course of the Programme, a rn.nnber of indi victuals acted 
as resource persons arrl made su!Etantial teaching inJuts at multiple 
\VOrkshops - Dr Kadir Djeflat, Dr Ra?lie Kaplinsky, IX>n-Scott Kenunis, 
Dr Steven I.angdon, Dr Lynn Mytelka, Maurice Q3.le, arrl Peter O'Brien. 
Many other professional policy makers, researchers arrl irxiustrialists 
from both developed arrl 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 providirg key administrative arrl 
liaison services arrl ItDre importantly by acting as a constant source 
of enthusiastic encouragement arrl wise advice. 'Ibny Tillet, 
<l'lristo:Eiler Smart am Jamieson camp:iell deserve particular mention 
here in this regard. 

'lhe contributions of the Workshop Programme have emerged in a variety 
of ways. In addition to the benefits gained by irrli victuals from their 
attendance, the progranme helped create a new set of personal arrl 
professional linkages between participants, staff arrl the Centre that 
continue in the present. A considerable number of researchers either 
µ.irsued the D Phil degree or have sub;equently participated in research 
projects in the field. Many of these projects have been suwortea by 
the IrRC arrl have resulted in plblications that have made a 
su!Etantive contribution to the field. 

Many of the policy makers who attended the Workshops continue to \VOrk 
professionally in the field am use the expertise arrl infonnation 
gained in their daily activities; sone of these have even initiated a 
variety of projects am progranunes within their own institutions arrl 
agencies that drew directly on their Workshop experience. 

'lhe success of the Workshop Programme also stimulated a number of 
international agencies to sponsor similar exercises. For example, a 
major progranme of science am technology policy seminars was 
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conducted by the World Bank. In addition, the UN F.conomic Connnission 
for West Asia (Ex:.'WA) held a four-week Technology Policy Workshop for 
the Arab Region in Baghdad, Iraq, in June 1985; durin;J 1984 am 1985, 
the African Regional Centre for Science am Technology in Dakar, 
Senegal, sponsored a number of regional science am technology policy 
1N0rkshop:; throughout Africa; and IOOSt recently, the Institute for 
Social am F.conomic 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 
mdelled on, the IDRC Workshops. 

Given the strong interest in the issues addressed am in the material 
presented in the Workshop Progranune, the Science am Technology Policy 
Program of the IDRC has decided to publish a selection of the teaching 
am research material produced for the Workshops. '!his first vollnne 
oonsists of three sections. '!he first section contains the set of 
'core' lectures given durin;J the 1N0rkshops by Kurt Hoffman. 'lhese 
analyse the process of international technology transfer with the 
objective of showin;J how strategies may be developed at the enterprise 
level to brin;J about the effective acquisition am assimilation of 
imported technology. 

'!he second section is a set of compleroontary lectures on national 
technology policies am planning by Nonnan Girvan. 'lhese set out in 
schematic fonn the approach which might be taken by policy makers in a 
developin;J CO\.ll'ltry with a weak science am technology infrastructure 
am little experience am tradition in technology policy making. '!hey 
suggest how a goverrnnent may develop strategies am policy instruments 
aimed at encouragin;J the manageroont am acquisition of imported 
technology by enterprises, compleroonted by the selective developnent 
of local technological resources am capabilities by direct 
goverrnnental action. 

Both sets of lectures were refined continuously durin;J the course of 
several Workshops as a result of feedback from participants. '!he final 
section provides the extensive b.ibliograP"iy developed durin;J the course 
of the two Ji1ases of the 1N0rkshops, divided into principal subject 
areas. 

'!here is ample dem:mstration in the literature of the enoncous 
contril::ution that technology can make, am has made, to the economic 
developnent am social well-bein;J of nations. Finding ways to harness 
this potential is a crucial task facin;J developin;J COlll'ltries. In 
publishin;J this material, the IDRC hopes to continue to stimulate 
interest in the subject area anaigst researchers am policy makers 
from different disciplines, to make available DDre widely the teaching 
material am core b.ibliograP"iy developed for the lNOrkshop, am so to 
contribute towards the achievement of better understarrling am DDre 
effective policies for technology transfer am developnent. 

Dr. Ami tav Rath 
Social Sciences Divisioo 
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Nine lectures .by Kurt HoffDen 
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I was fortunate to be able to spend my "awrenticeship" in the field of 
technology and developnent working closely with Martin Bell, a friend 
and fonner rolleague at the Science Policy Research Unit of the 
University of SUssex. Martin's meticulous scholarship as a researcher 
set a standard to which I CX>Uld only aspire, while his deep insight 
into the relationship between science and techoology and the 
developnent process were and are a ronstant source of knowledge and 
inspiration in my CXtJn work. Indee:i, many of the ideas and ooncepts in 
these lectures have their origin in his writings and in the hours of 
discussion that we shared over the years. 

I know that I speak for many rolleagues, researchers and policy makers 
when I gratefully acknowledge the tremendous intellectual 
contri.tution that Martin Bell has made to our field. We have all 
benefited greatly from the clarity of his vision and from his 
dedication to the cause of '!bird World developnent. 

2 

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



'Ihere is a comroon lesson that can be drawn from the industrial history 
of eotmtries as diverse as the United states and Gennany in the late 
19th century, Japan in the mid-20th century and South Korea since 
1960. A key factor in their successful industrial developnent 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 indigenous 'ca_pacities' to devise technical 
solutions to their own problems both by adapting and improving 
imported equipnent and know-how to suit local cxniltions and by 
developing entirely new and nore appropriate ways of solving their 
problems. 

'lhus, all of these oountries 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 oonstituted a crucial source of the continual rise in 
productivity that provided the steady rise in living standards enjoyed 
by these societies. Unfortunately, nest developing eotmtries, 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 ncst powerful notors of economic developnent. 

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 'Ihird World. 
'!he oore lectures of the Workshop:; therefore concentrated on exploring 
two themes. 'Ihe first was that it is possible for '!hi.rd World 
goverrunents and f i:ms to consciously devise :p:>licies that can both 
foster the process of accumulation of indigenous technological 
ca_pacities and create conditions that allow effective deployment of 
these d.onestic capabilities to solve local problems. 'Ihe set of 
lectures in this volume, pre_pared and originally presented by Dr 
Norman Girvan, specifically addresses these issues. 

'!he second theme of the Workshop was concemed not with the 
formulation of :p:>licies rut nore with understarding the processes by 
which irrligenous technological capacities oould be created and 
accumulated. '!hough 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 
developin3' eotmtries. 'Ihe key line of argument explored under this 
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topic was that the prooess of technology transfer, effectively 
managed, could provide l.Dlique 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. 'Ibis 
is done in stages through a set of nine lectures. Iectures one and 
Two present the concepts, evidence and arguments that place technical 
change and the hl.Dllan and institutional capacities for effecting this 
as one of the primary forces underlying the process of industrial 
develo:r;anent in both developed and developing countries. 

Lecture 'lhree critically reviews the conventional wisdom of the 1970s 
that judged the potential contrimtion that technology transfer could 
make to '1hird world developnent from an essentially negative 
perspective. Iecture Four presents an alternative approach to the 
analysis of technology transfer that e:npiasises the need to understand 
its potential as a "leaming" mechanism so that policies can be 
designed that will exploit these possibilities. 

Iectures Five, six and seven adopt this approach in examining what is 
called the 'pre-investment' i;:tiase 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. EmP'lasis is given to the fact that effective 
management of the pre-investment i;:tiase is the key to the successful 
acquisition of technological capacities through technology transfer. 
Lectures Eight and Nine continue this IOOde of analysis by focusing on 
the problems, the prospects and the policy tools available for 
maximising learning during the 'investment' i;:tiase of technology 
transfer. 

Due to the efforts of a great many researchers, there is nctW a 
valuable and growing body of empirical and analytical studies 
concerned with the relationship between technical change, technology 
transfer and industrial developnent in the 'Ihird 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 
knowle:ige. IJhus, 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 contrilutions to my own learning may have gone unnoted here b..It 
are nevertheless deeply valued. Of course, all mistakes in 
interpretation are my own resi;xmsibility. 

One final set of comments. 'lhese lectures were prepared for verbal 
presentation. COnsequentl y, they differ considerably from written 
material intended for publication, in structure, use of evidence, and 
in the logic of the argument presented. IJhe reader should also note 
that they were designed to be given within the particular context of 
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Worksho.i:s that placed heavy emphasis on learning from the available 
literature. As a result, it was assmned that the Workshop 
participants had done fairly extensive preparation by reviewing 
assigned material prior to the lecture sessions. In preparation for 
this voll.Dlle, 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 sul::stitute for the original empirical and 
analytical studies on which they draw heavily. Much ioore will be 
gained f rarn the lectures if the reader is able to review same of this 
material as well. 
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DBJYAT[Clf, 'lmt{[CAL aWQ: AND OEm"lHQfl': F..VID1!JICE MD IC¥IWCE 

So nuch has been written and said about the crucial role that science 
and technology have played and continue to play in the process of 
economic developoent that it may seem unnecessary to belabour the 
point. same 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, c:Jim3'erous and degrading work - and they therefore believe 
that the further developnent of technology should not only be 
continuously pr0100ted, blt 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 one 
thing we are not guilty 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 '!hi.rd World policy makers 
concerned with planning for industrial developnent, 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 develoµnent; or else if they are aware, are unable 
or unwilling to take the necessary step; to bring the process of 
technical change and the use of technology under the control of local 
firns, institutions and people. 

'!his 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 IX>licy 
makers can be changed. I understand the concept of technological 
progress as that prcx::ess whereby societies, and finns and irrlividuals 
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 al:stract one. Fortunately, however, the concrete 
effects of technological advance on the economic fortunes of 
oountries both historically and in roc>re 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 C0W1tries and those in the '!bird World. My objective is 
primarily a polemic one and that is to establish the importance of the 
:r;i1enonena on which I place so much enpmsis throughout this set of 
lectures. 
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1. 'Ihe Eviderpe fran Inr,11,.?tri al j pri anrni es 

'lhere are nunerous examples of the proc:ess of technological advance at 
TNOrk in all sorts of economy umer many different types of con:litions. 
As might be expected, the nDSt al:urrlant body of evidence comes from 
the historical experience of the currently industrialised countries. 
'1he available evidence can be grouped at four levels - at the level of 
the .fim, at the level of the sector, at the national level am at the 
intemationa1 level. 

'1he ro1e of technical change at the level of the firm 

Professor Chris Freeman's l:x:x>k, 'Ille Econanics of Irxiustria1 
Innovation, (1974) presents a wealth of material on firm-level 
technical change, particularly in the chapters describing the 
evolution of the chemical am synthetic materials industry in 
Gennany, SWitzerlam am the US. He shows, for example, that as far 
back as the mid-19th century, chemical fi:rns such as BASF in Germany 
am CIBA in switzerlam were canyin;J out in-house R&D in order to 
generate new knowledge am new products with the explicit aim of 
capturing market share. Freeman also has an extensive discussion on 
the inp:lct of the R&D efforts undertaken by the German chemical firm, 
I.G. Farben, during the period between 1925 am 1939. He shows how 
these efforts were instnnnental first, in establishing Farben as the 
dominant firm in the TNOrld in synthetic materials: second, how the 
technical advances generated by its R&D efforts greatly facilitated 
the further developnent am widespread use of synthetic materials 
throughout the economies of Europe am North America: am third, how 
the success of Farben in tum laid the ground\tJOrk on which the 
chemical sector played such an ~t role in Germany's rise to 
joint industrial hegenDnY in the TNOrld economy with the United states 
in the post-war period. 

A feM of the facts presented by Freeman bear this out. Between 1925 
am 1939, the R&D programme of I.G. Farben was the largest in the 
TNOrld am as a result of this intensive investment in innovative 
effort, the firm acx::ounted for 17 percent of all pa.tents taken out in 
this sector in the TNOrld. No other firm except Dupont had as many as 
one-sixth of the pa.tents taken out by Farben in that period. (An:i 
during the period, it is interesting to note that I1Dre pa.tents 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 pa.tenting 
with the t\tJO early post-war leaders, Dupont of the United states am 
ICI of the United Kingdom. 'lhe dominance of the German company is 
clear from Freeman's analysis - irrleed, even after V«>rld War II, after 
the Allies had broken Farben up into smaller companies (am in the 
process of doing this had made many of its secrets available to 
French, American am British fi:rns), the innovative outp.tt of the 
smaller Farben-related companies, am their share of the market, was 
greater than that of any other firm in the irllnediate post-war period 
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with the exception of Dupont. 

'!he Farben example is one of many such cases related in the Freeman 
book am in the work of people like Nathan Rosenberg, sanuel 
ffollaMer I Bela Gold am others I which deJlDnstrate conclusively the 
direct connectioo between innovative effort at fim level am 
cx:mmercial success. csee Rosenberg, 1976; Hollamer, 1965; Gold, 1975). 

rnnovatioo at the sectoral 1evel 

Moving on to the sectoral level, one of the papers in Nathan 
Rosenberg's book, Perspectives on Technology (1976), cites the 
research done by Jam Enos fran OX:ford university on the ecoroni.c 
implications of the process of technical change in the US oil 
industry. Enos c:::atpared d'l.anJes in the level am type of production 
inputs (in terms of raw materials, capital,latour am 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 .inprovements in refinel:y technolgy the unit 
capacity of oil refineries i.nc:reased fran 90 J:m'rels a day to :roore 
than 36, ooo J:m'rels 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, am over 50 percent saving in the 
use of material inputs - all of these of oourse being measured per 
unit of final outp.J.t. While startling, this is not an UJ1001tll'Dl 
example of the historical i.Jrptct of technical change at the sectoral 
level. Another example of sectoral advance cited by Rosenberg, is the 
performance of the us blast furnace irrlustl:y between 1900 am 1960, 
during which time overall labour productivity increased by 300 percent 
and outp.it per man-hour increased by 530 percent. At the same time, 
enonrous 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 
outp.rt was over 67 million, produced by only 263 furnaces, with annual 
outp.it per furnace having risen to 256,000 tons. 

Inpact of technical change at the national level 

It is precisely the sort of technical progress documented above - which 
begins, of course, with the efforts of iroividual finns, extenjs to the 
sectoral level, and then is nW.tiplied across many finns am many 
sectors at the national level - which has clearly been of such 
fundamental importance to economic developnent in the developed 
oountries. 'Ibis last stateroont is borne out if we consider national 
level iroicators of the historical relationship between technical 
change and the economic perfonnance of the OEXD cotmtries. Here we 
can cite the well-Jmow.n "VJOrk by American economists, Solow, Dennison 
am Kendricks, who, in separate studies, have shown that over the 
period 1890 to 1960 technological advance (as nvaasured by the so­
called 'residual factor') , has .been responsible for 50-70 percent of 
increases in outp.rt over the 70-year period. Similarly Peck am 
otto's lNOrk on Japan ~ that between 1953 and 1971, technical 
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change was responsible for nore than 20 percent of the total increase 
in Japan's national inoome. 

Similar relationships have been documented for the other OEXD 
countries and all IX>int to economic growth being spurred on by 
cx>ntinual rises in total factor productivity - based not on additions 
to capital Stock (as predicted by some segments of growth theory) tut 
by inprovements to the existing capital stock. 'Ibis IX>int has 
extremely important implications for the process of technology 
transfer in developing countries to which we shall retum below and in 
subsequent lectures. 

A second type of empirical analysis related to the interaction between 
technical change and trade perf onnance in the OEXD 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. 

'Ibis work carried out in part by the Science Policy Research Unit 
examined the relationship between the level/degree of a ex>untry's 
innovative activities and its share of world trade. 'lhe h}'IX)thesis 
tested in this work was that if a ex>untry de:ronstrated 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. 'lhe variables measured were 
invest:Irents in R&D and patenting behaviour (where patents were used as 
a proxy for innovative output) , ex>rrelated with international trade 
share. 'Ibis relationship was shown to be very strongly positive for 
the main OEXD ex>untries across 40 industrial sectors. 'Ibis evidence 
underlines the importance of the innovation process in detennining the 
ability of an economy to prosper and withstand the pressure of 
international economic forces. (Pavitt, 1979). 

Beyond the general relevance of the al:x>ve, we nrust keep in mind that 
for those '!bird World countries seeking to develop an export-oriented 
industrial base, this relationship does assume much I!Dre specific 
signficance. '!he possession of a capability to undertake technical 
change activities (in some cases involving the application of quite 
soiitlsticated technologies to traditional areas of productioo) may nJW 
be necessary to achievejmaintain export success - even in sectors 
where developing ex>untries 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) and (b) ). 

'lbe role of tecbnological advance in the "WOrld economy 

In I!DVing next to the role of technical change in relatioo to the 
world economy, we will here make only a brief set of observations. 
Some versions of the so-called 'lcnJ wave' theories link the emergence 
and diffusion of fuOOamelltal technological advances to periods of 
economic expansion that have characterised the perf onnance of 
developed capitalist market economies over the last bJo hundred years 
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(See Freeman, Clark am Soete, 1982). 'Ihe innovations involved have 
been the developnent of steam power am textile machinery in the 
1780s, railroads am the steel industry in the 1840s; electricity, the 
internal comblstion engine am chemicals in 1890s; am electronics, 
petrochemicals am synthetic materials in the late 1940s. 'lhe 
energence am gradual diffusion of these irmovations throughout the 
irrlustrialised economies ooincides with 20-30 year periods of 
increasirg rates of growth of outp.rt, employment, am productivity 
gains. 'lhese periods of expansion have terned to be followed by 20-30 
year periods of econc:mic stagnation, recession am depression. 'Ibis 
occurs because as these irmovations mature am diffuse, they tern to 
lose their ability to generate high rates of profit am productivity 
growth. 'Ibis process results in a slOYJdown am even'blal. decline in 
outp.rt am employment growth with the whole process eventually beirg 
reversed by the emergence of a new set of 'heartlam' technologies. 
In the context of the current period of stagnation am slow growth in 
the world ec:onany, much of the interest in the so-called new 
technologies of microelectronics, genetic engineerirg am others is 
fueled by speculation that these technologies could contain within 
them the seeds of a renewed expansion in the world ec:onany. 

Whether or not the next upswirg will come, am when it will come, is 
still a matter of contentious debate, as are the underlyirg 
explanations of the long cycles themselves. Nevertheless, the 
historical links between waves of technical change am cycles of 
economic expansion am oontraction are being increasirgly ac:x::epted as 
further evidence of the fundamental importance of innovation as a 
drivirg force in world economic growth. 

Whether or not the above examples of the impact of technological 
advance in the developed ex>1.D'ltries are in any way relevant to the 
experience am situation of developirg countries is of course open to 
question am debate. Nevertheless, this does not negate the objective 
importance of the observed relationships between technical change and 
economic growth within the developed eoonomies. 

2. Eri.derpe atmt TedmiraJ Olarge in the 'lhird ltlrld 

Fortunately, we do not need to reply solely on the experience of the 
irrlustrialised econanies to make our case. Evidence has also been 
aocumulatirg ab:>ut the role that technological advance has played in 
developnent in the 'lhird World. 'lhe evidence available to us is 
certainly not as extensive or as canprehensive as the infomation on 
the experience of the OEXD countries. Nevertheless, it is substantial 
enough to denolstrate that a sizeable mnnber of '!hi.rd l'klrld countries 
have been able to develop a significant capacity to urxiertake 
technical change activities in a broad range of areas - am on the 
basis of these capabilities have managed to create in some cases a 
strong am innovative domestic irnustry as well as achieving a degree 
of competitive advantage am international cnnpetitiveness in products 
am sectors where they had none at all to begin with. We shall be 
drawirg heavily on these studies in a detailed fashion in subsequent 
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lectures and here I only want to highlight sane of the main 
conclusions. Again, we can present the evidence at different levels of 
disaggregation. 

National level analyses 

Unfortunately, evidence relating to teclmical change and economic 
performance at the national level is limited. '!here are a few studies 
based, as those dealing with the industrialised economies, on aggregate 
production function analysis. 'lhese 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 l::7j 
sare of the Asian economies - and suggest that CO\llltries such as South 
Korea, Singapore and Hong Kong had a higher rate of total factor 
productivity growth than the US in the 1970s. '!he results of such 
studies, while perha:p:; indicative of a trern are neither numerous 
enough nor sufficiently ioothodologically sound to draw any firm 
corx::lusions. '!his is not the context in which to criticise these 
aggregate studies in detail - suffice it to say that there are 
significant nethodological 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 :t:ase. 
Nevertheless, it is unlikely that the above results are totally 
without foundation particularly when one takes into account the 
evidence of teclmical change at the sectoral and firm level to which 
we turn next. 

sectoral level studies 

We are, in fact, on much finner empirical ground when we drop our 
analysis down to the sectoral level. Here we can point to 'bNo types 
of related evidence. '!he first is the emergence of major new product 
innovations developed l::7j locally-owned f inns in developing countries 
in response to the particular structure of deman:i in local markets. 
one well-known example involves the case of the airplane industry in 
Brazil where p.Jblic sector f inn.s have been able to design a highly 
successful series of camnercial and military aircraft ideally suited 
to Brazilian air travel conditions. 'lhe locally designed and produced 
planes (11 m:xiels and I1Dre than 200 sold l::7j 1980) have over 50 percent 
local content, with many of the local cxmq:x>nents themselves 
representing important innovations. '!he 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 OEXD countries ($12m in sales in 1979), with I!Dre than 75 
planes already sold in the us l::7j the em of 1981 (Dahlman, 1982). 

other evidence of strong sectoral performances involving imigenous 
innovation and of ten linked to exports has been docunented l::7j rn.nnerous 
studies cited in the IDRC bibliograpiy such as Katz and Albin (1978), 
and Teitel (1981) for I.atin America; Mascerenhas (1982) for India; and 
Amsden (1977) for Taiwan. In these cases, the combined innovative 

11 

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



efforts of firms operatirg in sectors such as consumer goods, 
mechanical enqineering, chemicals, consumer electronics, petroleum 
refinirq, and machine tools have lead to formidable rates of growth of 
danestic and export market share - often in direct caip!tition against 
foreign firms. '1hese exports have consisted of both final products 
and technological goods such as process and ~ineering know-how I 
oonsult.irq services, tum-key plants, etc. 

Finally, Dahlman and West:Plal (1982) review the experience of south 
Korea in a number of sectors such as textiles and textile machinery, 
plywood, ship:W.ldir¥] and steel production where Korean firms have 
exploited their traditional low wage cxq>arati ve advantage in 
coot>ination with a high degree of efficieooy in'provements via 
production EnJineering to greatly exparxi their exports to very 
cx:mpetitive western markets. '1hese authors link the success of Korea 
with the developnent and deployment of technological capabilities. 
~reover, in their discussions they r;x>int out that 'INCs have had only 
a very limited direct involvement in this process in JOOSt sectors. 
'Ibis r;x>int is particularly interesting because it conflicts with the 
widely held perception that South Korean exports came fran sectors 
where 'INCs dominate. 

Firm level evidence 

Research examining the technological achievements of in:lividual firns 
is perhap; the IOOSt impressive evidence that can be marshalled. Some 
of the IIDSt frequently cited examples refer to steelplants in Iatin 
America. Maxwell's study (1976) of a private sector Argentinian steel 
company, Acindar SA, docl.Dnents a consistent stream of internally 
generated tec::hnical improvements that contrib.rted to an annual rate of 
lal:x>ur productivity growth in excess of 17 percent between 1966 and 
1977, and an annual drop in capital/outp.It 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 tormes/anmnn by 1966 and then over 
the next six years had its capacity 'stretched' (via tec::hnical change) 
by over 100 percent to nearly 1,200,000 tonnes with its original 
equip:nent and little new investnent. Iabour/outp..rt ratios w-ere 
increased fran 70 tons to 228 tons of steel ignots, and capi tal/outp..rt 
ratios were reduced fran 4. 79 in 1967 to 1. 39 in 1972. A different 
sort of success in innovation has been shown by Horatio Vlana's sb.rly 
(1984) of a Mexican firm, Mi.drex, which has successfully developed a 
major new steel technology process (direct reduction) which they have 
exported successfully to a m.nnber of countries. 

steel is not the only sector where 'Ihird world firns have demonstrated 
an irmovative capability. Dahlman and westp1al (1982) reviews the 
YJOrk by Katz et al. ( 1978) that examined the experience of Argentinian 
firns producil'XJ rayon, auto canponents and teleconmmication equip:nent 
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 sul:stantially improved efficiency through the 
1970s. 

'!he above examples of f irin level innovation by no means exhausts the 
evidence that could be cited. However, before noving on to consider 
some of these other examples, it may be useful to inunediately deal 
with one obvious qualification that must be appended to the examples 
already given. 'Ibis reservation is that the evidence cited above 
relates to a relatively limited set of countries, nost of which are 
OOlll'IDnly known as the newly industrialising countries (NICs) • '!his 
bias in our sample certainly poses a problem of relevance since 
clearly the NIC experience is somewhat rercoved from the reality facing 
many other developing countries, whose industrial structure is much 
less diversified than the NICs and who tend to be much nore 
technologically dependent on foreign countries. 

SUch reservations are obviously legitimate - rut we do oot believe that 
they are strong enough reasons to justify rejecting the relevance of 
the NIC experience to other 'Ihird World countries. One principle 
reason for this is that the NIC experience establishes that developing 
countries do indeed possess a sul:stantial capacity for indigenous 
technological developnent. such a proposal of course stands in direct 
op:p::>sition to the still widely accepted 'theories' of technological 
dependence and the supposed constraints this situation imposes on 
developnent in the periiflery. 

3. 'lbe NIC EKperieme: '.Dle Death Knell far Technological Depme11qy? 

While we are on the subject, it is probably lNOrthwhile briefly 
reviewing the main tenets of the dependency arguIOl?I'lt since it 
dominates so much of the discussion in this field.1 Technological 
dependency, which is really a sul:set of wider notions of deperrlent 
underdevelopnent, posits that developing countries are nearly totally 
dependent on foreign flows of technology for their means of 
production. 'Ibis dependency allegedly grew out of the historical 
conditions of colonialism, when the particular pattems of demand by 
the colonial administration for imported consurrption goods was passed 
on to the local elites. 

In the :p::>st-colonial period, these inp:>rted constmption pattems 
remained, and the technological means to satisfy these were brought in 
via technology transfer from abroad under the guise of import 
sub;titution policies, primarily through the good offices of direct 
foreign investment by transnational corporations ('INCS). 'Ihus, 
imported consumer preferences and technologies were seen to have 
penetrated deeply into domestic economies completely displacing 
existing I!Ddes of production and consumption. In addition, it was 

1 'Ihese cormnents are based on a SPRU mimeo prepared by Martin Bell. 
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argued that the growing presence of 'INCS, in alliance with the ruling 
elites, also effectively prevented the developnent of local 
technologies by local finns since these could either not compete (often 
due to quality features and xenoJilobia) or else they were actively 
discouragerl by government policy. 

One of the crucial points al:x>ut this argument is that the existence of 
cur.rent conditions of technological dependence are blamed al.m:lst 
entirely on historical forces/factors which were/are external to the 
econany. A further corollary of the argument is that the technologies 
so ~rted were inappropriate to local corrlitions - and presumably 
continue to remain inappropriate. '!his is presumed to be so because 
developing countries were thought to lack the necessary technological 
skill and expertise to generate their own technical solutions. And 
even where skills do exist, the argument implies that due to 
dependence on outside sources of technology, local sources have been 
progressively marginaliserl and isolated from the spiere 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, conpletely reliant on foreign finns and hence prone to a whole 
variety of exploitative measures designed to extract surplus from the 
economy. I have of course characteriserl and oversimplifierl 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 
framer.vork from which to describe the experience of many sectors in 
many countries. And the empirical evidence an 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 nr::>St of the blame for 
the current technological backwardness of 'Ihird \ok>rld economies on 
external forces. '!he only conclusions they often seem able to draw 
from this reasonin:J is that they do not believe that any improvement 
is possible, short of total change in the way the "WOrld economy is 
organiserl. 

'!he 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 irrligenous technological advance did 
occur within domestically ownerl and controllerl finns. As a result, 
productivity improverl, rore appropriate products and processes were 
developerl, and perhap:; nr::>St inp:>rtantly, a set of links with local 
scientific and technology suwliers were established which lead to 
further intersectoral integration. In short, a particular fonn of 
technological dynamism emergerl which has continued and has lead, as I 
mentianerl, to some 'Ihird World finns establishing a genuinely 
competitive capacity in major intematianal markets. 
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I believe that it is very significant that these capacities emerged in 
countries/economies in which there was a massive 'INC presence, which 
the national govermnent of the day clearly favoured arrl in which 
political conditions were in same cases extremely oppressive. For 
instance, Brazil is one of the economies to which dependency analysts 
usually refer - yet ~ 1949, danestic capital goods suppliers using 
imigenous technology wereable to supply approximately 69 percent of 
all producers equipnent required ~ the econany. 

Even in the technically oaq>lex petrochemicals sector, Brazil has 
dellDJ'lStrated a sutstantial aocunlll.ation of technological skills. 
Between 1972 arrl 1982, the d.anestically supplied proportion of 
engineering services arrl capital goods needed for the oonstruction of 
a series of three ethylene plants rose from negligible to 61 percent 
arrl from 30 to 70 percent, respectively (Sercovitch, 1980). 'Ihese 
sorts of example, which can be repeated for other countries, 
denalstrate the possibilities for technological :iJrprovement even in 
countries in which the particular conditions of deperxience seemed to 
impose severe limitations. Hence even if we reject the direct 
relevance of the NIC experience for other countries, it at least 
shows that some change is possible, arrl points the way fo:rward in m:my 
important ways that I shall pick up in later lectures. 

4. 'Die E:Kperierpe of other Devel.qUig QuJtries 

Despite the value of the NIC experience, it W'Ollld of course be a 
mistake to assume that only these countries have denalstrated arrt 
capacity for irxligenous technological developnent. Many other 
countries have shown they have this capacity as well. A priori 
evidence of this comes from the export perfonnance of the 'Ihi:rd WX-ld 
in the 1970s. By 1979, same 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 'lNCs. But I believe that an increasing degree of 
technological capability lies underneath this export performance since 
there has been a gradual diversification of 'Ihird World exports away 
from labour-intensive goods towards m:>re technologically oaq>lex 
products. 

'!here is other evidence of this as well as from both inside arrl 
outside the formal irrlustrial sector. In a o.Phil study at SPRU, Nit 
Cl'laOOram:>nk.asri (1985) examined the experience of 20 industrial firms 
spread across 10 industrial sectors in 'lhailarrl for evidence of their 
ability to improve their efficiency of energy use in response to high 
fuel prices caused ~ massive price rises in the 1970s. He fourrl 
rnnnerous examples of minor am major process innovations whim lead to 
~ in fuel efficiency of up to 800 percent per unit of 
output. 

Also in 'lhailarrl, Bell (1978) examined the experience of the cassava 
flour industry. In the 1950s, the imustry producil'YJ cassava flour 
was characterised ~ a large number of small-scale, highly inefficient 
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plants. In the 1956-1960 period, three large-scale, foreign­
oontrolled, 'IOOdem' plants that were based largely on imported 
technology were set up am for which the local equipnent imustry 
provided only 6. 3 percent of the necessary i.npits 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. :r.t>st of these new plants were set up not by foreign 
enterprises rut by local entrepreneurs who turned to local inpit 
suppliers to provide 75 percent of all the capital equipnent required. 
f.Dreover, the capital/outplt ratios for these plants (over the earlier 
vintages) had declined by 50 percent, the quality of the final product 
was greatly i."'UprOVed, am the labour intensive nature of the new 
plants generated oonsiderable local employment. 'lhis 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 deperxient on agriculture, with a small 
agro-processing industry, am whose 'capital goods' industry was 
primarily composed of simple YJOrkshop; for metal fabrication. 

Similarly impressive evidence on innovative capability in non-NIC 
oountries is documented in a recent collection of case studies 
carried out in the Middle Fast (Bell, 1986). Malkawi (1986) studied 
the effects of the µJblic sector Jordanian Phospiate eonpmy to 
improve its efficiency am overcaroo severe design faults in foreign 
(mainly British) supplied processing equipnent. '1he technical changes 
introduced by the company are very interesting because the variety of 
changes matches the sort of improvements carried out by firms in ~ 
advanced countries. 

A completely different type of example, this time involving product am 
process change, is discussed by Fattah ( 1986). 'lhis describes the 
evolution of a small private sector Lebanese producer of oanmercial am 
domestic refrigerators. aver tYJO decades the fi:an completely absorbed 
imported refrigerator technology am was able to design arxi produce its 
own products that conpeted very successfully on quality arxi price 
terms against untaxed foreign inp>rts in the totally open I.ebanese 
market. '1he fi:an produced nearly 80 percent of its canponent 
requirements am designed am fabricated virtually all of its process 
equipnent. In 1979, it subnitted a teOOer to set up a refrigerator 
facto:cy in Iraq in which it was ~ against all of the YJOrld's 
major refrigerator producers - Admiral, sunbeam, etc. 'lhe firms' bid 
was 11 times belc:M the lowest bid of the big manufacturers, for a 
facto:cy whose outpit \«>Ul.d be suited to the Iraqi market size, yet 
whose wtlt costs were equivalent to those estimated by the large firms 
who planned to construct a nuch larger capacity plant in order to 
achieve Sf"...ale eoonanies that could only actually be realised via 
exports. 

If one cares to look there are many other examples of technical change 
occurring in small eoonanies - particularly once you nr::we out of the 
fomal sector into the perfonnance of the informal sector. Here one 
can firx:l an aD.umnce of evidence of the ability of 

16 

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



finns/entrepreneurs, 'INOrking with very little in the way of equ.ipnent 
am capital, to produce highly innovative products am teclmical 
solutions to problems under the :roost adverse cxmclitions. '!he 
appropriate technology literature abourrls with these exairples -
'lhob.lm (1973) on the Malaysian engineering industry; King (1974) on 
metal 'INOrkers in Kenya; Muller (1980) on blacksmiths in Tanzania; 
Sanson (1979) on a nDtor p.lll1p innovation in Vietnam am Jecquier (1976) 
who provides an extensive series of examples of the existence of a 
pervasive teclmical change capacity in even the poorest 'Ihird \t«>rld 
countries. Clearly these capacities are at a very much lower level 
than those in the NICs; they are much nDre ad hoc am nDre often than 
not have not led to the kirxi of self-sustaining technological dynamism 
evident in the NICs that we believe is so important for iroeperrlent 
developnent. But they certainly do exist. 

5. SaiE! Tg;,nrt<mt QmJificati.cn; 

Before nDVing 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, am despite the fact that we could cite many nDre, 
unfortunately the painful fact remains that they are relatively minor 
exceptions to the reality found in the industrial sector of nDSt 
developing countries. '!his reality is only too well-known. M:Jst poor 
col.D1tries do not JX>SSE!SS a thoroughgoing innovative capacity - irxieed 
many do not even have the critical mini.nun levels of skills necessary 
to successfully operate the production facilities already in place. 
As a result, technological deperrlence is still very widespread am in 
some cases is getting 'INOrse. 

Secondly, even where innovation does cx::cur we must be very careful to 
point out that (a) the innovation process does not resemble what 
happens in the developed econanies, it is much nDre ad hoc am 
sporadic; (b) the rate of improvement in efficiency that does cx::cur is 
often far below that which is theoretically achievable; (c) atservable 
bJrsts of growth in efficiency are often preceeded by years if not 
decades of zero, or even declining, productivity growth am the 
resultant high social am private costs of this pienomenon. 

'Ihirdly, I am particularly concerned to stress that .both in cases 
where there is am where there isn't evidence of teclmical change am 
productivity .inprovement, we I1B.1St be careful in attrib.rting these 
cxmclitions solely to the existence or lack of existence of an 
iroigenous teclmical change capacity. Many other factors can 
intervene. In the cases of success, the ability of the finn to 
translate teclmical change into measureable econanic gains deperrls 
also on luck, gcxxi management skills, favourable goverrnnent policies, 
market size am many other variables. (See Teitel, 198lb for a good 
discussion at this point) • 

Fourthly, many 'Ihird \t«>rld firms succeed in surviving am making a 
profit very often without affecting aey technological inprovements at 
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all. 'Ihus, the existence of technical change capacities is neitller a 
necessity nor a sufficient comition for commercial success -
particularly in the highly protected markets characteristics of IOOSt 
'Ihird ~rld COWltries. (See Bell Scott-Kenunis am satyarakwit, 1982 
on this point) • Likewise even when tlle necessary technological 
resources do exist, the illogicality, illegality am institutional 
rigidity of the firm's envirornnental operating comitions may simply 
choke off am stop dead any effort to use these resources 
effectively. 'lhe well-known example of :public sector enterprises, 
whose undoubted capacity to stimulate economic growth am 
technological improvement, yet whose operation is subject to the whims 
am interference of government blreaucrats, is a case in point. 

Nevertheless, despite all of tllese qualifications, let me urxierline tlle 
relevance am permanence of tlle basic themes highlighted l:1j tlle 
empirical evidence I have presented. First there is a detoonstrable 
link between technical change am economic performance in 'Ihird ~rld 
COlD'ltries at the level Of the f inn, the sector, am the economy. 
Second, it is possible for finns, operating urxier extremely adverse 
comitions, to accumulate the technological capacities needed to 
effect technical change. 'Ihirdly, finns operating in countries at all 
levels of developnent possess the capabilities for technical change. 
Arrl finally, developing COWltries will only benefit sul:Etantially from 
the use of technology when tlley have the capacity to ensure that that 
technology can be made suitable to tlleir requirements am can be 
continually altered am improved to take acoc>lDlt of constantly 
changing conditions. 

6. 'lhe Need to Make the °'§@ to Policy Makers 

It may awear that all of tlle alx>ve evidence adds up to a pretty 
strong case for 'Ihird ~rld governnents to develop positive policies 
designed to support local innovation. unfortunately this is not yet 
the case in many COWltries, am. the importance of aocumulating 
imigenous technical change capabilities is simply not recognized in 
policy fonnul.ation am inplementation. I think this failure of 
recognition on the part of the policy makers is one of the IOOSt 
critical problems that professional researchers am the developing 
lNOrld in general face today. '!here are three reasons for this point. 

First, I believe that one Of the reasons why the current lNOrld 
economic crisis is creating so nu::h suffering am. chaos in the 'Ihird 
~rld is because developing oountries lack the technological capacity 
to resporrl to the crisis in ways which mitigate its lNOrst effects. 
Just one exanple of this is the appalling situation that exists as 
regards the la.Y' levels of capacity utilisation in the irrlustrial 
sector. severe foreign exdlange shortages throughout the 'Ihird World 
are preventing the importation of the spare parts am intemediates 
necessary to keep irrlustry operating. As a result, capacity 
utilisation is probably bela.Y' 30 percent in all Wt a few oountries. 
Being unable to operate factories at minimum levels of capacity of 
course has severe direct am in:lirect 'knock-on' effects on the 
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economy. Certain basic cxmsumer goods cannot be produced and 
therefore people have to go without them; factories close down 
because they cannot operate and people are i;:ut out of 'WOrk; the goods 
that are produced are very oostly to the economy; and exports are 
lower than they should be and so foreign exchange eamings 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 
i:rrligenous capacities to produce these imported items. If such 
policies had been followed, then many (tut of course, not all) of the 
problems currently arising from low capacity utilisation in the 
poorer colll1tries of the '!hi.rd World 'WOuld have been nuch less. 

Secondly, in addition to the problems caused l::Y:t' 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 'lhird World to grcrw even wider, with even ioore 
severe consequences for developing countries in terms of their ability 
to compete and sw:vive in or out of the international division of 
labour. Unless industrial and developnental policies are fonnulated 
and implemented which take accol.D1t of these potential changes in the 
technological basis of production, even the ability to sw:vive of 
those C01.D1tries who have already achieved a measure of technological 
developoont nust 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. 

'lhirdly, there appears to be a new, concerted and coordinated attack 
upon the role of the state in 'lhird World economies. 'lhe sources of 
this attack are the international financial institutions such as the 
IMF, the oornmercial banks currently playing such a key role in 
propping up bankrupt developing col.D1tries, OEm governments, 
particularly those of a ioore conservative disposition, various 
international and bilateral aid agencies, 'INCs as well as various 
distinguished members of the develop:nent profession. 

'!he 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 protection which 
exist to support ostensibly 'infant' industries. '!hey aim to replace 
state control of the economy with the discipline of market forces. 
'!he reasons for this attack are both pragmatic and political. 

'lhroughout these lectures, the reader will note that I am extremely 
critical of the various ncdes of intervention adopted l::Y:t' 'lhird World 
governments. '!his criticism extends not only to the ineffective use of 
protection to stimulate the growth of protected industries, tut also to 
the many ill-advised atteqru; to institutionalise science and 
technology through the creation of National Science Councils and 
industrial research institutions. I also believe that efforts to 
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eliminate the excesses associated with technology transfer such as 
m:mopoly 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 sul:Eequent 
lectures, there must be some fonn of state intervention in this area -
rut this must be quite different from the approaches currently being 

followed l:rj many camtries. 

So for all of the above reasons - the failure of policy makers in l:x>th 
the p.iblic and private sector to pursue strategies for the 
developnent of technological capabilities is a very big problem. 
Moreover, the reasons why technical change and the aooumulation of 
capabilities are not on the policy agenda in JIDSt oolllltries are 
legion. 

As noted earlier, policy makers simply may not be aware of the role 
that technological advance plays in the process of eoonomic 
developnent. '!hey tend to be rore cancerned with increasing the size 
of the capital stock which is what theory and the textbooks tell us is 
a key detenninant of eoonamic growth. It may also be the case that 
policy makers do not believe that independent technological 
developnent is possible or necessary in their own eoonomies and that 
hence there is no need to do anything to pronDte it. SUch a 
perception is as likely to emerge from those with a 'dependency 
mentality' who believe that oonditions 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 rore 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 l:rj developing camtries who do not possess 
any inherent advantages in this area tut should be left rather to the 
developed countries who do possess these capabilities. In this 
situaticn the policy prescription has been that developing ex>lllltries 
should simply import (via llllrestricted technology transfer) the best 
that the developed countries have to offer - therel:rj 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 
government. 

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 llllrealistic assumptions on which they are based. Yet 
it is not sufficient in this context simply to criticise these views, 
as this is llllfortunately the dominant :paradigm within which IOOSt 
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policy makers operate. Rather we need to make the case on their own 
terms and with their own argmnents. 

E'Ven without such theoretical clashes, it should also be obvious 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 rrost 'Ihird 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. 'Ihe resources available 
for investment in developing countries do have opportunity costs. 
'Ihus, 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. '!his 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 lx>th expensive and risky from the 
perspective of the private sector user of local technology. I.Deal 
suppliers will inevitably make mistakes, offer low quality, fail to 
meet deli very 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 suJ:;sidies 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 fraioo over which these benefits are 
likely to accrue. We have gone some way toward understanding 
technical change processes in the 'Ihird World - rut the analytical 
tools available to us are as yet inadequate to cope with the need to 
provide a rigorous justification 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 tem benefits to the society are inevitably very heavily 
discounted. Short tenn visible results are what count in the stniggle 
for the allocation of resources. 

I want to close here by again eJDiilasising 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 nore aggressive stance 
vis-a-vis support of the developBel'lt of a capabilities to effect 
technical change - by identifying where technical change is occuring 
(or should be), by denonstrating 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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TmH1fOOV, 'IBD«CAL aWQ: AND IlDElRIAL ~: SM BA.SIC 
<XK!EPI'S 

lecture One attempted to marshal! the available empirical evidence to 
denDnstrate the central role of technical change in the process of 
economic developnent 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 developnent 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 lx>th 
inplicitly and explicitly throughout this set of lectures. 

I start in Section 1 by giving a brief 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 eCC>rKJIWf based on the work of 
Schumpeter. Section 3 tuilds on this analysis to introduce our core 
set of concepts that form the conceptual basis. 

1. 'lhe T.realuQil of 'l'edmical CJlarm in Qmvent.icmal Ekxnni.c Analysis 

Mainstream economics is dominated by a school of thought which accepts 
the centrality of the "neoclassical" nOO.el of the economy. '!he 
primary concern of the neoclassical approach is to illmninate the 
equilibrium relationships between static economic variables (prices, 
out:p.rt, profits etc) and the sm:x>th functioning of the economy as it 
follows a path of balanced growth. '!he 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 S1000th and continuous adjustment of 
the economy towards its "natural" position of general equilibrium. 

'!he ~rtant point to note given our particular concerns, is that 
within the neoclassical paradigm the role of technical change as a 
not.or of economic developnent was not recx:>gnised at all. Technology 
was taken as a given elED:mt for both the finn and the economy as a 
whole. FintLS 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. Fach technique consisted of a specific 
combination of (un:lifferentiated) i.np.rts of labour and capital that 
'When combined produced a given level of outp.rt. 'Ibis range of 
techniques was oonceptually "defined" by a production function. 'Ibis 

22 

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



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 a.ssumed that when a finn decided to enter into 
production, it would choose from the shelf of techniques (ie the 
production function), the specific technique that was ioost appropriate, 
to its own circumstances in light of the prevailing prices it had to 
pay for labour and capital. In the neoclassical IOOdel the finn 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. M:>reover, this decision was assumed to be made 
instantaneously and without the finn itself incurring "selection" 
costs of any kind. 

'Ihere 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 serious analytical literature that attacks 
neoclassical theory from virtually every aspect. However as our 
cancerns are with the technology variable I want to enpiasise only two 
of the unusual characteristics of the IOOdel. '!he first is that in 
this IOOdel the finn (choosing the techniques) is simply a user of 
fixed production systems. '!he economists who developed the 
neoclassical nDdel did not envision that the user f inn had any 
interest, any capabilities or any need to be involved at all in the 
develoµnent of the specific techniques it was to use. 'Ihese were 
simply assumed to be made instantly available (fully perfected) to the 
user as if they were "marma" from heaven. 

'Ihe second point to note is that when neoclassical economists depict a 
new situation where the finn is able to produce either the same or 
nDre 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 finn. Once 
again no attention and no significance is given to the matter of where 
these new techniques (or new ways of doing things) originated. 

'Ihe second distinction involved shifts of the whole production 
function wherel:7y you get increases in output that stem entirely from a 
new set of factor combinations. nus shift in the production function 
is described as technological change. In the earliest formulations of 
the m:xiel, economies/firms were thought to m::we 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 callV3 to be associated in the 
neoclassical formulation with unit cost reductions in the use of 
labour. In contrast to ItDVements §lQng 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 ioost 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. 'Ihus this fonnulation is totally at 
variance with the enonoous tul.k of empirical evidence (sane of which 
was reviewed in lecture One) which in fact denDnstrates the al:Eolute 
centrality of the~ of technological change. M:>re 
i.rrp:>rtantly, no ac:x::ount 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 filll\S within an economy. 
Instead the main sources of economic grwth are assumed to be through 
augmenting stocks of labour and particularly capital. It was/is this 
perception (that grwth derived from increases in the capital stock) 
that underlays much of the early enl(i'lasis in developtent economics on 
the need to maximise the rate of new investment by importing ready 
made systens of production from the industrialised countries. 

Of course the above discussion is an enonoously over-simplified 
presentation of the nee.classical JOOdel. '!here have been numerous 
attempts by neoclassical economists to "improve" the treat:nent of 
technology within their JOOdels in an attempt to bring these a little 
closer to deoonstrated reality - particularly in light of the 
persuasive argmnents that have been made against the nmel's internal 
theoretical validity (as presented nDSt clearly in the classic 
critique made by Kennedy and 'Ihirwall, 1972). Many of these 
arcendrcents have either involved attempts to emtxxiy 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 ArrcM, 1962) ; - or to link R&D experxliture to 
investment by seeing it (R&D) only as a means by which the profit 
maximising firm is better able to meet the perfo:nnance criteria of the 
general equilibril.nn (See Eltis, 1971 for the best presentation of th.is 
approach). 

However in the en::l, these attempts by neoclassicists to refine their 
"JOOdels" are (as Arrc:M, 1962 himself notes) primarily defenses of the 
production function approach. 'Ibey fail as noted ab:>ve to explain the 
origin of technological change, its nature and factor bias, the rate at 
which it cx::curs, the costs involved in generating it, and the 
mechanisms by which this cx::curs 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 equilibritnn within a fully developed market 
economy. However, given the sheer weight of the evidence pointing to 
the i.np:>rtance of the technological factor in the industrialisation 
process, we are forced therefore to look elsewhere for a JOOdel which 
first adequately explains the ol:servable i;:tienomenon, and ioore 
i.np:>rtantly provides some pointers towards the realm of policy. 
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I believe we can find a nru.ch oore 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 oore to introduce the reality of 
technological 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 
detennined static variable with no influence, in fact viewed. the 
process of teclmical change as the principle ootor driving the 
functioning of a market economy. For him, teclmical change was 
endogenous to the economy; indeed firms intrcxiuced new ways of doing 
things (improved teclmiques) or new products explicitly 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. 'Ihus Schumpeter placed teclmical change at 
the very heart of the forces governing the la'WS 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. '!his 
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. '!his decline in the rate of profit would 
however, in Schumpeter' s IOC>del, soon be interrupted by the 
introduction of yet another innovationjtechnical 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 manner. It is 
incessantly being revolutionised f:rgn within by new 
enterprise, i.e. by the intrusion of new cx:ataccdities or new 
methods of production or new cammercial opportunities into 
the industrial structure as it exists at any nanent. Any 
existing structures and all the corxlitions of doing tusiness 
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 oore cheaply are constantly 
materialising and calling for new investments. 'Ihese new 
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products and new methods compete with the old products and 
old methods not on equal tenns b..lt as a decisive advantage 
that may mean death to the latter. 'Ibis is how "progress" is 
brought about in capitalist society. In order to escape 
being undersold, ~ finn is in the end compelled to 
follow suit, to invest in its tum and, in order to do so, to 
plow back parts of its prof its, i.e. to accumulate. 
'Ihus, everyone else accumulates" (SChumpeter 1961). 

Schtn11peter's analysis provides a sumtantially m::>re realistic 
explanation of the role of technology and its impact on finn 
behaviour in a market economy than the explanation offered by the 
neoclassicals. However if we examine Schumpeter's IOOdel closely, it 
becomes clear that his analysis also had same severe limitations. 
First of all he was only interested in "big" technical changes - ie in 
what neoclassicals 'WOU!d call shifts in the production function. He 
saw these technical changes as being of fairly m::>mentous iltlx>rt 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 nonnally separate fran the business of 
production. 'Ihese inventions were put into connnercial use by the 
innovator firms; and for Schumpeter it was the innovating finn (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. 'Ihus his analysis was primarily concerned with 
what happened ~ the original invention was commercialised 
(introduced into production by the entrepreneur) • 

Consequently we can see that even in SchunQ;>eter' s approach, though he 
recognised technical change as errlogenous to the economy, there is no 
real analysis of the nature of inventive activity; or where and from 
what sources inventions arose. Indeed even in Schumpeter' s concet:n 
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 f inn of the original invention; and by extension, his 
concept of the process of diffusion was f ornlll.ated rather 
simplistically as only involving the 100Vement of the original 
invention fran finn to finn. He did not actually envision that the 
imitating finn in any way engaged in efforts to make technological 
improvements at the original invention. 

'lhe above camnents suggest that SChumpeter's approach, although 
representing a major and fumamental improvement on the neoclassical 
view of the 'WOrld, does have its limitations. Nevertheless, his views 
have been enornously influential and have fostered a sul:stantial and 
illuminating bc:dy 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 econanists and econanic 
historians mentioned in Is::ture Q1e such as Nathan Rosenberg, Cllris 
Freeman, stuart lk>llan:ler and Jahn Enos. '!heir 'WOrk and that of 
others has introduced far too many refinements to Schumpeter's nDdel 
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arxi therefore to our conceptual urrlerstanling of the technology 
factor to be reviewed here (though many are discussed in Freeman, 1974 
arxi Rosenberg, 1976 am 1981). Rather than discuss each, I want to 
simply summarise some of the main finilngs from this body of ~rk am 
urge you to oonsult the literature for further details. 

(a) Research has led to the (still contested) view that the 
accunulation am application of experience- based technological 
knowledge in fact frequently preceeded the developnent of 
scientific knowledge in many fields; arxi thereby led to scientific 

(b) 

(c) 

(d) 

discoveries am. indeed to the developnent of sane scientific 
disciplines. '!his cause/effect relationship of oourse 
contradicts the commn presumption that technology is the mere 
a:wlication of prior scientific knowledge. 

For instance, the science of metallurgy began to develop in the 
second half of the 19th centmy largely in order to account for 
the behaviour of metals already beinJ prcx:iuced by the Bessemer 
am. post-Bessemer steel technologies. Even the scientific 
research underlyinJ the so-called "science based industries" such 
as electronics benef itted from the stimulus provided by practical 
irrlustrial experience. Scientific research TNhich led to the 
developnent of the transistor effect was urrlertaken in an attempt 
to understand the behaviour of serni-corrluctor materials such as 
oopper oxide am silioon rectifiers TNhi.ch had been discovered am 
developed by purely empirical means am were already in 
irrlustrial use years before the transistor effect was "discovered" 
in 1947. 

Research also finnly established that, historically, :nru.ch 
technological progress (indeed from as early as the end of the 
19th centmy), has in fact originated largely within the producer 
f inn as a result of organised R&D efforts undertaken by the f inn 
to improve its products am. processes. Research into this topic 
made it clear that the role of the in::lividual inventor (:nru.ch 
loved by Schumpeter) as a source of technical change for firms has 
declined sub:>tantially since then. 

FollowinJ on from this shift in the perspective (i.e. from viewinJ 
the finn as opposed to the in::lividual/scientist as the chief 
source of technical change) , the role, function am. impact of 
oo:rporate R&D has been the continual focus of policy research. 
'!his ~k has sutsequently den'Dnstrated that a good deal of the 
R&D carried out within the firms is actually biased towards 
applied research efforts that rely heavily upon a:wlied 
engineerinJ disciplines rather than the skills of the scientist 
involved in "basic" research. 

Furtherm:>re, TNhile formal organised oo:rporate R&D programmes have 
been found to be particularly important in achievinJ major 
technological breakthroughs, it is now also accepted that minor or 
incremental technical change has been responsible for :nru.ch of the 
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observed improvement in productivity at the finn and at the 
aggregate level (such as that recorded by Solow, Dennison and 
others) • SUch incremental technical changes can be viewed as 
~ements to existi.nj equipnent, 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% savi.nj 
in lalx>ur costs, 80% in capital costs, over 50% in material 
costsjunit of output. Enos' work suggests there are significant 
differences between the ty:pes 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" ?lases of 
technical change in petroleum refining. 'Ihe fonner covers the 
invention, developnent and innovation (the first canmercial 
introduction) of basically new processes. 'Ihe latter covers the 
sutsequent improvement of those basic process innovations. '!he 
beta-phase includes not only "learning" within any one plant, .tut 
also the series of improvements which result from b.rl.lding 
incrementally oore efficient new plants embodying the same basic 
process. 

"the beta phase is as significant in its economic 
effects as is the alpha. 'Ihere appear to be 
greater reductions in factor inp.Its, per unit of 
outp.rt, 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 convincimly established the point that 
minor technical changes, involving alterations to existing 
processes and equipnent, are a significant and major source of 
productivity improvement and are in no way less important than 
nore radical technological breakthroughs. 

( e) In highlightim the inp:>rtance of minor technical change, the 
literature drawim from the experience of the irrlustrialised 
comrtries uOO.erlines the related point that many of these minor 
improvements do not emanate out of the R&D lab - .tut instead cane 
from a wide variety of sources within the f inn - from the machine 
shop;, from production workers, from efforts at quality control, 
from improved instrumentation, as a result of maintenance and 
trouble-shooting activities, and so on. 'Ihe 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 fi:an to effect relatively small rut cumulatively 
significant technical improvements. From this perspective, 
technical change can be seen to occur throughout the entire 
productive entemrise and therefore, a priori, successful 
inprovements are as likely to arise from maintenance activities as 
they are from the R&D lats. Likewise, there is the implicit 
point that the range of skills that can be drawn upon to effect 
technical change within the fi:an extends far beyond those of the 
R&D "scientist" and rests particularly heavily on engineering 
disciplines of various types. 

( f) '!he sorts of minor and major technical change that take place 
within finns are not simply associated with reduction in labour 
oost per unit of outµ.rt b.lt also result in a multi-dimensional 
effect an various aspects of factor use and performance such as 
the reduction of materials use, saving of energy, improved 
capacity utilisation, higher throughp.It rates, improvement in the 
quality of inµ.rts used, products, etc. And rather than simply 
affecting one parameter at a time, a single technical change 
event frequently involves inprovements on many of these fronts 
simultaneously. 

(g) Finally, it has now become clear that the nDVement of a technical 
change from invention to innovation to imitative diffusion (in 
the Schlllllpeterian sense) frequently takes a very long time and is 
in no sense an instantaneous process. Moreover, the process 
usually involves each successive finn in making changes to the 
original invention in order to fit its own particular 
circumstances. Hardly ever 'NC>uld they do this through simple 
imitation - finn circumstances vary widely, and change too 
frequently for one invention to suit everybody's needs. 
'Iheref ore there is an ongoing process of technique-specific 
technical change occurring as the new technique diffuses through 
the economy. '!bus technical change was perceived to be continuous 
and occuring throughout the "life" of the product and/or process. 

'!here are of course many other elements that could be included in the 
above list 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 finn 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 finn level carried out within the 
Schlllllpeterian tradition has given us a b.mdl.e of insights that 
provides a :nru.ch m::>re realistic and 'NC>rkable conceptualisation of the 
process of technical change, its relationship to finn behaviour and 
economic growth, than that provided by the neoclassical m:xiel - arie 
that is not restricted to large finns, the province of state-suworted 
R&D lats and major technological breakthroughs, rut enpiasises instead 
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the importance of increnwantal technical changes that can literally 
take place at any point in the production prcx:::ess or within different 
types of finns. What we rn1 have is a picture of a non-linear process 
of innovation that is infinitely DDre realistic that the static 
perspective imposed by the neoclassical m:xiel and DDre importantly 
provided researchers and analysts with a start~ point from which to 
generate a Im1ch DDre useful set of policy relevant insights into the 
rate of technology in 'Ihiro World developnent. 

3. Tedmical amm in the 'll1i.rd tor1d 

I would now like to shift the focus of the discussion towards issues 
relate::i specifically to the role of technology and technical change in 
the process of industrialisation in the 'lhiro World. 'lb do this, we 
need to start by introduc~ a few fairly straightfOl:Wclrd definitions 
regarding the ooncepts of technique, technology and technical change 
upon which I will rely throughout the rest of this series of lectures. 
'lllere is a great deal of confusion in the literature with regani to 
definitions of these tenns and many analysts offer differ~ 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 p.iblications (Bell, 1982 and 
1986; Bell and Hoffman, 1981, Bell, Scott-Kenunis and Satyarkwit, 1982; 
Bell, Ross-Iarsen and Wes~l, 1984) • 

'Ihus 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 outp.rt. 'Ibis notion of techniques 
differs from that of llDSt economists who tend, as we mentioned 
earlier, to define a technique in tenns of the economic relationship 
between inputs of undifferentiate::i labour and capital needed to 
produce given output. Instead, in our tenns, a technique refers to a 
giysical ?'lenomenon - to the particular configuration of different 
types of equipnent, materials requirements, opera~ procedures, and 
labour inputs (of all types) necessary to produce a specified level 
and type of out:r;ut. 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-Kenunis 
and Satyarkwi t, 1982 point out, be quite detailed and were they to be 
written down would easily run to several volumes of drawings, 
equipnent lists, schedules, specifications, opera~ manuals and so 
on. 

'!he next definition I wish to introduce relates to the concept of 
"technology". In the literature this 'l.«>ni is used to refer to many 
different things - some analysts use it interchangeably with technique; 
others see technology as be~ composed of a set or a series of 
techniques. I shall use the term technology like Bell to refer to 
knowledge - or DDre precisely to a body of knowledge about techniques. 
SUch a definition, though simple, enoanpasses a great deal - it 
ol:wiously i.nplies knowledge already emtxxtied in techniques and the 
specific elements of which they are canp::>Sed, rut it also i.ncx>rporates 
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knowledge of the principles underlying the creation of techniques and 
the knowledge necessary to iigprove or change technigµes. 

'Ihus, the concept of technical change I will be working with in this 
set of lectures follows directly on from this and refers to both the 
creation of new technigµes and to a change in the technical 
specifications that define an existing production system, its 
components and their relationship to each other, the inp.it mix, 
process parameters, product characteristics, and so on. 'Iherefore 
throughout this series of lectures we shall be using the term 
technological capacity to ref er to the "stcx::k" of hlllll8l1 and 
institutional resources which are required to create and change 
techniques of production. 

Fonns of technical change and its external envirornnent 

'As with the work carried out on the industrialised col.ll1tries, research 
into the process of technical change in the developing countries has 
identified a range of forms that this phenomenon can take. We can 
group these into three broad categories: 

(a) technical change that involves the introduction of new techniques 
(product and process) into the industrial sector by means of 
investment in new plants (VJhat Bell, 1982 calls "technical change 
that broadens the industrial base of the economy"); 

(b) the incremental improvement of existing techniques by affecting 
technical change to established production systems and products; 

( c) the generation of new knowledge through basic research whether 
carried out in separate R&D institutions or within enterprises 
themselves. 

Now while these broad categories apparently encarnpass much of the 
technical change activity attr:ili.rted to industrialised countries, in 
fact there are same significant differences both in the external and 
internal envirornnent in which tec:hnical change occurs within 
developing col.ll1tries and by extension in the relative importance of 
the different fonns that it takes. In terms of the external 
envirornnental conditions three stand out as being particularly 
important. First, because of the general lack of scientific 
infrastructure, and because of the usually very weak links between the 
science system and the productive system, basic research or R&D whether 
carried out within firms or in l.llliversities or in centralised R&D 
institutes plays a relatively uninp>rtant role as a source of technical 
change in the developing countries. 'Ihus despite the emphasis which 
international agencies and the scientific establishment in the 'Ihird 
World place upon the importance of science and the science system, its 
contrirution to improving the perf omance of industry in the 'Ihird 
W:>rld has been minimal. 
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Second, generally in the 'Ihird world, government plays a particularly 
inp>rtant role in determining the macroeconomic oontext in which the 
innovation prooess occurs. 'lhus the existence of protected markets for 
final products influences the nature of the innovative efforts firms 
undertake; so too does goverrment restrictions and/or incentives 
relating to imports of raw materials, intermediate capital goods, 
technical assistance and of course, entire production facilities. 

'Ihirdly, perhaps the IOOSt inp>rtant difference is that a very large 
share of the industrial production facilities in developirg cotmtries 
are based on the use of techniques inp>rted from the "industrialised" 
countries. 

'Ibis last characteristic of the envirornnent of industrial production in 
the 'Ihird world in tum has been found to have direct implications for 
the nature of the prooess of technical change that has been 
empirically omerved l:7:r' policy researchers such as Sercovitch, Teital, 
Dahlman, and Maxwell: 

(a) Imported techniques are rarely introduced into the local economy 
without same form of adaptation to the local envirornnent and 
factor price and supply conditions. Inter alia this has been 
found to involve adaptirg inp>rted production systems to 
different infrastructural conditions (vis energy and water 
supply, transport, etc), different standards of raw material 
availability and lower quality intermediate inputs, different 
product requirements for the looal markets, etc. , etc. 

(b) Another significant implication of the reliance on inp>rted 
techniques is related to the scale factor. Frequently the 
imported production systems are either scaled down to meet 
smaller market demands; are operated at much lower capacity than 
originally designed for; or, alternatively, are required to 
produce beyond design capacity and average scappirg age because of 
various constraints inhibiting finis from investing in the 
creation of new capacity. 

Taking the case of down sized plants, research has found that 
plant scales in much of Latin .Anerica are much lower than in the 
industrialised countries. 'lherefore autaoobiles are assembled at 
20-100,000 tmits/year, machine tool fi:rms produce 100-500 tmits 
per year, a petrochemical plant for polyethelene 'WOUld operate at 
between 10 to 120,000 tons/year. Yet industrial fi:rms in the 
industrialised countries producirg similar products would 
nonnally be 5 to 10 times larger. 'lhese differences in plant 
size involve many differences in the techniques used. For 
example disoontinuous as opposed to oontinuous automated 
processes are used; simpler, I1Dre tmiversal and lower capacity 
machinery is used; and the outp.It mix is m:>re diversified. 'lhus 
the firms in developirg countries start with a different J;tlysical 
oonf iguration of their techniques to firms in the 
industrialised countries ostensibly usirg the same technique. 
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'!hey therefore abx>st inevitably follow a different path of 
technical change. For instance a m:>re discontinuous process 
inevitably means m:>re downtime as imividual bits of machinery 
break down - this means oore time is devoted to generating 
technical changes that help to alleviate oottlenecks. 

By the same token, scale limitations due to investment constraints 
have forced many f inns to explore different means to expand 
capacity within severe financial limits. 'lhese efforts in 
expansionary technological change have cane to be known as 
"capacity stretching" in the literature and fonn a particularly 
i.np:>rtant category of technical change - irrleed 1TDlCh. of the 
evidence of productivity inprovements in ooth developed and 
developing CX>Untries cited in lecture One have resulted from 
various fonts of incremental technical changes known as "capacity 
stretching" improvements. 

(c) Finally, and at least partially related to the scale factor and 
the capital oonstraints inherent in 'Ihi:rd World economies, 
incremental technical change has been found to be a relatively 
oore i.np:>rtant source of productivity improvement in certain 
types of production activities in the 'Ihi:rd World than investment 
in the creation of new productive facilities. SUch incremental 
changes involve such things as trouble-shooting, minor expansions 
of capacity, changes in operating procedures, redesign and 
rel:uilding of installed equipnent, instrumentation and 
standardisation, etc. We referred to many of the studies which 
documented the significance of these incremental technical 
changes in a variety of industries in Lecture One. 

4. 

'lhe i.np>rtance of incremental technical change as a source of 
continuous productivity growth in developed and developing COlDltries 
is reasonably well documented. However, this evidence raises the 
question of precisely how f inns are able to achieve this oontinuous 
growth in productivity in the ah:>ence of major investment in the 
creation of new plants and equipnent. Traditionally, the economics 
literature has referred to otserved increases in productivity in 
plants with ostensibly fixed facilities as "learning" - or IOC>re 
precisely as "learning" by doing. 'lhe concept was developed an the 
basis of a series of classic studies that otserved the experience of 
aircraft assembly in the US. It was otserved that a sutstantial 
reduction in lD1i t costs cxx:urred at the same time that outpJt was 
increasing. labour input ( annmt of time spent on assembly jots) 
appeared to fall by 15-20% every time that outpJt doubled with ooth 
labour and machinery investment held constant. Similar trends were 
discovered in US shipyards where f inns were able to increase outpJt at 
a rate of about 28% per year in line with a similar decline in labour 
input (Bell, Scott-Kennnis and Satyarkwit, 1982, have reviewed these 
and other studies) • 
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'Ihe dimension of the concept of "learning-try-doing" based on the above 
studies that we want to bring out is the assumption that the otserved 
productivity increases arose out of the ~ience of production 
itself. As Bell, 1982 has pointed out this concept of "learning try 
doing" has three quite remarkable characteristics: 

(a) it takes place quite passively with no explicit action required on 
the part of management, and has been frequently attri.b.J.ted to 
improvements try 'WOrkers in the efficiency with which they 
perfonned their tasks; 

(b) such inprovements take place autanatically. Hence given enough 
time and enough output, it is assumed that reasonable 
improvements in productivity would eventually occur. 

(c) these inprovements are also seen as a costless mr-product of 
production 
- no additional investment in new equipnent or training of 'WOrkers 
is required. 

SOlM!What surprisingly perhaps, this notion of learning try doing though 
originally coined in relation to the experience of industrialised 
countries has come to have quite an i.np>rtant influence on the debate 
about policies for 'Ihird world industrialisation. For instance, the 
concept provided an important component of the arguments relating to 
the developnent of "inf ant industry" in the 'Ihird world. More 
specifically it provided the rationale for "protecting" infant 
industry f:ran the rigours of international 00tnpetition via trade 
barriers. '!he argument made was that protection is allegedly required 
to allow firms the owcrtunity to blild up experience in production -
given this opportunity the firms will "leam" to be ioore efficient and 
competitive and in time, levels of protection can be le7Nered as the 
infant industcy grows up. No other intervention on the part of the 
government was deemed necessary (i.e. subsidies) and iOOee:i it has 
often been argued that the learning period averages awroximately 7 
years, after which time, protective tariffs could be renDVed since the 
infant industcy was automatically assumed to have reached 
international competitiveness. (see Bell, Ross-Larsen and Wesqilal, 
1984 for a critique of conventional infant industcy arguments and a 
review of the literature. ) 

Beyond the infant industcy debate, the concept of learning try doing 
described above came in time to be offered as a explanation for al.JOOst 
any atEerved improvement in productivity ocnirring in circumstances 
where there was no invesbtelt in new capital stock over a period of 
time - ergo the well-known concept of the "learning curve". However a 
try rKM large and coherent lxdy of research in both the industrialised 
and developing countries has convincingly dem:>nstrated that passive 
forms of "learning try doing" have in fact contri.b.J.ted very little to 
ob;erved patterns of productivity growth. Irrleed it has been shown to 
be the case that even in these studies f:ran which the original ooncept 
of "learning try doing" is based, that quite the cwcsi te fran there 
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being no change in existing facilities, a very wide range of technical 
change activities had in fact taken place - so wide that the whole of 
the plant's piysical stock had been reb.ri.lt from the grourxi up bit by 
bit in an incremental fashion. 

In other \YOrds, observed productivity improvements in plants with 
"fixed" facilities arose as the result of a oonscious and explicit 
effort on the part of the finn and its personnel to effect incremental 
technical change. '!here has been nothing passive at all in the process 
of technical change that has been observed and reported upon in the 
literature. Bell, 1982 cites a quote from Gold, Rosegger and Boylan's 
(1980) study of performance improvement in steel plants which captures 
this perspective: 

"'Ihe belief cannot be justified that increasing 
experience can be expected to yield progressively 
i.nproving results from an unchangi,oo technological 
innovation. '!here can be no doubt that 
increasing familiarity with the potentials, 
requirements, and limitations of an innovation can 
engender improvements in utilising it. However, 
such incremental benefits teni to diminish 
very rapidly. Continuing gains in performance 
accordingly tends to derive from m:xlifications in 
the facilities, changes in operating conditions, 
advances in instnnnentatiai and oontrol, 
shifts in product requirements, adjustnvants in 
maintenance procedures, nDre effective scheduling, 
and similar developnental improvements. Hence, 
"learning curves" reflect the results of 
increasing familiarity with unchanged facilities 
and operations only during very early periods 
after their introduction. '!hereafter they are 
attrillltable • • • • (far ItDre) to progressive 
m:xlif ications of inputs, processes, hardware, \YOrk 
specifications, and operating rates - and to 
increasingly effective adaptions of such factors to 
aie another. In the aOOenc:e of such oontinuing 
vigorous improvement efforts, the benefits of 
sheer cmnulative experience have been shc:Mn to be 
minimal i.rxieed in a wide array of irxiustries." 
(Gold, Rosegger and Boylan, 1980, p.341, original 
em?laSis). 

Many of the studies focussing on developing oolll1try experiences cited 
in I.ecture One (and reviewed in Bell, Ross-Iarsen arrl Westphal, 1985) 
conf i:m the findings referred to above - a large share of observed 
incremental technical changes arrl the resultant increases in 
productivity occur as the result of the explicit allocation of 
resources by firms to innovative activities (''vigorous, improvement 
efforts") designed to produce technical change. 'lhe notion that 
active effort on the part of the finn to generate technical changes 

35 

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



yields measureable economic benefits therefore largely contradicts the 
economists' traditional assumption that productivity improvements are 
a cx:>stless by-product of production experience. In fact quite the 
opposite is true: the large hllk of accumulated evidence suggests 
that finns and C01.D1tries are only likely to achieve consistent gains in 
efficiency, develop mre appropriate products and processes and ir¥ieed 
gain greater indepeOOence f:rc.an the foreign supply of technology if 
they explicitly set out to urnertake "vigorous improvenent efforts" 
aimed at increasing the performance efficiency of their production 
systems. 

'!he crucial process of the accumu.lation of technological capacity 

'!he above discussion allows us to introduce some further conceptual 
distinctions that lie at the heart of this set of lectures. In 
undertaking the "vigorous, improvement efforts" described above, finns 
clearly have to draw upon a pool of "resources" that allows them to 
effect various types of technical change. SUch resources or abilities 
to effect technical change do not arise as if by magic. '!hey have to 
be created. Indeed, policy research has revealed that those finns in 
l:x>th developed and developing C01.D1tires that have sucx::essfully 
improved product and process performance via technical change also 
devoted explicit efforts to creating, accumu.lating and increasing 
their technological capabilities. 'Ihus finns, and by extension 
economies have got to actively accumu.late the human and institutional 
capabilities to effect technical change. 

'!his process of the creation and accumulation of capabilities to 
effect technical change has rt:M come to be known mre generally in the 
literature as "leaming". Needless to say this new definition of 
learning is much broader than the old concept of leaming-by-doing 
since it encompasses all of the activities by which a fi:rm can 
generate its own stock of technological knowledge. Maxwell's 1976 
definition of leaming comes closest to what we mean in defining 
learning "as the set of processes by which f inns accumulate technical 
knowledge, knowho.N and experience relevant to the planning, 
oonstniction, operation, adaptation, improvenent and replacement of 
production processes" (Maxwell, 1976, p.19-20). 

'!here are many activities by which a finn can "learn" - these include 
the active involvenent of staff in the process of technical change 
(thereby generating knowledge as well as a technical change) ;the 
carrying out of R&D; training and education to upgrade technological 
skills; by hiring in technical assistance (or pJrehasing technical 
knowledge) and assimilating that knowledge; by carrying out "searches" 
for new techniques; even by introducing systemised measurement and 
instrumentation of the production process. 

We shall explore these leaming mechanisms in greater detail in 
subsequent lectures b.lt here want to eirpiasise two points. First, the 
process of leaming, by itself, will not always generate technological 
progress; this will deperrl on other factors as well, such as the 
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availability of sufficient minimal investment resources, efficient 
manageneit and organisation, etc. But nevertheless, the nonnal reward 
or outcome of successful leaming is technological progress. second, 
leaming is the result of conscious effort on the part of the finn to 
increase its :r;xx>l of technological knowledge and resources - without a 
continuous expenditure of effort to expand knowledge and effect 
technological change, the prospects for a finn whether in a developed 
or developing country achieving a continuous improvement in its 
perfonnance are very greatly reduced. 

5. '!be Nature of 'ledlmlogical ecmacity 

We suggested above that f i:ans (and econcunies) were generally able to 
effect technical change try drawing upon a :r;xx>l of technological 
resources. Following our earlier definitions these technological 
resources can simply be considered to be the stoc:k of knowledge 
necessary to effect technical change - i.e. what we tenned 
technological capacity earlier on. Bell (1986), has made a useful 
distllrtion try suggesting that a finn or an economy's "technological 
capacity" actually consists of three elements: 

( i) '!he first consists of knowledge necessary to specify and 
define new techniques. SUch knowledge consists of the 
broadest level of knowledge about general principles that 
"may be applicable to a wide range of production techniques 
(the properties of fluids, the laws of m:::>tion, etc.) (But) 
as one m::wes to levels (of specification) that are m:::>re 
proximate to production, the relevant knowledge becomes m:::>re 
detailed and m:::>re specific to particular production systems". 

'!bus, with this type of knowledge the finn is able to begin 
with general knowledge and translate this into system­
specific requirements that tmiquely define either new 
products or production facility or specify technical change 
necessary to existing systems and products. SUch knowledge 
is both likely to be in a disembodied fonn (i.e. textb::x:>ks, 
design manuals, etc. ) as well as being embodied within 
skilled people. Hence, engineers and designers draw on their 
basic knowledge of how to prepare working engineering 
drawings in general and then combine this with m:::>re product 
or process-specific knowledge relating to, say, the 
characteristics of a particular type of petrochemical plant, 
to prepare the detailed specifications of a plant producing 
100,000 tons of product per armum. '!he same process, i.e. 
of combining general knowledge with system-specific knowledge 
to produce plant-specific designs, operates in the case of 
individual camponents as well as the whole plant - in 
relation to machinery designs, specifying ini;:ut and outp.rt 
specification, specifying cx:mnissioning and stand-up 
procedures, etc. 

(ii) '!he second element of technological capacity is also 
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knowledge based and therefore likely to be emtxxlied in 
people. '!his set of skills and expertise allows the firm (or 
economy) to take a set of specifications and transfonn these 
into the P'lYsical reality of a new product, a new plant or a 
piece of equipnent and/or the specified improvement to 
existing products, processes or equipnent. '!bus we can make 
a simple distinction between the first type of technical 
knowledge which is likely to be heavily based on design and 
engineering skills (as well as R&D skills) and the second 
type of technical knowledge likely to be fourrl with capital 
goods fint1S, construction fint1S, plant production engineers, 
machine shop:;, etc. SUch a distinction, though a useful 
explanatory device, is Vert basic and is not likely to 
confonn entirely to reality, where the dividing lines 
between the bJo types of knowledge and the people/f intlS who 
carry out the tasks are likely to be blurred. Further we 
should make the point that one can also isolate another set 
of tasks for which technical knowledge is necessary - that of 
"choosing" techniques from amng available alternatives. '!he 
issue of "choice" is IrDSt relevant to situations where f intlS 
are likely to be acquiring new techniques and where it needs 
to be able to select from amng available designs, equipnent 
IOOdels, precess routes, etc. that combination that is IrDSt 
appropriate to its own needs. 'Ibis is a situation in which 
many developing country fintlS find themselves. Unfortunately 
it is usually the case, as we shall see, that because they 
lack the skills to specify the techniques they need, they or 
the local economy also lacks the skills to turn those 
sp;cif ications into J;ilysical plant. 'Ibey equally lack the 
skills and knowledge to make the correct "choice" of 
techniques -in these circurrstances as we shall discuss at 
length, developing country fintlS usually tum to foreign 
technology suppliers to carry out all three tasks. 

(iii) 'Ihe third element of technological capacity specified l:7j Bell 
is institutional in nature - this institutional capacity 
consists of roth the intra-f inn managerial and 
organisational capabilities needed to provide an enviromnent 
conducive to effecting technical change; and the inter-finn 
relationship:; (i.e. between the user of a technique and the 
producer of a technique) within which occurs the 
processes of acquiring, creating and transfonning this 
knowledge into technical change of all sorts. 

" 'Ihus industrial technological capacity 
consists of a stock of (i) disemtxxlied 
technical knowledge and infomation, (ii) 
human-embodied knowledge and experience, 
and (iii)institutional resources. 
Together these enable a firm or economy 
to produce change in the technical 
characteristics of the industrial 
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production systems used - or at least to 
play an active role in that prcx:::ess of 
technical change" (Bell, 1983, p.12). 

Bell makes one final distinction in his analysis that is extremely 
useful and one that we will use extensively in the analysis carried 
out in sul:sequent lectures. It is probably easiest if we again quote 
him at length on this point. In referring to technological capacity 
he points out that: 

" 'Ihese fonns of knowledge, expertise and 
organisation are different from, and additional to, 
those which constitute part of the production 
capacity of industry: the knowledge, skill and 
organisation required for ongoing operation and 
maintenance of existing production systems. 
However, the distinction is blurred at the 
boundary; and investment in industrial production 
capacity will inevitably create some resources of 
knowledge, skill and organisation which are 
required for efficient ongoing operation and able 
to contri.b.rte to technical change. But that area 
where the two kinds of resources overlap may be 
very small in many industries. Addi tiona1 
investment in knowledge and expertise, along with 
different kinds of institution and organisation, 
will be required to Wild up a significnt capacity 
for generating technical change. Consequently, 
investment in industrial production capacity in 
industry may proceed without aey significant 
parallel investment in industrial technological 
capacity; and the aco.miulation of technological 
capacity in industry in developing CO\D'ltries will 
require additional investment over and beyond that 
needed to Wild up production capacity"(Bell,1986). 

In the remaining 7 lectures in this series, I shall be explicity 
concerned with one mechanism by which finns in 'Ihird World countries 
can seek to invest in the creation of accumulation of technological 
capacity. '!his involves the acquisition of industrial production 
systems from abroad - a mechanism known conmDnly in the literature as 
technology transfer. Developing CO\D'ltries, as we have already noted, 
historically have been heavily dependent on the importation of 
technologies designed, developed and produced in the industrialised 
countries to Wild their industrial infrastructure. It is highly 
likely that they will continue to depend heavily on this mechanism as 
the principle source of industrial techniques for many years to came. 
our concern in the remaining lectures will be to explore an:i 
understand how developing cotmtry governments an:i f inns can exploit 
the process of technology transfer to accumulate not only production 
systems and production capacities rut also the technological 
capacities that play such a vital role in the developnent prcx:::ess. 
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Developing countries have long been dependent on foreign sources of 
technology. For IOOSt of these countries, this pattern of dependence 
began in the colonial period am was reinforced try the p.irsfilt of 
import-sutstitution p::>licies in the post-colonial period. Concern 
about the financial cost am social am p::>litical implications of this 
situation began to surface with the emergence of the "Dependency 
School" of analysis in the 1960's. Even though technology factors 
were not initially the centre of attention of the dependence analysts, 
it gradually assumed greater am greater importance in the early 
1970 's. D.Jring this time, the issue began to be discussed explicitly 
- first in a series of seminal conceptual works (try Cooper, 1974; 
Cooper am Sercovitch, 1971; am UNCI'AD, 1972) am then empirically 
explored in a variety of sectoral am country case studies of which 
the UNCI'AD Technology Transfer series (sununarised in UNCI'AD 1975) am 
Constantine Vaitsos' 1974 study on transnational corp:>rations am 
technology "c:x::mnercialisation" in Iatin America were probably the IOOSt 
influential. As a result of this early research work, the problems 
associated with the control am regulation of international technology 
transfer became the principal focus of technology p::>licy research 
throughout the 1970s. And although there are, as we shall see, a 
number of shortcomings with this body of work, the research findings 
were nevertheless very influential in shaping the national p::>licies of 
many countries both during the 1970's am indeed into the 1980's. 

'Ihe discussion I will present in lectures 4-9 will focus prinarily on 
the potential contri..b.ltion that technology transfer can make to 
technological developnent in the 'Ihird World am the policy mechanisms 
required to facilitate this. '!he approach I shall be taking to these 
issues differs fundamentally from the conventional concerns of the 
"mainstream" technology transfer literature of the 1970's, am hence 
there are many issues arising from this body of work that I will not 
be able to address in any detail. However, these "conventional" 
concerns do in fact provide an important context for these sut:Bequent 
lectures am so in this presentation I would like to briefly review 
some of the principal lines of argument of the ''mainstream" technology 
transfer literature of the 1970s. 

In this lecture I will oover four topics. 'Ihe first is an 
introduction to the basic theoretical am conceptual arguments about 
technology transfer since these strongly influenced the perceptions of 
researchers am p::>licy makers in the 1970s am are still influential 
factors today. Second, I will present the essential features am 
problems associated with the prcx::ess of technology transfer as 
described try the literature in the 1970s. 'Ihird, I will describei~ 
of the p::>licy responses adopted by countries in light of the reseatr..h 
that was carried out. Fourth, I will present a critique of this 
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process of research and policy response as a means of providing a link 
with the analysis taken up in lectures 4 to 9. 

1. sane 'Ibearetica! Cmsi"erntiais 

I would like to introduce two lines of theoretical argument here - the 
first dealing with the nature of markets for technology and the second 
with the role of technical change in a competitive economy. As with 
other topics of discussion presented in this set of lectures, the 
relevance of theocy may not seem immediately obvious to our roncems 
with the design and inplementation of technolc:x,w policy. But if one 
looks closely, it soon becomes clear that theory is often used as a 
justification for the positions adopted by both North and South in the 
technolc:x,w transfer debate. Arrl since much of the argument is 
conducted along the lines laid down in conventional economics 
literature, consequently it is essential to be clear about the 
implications of theory for policy and for policy research in the field 
of technolc:x,w transfer. 

'Ihe nature of technology markets 

One of the central features of the developnent policy currently being 
espoused by agencies such as the \<k:>rld Bank and the governments of the 
industrialised cotmtries, is the need to prcm:>te developnent through 
strengthening the hand of the private sector and freeing of market 
forces. such a posture implies the dismantling of many of the 
mechanisms that 'Ihi:rd \<k:>rld governments traditionally use to intervene 
in and control the functioning of their national economies. 'Ibis 
includes the elimination of tariff barriers, the renoval of sul:Bidies 
and the withdrawal of the state from direct participation in 
production via state enterprises. While this theme has long been a 
concern of agencies such as the IMF and the \<k:>rld Bank it has recently 
become a much :mre central feature of their policy advice. 'Ihe 
importance of technolc:x,w transfer from North to South is of ten an 
explicit element in this argument, along with the correspoming belief 
that the private sector is inherently best suited to effect an 
"optimal" transfer of technolc:x,w - as opposed to the extensive degree 
of state intervention that oocurs at the nanent either where public 
enterprises are recipients or vis-a-vis the government's regulation of 
technolc:x,w contracts and direct foreign investment. Not surprisingly 
the m:>St suitable vehicle for praooting the transfer of technolc:x,w is 
alleged to be the transnational corporation ('INC). 

In the many recent pronomicements by aid and trade institutions (based 
in or controlled by the industrialised countries) on this issue, the 
stress placed on these arguments is linked to pressure on developing 
country governments to change their internal policies to facilitate 
'INC investment. Indeed, this is part of a wider trend where offers of 
"foreign assistance" are now often closely tied to the willingness of 
the government to disnantle its mechanisms for state intervention in 
the economy. Needless to say, the current financial crisis faced by 
many developing cotmtries has considerably strengthened the hand of 
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the IMF in this area of p::>licy - one that is usually reserved as 
being the province of sovereign governments. 

The theoretical rationale for this position stems directly from 
welfare econanics and neoclassical theories of international trade.1 
'!he basic assumption underlying the argmnent being that the "free" 
operation of a market will establish the best price2 for the technology 
being supplied to the developing country in welfare tenns - i.e. bi 
meeting the peculiar condition of Paretion Optimality that no parties 
to the transaction are 'WOrse off because of it, and some may even be 
better off. 'Ihe best way to achieve this outcome is argued to be to 
minimise the degree of state intervention, thereby allowing market 
forces to operate freely. Hence this is the theoretical justification 
given for the OJ;P)Sition of developed countries and '1'NCs to 
intervention such as the international code of conduct put forward bi 
UNCr.AD, technology transfer "registries" introduced bi many developing 
COlll1tries, and the use of laws regulating the process of direct 
foreign investment. All of these actions as seen as essentially 
distorting the operation of the market and should therefore be 
eliminated. 

'Ihe whole of this edifice rests on a crucial theoretical assumption 
about the nature of technology in conm:xtity markets. Technology 
(equated with infomation) is assumed to be freely, costlessly, and 
instantaneously available under conditions of perfect competition. 
'Ihis assumption about technology stems from its "p.lblic good" 
characteristics - i.e. infomation does not d.isa~ when it is used 
and hence the social cost of its use must be zero.3 In a strict 
sense, this condition does hold (though there are exceptions) and 
hence the price for technology (which underlies the production of 
typical ca1ml0dities such as tables, automobiles, etc. that are the 
usual concern of the economics of the market) must also be zero. For 
if technology had a price, the conditions of Paretian Optimality simply 
could not be attained and there would be no theoretical basis on which 
to guide government p::>licy.4 

1. Some of the basic references to these arguments are contained in 
Cooper and Hoffman 1981, on which this section is based. Here we 
shall only be sketching these arguments in brief detail. 

2. Price being the only characteristic of technology that is 
discussed. 

3. As opposed to a P'lysical canncdity that can be used up or 
awropriated thereby denying anyone else access to it. 

4. 'Ihe principle objective of p:>licy in this context being the 
renpval of ol:stacles to the free operation of the market. 
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When the argument is extended to situations where technology is the 
camlDdity being traded, these conditions break down rather badly right 
from the start. In the conventional analysis of technology markets, 
technology (despite its plblic good character) is assumed to also have 
the same characteristics as aey other camroodi ty. Hence the examination 
of how technology markets should operate in order to achieve an 
optimal outcome is ooniucted on the assunption that all the normal 
conditions for the free operation of ca:muodity markets are in effect. 
Arxi, as pointed out above, policy proposals such as those emanating 
from the ~rld Bank and the IMF follow on from these assumptions. 

Hc:Mever as Cooper and Hoffman (1981) point out, there is a whole set of 
serious contradictions in this position. '!he principal one is that it 
is impossible to both assume that technology can be traded in freely 
operating markets at a positive price and at the same time have as one 
of the principal conditions of the ncdel of perfect ca:upetition being 
used, that technology must also be a free p.Jblic good in order for 
there to be an "optimal" outccane in Paretian terms. 

'!he above reasoning makes the nee-classical argument totally untenable 
on its own terms. 'Iherefore aey policy proposals which are based on 
these asstnnptions are also without any credence whatsoever. '!he 
reason for this is that if it is shown that conditions of Paretian 
Optimality cannot be achieved, then policy proposals cannot be based 
on the desire to achieve free markets in technology without restriction 
or outside intervention - hence the non-interventionist, pro-private 
sector arguments of the ~rld Bank and other agencies have no 
theoretical basis for their policy proposals. 

'!he reason for all of this seemingly esoteric discussion is to show 
that even an the terms set by mainstream econanic theory, the issue of 
how and whether to control technology transactions (in order to 
achieve a fair price and good terns) is strictly a "secom-best" 
situation. '!he best policy response can therefore only be judged on 
the characteristics of the specific situation rather than by refererx::e 
to a ncdel economy. 'Ih.is suggests that policy proposals cannot be 
based on a set of theoretical a.sstmptions totally reroved from 
reality5. Policy must instead be fonm.Uated on the :basis of the nature 
of the expected and desired impact of the transaction on social and 
economic criteria, rather than on private profitability. 'Ih.is is a 
crucial theoretical point in favour of those who support intervention 
in technology markets. Needless to say technology policy research is 
necessary to provide the empirical basis for the type of policy needed 
in this inherently "secorxi-best" situation. 

Even without the theoretical deb:lte, it is perfecty obvious that 
technology has rarely ever been treated as a "free good" in 

5. '!he policy proposals in this case being that there should be no state 
interest in the functioning of technology markets. 
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international technology transactions. COOper and Hoffman (1981) show 
that it can in fact be appropriated and is generally sold on the 
basis of the conditions of exclusion imposed by that a~opriation. 
Hence developi.n:J countries ImJSt intervene in this situation to ensure 
that they get the best possible deal - any notion that conditions have 
ever been otherwise simply ignores reality. 'lhe value of making the 
case in strictly theoretical tents is that it reinforces the position 
of the interventionists in the debate and strengthens their harxi in 
calli.n:J for the regulation of the flow of technology to maximise 
social retums. 

'lhe role of technical c.hame in caipetitive markets 

'lhe secorn strand of theocy I lNOU!d like to pick up centres arourrl 
argunents about the DDtivation of foreign finns to supply technology 
and the influence these arguments have had on 'lhird \'K>rld efforts to 
regulate technology flows from abroad. 'lhe reasons why finis are 
willi.n:J to suwly/sell their technology abroad have been extensively 
explored both theoretically and empirically and many arguments have 
been proposed rangi.n:J from the neo-classical statements by caves and 
Johnson to the Marxist/deperrlency analyses of Baran, Frank and Hymer. 

Whilst this literature offers same useful insights, in fact, I have 
found that the "WOrk of the German economist, Josef Schumpeter is 
particularly valuable as his analysis of the "WOrkings of market 
economies is very relevant to understanding the dynamics of the 
technology transfer process. As mentioned in the Lecture TrNo, 
Schumpeter believed that technical change was a major force in 
capitalism and largely detemined the nature of oanpeti tion. He 
explicitly argued that the appropriation of technology (rather than 
its free availability) was a central feature of market economies. In 
his analysis, the cacipetiti ve economy operated in a state of constant 
disegµilihrjum - rather than the terxiency towards equilibrium assumed 
by the neo-classicals. In Schumpeterian tents this disequilibrium is 
caused by the efforts of the fim to capture what are termed stpr­
normal profits - these are profits over and alx>ve the nonnal profit 
allowed in a perfectly oanpetitive economy. Schumpeter believed that 
technical change was the principal source of super-nonnal profits. In 
his view, this technical change was primarily of a cost-reduci.n:J type, 
with the innovation usually leading to lower per unit costs, thus 
allowi.n:J the innovati.n:J fim to sell its product at the same price blt 
with higher profit margins. 

under these conditions, super-nonnal profit accrues to the fim l.mtil 
its oanpetitors are able to copy the innovation and adlieve similar 
cost red1Jctions. 'lhis imitative response by cacipetitors gradually 
reduces the aIID\llTt of extra profit accruing to the original innovator 
as the price of the product falls, and the innovator is forced to 
reduce his prices in order to stay UJJnpeti ti ve. 'lhere is thus a 
terrlency for the rate of profit to fall towards the nonnal profit rate 
obtaining in general equilibrium. However, in Schumpeter's m:xiel 
econany, this ternency is soon interrupted by the same or another f im 
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introducing another oost-reducing innovation (in order to capture 
super-normal profits) and the whole process of imitative response by 
competitors repeats itself. It should be clear from the evidence 
given in Lecture One that this analysis is a reasonably close 
approximation of the actual function that teclmical change plays in 
nerket economies. 

'lhe short tenn advantage enjoyed by the fi:cm (which is created for it 
by technical change) is tenned a miasi-npnqpol:y, referring to the 
temporary m:>nopoly advantage the finn enjoys after introducing its 
innovation. Cooper and Hoffman (1981) argue that tx>th in Schumpeter's 
world and in the real world, a fi:cm nrust organise itself to protect 
its quasi-m:>nopoly in order to realise its potential for super-normal 
profits. 'lhese do not flow automatically once the technical 
breakthrough is accomplished - further sters nrust be taken if the 
innovation is to reach canmercial fruition. 'lhe fi:cm gets some help 
in this from the patent system since taking out apatent confers an 
automatic m:>nopoly. But in a competitive economy, the innovating finn 
can always expect that competitors will gradually erode the advantage 
created by any particular innovation. Hence the finn needs to 
continually reinforce or extend its quasi-m::>nopoly. one way to do 
this, of course, is to continue to innovate in order to stay ahead of 
its lcx::a.l competitors. 

Schumpeter' s reasoning also suggests other ways in which f i:cm' s can 
exteOO their quasi-m::>nopoly. one option that is of direct interest to 
us is for the finn to exploit its quasi-m::>nopoly abroad in nerkets 
where (a) it does not face such stiff competition, or (b) which offer 
new, tmtapped sources of super-normal profit. In reality, firms 
usually consider expanding their operation abroad for very specific 
reasons - as a defensive response to ooves by competitors, because of 
the lcx::a.tion of raw naterials, to exploit cheap labour, to penetrate 
lcx::a.l/regional nerkets, etc. Various empirical surveys have 
indicated that these (and other) reasons "explain" the overseas 
activities of 'INCs. However, the value of Schumpeter' s line of 
reasoning is that is places the finn's control over its technology (or 
innovation) as being the crucial determinant of its ability to generate 
super-normal profit from overseas operations - whether these involve 
the sale of products, the licensing of technology or direct 
investment. Hence whatever fonn these operations nay take, the 
finn's principal underlying objective nrust always be to naintain 
control over its source of quasi-m:>nopoly. 

'lhese arguments about the crucial ~rtance of control provide the 
basic starting point for my introduction of the principal themes in 
the ex>.nVentional technology transfer literature. 

2. MRinslLAAID Views m Tai'Dplogy 'Ji'ansfer 

Developnent theorists in the inunediate post-war decades tended to ani t 
any explicit consideration of the role of technology in their analyses 
of developnent strategies for the 'lhird World. '!here was of course 
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much discussion and emphasis placed on the need for oountries to 
pursue industrialisation strategies as the quickest route to 
developnent. Inplicit in these arguments was the assumption that 
developing oountries would acquire their technology fran the 
industrialised oountries. In so doing, it was thought that the South 
could take advantage of the soptlsticated technological resources of 
the North, transplant the fruits of their R&D and bypass all of the 
costs and problems associated with developing technologies fran 
scratch. Direct foreign investment was thought to be the best vehicle 
for ensuring that this process occurred to the benefit of everyt:xxjy 
involved. 

However, in the late 1960S and early 1970s a set of empirically based 
studies identified the process of technology transfer as an issue and 
problem area in its own right, separate fran the nDre general concerns 
of industrialisation strategy. Resting on an analytical framework 
strongly influenced by the Deperxiency School, these studies identified 
a number of central problems which have dominated both sutsequent 
research and policy formulation throughout the 1970S. 

Farly work by Vaitsos (1974) and the Transfer of Technology Division of 
UNCTAD (summarised in UNCl'AD ( 1975) ) tended to link the problems of 
technology transfer with direct investment by transnational 
corporations in local markets via the establishment of 100% wholly 
owned sul:sidiaries. In many sectors in a number of oountries, 'INC 
sul:sidaries were f oum to control a large share of the local market -
often as high as 100% in sane sectors such as I!Dtor vehicles and 
J;ilarmaceuticals. It was argued that 'lNCs were therefore responsible 
for the majority of technology flowing betw'een North and south. 

Related to this focus on 'lNCs as the main source of technology was the 
belief of these analysts that the involvement of 'INCs as suppliers of 
technology to their sul:sidiaries in developing countries or to 
i.mependent local f inns via licensing agreements resulted in both the 
recipient f inn and the local e<::aD.WJ incurring unnecessarily high 
financial and scx::ial costs to acquire what was often highly 
ina~iate technology. In a number of these studies, oontracts and 
licensing agreements betw'een foreign suppliers and 'lhird vorld 
recipient f inns were reviewed which showed a very high percentage of 
restrictive clauses, excessive direct charges for the technology via 
payments for patents, royalties and license fees, as well as a good 
deal of evidence of transfer pricing (these issues will be discussed 
in detail in Lecture Seven). 

'INCs were seen to be able to impose such unfavourable terms and 
oorrlitions largely because of their strong bargaining power vis-a-vis 
the weaker and less sopusticated host finn/country. ~reover, a 
rnnnber of these studies showed that these problems were IIDSt extreme 
where there was an equity relationship betw'een supplier and recipient. 
'lhus the greatest degree of costs became associated with the domestic 
presence of wholly-owned sutsidiaries of foreign 'INCs. '!he evidence 
on transfer pricing initially amassed by Vaitsos on the Pla:anaceutical 
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sector in Colombia was particularly .inq:x>rtant in establishing a link 
between wholly owned sul:Eidiaries and high financial costs incurred by 
exploitative technology transfer arrangements. Vaitsos (and others 
such as UNCI'AD, 1972) argued strongly that the degree of foreign 
equity participation was directly related to the ability of the 
foreign fim to control the activities of its local partner. As this 
was obviously the position enjoyed by 'lNCs via their wholly owned 
sul::sidiaries, this fom of a<:XIUiring foreign technology became 
extremely suspect. It was believed that by exercising full control 
over its sul::sidia:ry, the 'INC was therefore able to repatriate the 
maximum level of llDllOpOly profits. 'Ihus the involvement of 'lNCs as 
the dominant suppliers of technology via wholly owned sumidiaries was 
assumed to be the cause of the observed high foreign exchange costs 
that the economy was incurring through a<:XIUiring technology from 
abroad. 

3. IUlicy Respa1ses l?f 'lhird it:rld Countries 

Both the researchers and policy makers, particularly in Iatin America, 
drew a number of immediate and direct policy implications from the 
resu1 ts of these studies. 'Ihe first, and perhap; nDSt .inq:x>rtant of 
these was that in order to reduce the costs of technology transfer it 
was necessary to reduce the level of involvement of 'INCs in technology 
flows. One means of doing this was to impose reductions in the level 
of equity in domestic f inns that foreign f inns were allowed to own -
particularly in sectors which were deemed crucial to the econamy. 
Hence, legislation was passed in a number of countries which 
stipulated that foreign equity shares were not allowed to go above 49 
percent - on the assunption that the 51 percent which remained urxier 
national ownership YJOuld ensure local control of the fim, local 
control of the transfer prcx::ess and hence lower costs. Secondly and 
related, this concern with the deleterious effects of 'INC involvement 
led to a search for less costly fonns of transfer. 'Ibis led 
researchers in particular to articulate other ways by which technology 
could be transferred that did not involve the excessive costs 
associated with wholly owned suJ::sidiaries. 'Ibis concept of different 
"mechanisms" for technology transfer was develope:i by authors such as 
Coo:per and Sercovitch (1970) who assessed the nature of the various 
I!OOes of transfer used by foreign suppliers such as the wholly owned 
sul::sidiary joint venture arrangements (with majority local ownership), 
various types of licensing agreements, management contracts and other 
technical service agreements as well as IIDre straightf o:rward direct 
purchases of equipnent from machinery suppliers. 'Ihe characteristics 
of these different mechanisms are all extensively discussed in the 
literature and we do not intend to repeat this discussion here. 

However, I YJOUld point out that this literature emphasises that one of 
the principal characteristics distinguishing these different 
mechanisms was the degree of equity control or ownership of the 
recipient by the foreign supplier. '!he objective assumption 
urxierlying this distinction being that mechanisms which involved less 
foreign ownership afforded better opportunities to a<:XIUire technology 

47 

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



at a reasonable cost, i.e. there was assumed to be an inverse 
relationship between the costs of transfer and the degree of foreign 
CMnership. 'Ihus the acquisition of technology via joint ventures was 
preferred over wholly CMned sul:sidiaries; license agreements over 
joint ventures; direct p.irchases of equipnent from machinery suppliers 
over joint ventures and so on. Firms and goverrnnents were urged to 
seek relationships with foreign suppliers that were ideally of an 
"arms length" nature - where no equity relationship was involved at 
all such as license agreements, technical service agreements or 
machinery purchase contracts with f irm.s. 'lhe assumption implicit in 
this argument was that suppliers willing to agree to non-equity 
relationships would be smaller in size and with less bargaining power 
than 'INCs, and therefore would agree to less cx::>Stly contractual terms. 

'Ihese arguments were very influential with 'Ihird World policy makers 
and were at least partially responsible for the introduction of 
government policies that were designed to shift the ncde of technology 
acquisition away from the use of wholly CMned sul:sidiaries during the 
1970s in many Iatin American CO\.Dltries. '1hus the ~rk in particular 
of Constantine Vaitsos was directly responsible in Iatin America for 
the technology transfer policies enacted by the Andean Pact 00\.llltries 
in the mid 1970's (see Jtmta 1976 for a discussion). In tum the 
actions of Iatin American governments in this s:Eilere persuaded other 
governments in the 'Ihird World, particularly those in Africa, to 
institute similar policies. 

A third policy implication of this early research was related to the 
existence of so-called restrictive clauses in technology transfer 
contracts. 'Ihe existence of these clauses, such as those relating to 
tied inputs or restrictic;ms on exports was linked to excess financial 
costs that had to be borne by the recipient. In some cases these 
costs were incurred as direct charges, i.e. by contractually requiring 
a recipient to purchase inputs or raw materials only fram the 
technology suppliers, said suppliers could charge a "ItDI10poly11 price 
on inpits that could nonnally be acquired ItDre cheaply on the 
international markets. In other cases, indirect costs were involved -
by restricting a recipient fram exporting a product produced under 

license, the supplier was in effect depriving the recipient of 
potential revenue. 

Hence it was argued that some institutional means should be foum to 
limit the level of direct costs (i.e. by imposing a ceiling on royalty 
and patents payments) as well as to eliminate any restrictive clauses 
from contracts which might incur indirect costs. 'lhe nost oormoon 
means of doing this was to set up a government body which regulated 
and vetted all technology transfer contracts to ensure that the 
offending clauses were rem:>Ved before the contracts were approved. 
Many COlD'rt:ries introduced such legislation (see UNCI'AD 1980 for a 
review). '1hese issues are discussed further in Lecture seven. 

48 

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



4. ~ or causes? A critireJ View 

As noted there can be little question that the research mentioned 
above and the policy conclusions drawn f:ran the results were very 
influential in persuading governments to introduce legislation and 
policies which were reasonably successful in reducinj same of the 
excesses found in the studies. 

In so far as much of the literature had focused on the high rates of 
repatriated profits associated with specific types of technology 
transfer agreement, the resultant policies equally concentrated on 
tryinj to eliminate the specific problens highlighted in the 
literature. Consequently, as noted, in certain COlD'ltries, the degree 
of pennissable foreign equity participation in a local finn was 
reduced to below 50 percent in order to ensure local control, while at 
the same time policies were enacted to eliminate certain restrictive 
clauses fran technology contracts. 

Similar initiatives were inaugurated 1:1:{ UNcrAD at the international 
level with its efforts to reach agreement on an international "code of 
conduct" for technology transfer. '1hese efforts to establish a code of 
conduct consumed a tremendous annmt of time, rut in the em proved 
\.D'lSUCCeSSf ul because of the refusal of developed cotmtry governments 
and 'INCs to accept either the arguments for a code or the evidence on 
which the case was based6. HaNever, the attenpts 1:1:{ individual 
govemments to control the short-run oosts of technology transfer were 
nr:>re successful. For exanple, UNCI'AD (1980) presents a fairly 
comprehensive review of the experience of legislation in this area. 
'lhe report shows, for instance, in relatinj the efforts of ColClllbia to 
the Licensinj Regulation Conlnittee to vet technology transfer 
contracts that beb7een 1967-1971, the Conlnittee evaluated same 395 
contracts. It was able to renegotiate nr:>St of them and this led to a 
reduction in royalty payments of 40 percent, or the equivalent of US$8 
million - an annmt then equal to the 'Whole of ColClllbia's direct 
payments for technology. other camtries were equally successful in 
inpJSinJ legislated reductions in royalty rates or in fo:rcinj the 
renoval of unnecessarily restrictive clauses fran technology contracts 
(see also Jmtta, 1976 and Chudnovsky, 1981). 

'1hese early efforts to control the cost and tenns on which technology 
was obtained were certainly necessary am represent significant steps 
in the right direction. 'lhe los.s of revenue due to nonopoly pricinJ 
and the inpJsition of restrictive clauses 1:1:{ technology suppliers was 
then and remains now a very sizeable drain on resources for 'lhird 
world camtries - am yet many col.D'ltries, particularly the poorer 
ones, have not even now p.lt in place even the nr:>St basic regulatory 

6. Despite this failure it is arguable that the code of ccn:iuct 
debate served to considerably heighten the awareness of 'lhird 
World govermnents to the ~ of technology transfer. 
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mechanisms. Clearly they need to pursue the establishment of such 
policies to eliminate the :m::ist blatant excesses.However, there are 
grourrls for questioning whether efforts to deal with the short-nm 
financial problems caused t1j technology transfer are in themselves 
sufficient to deal with the urxierlying causes of the problems 
described above. Ard if the criticisms ~ offer below are oorrect, it 
suggests the need far a f'lllDllnental reassessment of the nature of the 
policy interventioo called far t1j the mainstream literature. 

'!here are two issues in this regard that I ~d like to highlight. 
Firstly, the empirical evidence on which nuch of the conventional 
wisdom (am the many policy measures that were p.rt in place) was based 
was actually quite nart'C7N. '!here was in the mid-late 1970's an 
inordinate annmt of research carried out which concentrated on ally 
three latin American oountries :- MexiOO I Argentina am Brazil: as ~11 
as on India. 'Ihe experience of African CX)\JJ'lt.ries was hardly examined 
at all before the late 1970s with the exceptioo of UNCl'AD's study of 
pre-revolutiooary Ethiopia am Kaplinsky's (1976) study of Zambia. 
other regions of the 'lhird World such as the caritt>ean, central 
America I the Middle East am south East Asia were also neglected -
though the cari:J:Dean Technology Policy studies Project furrled t1:{ the 
IDRC of canada, greatly exparxied our understaming of what was 
occurring in the West Indies in the late 1970s. 

'lhe same reservatioo applies to the sectors oo which detailed 
empirical evidence was generated. once again only very feN were 
studied extensively, such as pmrmaceuticals am chemicals, while 
other .i.qx>rtant sectors were virtually ignored. Of course t1j the late 
1970's the scope of research carried out oo the short-nm problems of 
technology transfer hac:l broadened sanewhat - for instance 001.e am 
Arthur (1984) studied the contents of technology transfer contracts in 
the West Indies; Iangdon (1981) explored the role of 'l'NCs in Kenya am 
so oo. However the geograptlcal am, in particular, the sectoral scope 
of this research still remains so narrow that it suggests, at least to 
me, that this research had an impact am influence on policy am 
thinking that went far .beyon:i what was actually justified t1j the rarge 
of countries, sectors am fill!IS investigated. 

Another aspect of the narI'C7N base of these empirical studies was their 
excessive concent.ratioo oo the role of 'INCs in the transfer process. 
'!here is little question that 'INCs do play an inportant role in 
international technology markets - bJt the concentration of research 
efforts oo 'INCs has meant that much less attentioo has been paid to 
the problem am p:issibilities of technology transactions involving 
smaller fi.nns, machinery suwliers am so oo. '!he discussion in 
Cooper am Maxwell, (1975) shows far instance that the extensive 
involvement of these non-'INC fill!IS in technology transfer presents an 
equally fonnidable set of research am policy problems as those 
associated with 'l'NCs, since they are just as prone to charge m:mopoly 
rents, iqlose restrictive cxnlitions am suwly iJ'laRlropriate 
technology as are the 'l'NCs. 
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~reover there is other evidence which in effect challenges other 
aspects of conventional views of technology transfer. Reuber (1973) 
for instance showed that in rn.nnerous cases it was '!bird World firms 
which actually sought the equity participation of 'lNCs as a means of 
ensuring sucx::essful technology transfer - this finding is in sharp 
contrast to the view that suggests that 'lNCs are always the aggressor 
or initiator of technology transfer. other research for instance by 
Contractor (1982) and Balasubramanyam (1973) show that the willingness 
of 'lNCs to effectively transfer technology is in fact directly related 
to the degree of equity participation. 

We are not enpmsising these gap:; in coverage or contradictions in 
evidence because of arrt "academic" co:ncezns with comprehensiveness. 
Nor do we question the value and validity of many of these early 
studies. However, corm. tions governing the costs and benefits of 
technology transfer do vary greatly across c::otmtries and sectors and 
the policies that are relevant for one country will not be directly 
transferable to a different c::otmtry on the other side of the \VOrld at 
a totally different level of developnent. Nevertheless these early 
studies did have a pervasive influence on policy in a rnnnber of 
comttries where similar research had not been carried out and as a 
result, these policies tended to have tmintentianal deleterious 
effects. For instance the stringent foreign investment regulations 
imposed by many African goverrnnent in the 1970S did little to increase 
the social gains accruing from 'lNCs already established, and virtually 
totally eliminated new flows of technology and foreign capital of all 
kinds into these C01.D1tries. In India, restrictions imposed on royalty 
payments and contractual clauses allowed Irrlian firms to reduce the 
short-nm costs of the technology transfer rut also significantly 
decreased the willingness of foreign f i:rms to 1.llldertake any real 
efforts to effectively transfer technology. 

Policy obviously cannot be fonnulated in a vacuum and the experiences 
of other eotmtries can serve as useful "signposts" in where to focus 
action. However the design of detailed policies cannot draw in any 
sumtantive sense on \VOrk done in vastly different c::otmtries, yet as 
the above discussion suggests, this hai;:pened and continues to happen 
to a large extent in many developing comttries in this field. 

5. Dymmic Farll3 of Qffli-fbqX>ly 

'lhe geograi;itlcal and sectoral bias of early technology transfer 
research is only one of the problems we wish to highlight. A second 
and much nore fundamental shortcoming of the conventional approach to 
research and policy lies in its enpmsis on short-nm issues and on 
the need to reduce the high costs and eliminate the restrictive 
clauses that are allegedly character istic of technology transfer. 
'lhese problems are of two different kinds. 

First, the enpmsis on short-nm financial problems associated with 
technology transfer has virtually ignored problems associated with the 
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accumulation of technological capacity7 - a problem which inevitably 
has a much longer time horizon and one where p:>licy objectives often 
conflict with the shorter term concerns al:x>ut high costs and 
restrictive practices. We shall be taking up the relationship between 
technology transfer and capability accumulation in much greater detail 
in lectures 4-9 and so will leave further discussion of these issues 
until then. Secondly, as noted, past p:>licy and research has tended 
to overemphasise the importance of eliminating specific forms of 
transactions and contracts - e.g. reduction in foreign equity control 
below 50 percent, the rennval of particular types of restrictive 
clause, or limiting the level of royalty payments - with the 
assumption being that these noves will thereby reduce the costs of the 
transfer and increase benefits accruing to the economy. 

'!his, however, is a far too static interpretation of the nature of 
technology markets and the notives of the technology suppliers who 
enter these markets; and in particular it ignores the dynamic forms of 
mmsi-monopoly which characterise technology transactions between 
developed and developing countries. 

We can explain this p:>int by making reference to the Schmnpeterian 
node! discussed in Section I, which suggests that when a finn chooses 
to extend its activities abroad, its ultimate objective is to maximise 
the flow of super-nonnal profits. Possession of a quasi-nonop:>ly 
provides the market power that these firms seek to exploit and hence 
they will tend to organise themselves (or their activities) in order 
first to protect their assets and second to ensure the required level 
of return. In this situation, the finn has available to it a very 
wide variety of institutional and organisational forms of control that 
it can employ to achieve these objectives. And rather than being 
wedded to any specific fonn of arrangement, the f inn is concerned 
primarily to use whatever combination of transfer mechanisms and 
contractual forms that are necessary to maintain the required flow of 
super-nonnal prof its. 

Hence, the use of a particular organisational node of transfer such as 
a wholly owned sulEidiary or a specific fonn of contract is a 
reflection of the supplier finn's resp:>nse to the factors affecting 
the market and conditions in the host country at that time, rather 
than being the QDly fonn of transaction in which that f inn will 
engage. As conditions change in the market, say because of government 
intervention to limit the size of royalty payments and the allowed 
share of foreign equity control, it is logical and obvious that the 
supplier will change the forms of transaction it utilises as well in 
order to sustain its rate of prof it. 

consequently, if the supplier is using a combination of royalty 
paynents and transfer pricing on exp:>rts to remit surplus, the 

7. Even though these issues were identified as early as 1972 as being 
of particular importance (see UNCTAD, 1972). 
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introduction of legislation which limits royalties or closes one 
transfer acx:nmting lcqilole will simply cause the supplier, not to 
forego those profits, rut to use other corrluits such as tax 
provisions or overcharging on inp.rts to achieve the same level of 
profit - the total ano.mt stays the same, only the channel of 
transmission changes. As Cooper arxi Hoffman (1981) argue, in such a 
fluid situation unless comprehensive control can be exercised, 
legislation of the type imposed by many 'lhird ~rld countries which 
restricts only one aspect of suwlier activity is likely to have only a 
limited effect. 

Similarly, nDVes to limit foreign ownership to belCM 50 percent on the 
grounds that this also reduces the ability of foreign finns to control 
local operations have been shown to be pretty ineffectual in this 
regard. '!he essence of the supplier's ability to control the 
operation of local f inns lies not in its degree of ownership rut in a 
wide variety of other areas linked to its particular technology-based 
quasi-TIDnOpOly or set of market assets. Kaplinsky (1976) am Cooper 
arxi Hoffman ( 1981) both denaistrate cases where suwliers have been 
able to retain fundamental control over local finns through means of a 
joint venture or licensing contracts or technical service agreement. 
'!he resulting costs to the economy are similar to those which 'INOUld 
have been incurred had a wholly owned sutEidiary been involved. once 
again the flexible way in which control can be exercised suggests that 
the wisdom of placing so much policy enpiasis on limiting foreign 
ownership seems questionable unless acx::ompanied by other types of 
intervention. 

Another way in which f inns may chame am adapt the fonns of control 
they employ lies in their ability to shift lcx::ation of the quasi­
IIDOOpoly to aspects of production over which they have a higher degree 
of control, e.g. nDVing from controlling local production to 
controlling international distrihltion of exports. For instance, in 
the early 1970s there was a fairly COllllDl1 view that those mineral 
exporting developing countries which have been able to reduce the 
degree of foreign ownership in the mineral sectors by nationalisation 
for instance, have been able to shift the distrihltion of surplus in 
their favour. However, it has been shown sut:sequently that the 
mineral multinationals, although at first forced to accept lower 
profit rates, have now been able to restructure their international 
markets so as to shift the location of profits to the distribltional 
channels which they still dominates. 

8. 'lhe same is true of 'INCs operating in the export crop sector. For 
instance sugar processing finns such as Tate am Lyle were hit by 
a wave of nationalisations in Africa in the 1970's. However they 
were often asked to stay on as local managers via management 
contracts. 'Ibis was a highly desirable state of affairs for them 
as it meant not only did they retain control over international 
distribltion of the product, tut received an outright (am 
exorbitant) fee for managing the plantations without having to 
shoulder any of the risk! 

53 

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



By enpw;ising the flexibility of the fonns of control open to 
tedmology SUWliers I do not wish to suggest that there is not a 
preference anong suppliers for a particular f om of organisation in 
developing countries. Clearly, the wholly owned subsidiary provides 
the supplier with the roost unrestricted means of operation since there 
are no legal bou:OOaries between parent and subsidiary. However, given 
particular circumstances, the supplier is just as likely to opt for 
mre limited equity while retaining virtually the same degree of 
control aoo hence profit repatriation. 'lhe range of transfer 
mechanisms employed, the type of contracts used, and the profit 
remission charmels developed can all be canbinecl in a variety of ways. 
'!his is particularly borne out if we look at the relevant blsiness 
literature of the 1970s which discusses the roost awropriate fonns of 
transfer, and the methods of international organisation best suited to 
facilitate achieving supplier objectives - whether as parent or 
licensor. A CCllll!Dn feature of this literature was that it urged 
flexibility in the design of the specific mechanisms. 
One frequently film lists of transfer mechanisms given in this 
literature that differs markedly from the llUlch mre limited set of 
mechanisms that were proposed by academics in the 1970's as 
alternative JOOdes of transfer (see, for example, COOper and 
Sercovitch, 1971). Not only are there many mre variations, there is 
also llUlch less concem than in the academic literature about the 
different characteristics of the mechanisms particularly vis-a-vis the 
lower degree of equity involvement that is possible with joint 
ventures and licence agreements. In effect, while academics and 
policy makers were wonying about classifying different mechanisms 
according to various criteria in order to avoid equity control, 
suppliers were (aoo are) willing to adopt whatever mechanism aoo 
whatever fom of payment was ( aoo is) necessary to achieve their 
objectives. '!his point is umerlined by another bit of adviaa that 
management consultancies frequently give to finns who are about to 
become involved in 50/50 joint venture arrangements in developing 
countries. '!his adviaa is often quite explicit about how us finns, 
for instance, can retain control in a joint venture situation 
including 'lhird World partners and for instance frequently suggest 
four ways that this can be done: 

( i) Issue two kirDs of stock - votirx;J and non-votirx;J that will 
divide the profits evenly bJt give a majority vote to us 
side; 

(ii) 'Ihrough the specifications of bylaws or agreements of 
association which ensure that the us side will have a 
majority of directors; 

(iii) Split ownership 49/49 with 2 percent in ham of third party 
frierxlly to us fim; 

(iv) Arrange a 40/60 split, b.It allow us partner to have a 
management oart:ract. 
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Quite clearly, as the above makes obvious, the central concern from the 
supplier's perspective is about retaining control over its quasi-
11DI10poly.Conceptually the point Vie are making is quite straightforward. 
In practice it is likely to prove a good deal harder to implement 
policies which take into aCCOl.mt the flexible f onns of control open to 
the supplier. Countries must be able to exercise control over the 
entire range of profit remission channels open to finns in order to 
ensure that total outflows are kept at acceptable levels. Partial 
control over some avenues is insufficient to ensure this. 

Ideally the host government or finn should know the precise nature of 
the supplying finn's quasi-nonopoly - whet.her it be a particular 
innovation, patent rights, marketing rights, etc. - in order to 
determine its optimum bargaining strategy.By identifying the assets 
which the supplier is trying to control and exploit, the host country 
or recipient can structure its own approach to negotiations and policy 
and not be misled ~ static concerns with the short-run CX>Sts of the 
transfer. However, as the following discussion on packaging shows, 
this is likely to be very difficult as the quasi-nonopoly created~ 
control over technology can provide finns with considerable market 
power. 

6. '1be Ga1cept of Packaging 

'Ihe concept of packaging is perhap:; one of the nost useful (and 
durable) of the ideas which emerged out of technology policy research 
in the 1970s. It has a great deal of relevance as an analytical tool 
and even now can provide an inp:>rtant basis for policy fonnulation. 
'Ihe concept and supporting empirical information is extensively 
discussed in Cooper and Maxwell ( 1975) , Vaitsos ( 1974) and Cooper and 
Hoffman ( 1981) , so Vie will simply s1..D1U11arise the ma.in elements of these 
analyses. 

'!here are a few basic analytical components to the packaging 
discussion. 'Ihe first of these is that projects involving the 
transfer of technology will actually be composed of a number of 
elements. If Vie think for instance about what is involved in the 
erection of a ne1W steel or petrochemical plant, the literature 
suggests that the following activities or elements of technological 
knowledge are required to get the project underway: 

market analyses 
feasibility studies 
detailed design and engineering studies 
machinery selection and fabrication 
plant selection and fabrication 
process know-how/product know-how 
construction and installation 
project management 
operation and maintenance activities 
spare parts and material inpits supply 
quality control 
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Even though there are a number of elements in the above list, it is 
still very aggregated. Fach category involves a whole range of 
specialised skills which need to be applied and organised during the 
transfer process. Nevertheless the list shows the range of 
technical/technology inputs which need to be present. 

Depending on the degree of technological capabilities possessed by the 
recipient fi:rm, it may need to rely on outside sources for some or all 
of these elements. Where North-North transfers are involved, 
recipient fi:rms frequently need only the IIOSt specialised elements of 
process know-how from outside suppliers as they are able to provide or 
organise all the other peripheral elements from their own internal 
technological resources. 

However, where North-South transfers are involved, the situation is 
vastly different. Recipient firms frequently lack the technological 
capabilities and to provide even the IIOSt basic of these elements; and 
these are usually equally unavailable from local sources. Hence 
corxtitions in b:>th local and international markets tend to create a 
situation where the recipient fi:rm is forced to rely on one or a few 
firms to supply all of the elements listed above. As a result, the 
recipient f i:rm has little or no control over how the transfer process 
is organised. 

Concern over the effects of packaging largely centre around ~ 
different sets of implication for the recipient f i:rm and the host 
economy. 'Ihe first relates to the cost of the transaction and rests 
again on the concept of the supplier's control over technology as a 
source of its quasi-l1Dl10poly. A fi:rm which :r;::ossesses a quasi-nonopoly 
over one of the elements listed above, may be able to establish 
control over other elements and off er them as a package to the host 
organisation. It can do this in a variety of ways - if it controls a 
crucial element of technical knowledge - e.g. process know-how, the 
f i:rm can simply refuse to supply that element unless the host country 
or recipient f i:rm agrees to acquire the whole range of services on 
offer. Alternatively, the supplier may "engineer" each of the 
elements so that they only function as a system and cannot be 
assembled independently. '!his can be nDSt clearly visualised in the 
case of a production line composed of a number of indi victual machines 
which although they can be obtained as separate pieces of equipnent, 
can also be adapted by the supplier to "fit" together as an integrated 
production process available only from that supplier. 

Packaging can also occur where a whole series of elements are 
involved. It is frequently the case that a supplier, originally 
specialising in the provision of process know-how for petrochemical 
plants, also chooses to undertake the design process, construction and 
connnissioning of the plant as well as supplying the process technology 
itself. It may also be in the firm's interest to maintain control 
over the sul:sequent operation of the plant or use of the technology so 
that it can supply intennediate and raw materials, ensure the plant's 
efficient operation and the quality of final product and IIOSt 
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importantly receive payment for all of these services. 

Indeerl the great advantage of packaging to the technology supplier is 
that it allows the finn to establish a quasi-100J10poly over elements of 
technical knowledge which may in fact be widely available irrlividually 
from other suppliers. Hence the finn is able to force the prospective 
tuyer to acx::ept these non-oonopolised elements so that it can acquire 
the nDnopolised element of technical knowledge that it really wants. 

Consequently, the supplier will be able to charge a price for the 
package which includes a degree of super-normal profit an each 
element, which if available separately 'WOUld be nru.ch cheaper. Arrl as 
we have already argued, the technology owner will be able to establish 
a number of channels through which it can extract super-normal profits 
in addition to the straight "price" of the package, e.g. royalties, 
transfer pricing9, fees for management services, patents arxi 
trademarks' etc. 

As with the concept of control, packaging is also a highly flexible 
concept that has been used to describe many different situations 
involving totally different types of supplier. For instance, the 
establishment of a wholly owned sutsidiary is clearly the highest 
degree of packaging that involves the joint supply by one finn of all 
elements of technical knowledge as well as the capital necessary to 
establish arxi operate to the enterprise. However, as we have noted, 
it is equally the case that engineering firms can organise and provide 
all the elements on a tumkey basis with no equity participation at 
all - rut still generate a substantial flow of nDnOpOly profits. 
Similarly, two or three suppliers may combine to provide different 
components of a package in which they are all linked together. 
Foreign consultant responsible for preparing feasibility studies often 
recommend a package of foreign suppliers/techniques. 

As in the above example, it is equally possible that each of the 
elements can themselves be packaged in varying degrees. Cooper and 
Maxwell (1975) discuss the case of machinery suppliers arxi show that 
contrary to expectation, the packaging of direct machinery purchases, 
long reckoned to be the simplest fonn of transaction with little scope 
for nDnopoly pricing, in fact affords suppliers considerable 
opportunity to do just thatlO. 

--------·----·---·-------
9. 'Ihe concepts arxi empirical evidence relating to transfer pricing 

are discussed extensively in the literature. See for instance Iall 
(1973). 

10. Given such a wide range of possible combinations, Cooper arxi 
Hoffman ( 1981) suggest a simple two-way categorisation of 
packaged transfers which they relate to the types of supplier 
involved, the elements of technical knowledge in the package arxi 
the different cost categories associated with these. Readers 
should refer to the paper for further discussion of "pi:ocess" arxi 
"project" packaged transfers. 
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Although the above points about packaging focus primarily on the 
suppliers' ability to charge nonopoly rents, they have been 
superceded by other concerns which provide an important linkage with 
the central theme of Lectures 4-9. Cooper and Maxwell (1975) argue 
that in addition to the problem of l1Dl10poly rents, packaging can have 
even ioore serious negative impacts on local learning opporbmities. 
'lhe reasoning is obvious - if all the elements of technical knowledge 
are sui:plied in package form from abroad, then local finns are not 
going to be given the opportunity to participate in the project - thus 
denying them valuable experience in sui:plying technological inputs. 
If local fiI'116 are denied these opporbmities over a sufficiently long 
time period, such skills as do exist are going to be seriously 
underutilised and will become marginalised from the production 
system. It is rDN widely accepted that this is a much nore 
fundamental problem than issues of high short-run co.st. Indeed it is 
quite likely that policies designed to reduce short-run co.sts may 
create even greater problems in the longer run for the accumulation of 
technological capabilities. Because of OOth of these effects, the 
ooncept of "unpackaging" is a very attractive one for policy makers 
and for fiI'116 since it can result in financial savings and in 
increased local learning opportunities. Simply stated "unpackaging" 
implies a conscious effort on the part of the recipient to source 
irdividual itens of technology from different sui:pliers - foreign and 
local. However it is not, as some analysts have implied, an easy 
strategy to follow - particularly for recipients who are operating 
without the benefit of government support. 'lbe degree to which a fim 
is able to unpackage its technology p.rrcha.ses will also depend on the 
degree of its own technological capabilities. Identifying and 
negotiating with alternative suppliers, setting specifications, and 
p.rtting the components together all require a certain degree of 
technical skills that increase as the system gets DDre complex. once 
again, it is a co.stly time oonsuming b.lsiness to generate these skills 
and the recipient needs to be persuaded that it is in his interests as 
well as those of the state to develop them and as we have seen the 
operation of the local market does not favour the local f im p.irsuing 
such a strategy. 

unfortunately much of the discussion in this area has not recognised 
the complexities of unpackaging even though the idea has been around 
for same time. Nevertheless, the concept is one of the IOOSt crucial 
umerlying the approach taken in the Lectures Four to Nine and I shall 
return to it in detail then. 

For much of this discussion I have presented the standard set of 
argunwants and perspectives regarding the problems of technology 
transfer faced by developing oountries as enshrined in the 
literature, and in government policies in a rnnnber of countries. I do 
believe that IOOSt of the central concems in this body of literature 
are an accurate reflection of very real problems. 'INCs do dominate 
the supply of technology; a very great deal of nonopoly rent is 
extracted in payment for technology which is not well suited to local 
conditions; and the operation of local and international markets terrls 
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to reinf o:rce the problems faced by technologically weak recipient 
firms. M:>reover, the picture that has been painted - where developing 
countries are seen to struggle to avoid foreign control an:i reduce the 
level of exploitation is one that is intellectually appealing. However, 
I also believe that there are many problems with this sort of 
perception of the nature of North-South technology transfer. 

'!he reasons for my concerns are that this approach is essentially 
negative in its articulation. It is, as I have tried to show, rather 
easy to tuild up a very tightly argued case that there is very little 
that 'lhird World countries, particularly the poorer countries, can do 
to break out of the current conditions governing their acquisition of 
technology from abroad. 'lhis argument seems to afford those countries 
very little room for manoeuvre - except to adopt largely defensive 
policies such as those aimed at reducing short-nm costs or 
eliminating foreign ownership. SUch arguments also place the blame 
for many of the problems that stem from the transfer process largely 
on external forces, such as 'INCS. 

In lectures Four to Nine, I shall be adopting a very different 
perspective as regards the problems am potentials associated with 
technology transfer. For one thing, despite the fonnidable array of 
externally imposed ol::stacles that do exist, I believe that many of the 
problems faced by developing countries in this area are avoidable am 
can be ameliorated by the action of govermnents am fi:cms. I prefer 
to view technology transfer not as a costly bJrden which must be 
minimised wherever possible, b.rt as the best o~ty open to many 
developing countries to contrib.rte to the developnent of their 
indigenous technological capabilities. '!here is a need, however, for 
careful policy research to provide the foundation for policies desgned 
to exploit the transfer process - rather than allowing the 'lhird 
World to be exploited by it. 
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AN AP.EKWll 'IO 'DIE ANALYSIS OF 'DIE ~ OF :rtfrlRWI'!QW, 'l'EDHlI.(X;Y 

'IlWEFJ!R 

In I.ectures Qle am ~I I stressed that the experience of both 
developed am developing countries has shown that a country's ability 
to effect technical change is a central detenninant of the rate of 
economic growth am therefore the rate at which national am _per 
capita income rises. I showed that this capacity for change can have 
a number of identifiable am in same cases measurable private am 
social benefits such as: extractirg mre outpit from fixed facilities, 
the mre efficient use of scarce resources, greater linkages with 
local input suppliers arrl improved international ~veness. 

I gave numerous examples of how the process of technical change that 
gives rise to these technological externalities was heavily dependent 
on the deployment of the 00\llltry's stock of technological resources or 
capacities; arrl how likewise the failure to ac:x:umul.ate arrl use these 
resources resulted in vecy real rosts to finns am to the ecx>nomy in 
terms of the inefficient use of existing facilities; declining 
productivity over time; a high am oontinuirq degree of dependence on 
imported inputs am of techniques; am a lack of local linkages am 
therefore limited integration of the irxiustrial sector. 

Given that these capacities are crucial, it seens obvious that steps; 
need to be taken to augment a country's pool of technological assets. 
'!here are of course many mechanisms by which such capacities can be 
created or added to. Historically, arrl for many reasons, a great deal 
of attention has focussed on the role of investments in R & D am 
education as a means of improving society's stock of technical 
knowledge am its capabilities to use this knowledge. '!here can be 
little doubt that these are important mechanisms. However, developing 
countries can also increase their stock of technical resources 
through other means. aver the course of the next 6 lectures, I will 
be exploring one of these mechanisms - the process of investing in the 
creation of ~ irxiustrial production facilities based on the 
aCXJUisition of technological resources fran abroad. By effectively 
exploiting the process of international technology transfer, it is 
possible for developing countries to substantially augment their own 
stock of technological resources. Fram this perspective, the whole of 
the transfer process should be viewed not just as a means of acquiring 
productive capacity at the lowest price b.It as a learning process 
which can have major positive lon;J term effects upon the developoent 
of the oountry's technological capacity arrl ultimately upon its whole 
pattern of developnet It arrl economic growth. 

By am large JOOSt 'lhird World enterprises am their governments have 
failed to exploit the full learning potential of technology transfer 
even though this has lon;J been a stated "objective" in many policy 
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doclD'nents. '!he argllllle11t is frequently offered that this is due to a 
variety of externally imposed constraints which limit the ability of 
'Ihird World enterprises to gain sul:stantial technological benefits 
from technology transfer. '!he direct policy implications of these 
argllllle11ts are that changes need to take place in the external 
environment before sutstantial improvement is possible on the part of 
local finns. 

Now, it is the case that such external constraints can certainly pose 
major obstacles to effective technology transfer and the developne:nt 
of technological capacity. However we do not accept the related view 
that 'Ihird World enterprises must remain totally passive participants 
in a technology transfer process that takes place under exploitative 
arrangements. '!here is, in fact, a great deal of room for manoeuvre 
open to those enterprises who acquire technology from abroad, to 
acquire it on tenns which contrib.lte to the long tenn developne:nt of 
their technological capacity. 

However in order for this to occur, recipient finns must first 
recognise the importance of increasing their technological capacity, 
and they must then be·be prepared to invest the effort, time and 
resources required to do this through technology transfer. In lecture 
'!\Yo when discussing the sources of technical change, I emphasised that 
a principle characteristic of the learning process otserved in many 
developed and developing COl.llltry f inns was that they were prepared to 
take deliberate steps to organise themselves to effect technical 
change - and in doing so to invest in the developnent of 
new/additional technological capacity. What I will try to argue 
throughout the next set of lectures is that this is equally true of 
learning via the transfer process, and like the learning process 
discussed earlier, recipient finns and host governments must take 
deliberate step:; to maximise the learning potential of the transfer 
process. As the experience of many developing countries denonstrates, 
unless this is done, the developne:nt of technological capacity will 
not happen automatically (no matter what economic theory tells us!). 
Instead, 'Ihird World C01.mtries have frequently found that they need to 
continually re-import the same pieces of equipnent or rely on foreign 
problem solving expertise over long periods of time - even when one of 
their main policy objectives has been to reduce such deperxience. 

It will be one of our primary contentions that developing C01.mtries 
must acquire both technological capacity and productive capacity from 
technology transfer - ot:heiwise the sort of deperxience mentioned above 
will inevitably continue and probably even increase over time. 
Unfortunately even though this reasoning is plausible and is b:lcked up 
by historical experience, it is by no means ab\rious how this should be 
done nor what precise steps need to be taken. l-bre .importantly it is 
highly likely that such efforts will be costly and time consuming. It 
is not difficult to forsee that private sector finns are likely to be 
relucant to undertake any activities which do not show promise of an 
early and reasonable financial return - indeed the same can probably 
be said of many p.lblic sector enterprises as well. 
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Quite apart from external corlstraints mentioned above, there are a 
variety of other factors which impinge upon the local finn and IMke it 
unwilling to incur additional costs in departing from its traditional 
IIDdes of technology importation to acxpire benefits which are ill­
defined and may anyway be difficult to capture in the short nm. '!his 
underlies the point that 'lhird World enterprises frequently do not 
appreciate or understand the importance of Wilding up technological 
capabilities beyond those required to maintain production which yields 
a reasonable profit. '!his reticence may be reinforced l::rj a pattern of 
demand or market structure that does not reward investment in 
"learning" - whether this be asscx::iated with in-finn research to 
effect minor technical change, sul:rc::ontracting to local, tut untried, 
technology suppliers or negotiating with foreign suppliers to include 
extensive training as part of the technology package. 

'lhe existence of these problems, of course, provides an excellent 
rationale for government intervention in the transfer process to 
pronote local capability developnent. Given the extensive role of 
'Ihird World government in the process of technology acxpisition OOth 
as direct recipients via p.Jblic enterprises and through their 
legislative, fiscal and administrative apparatus, they obviously 
possess the m:>st effective means of interventionl and it is to 
government policy makers in this area that nn.ich of our concerns about 
the need for policy research is addressed. But unforttmately much 
goverrnnent policy as regards technology transfer is not directed at 
persuading finns to develop an indepen:ient technological capability. 

Rather than encouraging firms to undertake the risks and additional 
costs involved in such efforts, policy measures often discourage such 
behaviour - through the creation of enforced nonopolies behind 
protective tariffs which allow firms to be micompetitive and 
unconcerned about improving efficiency; l::rj tax provisions which 
encourage the import of capital goods which could be supplied locally; 
or l::rj central bank concerns a:oout financial rather than social 
profitability which forces local firms to opt for "reliable" foreign 
contractors. 

We do not believe that the reticence of local firms nor the inadequacy 
of present government policy towards the use of technology transfer as 
a learning vehicle is a given and unchangeable fact of life in the 
'lhird World. In the next five lectures I will present a framework for 
the analysis and discussion of the main policy and research issues 
associated with maximising the learning potential of the transfer 
process and the contrib.rtion that it can make to the accumulation of 
indigenous technological capacity. 

1. Assuming, of course, as we do, that developing country 
participation in international technology markets is a "second­
best" situation. 
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'Ihe approach taken will differ considerably from that adopted by what 
in I.ecture 'lhree we tenned the mainstream technology transfer 
literature, and there are probably a few points worth mentioning by 
way of introduction to the topic and to our approach. Firstly, I will 
be presenting nry ideas first in tenns of a very simple ''nDiel" of the 
transfer process and its different stages; and following this up with 
the use of empirical material to tack up the arguments. secondly, I 
intend to discuss this J!Ddel in a good deal of detail, adopting a 
micro level approach nore akin to that of a project manager than an 
economist. 'Ihirdly, while much of the li te:rature is concemed with 
what might be called supply oonstraints on effective technology 
transfer, we shall concentrate much nore on the activities of 'Ihird 
'*>rld recipient enterprises, the host government, and local technology 
suppliers. 'lhe reason for this is that these entities are much nore 
amenable to intervention than the suppliers of technology whose 
position and objectives, as unhelpful as they may be to 'Ihird World 
interests, IIUJSt be taken largely as given. 

Finally we shall be presenting a necessarily over-simplified picture of 
a canplex process. 'Ibis notion of the canplexi ty of technology 
transfer actually has several different aspects which we try to 
encarrq;>ass in our analysis. At one level, many different types of 
recipient enterprise are involved in aCX}Uiring technology from foreign 
suppliers. However I shall make only a simple distinction between 
public sector finns and private sector finns. '!here can of course be 
important differences between these in tenns of size, sector and the 
nature of the market cxn:litions under which they operate; tut though 
these are important in research and policy tenns we do not need to 
address them in conceptual tenns. In addition many different types of 
supplier may be involved in transfer projects - 'INCs, state 
enterprises, owners of process know-how, small machinery finns, etc. 
And, as mentioned in lecture 'Ihree, there are a variety of 
institutional transfer mechaniSll6 which can relate supplier and 
recipient in varying types of equity relationship - wholly owned 
sutsidiary, licensing agreements, technical service contracts, direct 
machinery supply, etc. 

Obviously there are far too may permutations of these different 
characteristics to be discussed i:rxlividually. I shall therefore be 
trying to present a general analytical framework which is flexible 
enough to be applied to IOOSt situations. However, my 0011acents are 
perhaps m:>st directly concerned with large projects involving 
relatively sutstantial new investments in a new capacity where the 
public sector is involved either as direct recipient or indirectly 
through its fiscal and administrative apparatus. 

'lhe reasons for this are straightforward and obvious. large plblic 
sector projects frequently a0001.ll'1t for a sutstantial share of total 
technology aCX}Uisition in the industrial sector in ux::s. 'lhe 
percentage tends to be higher in smaller, poorer countries where the 
formal industrial sector is still poorly developed. In many African 
countries, for instance, p.Jblic sector enterprises alone accomrt for 
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over 80% of all new investment involving the acquisition of foreign 
technology. Because of their lumpy nature relative to the rest of the 
economy large investment projects involving the establishment of a new 
plant or facilities such as large engineering TNOrks, can have a 
disproportionate impact on skill creation and technological 
infrastructure as well as sul:stantial financial implications for the 
economy as a 'Whole. Hence concentrating my analysis on this area 
should encanpass much of the problems and potential associated with 
technology transfer in poorer developing countries. 

'Ihe distinction made in lecture Two between production capacities and 
technological capacities is crucial in our approach to analysing the 
transfer process. Following the arguments of Bell (1982) I want to 
suggest that the transfer process esssentially involves flows of 
different types of technological resources over international 
boundaries. 'Ille first type are those resources which are used to 
establish new production facilities, i.e. new textile plant, or a new 
galvanising line in a corrugated steel factory. SUCh resources expand 
the production capacity of the inp:>rting f inrLS and the host economy 
and include, inter-alia, p:iysical hardware (i.e. plant and equipnent) 
as well as operating manuals, construction specifications, etc and of 
course managerial and technical operating skills to keep the plant 
operating. 

'Ille second resource f lCM incorporates those technological resources 
which in effect contribrt:e to the expansion of the technological 
capacity of the inp:>rting finrLS and host economy; and which consists 
of the technical knowledge, skills and experience that underlies the 
capacity of a fim and an economy to undertake technical change 
activities. 'lhese resources are of different types and as Bell 
(1982) indicates may in tum be split into two categories. "'Ille first 
'WOUld include technical knowledge about the particular type of 
production facility itself - the underlying technological principles 
and technical inf ornation that has been transf onned during the process 
of investment and embodied in the particular facility by that 
process. 'Ille second 'WO\lld include elements of the technical 
knowledge, skill and experience required to carcy out that 
transformation process - to carry out economic feasibility studies, to 
execute different kinds of engineering tasks, to transfom engineering 
specifications into capital equipnent, to assemble elements of 
equipnent into integrated facilities, to define operational procedures 
and implement their application, and to manage the overall process of 
acquiring, transfomitlg and integrating the elements of new units of 
producticn capacity. 112 

2. Bell, 1986, further develops this categorisation by separating out 
Type A flows into two categories - the first involving a flCM of 
capital goods and engineering services; and the second flCM 
consisting of operational know-how. 
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'lhese two flows are illustrated in Figure 1 with Type A flows being the 
resources which are inco:r:::porated into the new production facility, and 
Type B flows being those resources which add to technological capacity. 
Clearly those resources which are relocated in Type A differ 
sul:stantially from those in Type B. 'Ihis may seem obvious rut it is 
important to bear in mind that not only do the resources differ, very 
often they are like! y to be found in different people, and group:; 
within the same firm, or indeed in different types of firms entirely. 

'lhe activities related to production are distinct from those related 
to tecnical change, even though as is obvious they may draw on the 
same basic pools of knowledge. Even m::>re important! y, while flow A by 
definition has to actually take place in order to get the facility 
established and operating, there is, of course, no guarantee that 
flow B will take place. From our research persi;:iective, what is 
important is trying to ascertain the size of flow B relative to flow A; 
what is important from the policy point of view is trying to devise 
policies which ensure that Type B flows takes place to the greatest 
extent possible. 'Ibis obvious! y does not mean ignoring Type A flows, 
nor does it mean that we need asstune Type B flows will automatically 
take place. '!he point is si.mpl y that while some of Type A flows 
always cxx:ur, Type B flows cxx:ur nruch less frequently, yet are 
arguably nruch nore important to the long- term well being of the 
recipient firm and the host economy. 

Figure 2 illustrates a second set of features of our ''node!" of 
teclmology transfer that are important to bear in mind. 'Ihis is the 
time dimension. :tb;t firms (and :rore broadly an economy) typically 
engage in a series of discrete investment projects involving 
teclmology transfer that will take place over a mnnber of years. SUch 
projects may involve the sucx:::essive duplication of existing production 
facilities (i.e. blilding a number of textile plants using the same 
type of production system), the internal expansion of an established 
facility (through adding a new line) , or the blilding of an entire! y 
new facility to produce a new product. Conceptually these details do 
not matter at this stage - the important point that the diagram tries 
to show is that the technological "outp.Its" of investment project TI'l 
should be treated as a domestic technological inp.rt which can be fed 
into TI'2, thereby sul::stituting for imported flows of these resources. 
'Ibis means of course that the pattern of demand for foreign 
technological resources will or should change over time as the domestic 
pool of resources expand. In some cases there will be an outright 
sul::stitution of local for foreign; while in others we 'WOU.ld expect the 
type of foreign resources required to shift towards nore specialised 
inplts. 

Hence our concern with maximising Type B flows during technology 
transfer has an important time dimension; since the process of 
aocumulating technological capacity through technology transfer 
necessarily takes place over long periods of time, policy towards this 
activity needs to focus on ( i) increasing Type B flows in individual 
projects and (ii) maximising the flow of Type B resources over 
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successive projects, and on (iii) effectively managing the way in 
which domestic and foreign technological resources are drawn upon in 
the process of establishing new production facilities in the light of 
a hopefully grc:Ming :r;xx>l of domestic resources and an increasingly 
nDre sopusticated demand for foreign resources. It is inp:>rtant to 
bear in mind that what 'We are talking about above is a "ncdel" view of 
what 'We think should happen. As 'We will discuss at great length bela.v 
and in su1:Bequent lectures, our ncdel is tmfortunately by no means an 
accurate picture of what actually does happen in nost North-South 
technology transfer projects. 

2. Sg>lier am Recipient Respl1se 

If 'We take account of this point, it should be clear that the ncdel of 
technology transfer presented above has sane important implications for 
the way in which both suppliers and recipients 'NOUl.d be expected to 
behave. For both sides, their responses and their strategies TNOU!d of 
necessity be quite different from what generally occurs out in the 
field. 

I can illustrate this strategy/response issue with reference to Figure 
3. Basically this shows that a technology supplier possesses three 
types of resources at its disposal: 

In Ring c are what might be called its "core" technology - that set of 
technologically based assets that are the key to its market strength. 
'lhese may be process know-ha.v, secret formulae, engineering expertise, 
patented products, product design capabilities, even marketing and 
management skills. 'Ihe supplier must protect these assets very closely 
- for to lose them means losing market advantage. COnsequently, fi:cms 
are unlikely to be willing to relinquish control over or provide 
access to these assets except in extreme circumstances. In other 
"tNOrds, these resources are alnDst never transferred from the supplier 
to the recipient. 

A second type of resources are those f01.md in the outside ring, Ring A. 
'lhese are resources that are always transferred - i.e. equipnent, 
operating procedures etc, and these roughly equate to our notion of 
production resources or capacities. 

It is the resources in the middle ring, Ring B, that 'We are nDSt 
interested in. 'lhese resources fall largely into the category of what 
'We call technological resources, and like those in Ring c, these 
resources are rarely willingly transferred by suppliers. However, 'We 

"tNOUld argue that their availability for transfer is at least open to 
negotiation, (and present extensive evidence to support this argument 
in the next lecture) • What "We are suggesting in principal is that a 
key aim of a technology acquisition strategy designed to increase the 
size of flow of Type B resources during the transfer process is to get 
the technology supplier to provide nDre of the resources contained in 
the middle band - in effect to IOOVe the ooundaries of what is nonnally 
transferred by the suppliers inward as close to the technological core 
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as is possible. 

NCYW, how far it is possible to push the suppliers to make these 
resources available to the recipient depends on a variety of factors, 
such as the precise nature of the technology involved; the existing 
technological level of the recipient; the availability of such 
resources from elsewhere; the respective bargaining strength of the 
two sides, and so on. However, there is an important point to make 
here about the implications of the above discussion for the 
"oonventional wisdom" in the technology transfer field. '!he point is 
this. As I argued in lecture 'Ihree, concern with short-run costs in 
the 1970s led policy makers to p.:irsue boo sets of objectives with 
regard to the regulation of technology flC1NS - the first was to 
eliminate the m:>nopoly profit enjoyed l:7j the supplier l:7j legislating 
cost reduction, and the second was to avoid a oonopol y situation l:7j 
"unpackaging" the technology and l:7j sourcing different components from 
different suppliers. 

'Ihe logic of my argument suggests that recipient f inns should adopt 
precisely the oi;posite strategy. If a recipient fi:rm actively seeks to 
gain aocess to oore of the middle band of technological resources or 
indeed to the core resources of the supplier f inns then it is hardly 
likely that the supplier is going to allCYW such access unless it is 
adequately compensated. '!his suggests that the recipient may have to 
pay a good deal oore for this type of technological resources than if 
it were content with just acquiring the contents of the outer ring. 
such a proposal is of course anathema to those who argue that 
technology should be supplied to the 'Ihird \'K>rld at a low cost 
because it is a "free good". Yet paying premimn prices for gaining 
aocess is precisely the strategy that was adopted l:7j the Japanese and 
increasingly is being pursued l:7j a select group of NICs, who 
increasingly are recognising its long term value to their 
technological developnent. 

Moreover, where conventional wisdom suggests that the recipient should 
attenpt to "unpackage" technology transfer projects and sources from 
different finns, the obviously integrated nature of the three rings of 
supplier resources suggest in fact that where recipients wish to 
acquire aocess to Type B resources they may be well actvised to deal 
with a single stmPiier instead of sourcing from a variety of 
su,wliers! 

J. 'lhe :Alases of the 'l'edDplogy Transfer Process 

In order to facilitate an analytical discussion of precisely how finns 
and governments are meant to go about gaining access to the dynamic 
technological resources of the supplier, I believe it is useful to 
conceive of the transfer process involved in a single invesbtent 
project) as consisting of three phases, each of which involves a set 
of technological and managerial activities. 

Figure 4 is one way of depicting this three phase process. 'Ihe first 
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J;ilase is what I have tenned the pre-investnent ;OOase. 'Ibis consists 
of a seemingly straightfo:rward set of activities which generate the 
information necessary for decisions to be taken on whether or not to 
go ahead with the proposed project; what type of production system and 
product will be involved; who will supply the technology; on what 
tenns; and in what manner. 'Ibis is the J;i1ase in which a variety of 
"paper-based" activities need to be carried out - pre-feasibility and 
feasibility studies, marketing studies, etc., with the final actions 
in Phase I being the actual negotiation with the suppliers over the 
tenns of the transfer, responsibility of the different parties and so 
on. 

Phase II is what we call the investment ;OOase of the transfer process. 
D.Jring this J;ilase, as the figure shows, a large variety of actions 
occur, beginning with setting out the precise engineering 
specifications of the production system to be b.lilt and the way it is 
to operate, through the fabrication of plant and equipnent, the 
constructioo and installation of the facility. 'lhe final actions in 
Phase II are those involved with the camnissioning of the plant. 

Phase III is the post-investment OOase· c.ompared to Phases I and II 
which are of relatively short duration, this piase refers to the full 
operating life of the plant, a period which can or rather should 
involve attempts to improve operating efficiency and often to achieve 
capacity expansion either through new investment or through what might 
be thought of as "stretching" the capacity of the plant. 'lhe 
important point to note here about this J;i1ase is that whereas in 
relatioo to Phases I and II, when the main concern is with maximising 
the size of Type B resource flows, in Phase III the main ex>nCem 
should be with applying those capacities to the task of improving 
plant operation and raising efficiency. 

Now obviously, one of the main objectives of policy and finn strategy 
is to ensure that the production facility established via technology 
transfer will operate continuously and to capacity throughout the 
whole of its operating life, with levels of efficiency continually 
rising. As should be clear by rrM, the finn's ability to fulfill 
these objectives during the operational J;ilase of the plant will be 
directly related to its ability to draw on its stock of technological 
capacities. 

As we have argued and will shc::M in sutsequent lectures, effective 
managenett of the pre-investment and investment J;ilases of the project 
will allc::M the recipient finn to add to its stock of technological 
resources. Am. this in turn will directly oontril:ute to its 
perfonnance during the IXJSt-inves'bnent, operational piase of the 
project. 'lhus during the rest of these lectures, I shall be 
concentrating my attention on analysing and understanding the nature 
of the processes occurring within the pre-investnent and investment 
~ (Phases I and II) of the transfer process. 

68 

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



4. Govm1mert; Interventi.m in the Dec.i.sim Hakim stream 

We have so far defined the three ?'lases of the transfer process 
primarily in terms of technological activities. In fact, throughout 
the rest of the lectures we shall be emphasising the inq;x>rtance not 
only of technological activities .b.It of decision-making as well. 'lbe 
flow of technological activities which occurs during the different 
phases is necessarily acoompanied by a stream of decision-making 
activities that conceptually can be seen to run in parallel with the 
technological activities, and which in fact control the way in which 
the transfer process, and all of the technological activities that go 
on within it, are carried out. Figure 5 attempts to depict the way in 
which these two streams of activity - technological and what we have 
called techno-managerial tasks - interact between each other and over 
different ?'lases· 

Implicit in our view of the decision-making, or techno-managerial, 
stream of activities is that it occurs at two levels. '!he first level 
obviously takes place within the finn since it is actually physically 
engaged in the investment project and is going to be res~nsible for 
taking oost of the immediate decisions regarding the project. 
However, particularly in developing countries, there is another level 
of decision making/control that exerts considerable influence on the 
actions of the recipient and irxieed on the shape, structure and 
orientation of the transfer project itself. 'Ihese decisions are 
taken within goveniment institutions or agencies res~nsible for 
different dimensions of industrial ~licy and developnent projects 
such as the Ministry of Industry and Planning, the National 
Development Bank, Science and Technology Agencies, Ministry of 
commerce and Finance, etc. 

'!he decisions of some of these institutions are likely to have a 
direct effect on the project and the actions of the recipient finn, 
particularly if it is a public sector finn. For instance the 
Developnent Bank that has to approve finance, the contracts Registry 
that has to vet all contracts with foreign firms, and where relevant, 
the Ministry within which res~nsibility for the public sector 
recipient resides. other of these agencies are likely to have a more 
irxti.rect, .b.It nonetheless ~tentially inq;x>rtant impact on the 
projects. 'Ih.e Ministry of Planning which sets outp.it targets for 
public sector projects, the Ministry of Trade with its general 
~licies on the inq;x>rt of capital goods, etc. As should be clear, the 
goveniment can affect investment projects and decisions taken by the 
recipient finn itself l:x>th directly and irxti.rectly through its 
~licies. Because of this, one of the central themes of IW:I sul:sequent 
lectures will in fact be the inq;x>rtance of the decision-making stream 
in influencing the outcome and the distri.b.Ition of costs and benefits 
arising from technology transfer. 

In addition to these concerns, the lectures will attempt to address 
four key issues. First in relation to my argument a1:x>ut the 
inq;x>rtance of increasing the flow of Type B technological resources, I 
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shall be examining the evidence of whether or not this has actually 
happened at the f inn level in North-south technology transfers in the 
past. Second, I shall be trying to understand how such finn-level 
efforts were organised, what were the mechanisms that were used, what 
were the effect of these, and what has been their long-tenn impact on 
finn perfonnance. 'lhird, I shall explore also the nature of 
government intervention and government policies that were involved in 
supporting or sti.JmJ.lating these efforts (or alternatively stopping 
them from occurring). Arxi finally I will along the way attempt to 
draw out the i.nplications for policy and particularly for policy 
research of the line of argument I shall be pursuing. 
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PREPARATION AND SFARCH: 'IHE ROLE OF DEX:!ISION MAKING IN 'IHE PRE­
INVES'lMENT PHASE 

Introduction 

'!he next b.1o lectures are concerned with the first stage of the 
transfer prcx::ess: the pre-investment Ji'laSe. In this lecture I shall 
present a conceptual overview of the pre-investment Ji1ase. My 
objective is to set out an analytical framework that allows us to 
focus on the relationship between the preinvestment Ji1ase and the 
process of capacity accumulation. In the next lecture I shall 
introduce a good deal of empirical inf onna.tion to examine past 
performance in the pre-investment }i1ase in light of the framework and 
questions raised in this lecture. 

My view of the scope of the pre-investment J;hase is that it covers the 
period running from the point at which the need for an industrial 
project requiring foreign technology is identified 1:7f a local f inn or 
the host government, through the process during which negotiations are 
urxiertaken with prospective suppliers, to the start of the investment 
Ji1ase of the project. 

'Ihough many activities take place during this }i1ase, these can be 
separated into b.1o categories - those preparatoey activities that lead 
up to the final selection of the primary foreign technology 
supplier( s) ; and the bargaining process during which the recipient 
finns and host governments sit down with the prospective supplier to 
negotiate the precise tenns and conditions mrler which the investment 
phase of the project will be carried out. 

1. Some brief comments on the role of bargaining 

Much of the technology transfer literature and a good many policy 
initiatives at the national and international level have been 
concerned with issues related to bargaining. '!his ~is stars 
partly from historical factors - for instance early v.ork 1:7f UNCrAD, 
and others stressed the inp>rtance of bargaining in determining the 
international distribltions of costs and benefits from technology 
transfer. '!his perception was reinforced 1:7f the plblicity given to 
major disputes involving 'Ihiro ~rld governments and transnational 
corporations that occurred in the late 1960s and early 1970s when 
there was a spate of attempts at nationalisation that involved 
extensive negotiations between the state and 'INC's (see Phillip:;, 
1976; Kaplinsky, 1976; and Desai, 1972) • ~reover, economic analysis 
tended to ex>ncentrate on the bargaining process as the central 
detenninant of the price of the transaction, a factor which was also a 
major concern of developing 00tmtries at that time, who believed they 
were being charged IOOnOpOly prices 1:7f technology suppliers. 

I believe that the significance attached to the bargaining process as a 
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detenninant of the distrihltion of costs and benefits arising from a 
transfer project is misplaced and overemphasied. Policies designed to 
strengthen the bargaining power of p.Jblic sector enterprises may be 
equally misdirected since they focus, in r.trf opinion, on the symptoms 
(weak bargaining capabilities) rather than the causes of the problem. 
From this perspective, I would argue that many of the JtDSt important 
de::isions affecting the outcome of the project aocunW.ation - are 
taken not during the negotiation process blt well before it. 'lbe 
outcome of the negotiations may well be an agreement stip.llating the 
precise terms and comitions governing the transaction and these terms 
may be unfair (or not) to the recipient under the specific 
circumstances. But all of this largely takes place after the 
re::ipient should have specified its technological requirements and 
identified the supplier best suited to meet its objectives. 
Frequently, of course, this does not ha:RJell - the recipient is then 
left with no optioo. blt to negotiate with a supplier who may offer the 
wrong technology oo. highly restrictive terms, which the re::ipient finn 
is forced to accept because of its weak bargaining capabilities. 

'Ihus r.trf argument strongly suggests that recipient finns and bQ§t_ 
governments must shoulder a large share of the historical blame for 
entering into transfer agreements which could have a negative effect on 
both the finn and the econany - yet it is pre::isely these unfavourable 
transfer agreements that are usually offered as evidence by those who 
believe that the developing countries are exploited by foreign 
suppliers of technology. In contrast to this I am suggesting it is 
(or should be) the re::ipient's responsibility for ensuring that the 
foreign partner in the transaction is the one that is best suited to 
meet its technological requirements. If this does not happen, the 'INC 
or foreign engineering firms can hardly be justifiably criticised for 
exploiting the situation since their whole raison d'etre is to 
maximise the benefits and minimise the costs of aey transaction. 'lhis 
is silrply good bJsiness sense on their part. 

In presenting this argument I am of course, overstretching the p::>int 
about recipient 'culpability' in creating comitions inimical to their 
own best interests. I certainly do not wish to ilrply that the 
difficulties that '1bird world firms encounter in acquiring technology 
from abroad are solely of their own making. 'Ihere are obviously many 
unavoidable externally imposed constraints on their freedan of action 
and on their ability to make the optimal choice of suwliers. 'lbese 
frequently exist because of the finn's historical links with the 
supplier, because of the constraints imposed by government p::>licy or 
by tied aid or for other politically based reasons. However, even 
taking these difficulties into acxx:>unt, I believe that the onus for 
remedial action lies clearly with the recipient and host government 
rather than on the supplier. I would go further to suggest that the 
possibilities for ~ effe::tive intervention are well within 
the existing managerial and technical capabilities of many enterprises 
and as I shall argue, many of the JOOSt: critical step; necessary to 
ensure effe::tive transfer should be taken during the preparatory pmse 
which I discuss below. 
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2. Technological Actions and Pecision Making in the Pre-Invesbnellt 
Pbase: '!he Key to Effective Transfer 

In general terns, I vieiw the preparato:ry :i;ilase as consisting of a 
sucx:ession of stages that begin at a general level where the broad 
outlines of the project are first defined - and then rove through a 
'narrowir¥J down' process wheret1j the parameters of the project 
defining the precise technology required and the suwliers to be 
involved are specified in increasingly detailed terns. Dlri~ the 
preparato:ry J;i'lase two types of activity are undertaken. '!he first are 
essentially technological in nature and involve the can:ying out of 
various types of economic and technical studies and analyses - in 
effect these are the initial stages of the transfonnation process 
described in Lecture Four. 'Ihese studies are nonnally seen as 
providir¥J the infonnation :t::asis on which the second set of activities 
depend - that of taking decisions on the economic viability of the 
project, on the specification of the techniques to be used, and on the 
identity of the suppliers with whan final negotiations are to be 
undertaken. 

'lb facilitate an analysis of these two streams of activity, I want to 
~est that three stages of transf onnation/ decision making occur 
during the pre-investment ?lase· 'Ihe first, project identification, 
is when the broad outlines of the proposed project (i.e. location of 
the facility, product type, scale of outp.rt, etc) are defined. 'Ihe 
second can be tenned prcx::ess definition, when the detailed technical 
parameters of the project are established and when provision and cost 
estimates are calculated. 'Ihe third stage primarily involves S1J11>lier 
selection when the final choice of technique and supplier are made. 

With this three stage category in mind we can now proceed to look in 
nDre detail at the nature of the technology transf onnation and 
decision mak.in:J activities that occur at each stage. 

Tecbnological Activities in the Pre-Investment Phase 

'Ihree types of technological tasks are nonnally undertaken duril'¥J the 
pre-investment pmse, each of which can be equated to the three stages 
described at:ove. 'Ihese are nonnally done in the fonn of studies 
prepared ao::x>rding to the criteria, guidelines and specifications set 
out by the recipient finn or responsible government agency. 

In the project definition stage, the studies carried out are usually 
collectively referred to as p.re-teasibilit;y stpQies. 

'lhese are preliminary project overviews which seek to establish the 
general viability/need for the project by imicating the nature of 
demand, the financial and other benefits arising fran the project, 
suggesting possible location sites, imicating the general level of 
finance required, etc. 'Ihese studies also normally highlight arrt 
specific problems (technical, econanic or social) which require 
further JrDre detailed analysis. Generally the level of technical 
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detail required in a pre-feasibility study is not high, though broad 
technical alternatives are often presented and assessed. 
Nevertheless, these are quite important in defining the broad 
parameters of the project and in defining the nature of the returns 
hoped for. 

SUCh studies are often produced as part of the national planning 
process in order to generate a 'shelf' of public se-:::tor projects 
which broadly meet national objectives and can be brought into being 
as resources pennit. In this case, pre-feasibility studies may be 
prepared by teams in the relevant ministry who are sanewhat rencved 
from the problems facing the ?Jblic enterprise ultimately responsible 
for implementing the project. Where the enterprise itself is 
responsible for pre-feasibility, this is nonnally done 'in-house' :rut 
may be done by a team with little or no management responsibility. 

JAJring the process definition stage, feasibility studies are carried 
out. 'Ihese are oore detailed studies of the proposed project which 
provide the basis on which a decision will be taken on whether or not 
to go ahead with the project. As such they document the social, 
economic and technical parameters of the project in considerable 
detail. Fairly detailed analyses will also be done of the factors 
likely to affect the success of the project, e.g. the scale of the 
market, expected trends in inp.it and outp.rt prices, the specific 
nature of demand, characteristics and expected performance of 
competitive products, the effects of existing (and possible changes 
in) government legislation, the scale of the inves'bnent required and 
the expected rate of retum. cost-benefit analyses may be carried out 
in additiai to a financial analysis to assess employment impacts, 
foreign exchange costs, welfare impacts on specific social groups, 
etc. 

'Ihe technical camponent of the feasibility study is usually fairly high 
and sufficient technical information will be collected on performance, 
inp.it specification and availability, infrastructural requirements, 
recipient capabilities, etc. to allow a comparative costing of 
different technological options. Frequently such studies carry very 
specific recxmunemations regarding the mst suitable technique and 
those suppliers who should be invited to terrler. 

'Ihe level of technical detail and hence expertise required to provide 
such detail is quite high. It is quite ca111ton for foreign consultants 
to be brought in to carry out the feasibility study - a fact of life 
in many developing countries which is .both unavoidable and as we shall 
see, a source of many sub:;equent problems. 

Finally during the suwlier selection stage, engineering 
specifications and tender invitations can be prepared. Q'ice the 
decision to go ahead with the project is taken, l1D.lCh oore detailed 
specifications of the technology, plant and machinery are prepared; 
ale>nJ with instructions regarding desired IOOdes of implementation, 
production schedules, etc. 'lhese heavily engineering biased docl.Dnents 
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provide the basis on Which suwliers subnit their tender bids for the 
parts of the project in Which they wish to be involved - am such bids 
suOOequently provide the starting point for final negotiations with 
the recipient. 

'!he technical demands on the recipient at this stage are quite high 
both to prepare the specifications as tNell as to evaluate the bids. 
As a result, foreign consultants are also involved at this stage - am 
are often rut not always the same enterprises. who participated in 
earlier stages. 

'!he sorts of studies am documents described above should be prepared 
for every invesbtient project of any scale in developing countries 
whether in the private or p.lblic sector. unfortunately it is 
sometimes the case that these studies are not carried out at all, or 
else they are done superficially. '!his in itself is a major problem 
since it severely inhibits the ability of the executing agency to take 
decisions which meet stated objectives. '!here are many reasons for 
this failure, some of which tNe will discuss below. However the main 
point we wish to make here is that even when the full range of 
preparatory studies are executed, they rarely address the central 
issue with which tNe are concei:ned - that of finding the JOOSt effective 
mechanism for organising the transfer precess to contribute to the 
technological resources of the recipient economy. 

'lb further clarify this point, consider the range of information 
provided by pre-feasibility am feasibility studies am supplier 
selection studies. Were the issue of capability accumulation a 
central concern of the recipient firmsjhost government, then it is 
easy to imagine that such studies (in addition to the normal range of 
issues addressed) could (a) identify the range of know-how, services 
am machinery needed for the project am seek to identify which of 
these were available fran local supplier, (b) assess which of the 
alternative production syst.en5 could maximise the use of such local 
inp.Jts, am (c) identify those foreign suppliers willing to provide 
the training necessary to either upgrade local suppliers or transfer 
the technological know how to recipient personnel. unfortunately, as 
tNe will deloonstrate below am in the next lecture, such considerations 
are rarely taken account of by those carrying out preparatory 
studies. Again the reasons for this are complex. Anong the JOOSt 
important is the fact that those in:lividuals/agencies responsible for 
taking decisions about the content of preparatory studies frequently 
fail to recognise the importance of using technology transfer to 
contribute to in:ligenous technological capacities. 

Technological capabilities in the Pre-investment stage 

Implicit in the above discussion is the point that a certain degree of 
technical expertise must be present before actions can be urxiertaken or 
decisions made. '!his has a mnnber of ob\Tious i.nl>lications that should 
be noted. Firstly, different categories of skill are going to be 
required ~on the type of fl.lllction to be perfonned. Hence 
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there will be a need for the skills of different types of engineer, 
envirornnental experts, econanists, technicians, etc. which will need 
to be brought to bear upon the decision making process and the related 
activities discussed above. (See I<amenetsky (1979) on this point). 

5econdly, at the same time, differing degrees of skill/expertise will 
be required, e.g. as there is a need to take increasingly <XmJ>lex 
decisions or to prepare the JIDI'e detailed sort of engineering 
specification, the quality am technique specifity of the skills 
available at that point JlllSt also increase. 

'Ihirdly, in one sense this suggests that a higher degree (and mre wide 
ranging mix) of skills will need to be involved at later stages in the 
pre-investment p:iase than during the earlier stages. '!his is obviously 
true in so far as the technical skills needed to prepare detailed 
engineering specifications will be of a higher level than those needed 
to prepare the pre-feasibility study. ffowever, the point does not 
hold where the decision making process is involved. '!hose responsible 
for framing the initial terms of reference to begin the project 
identification p:rocess must have a clear idea of the nature and 
relative weight of the different objectives that the project is 
supposed to meet and have a sufficient breadth of knowledge and 
experience to be able to ensure that the parameters defining the 
scope of pre-invesb1ert p:iase activities encompass and/or enpiasise 
those objectives. 'Ib a certain extent, the existence of higher 
quality decision making skills can compensate for the lack of the 
skilled manpcMer needed to carry out feasibility studies, etc. Even if 
foreign consultants are required to perform the tasks themselves, a 
rigorous and canpetent management team or decision making cadre can 
ensure the quality of the product - whoever produces it. 

'lhe lack of such skills can be very a::>Stly if the p.Jblic sector 
enterprise is tmable to properly assess the proposals p.rt to it. A 
particularly grapti.c example of this oc:nirred recently in an Fast 
African oountry, where the government was asked to consider $35 
million project involving the establishment of an ethanol plant. 
Responsibility for vettinJ the feasibility of the proposal was given 
to a university team which was asked in particular to evaulate the 
technological component of the project. 'lhe team gave a satisfactory 
rating to the proposal and the project went ahead. After many delays 
the plant was fianally constructed at a total a::>St of $100 million. 
HolNever the plant was never successfully cnmnissioned. Not only were 
the design specifications faulty, tut the technological route chosen 
l:1j the prime contractor had never been properly tested. None of these 
faults were picked up l:1j the University evaluation carried out at the 
feasibility stage. ft>reover, the government also did not realise that 
the foreign contractor had never b.ti.lt an ethanol plant before and 
were simply using the opporbmity of b.ti.lding the plant to gain 
valuable design experience1 All of these problems stenlDed directly 
from the fact that the evaluation team lacked the technical expertise 
necessary to carry out a crucial part of the pre-investment 
activities. 
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Decision Making in the Pre-investJ1aent Phase 

'!he technological activities described above are usually accompanied by 
a stream of decision making/managerial tasks as we have noted. 'lhese 
are particularly important - though this importance is rarely 
recognised. 'lhree levels of decision making can be defined. '!he 
first relates to the specifications of the tenns of reference of the 
studies to be umertaken. 'lhese define the questions to be answered 
by the study, the specific types of information to be collected, even 
the m:x:le of infonnation generation to be p.JrSUed. 

A second layer of decisions determines wtpJwhich entet:prise is going to 
car.cy out the specified activities. considerable leeway is open to the 
decision maker to specify the experience, origin, qualifications etc. 
of the executing agency. As should be obvious, some finrs are going to 
be oore qualified to do the tasks requested than others. consequently 
this suggests that these choices can be crucial to ultimate success of 
the project - particularly since it is frequently the case that the 
foreign f inrs who are asked to carry out preparatory studies often 
have a strong say in determining who the final supplier will be. 

'!he third layer of decision making centres around the eva1uation of the 
studies subnitted and the further specification of action on the msis 
of the reconunendations and info:anation they contain. Running through 
all three stages of the pre-investment ?lase there will be a series of 
go no-go decisions which must be taken based on an assessment of 
whether the information provided by the various studies fulfilled the 
tenrs of reference and is adequate to allow any decision at all to be 
taken on the choices being presented. '!he decisions need not, of 
course, be limited to simply confiming the :recommen1ations of the 
report - these can be rejected and new studies demarrled. 

From the perspective of our particular concerns with the role of 
technology transfer as a vehicle for capability accumulation, the JOOSt 
important point that emerges from the above discussion is the central 
role of decision making in ensuring that this abjecti ve is met. '!here 
are clearly many points during the pre-investment P'lase when decision 
makers can introduce criteria designed to maximise 'fype B flows during 
the transfer process. '!here are ~ points I W'Olll.d make about this 
however. '!he first is obvious and relates to argument made in the 
introduction - if such criteria are not introducOO. until formal 
negotiations with the primary supplier take place, then alIOOst 
certainly these will have little ultimate effect on the size of 'fype B 
flows that occur during the investment piase. second, I W'Olll.d argue 
that the llDSt critical point in the pre-investment P'lase where these 
criteria have to be introduced in fact cx:mes right at the very 
beginning - literally when the project is conceived. If using the 
project to make the maximum feasible contril:lltion to local 
technological resources is not one of the main objectives right from 
the outset, then any decisions taken later on to exploit these 
possibilities may have only a :marginally positive effect. I take up 
this point in further detail in the next section. By way of a S1.Dl1ltlBry 
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of the discussion so far, Table I sets out the three stages of the 
pre-investment Ji1ase with their related technological and decision 
making activities. 

TI® .E I; S'IRUCIURE OF 'IHE PBE-DMSIMENI' HfA.SE 

Project Definition 
Process Specification 
SUpplier Selection 

'type of Activity 

Pre-feasibility studies 
Feasibility studies 
Ergineering Specifications and 

Temer Invitations 

3. 'lhe o.nnulati ve Process of Decision Making in the Pre-investment 
Phase 

It is, of course, oonmon in the developnent economics literature to see 
such decision making processes analysed in a 'choice of techniques' 
framework. SUch a framework suggests that technology l:uyers are 
presented with a set of clearly defined technical alternatives which 
they choose between on a straightforward comparative cost basis. 
'!here are obviously cases where it is possible to make choice of 
technology decisions in this way - such as when selecting standard 
items of 'off-the-shelf' equipnent. However, in larger scale 
investment projects involving oore ccmplex processes or packaged 
technologies, the decision making process is not nearly as clear cut 
as the choice of techniques arguments implies. In fact, it is 
probably nore acxurate to depict it as an evolutionacy process, 
whereby the decisions taken at each stage place OOundaries around the 
scope of actions that can be p.irsued in sub;equent stages as the set 
of options is narrowed down, the technique specifications become oore 
concrete and precise, and the bids of oompeting suppliers are 
evaluated. 

One implication of this is that as the process noves foi:ward it becomes 
increasingly nore difficult to introduce new criteria or widen the 
options considered at any particular stage. 'Ibis is because a 
conplex set of linkages can b.J.ild up (in terms of technical, economic 
and even ,POlitical factors) which tend to channel the process in a 
particular direction - with an all too often predictably nEgative 
outcome. Take, for exanple, the classic objective of 'unpackaging' 
whereby the aim is to organise the transfer process to allOW' local 
firms to provide inpit to the project. unless the criteria that 
define this as a key factor in the process of supplier and technique 
selection are present fran the begiming, then it is unlikely that a 
bargaining strategy which includes this as an abjecti ve will be very 
sucx::essful - the technology may not allOW' it and the supplier may 
simply refuse to consider it as an option. 

As should be clear frcan my earlier ca111ients, the direction or manner in 
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which this evolutionary process I!DVes forward is essentially determined 
by the interaction of the criteria and the infonnation sources that 
are brought to bear on the decision making function at the earliest 
stages of project preparation. In the same way that decisions are 
taken on the basis of whether raw materials should be imported or 
sourced locally, decisions can equally be taken on the extent to which 
local engineers should be allowed to participate in or carry out 
design work, or if the equ.ipnent supply is to be sourced from finrs 
willing to carry out training of design engineers. If, as is commnly 
done, the costjbenefit streams are broken down to calculate the impact 
of the project on the shadow price of la.b::>ur and other traditional 
measures such an analysis can equally include some estimate of the 
external benefits arising from the training provided for local R&D 
personnel, or design engineers or capital goods finrs. 

As mentioned earlier, such criteria are rarely employed, particularly 
in the early P1ases of project definition. In the sul:Eequent process 
definition stage, this omission is often repeated and these concerns do 
not enter into the terms of reference. '!he evolutionary character of 
this process - and its subsequent effects on opportunities for 
learning and local sourcing are highlighted by Amsalem (1978), who 
examined the decision making process involved in the establishment of 
p.lblic sector textile plants in a mnnber of '!bird World oountries. It 
should be noted that Amsalem was centrally concerned with 
understanding why so many 'lhird World investment projects relied on 
systems supplied by f inrs in the industrialised oountries when in many 
cases, fully competitive alternatives were available from finrs based 
in the '!bird World. '!hough this focus does not directly address our 
concern, Amsalem's analysis is nevertheless particularly illuminating. 

Table II presents Amsalem's schematic outline of the 'choice' process 
which he divides into three stages that roughly correspond to our own 
categorisation of the preparatory P'lase: stage I involves selection of 
alternative techniques; stage II involves what he calls the 'cost 
analysis' of these techniques; stage III involves the selection of the 
supplier. Amsalem's discussion indicates that although the decision 
makers at the final stage can seek to extend the infonnation available 
to them about alternative suppliers; the choices they actually make 
are totally oonstrained by the infonnation made available to them 
from the prior (second) stage in the process. 'Ibis second stage 
involves studies that generate cost comparisons and related 
infonnation about the merits of the various system options and 
suppliers. Amsalem identified a number of conm:>n weaknesses in the 
managerial analyses of the competing system made at this stage and 
implies that 'better' choices in stage III might have been made if 
there was a I1Dre sopti.sticated pool of skills and expertise available 
to carry out the stage II studies. However, whatever the limitations 
of the infonnation generated at that second stage, its effectiveness 
in turn depended heavily on the nature of the first stage: 
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p;m.E II; um: (H)ICE OF TBJ;H)I.00¥ DB::ISICll psrg§S IN '!HE TEXT[J.E 
INWS'l.RY 

St.aqe in 
Process 

Stage 1 

Stage 2 

Stage 3 

firm 
Resources Process 

Alternative Technologies 
Known to the Firm 

Outside 
Resources 

Engineering Selection Personal -,. Other Textile 
Contacts with Manufacturers 
Other Users 

force ------...::.1 of a set of 
Alternatives '"" 

Engineering Force 

Returned 
for 
further 
Analysis 

List of 
"Relevant• Alternatives 

Cost 

Analysis 

Specifications 
Price Estimates 
General Equipment 
Conditions 

Manufacturers 
First Contact ;,. 

~nd Further 
Cost/Technical Analysis 

Shortened Alternatives 
List with 

Cost Compartsons 

~ Equipment 

~ Manufacturers 

Ask for more 
recise Spec1fications 

Management----.....;11o Equipment 

Ask for more Manufacturers 
~ :~ecise Bids 

~nd Cond1ttons 
____ ..__ ___ Initiate Final 
Alternative Chosen Negotiations 

~Equipment 
Manufacturer 

Snurce: Amsalem, MA (1979) p 144 Selected 
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'!his stage in the decision process, and the way in which it is 
perfomed, ••• seems to corxii tion much of the outcome of the whole 
process as far as technology choice is concerned. (p. 145) 

'!his first stage involved the assembly by engineers (far down in the 
decision making chain) of infonnation about the various systems that 
were to be considered. .Amsalem points out that vecy rarely would the 
range of options be widened at any later stage. fobreover he shows 
that the engineers collecting information on alternative production 
systems rarely undertook an exhaustive review of all the alternatives 
available. 'Ihe list of alternatives prop::ised was nonnally drawn 
largely from the engineers' personal experience and involved "their 
judgement of what 'iJOUld be viable technological alternatives for the 
production facility considered" (p. 145). As a result: 

in ItDSt of the cases studied, the list of proposals contained no 
ll¥)rE! than two or three technological alternatives and each of them 
was generally represented by different nmels prqposOO t& the 
egµj,gnent manUfacturers. (p. 146) 

In other words, the engineers given resp:msibility for carrying out 
technological studies at stage I (i.e. the project definition stage in 
our terms) rarely undertook any systematic search process; yet the 
infonnation about alternative technologies which 'ha~' to be 
available to the engineers at the start of that process had a major 
influence on the outcome at its end. .f.tlreover, there appeared to be 
considerable bias in the nature of the information base provided by 
the engineers. In a significant rnnnber of cases, Amsalem concluded 
that equipnent from developing countries was the optimal, blt 
nevertheless un-chosen, alternative. '!he reason why they were not 
selected was because they were not even considered by the engineers • 

• • • none of the production facilities we studied, with the 
exception of the rmian venture in Irdonesia, used equipnent 
manUfactured in a developing country from local designs. 
Furthernore, for none of the fims was such equipnent included in 
the list of alternatives made by the engineers. • • • 'Ihe result of 
this lack of information was that the technologies chosen were 
often the :roost labour intensive available from developed 
countries' equipnent manUfacturers, although still suboptimal in 
comparison with technologies available from other developing 
countries. (p. 159) 

Amsalem concludes that enhanced inf onnation flaw to the engineers 
working on stage I tasks might have improved the nature of final 
decisions (i.e. resulted in the selection of the equipnent from 
developing countries). However, he goes on to point out that simply 
providing 'more' infonnation to the engineers may not have been 
adequate since much will depend on the C"T§dibility of the information 
to the engineers involved. 'Ihis is particularly so since ( i) their 
direct experience of the equipnent in use seemed to be a major 
influence on whether they considered it or not, and (ii) they were 
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seldom under any managerial pressure with respect to their choices and 
judgements in listing relevant options: 

••• in none of the firms we visited were the criteria on which to 
make these judgements, or the guidelines to be used, set by 
management. • • • When questioned, the engineers therlsel ves CX>Uld not 
offer a set of criteria on which their decisions to exclude or 
include a technology or manufacturer were made. In these 
discussions 'experience with the manufacturer' and 'renown of the 
manufacturer' were often mentioned as well as 'well proven design' 
and 'widely used technology'. (p. 145) 

In contrast, when asked about the reasons for not including equipnent 
from developing suppliers, the engineers responsible for drafting the 
initial lists generally replied that: 

••• they had heard about textile equipnent produced by developing 
countcy firms rut did not know who they were and what were the 
types of equipnent they were offering. 'Ibey generally added that, 
although they had no infonnation, they had heard or had the 
~ession that this equipnent was not of good quality nor was it 
efficient. (p. 159) 

'Ihus in the cases studied by Amsalem the ultimate decision taken in 
stage III to select equipnent from developed countries rather than 
developing countcy suppliers were esentially pre-detemined right at 
the beginning of stage I by a combination of the engineers' xenoi;tiobia 
and lack of infonnation, and the failure of decision makers 
responsible for setting the terms of reference at stage I activities 
and for evaluating those studies to indicate to the engineers the 
types of alternatives they wished to be considered. 

I believe this brief analysis of Amsalem's work captures the essence of 
the evolutionary nature of the decision making process we have been 
describing. In particular, it highlights the importance of the active 
management of the preparatory phase whereby efforts are made by (the 
presumably nore experienced) nanagers responsible for final decisions 
to intervene directly and early on in the preparatory phase to ensure 
that infonnation is collected and analysed according to the criteria 
desired by nanagement - rather than being left to the nore junior 
people with less experience. 

Unfortunately, the problem may also be the reverse of the above -
engineers involved with nore practical day-to-day operations are often 
very concerned about the constraints iI!pJSed by the lack of skills or 
the marginalisation of their own role in production and transfer; 
nanagement on the other hand may be nore preoccupied with risk 
minimisation, or with dealing with the pressures from the ministry for 
better perfonnance, or be enanoured of the need for the best and nnst 
nodern foreign technology, etc. and hardly be concerned at all with 
undertaking the much nore time consuming, strenuous and painstaking 
sort of intervention called for here. 
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As we noted, Amsalem was interested primarily in whether the user 
firms considered 'Ihird l*>rld suppliers of textile equipnent. One 
ooul.d, of course, easily extend the analogy to include the fi:an's 
probable failure to explore ways of organising the transfer process to 
maximise learning by the recipient's personnel. 'Ihe conclusions drawn 
above about the importance of establishing explicit types of choice 
criteria via direct and early management intervention W'O\lld be the 
same. 

'!here is some evidence in the secondary literature of a general 
awareness of this point and of the need for developing countries to 
acquire technological capabilities through the transfer process. For 
instance, virtually all UNIOO and UNCTAD documents make the point. 
Indeed, similar statements are to be found in many documents concerned 
with technological developers containing official 'Ihird l*>rld 
statements on technology transfer, even anong the poorer, smaller 
cotmtries. '!he beliefs are also likely to be held by managers of 
public enterprises - and perhap:; even introduced (too late) into the 
negotiation stage. For instance, Broden and Mattson (1979) describes 
a case in Tanzania where the Tanzanian decision makers stated in 
fairly general tenns at the beginning of the search for alternative 
suppliers that they wished the foreign suppliers to ultimately 
transfer the know-how required to locally manufacture trucks and 
railroad wagons. But since the Tanzanians apparently never took step:; 
to further articulate how they wanted this to happen and in general 
did not µ.ish the issue very hard in negotiations, the desired transfer 
of technological capability in fact never came about. 

Obviously, there is a large gap between statements alx>ut what is 
'desired' and action to ensure that it occurs. Arn with very few 
exceptions there is little real evidence that mst '1hird World 
enterprises are actually taking concrete step:; towards acquiring Type 
B resources during technology transfer in this direction by giving 
high priority to these issues in the pre-investment :Ei1ase· In fact, 
what little evidence we do have suggests that these fi:rns 
traditionally seem to attach little or no significance to these issues 
when fonnulating and implementing transfer projects. We can give a 
number of examples which bear out this contention. '!he first comes 
f ram Venesuela where on the basis of their detailed study of state 
enterprises in the Venesuelan petrochemical and steel sectors, Avalos 
and Rengifo (1980) conclude: 

'!he JOOSt striking fact ••• is that these firms have little or no 
concern for the technological aspects of developnent ••• their 
behaviour has been clearly daninated by a perspective that only 
takes into acx::ount the inmediate situation. '!he pre-eminance 
of ••• the objectives of production has p.lShed aside all other 
concerns. '!he stimulation of domestic technological potential has 
been sacrificed for the security that established goals will be 
fulfilled on time. '1he risks inherent in the participation of 
Venezuelan research "WOrkers or engineers in the design and 
installation of industrial plants, contrasted with the confidence 
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inspired by the technological packages brought from abroad, have 
beoane the main brake on the developnent of local technological 
capacity. 'lhus the guiding thread in the negotiatioos of the 
pJrChase of technology lies in the weighing of risks. • • • nus 
a:wroach. ••• has justified the 'technological passivity' of the 
basic enterprises. 'llle oontractirg of turnkey plants in which the 
technology is acquired quickly and safely ••• (and was the only 11Dde 
of technology acquisition used) ••• closes the door on the 
possibility of local learning ••• it blocks off a source of 
technological external econanies, which are of un:ioubted 
inp:>rtance to the industrial process of the countJ:y. (p. 77) 

Another example comes from the "WOrk carried out by the Science Policy 
Research unit of the university of Sussex on technology transfer in 
Asia. 'Ibis project looked at the experiences of large scale Asian 
plblic f ims and the E!llPlasis they placed on acquiring technological 
capabilities during the technology transfer process by which their 
main plants were established. 'lhe resp::>nses of local managers to 
questions about the extent of training they had as an objective in the 
technology transfer process is shown in Table III. For only five 
percent of the f ims surveyed did the training objective include 
anything Jlm'e than a standard concern with operational skills; very 
little value was attached to the need to acquire skills going beyorxi 
this. Table IV reinforces this p::>int by shawing the distrilution of 
training activities actually undertaken by these firms. It suggests 
that very f<:M firms actually organise training as part of the transfer 
process, and even fewer altered that pattern in sub:;equent years. A 
nore recent SPRU D.Phil study carried out in Bangladesh on the 
plblically owned textile and pulp and paper sectors revealed a similar 
lack of emphasis on training being provided as part of the technology 
transfer agreement. (Ahmed, 1983) 

'Ibis (very slim) evidence does not suggest that the transfer process 
could not have been organised differently and I!Dre training undertaken 
if this had been one of the recipient's primary objectives. Quite the 
contrary, it p::>ints to opportunities missed in this regard. 
Obviously, there could be (or 'INOUld be in other situations) obstacles 
arising from supplier reticence to offer much training beyorxi 
operation stamard. But the whole p::>int of our argument is that 
recipient firms clearly do not nonnally have capability accumulation 
as an objective when they begin to plan their technology acquisition 
strategies. 'lherefore it is not used as decision making criteria 
against which to judge the opportunities and costs afforded by 
alternative technologies and suppliers during the pre-investment 
~- If it actually were the case, such criteria could then be used 
to narrow down the range of technique/supplier canbinations with whan 
serious negotiations could be initiated to those ff!!# who ~d be 
prepared to go sane way towards meeting recipient objectives in this 
area. 
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TABLE III: 'ffiAINING O~IVFS OF INDUSTRIAL FIRMS IN ASIA 
(1960'S early 1970's) 

Proportion of f inns in each catego:cy 

TYPES OF RFSroNSE AOOUl' 'Skilled Workers' Technician 
TRAINING O~IVFS Training Training 

No training undertaken 4% 10% 
To operate the facility 94% 54% 
To operate and repair the 

facility 2% 15% 
To undertake some f onn of 

change 0% 5% 
Indeterminate response -

perhai;s indicating a 
concern with change 0% 16% 

'IOI'AL 100% 100% 

Source: Preliminary results, unp.lblished SPRU study 

TABLE IV: SELECT'ED ASPECT'S OF 'ffiAINING ACI'IVITY OF INDUSTRIAL 
FIRMS IN ASIA (1960'S and early 1970's) 

Proportion of f inns canying out: 

Types of No "Marginal II Some Training 
Technological Training Training During After 
Training at all Activity Initial Initial 

Transfer Transfer 
Process Process 

For Process R&D 100% 0% 0% 0% 
For Process 

Engineerng 98% 0% 2% 0% 
For Process 

Maintenance 78% 12% 6% 4% 
For Product R&D 98% 0% 0% 2% 
For Product Design 96% 0% 0% 4% 
For Product Quality 

control 86% 10% 4% 0% 

1 Indetenninate interview responses suggesting the possibility of 
limited types of training having been carried out. 

Source: Preliminary results, unp.lblished SPRU study. 
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4. l.Dcal COntrol over Decision Making 

Another, and perhaps the nDSt crucial p:>int, which the above 
discussion has tried to bring out is the importance of being able to 
establish local oontrol over the decision making process in the pre­
investment phase. 'Ihe opportl.mi ty cost problems highlighted by 
Amsalem's VJOrk are obviously going to be magnified if oontrol of ooth 
decision making and task execution is in foreign hands. 'Ihe reasons 
why local control of decision making is important should be obvious 
enough from the previous discussion and need not be repeated here. 
Unfortl.mately, it is just as obvious that many recipient fi:ans 
conm:ml.y relinquish much of their oontrol in this phase to foreign 
enterprises - either directly by giving them total resp:>nsibility for 
the project (i.e. turnkey projects) or indirectly, by allowing them to 
perfonn certain vital tasks such as feasibility studies and then being 
unable or lD'lWilling to ensure that the reoammendations as to technique 
and supplier are in the recipient's best interests rather than those 
of the foreign suppliers. 'Ihe problem is widespread and acknowledged 
in many oontexts. (For instance, see O'Brien et al (1981) for a 
discussion of these aspects in relation to Tanzania, the NISER (1981) 
for an example from Nigeria and Manikam (1979) for an example from Sri 
I.anka). 'Ihe criticisms which are leveled at these cases frequently 
centre around the costs and problems associated with the blatant 
overcharging that often takes place, accompanied by massive cost 
overnms, long delays, extensive foreign involvement in operation and 
management of the project once completed, etc. etc. Although the 
question is not frequently asked, there is probably little doubt that 
if we assessed these projects on their contrib.rtion to capacity 
accumulation, the results would be equally discouraging. 

Reasons for loss of oontrol 

'!here are a number of reasons why recipients fail to retain/exercise 
adequate oontrol during the pre-investment phase. In many instances, 
maintenance of oontrol over decision making is simply not given a high 
enough priority by overworked managers too bJsy to exercise effective 
resp:>nsibility and too willing to delegate their authority to 
'competent' foreign fi:ans. Managers are simply not aware/or are not 
concerned about the costly implications of any sul:sequent foreign 
involvment in the investment phase that might result from the use of 
foreign consultants in the preparatory phase. 

Where the primary objective is to ensure the rapid and efficient 
installation of productive capacity, the use of foreign consultants in 
the pre-investment phase may make gcx.:xi conunercial sense - particularly 
if the local skills do not exist or if the recipient has little 
confidence in those that do - and if the recipient is experienced and 
a strong partner. However, even then there are p:>tential risks if too 
much freedom is granted. 'Ihe use of consultants is likely to be nDSt 
costly if the enterprise involved is not well established or is 
staffed by individuals with little experience in the mechanics of 
managing technology transfer. It is precisely in this situation where 
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there is a strong rationale to use outside expertise - rut an equally 
strong likelihood that this reliance will do little to rectify the 
skill shortages that created the situation in the first place. 

'lhe current structure of the international division of laJ:our in the 
engineering and consulting market reinforces this trend. Many firms 
now specialise in perf oming the full range of pre-investment 
activities for recipient enterprises and actively pursue contracts of 
this sort. 'Ihese firms can offer efficient and highly competent 
services which the recipient would be very hard pressed to meet on 
straightforward cost terms if the work was carried out locally or by 
internal staff. Yet where external consultant firms are engaged, it 
becomes very difficult to fi:rrl the dividing line between carrying out 
a predetennined set of technical studies and exercising a persuasive 
degree of influence over the sub:;equent furdamental decisions 
regarding the project. '!his is particularly true where the recipient 
fim itself lacks sufficient skills to specify its requirements and 
U:rrlertake evaluation - in such situations managers are frequently 
anxious to fulfill their management responsibilities by letting the 
foreign fim perfom these activities on the basis of totally 
1.mderstandable desire to minimise the risks they would face if they had 
to use local suppliers. 

Historical links are also often quite important ol::stacles to the 
developnent of a decision making capability within an enterprise. It 
is COil'm)nly the case that once a consultant firm is engaged in a 
project on which it performs adequately, it often remains involved 
with the recipient or the project on a I1Dre or less continual basis. 
'!his is highlighted by Manikam ( 1979) in Sri Ianka where Sandwell 
Consultants, initially engaged as trouble shooters for an existing 
paper mill in 1959, were continually involved in the preparation of 
feasibility studies, te:rrler documents, evaluation of suppliers' offers 
and management contracts over at least the next fourteen years. 

Managers frequently do not reckon with the inherent logic that leads 
consultant firms engaged in preliminary work and feasibility studies to 
specify a set of technique/supplier options which may not be the 
optimal choice from the recipient's viewpoint - either because the 
consultants themselves te:rrl to be limited (for geograpuc or other 
reasons) in the range of options they consider, or because they enjoy 
rather I1Dre 'direct' linkages with specific equipnent and technology 
suppliers. '!he result can be a costly package. Perrin (1978) 
estimates that from a sample of 'Ihird World p.lblic sector contracts 
involving French engineering and consulting firms, for every $10.00 
spent on the cost of the consultant's contract, the recipient was led 
to spend at least $1,000,000 on subsequently p..irchasing technology 
from suppliers specified by the consultants. 'Ihe ratios may be 
different where other countries are involved, .b.lt the linkages are very 
COil'm)n. 

'!he NISER case study of a fertiliser plant in Kaduna, Nigeria, 
provides an excellent example of these sorts of linkages and 
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TARI .E V: LISI' OF MAJOR C0NmACroRS ENGAGED IN 'IHE JMPLEMENI'ATION OF A 
SUPERPfPSRJATE f'ERTTI .ISER PLANT IN KADUNA, NIGERIA, IATE 
1970S. (1) 

Task Description Company Engaged 

Feasibility study Japan Consulting Institute 
Appraisal of feasibility International Executive 

report and of project Sevice Cozp; 
proposal 

F.quipnent supplier and Hitachi sosen 
installation 
('I'Urnkey Contract) 

Technical management 
Civil VJOrks 
M:>nitoring oonsultant 
Adviser to Federal 

Government on 
:r-t>nitoring Contract 

Hitachi sosen 
Local companies 
Haldor 'Ibp:;oe 
NISER2 

Country of 
Home Base 

Japan 
USA 

Japan 

Japan 
Nigeria 
Dernnark 
Nigeria 

1. 'Ihe total capital investment in the plant a.m::runted to $25.6 million 
up to 1980 and this was financed.entirely by the Federal Nigerian 
Govenunent. 

2. Nigerian Institute of Social and Economic Research at the 
University of Ibadan. 

Source: NISER, 1980, p. 46 

oonstraints. '!hough the plant itself was entirely financed and owned 
by the Nigerian government, virtually the entire responsibility for 
decision making as well as for implementation was turned over to 
foreign, especially Japanese, oonsultants as shown in Table v. 

'Ihe report argues that: 

It will be noted that the feasibility study was carried out by a 
Japanese company, the equip:nent supply and installation oontracts 
went to a Japanese company, and of course the technical management 
oontract also went to a J:ipanese company. Since the feasibility/ 
project study, equip:nent supply, and management . oontracts together 
make up the technology for the project, it appears that the 
technological choice decision making in this project has a very 
strong Japanese oontent. 

'Ibis situation is typical of IIDSt industrial projects in the 
g.iblic sector in Nigeria where the advisocy role of the technical 
consultants is effectively a decision role, and the only decision 
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left for the government officials is a price decision. Even in 
this case the effectiveness of the officials' decision is limited 
by lack of inf onnation and a rather strange lack of foreign 
competition due to excessive tailoring of the reconnnendations from 
the feasibility or project study to preferred clients. (NISER, 
1980, pp. 45-46) 

As a result of the extensive involvement of foreign suppliers, there 
was very little effective transfer of technology and the NISER report 
points out that 'the skill to plan, install and operate the plant was 
imported and it is likely that a new SSP plant today 'WO\lld probably 
have to import the skill required to perfonn these same tasks' . 

As the report shows, these problems clearly stem from the recipient 
enterprise's failure to exercise adequate rigorous control over 
decision making in the crucial preparatocy phase when the technology 
and the suppliers were being selected. 

5. Foreign Consultants and Foreign Aid 

It YJOU!d obviously be an oversimplification to suggest that recipient 
ignorance of the CX>Sts of relinquishing control is always at fault. 
other oonstraints can very severely circt.mLSCribe the ability of the 
recipient to exercise control in the preparato:cy phase. Perhap:; the 
nost immediately obvious oonstraint exists when external financing is 
required to support investment projects. 'lhe financial problems 
associated with the technology supply and tied aid are well-known - we 
only wish to highlight that these linkages frequently extend back to 
the pre-investment phase where the financing institution often 
requires that internationally recognised consultants are engaged to 
urxiertake feasibility studies and be involved in the temer process. 

'!his aspect is highlighted rather well by Desai's (1972) analysis of 
the experience of the Bokaro steel Plant in India. Initially, the 
overall design and engineering of the plant was to be carried out by 
an Indian consul ting finn - oastur and Company. 'lhis group was to be 
responsible for the detailed design and planning embodied in the 
project report, for specification of equipnent and structural items, 
and for the preparation of manning lists, job specifications, 
recniitment schedules, training programmes, and required syllabi and 
manuals. It was to harrlle the procurement of equipnent, etc. , the 
management of construction, and the installation of equipnent 
(including overall supervision of equipnent installation by foreign 
suppliers) • 'lhus, al though a significant proportion of the equipnent 
for the plant VJOUld be imported, both the overall techno-managerial 
services and a major component of the engineering services and capital 
goods were to be obtained from within the :rmian economy - this was an 
objective specified at the very beginning of the pre-investment phase. 

Although there had already been Indian involvement in parts of earlier 
investment projects, this plan marked a significant step in the 
transition towards localised supply of technological inputs for 
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investment in an industry that was expected to continue its expansion. 
However, it was proposed initially to seek us aid-financing for the 
foreign exchan;Je canponent of the project. Although this never 
hawenect, affairs pr:oceeded far enough to imicate some aspects of 
what might have been involved. In the early 1960s Dasturco prepared a 
detailed feasibility study report, while the us steel Corporation also 
prepared a similar feasibility study for the project. Some features 
of the results of these studies were: 

- plant capacity was similar: 1.5 million tons (Dasturco) and 1.4 
million tons (US steel) 

- total investment cost was lower in the Dasturco proposal: $751.5 
million, compared with the us steel estimate of $919.4 million 

- the foreign exchange component in the Dasturco proposal (42%) 
was lower than that in the US steel plan (55%), and consequently 
the total foreign exchange cost of the IIK>re expensive us steel 
plan was about 60% larger than in the Dasturco proposal 

- the Dasturco proposal envisaged 30-40 foreign technicians to 
assist the Indian operating company for a short period after 
construction; the US steel report proposed that the management be 
entrusted to an American team for a period of ten years, which at 
one point would involve a team of 670 American technicians! 

In other words, the use of foreign consultancy and design would 
probably have resulted in this case in a production facility which, 
relative to the locally designed equivalent, was IIK>re capital 
intensive and IIK>re import intensive, and would have involved 
sul:stantial loss of operating control. It is evident also that the 
proposal to seek foreign consultancy and design services would have 
led to efforts being made to establish foreign control over the 
investment phase as well as over the subsequent operating ~. A 
senior official of the us aid agency indicated to a Congressional 
Conunittee that: 

We would not be prepared to go fonrcmi with this proposition until 
we had worked out a satisfactory understanding with the Indian 
govenmreut as to us personnel controlling the design of the mill, 
construction of the mill and a management contract for a period of 
five to ten years. (Desai, 1972, p. 31) 

In a similar vein, the Executive Vice-President of the us Steel 
company indicated to the same canunittee: 

IJhere is in India a reasonably good force of consulting and design 
engineers, rut we think that while they would be entirely 
competent to car:ry out detailed design work, for a large and 
naiern mill of this sort which would employ us equipnent, us 
engineering should be used. • • • 'Ihe construction should be handled 
by large, competent outside concerns which can provide the 
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supervision, the equipnent, and the ccx:>rdination that is necessary 
to progress any large job satisfactorily. (Desai, 1972, p. 32) 

'Ihus, given the camnitment to seek finance from outside (at least, to 
seek it from the US) the accumulated technological capacity in India 
relating to steel industry investment would have had to face these 
pressures. In effect, these would have operated to blcx::k. the 
transition towards internalised technology supply at the point where 
that process crossed the discontinuity between detail engineering and 
the execution of overall design and management. 

In the event, in this case, oammercial interests in the US together 
with ideological interests (opposition to the financial assistance of 
public rather than private sector industry in India) generated in the 
US a body of political opposition to the project as a whole. 
Recngnising this, the Indian govenmient turnOO to an alternative 
source of finance - Russia. 

A similar tut less complex situation is highlighted l:T}1 the Manikam 
study cited above which in trying to explain why the recipient, over a 
twenty year period, relied almost exclusively on foreign consultants 
to prepare feasibility studies pointed out that: 

Fran the early sixties, when the balance of payments situation 
deteriorated, no major project could be established without 
foreign financing and the foreign lending institutions invariably 
insisted on feasiblity studies from recognised (international) 
consultants. (Manikam, 1979, p. 34) 

Since economic grcMth and internal accumulation is slowing down 
severely in many countries, it is only too clear that the power of 
foreign sources of finance to impose restrictive and unfavourable 
conditions on recipients will continue to grow. Very little explicit 
attention has been devoted towards either researching or developing an 
effective strategy vis a vis aid fla.vs and technology transfer. 
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PREPARATION AND SF.ARCH: 'IHE IMOOR.I'ANCE OF DECISION MAKING IN 'IllE 
PRE-INVES'IMENI' SI'AGE OF 'I'EOJNOI.OOY 'IRANSFER: II 

Introduction 

In r.ecture Five, I argued that the nature of the decision-making 
process in the pre-investment phase was a particularly crucial 
detenninant of the potential contril:ution that new investment 
projects could make to the accumulation of indigenous technological 
capacities. I then reviewed a rnnnber of factors often present in a 
developing country context that tend in fact to limit the scope for 
pre-investment activities to actually make such a oontril:ution. In 
this lecture, I want to shift from a probl~focuse:i analysis to 
explore a variety of mechanisms by which 'Ihird World enterprises and 
govemnents take step; during the pre-investment phase to create 
learning conditions throughout the whole of the technology transfer 
process. In the first section, I examine some means to overcome the 
problem of skill constraint within the decision-making and activity 
streams. In section 'bNo, after reviewing the role of 'p:>litical 
conunitbnent' various types of infonnation generating activities are 
outlined that are essential to effective decision making and central 
during the transfer process. And in section three the key issues of 
search, evaluation and suwlier selection are discussed. 

1. overcoming the Skill Constraint 

I alluded earlier to the pervasive constraints that skill shortages 
place on the ability of many '!bird World recipient finns to exercise 
effective control during the pre-investment phase. Frequently 
recipients simply lack the trained manpower necessary to carry out the 
decision making and technical tasks. '!he problem is compounded by the 
less than ideal corrlitions um.er which projects are prepared and 
processed in the early stages. Skill shortages in the enterprise or 
government agency create the need to hastily assemble a project team 
from whatever expertise is available; these skills are often either 
marginally relevant to the project at hand, or else the people are so 
overcanunitted that they are not able to spend adequate time on the 
project. '!his problem is compounded by the fact that the project team 
is likely to be um.er extreme pressure from the ministry resp:>nsible 
(or the aid agency involved in providing financing) to act quickly so 
that the investment phase of the project can begin as soon as 
p:>SSible. Under these corrli tions, heavy reliance on outside experts 
(particularly if the aid source is awlying pressure in that direction) 
is virtually a foregone conclusion. Yet even though the existence of 
these problems is perhap; mrlerstandable, there can be little doubt 
that this situation can have high opportunity costs in l:oth financial 
and social terms. 

'Ihese sorts of problems are well known and there is little need to 
detail them here. In such circtIIYStances, simply suggesting that what 
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is required is :rrore skilled people and better conditions for project 
preparation is al.Ioost certainly of little use. However, I have 
mentioned the existence of these conditions because it reinforces my 
arguments about the need to exploit the leaming potential of the 
transfer process - particularly in the pre-investment pw;e. '!here 
are mechanisms which can be used for this p.irpose. A crucial first 
step is to establish a canpetent preparatory team. In assembling the 
team the aim should be not only to ensure that it has the skills to 
provide the necessary guidance and support to the finn's management in 
making major decisions and in organising the sutx:;equent implementation 
of the project; perhaps even :rore important it should be intended to 
act as a reposj.tocy of pre-investment ooase expertise for subsequent 
projects. As such, the team can be constituted in a way which 
maximises the learning benefits to be gained from coordinating the 
pre-investment phase, as well as having as one of its objectives the 
design and organisation of investment pw;e activities that have a 
similar enpmsis on learning. · 

'!he team might well be multi-disciplinary consisting of engineers, 
technicians and economists, as well as senior managers with decision 
making responsibilities from within the recipient finn - though it 
might also be useful to involve individuals from other local 
institutions which might benefit from the experience. If such 
individuals are not available within the enterprise or locally, 
outside expertise will have to be bought in. Ideally such outside 
experts should work within the recipient enterprise rather than on an 
ai:m's length consultancy basis, and should have equal local 
counterparts working alongside them to maximise the learning 
opporbmities for the recipient as well as ensuring local control over 
the project. 

Girvan (1981) has described another mechanism to capture learning 
benefits in the pre-investment pw;e which is referred to as 
'parallel contracting'. When this technique is used, the recipient 
organisation awards oontracts for the same consultancy, design or 
engineering work simultaneously to a local and a foreign finn. '!he 
local finn involved may make arrangements with other foreign 
organisations for the suwly of specialised know-how, rut it must 
undertake to do the technical work - design, calculations, 
specifications, etc, itself. '!he same technical work is carried out l:1j 
a foreign f inn, whose report is then used as a means of checking the 
work and standards of the local f i:m. In turn, the report of the 
local firm can also be used to evaluate the recanmendations of the 
foreign finn and so, for instance, the mechanism can also serve to 
assess the awrop:ciateness of the technology or technology supplier 
specified l:1j the foreign organisation. 

'!his strategy has been applied in a rnnnber of countries such as Mexioo 
and Yugoslavia. For exairple, in the Yugoslav ~ mining industry 
all projects for new plants and installations carried out from 1950 to 
1957 were designed within Yugoslavia even though many were also 
har¥iled l:1j foreign companies. '!his did not mean that the country was 
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in a position to rely exclusively on its own scientific and technical 
resources. Ql the contrary, it was necessary to farm out parallel 
contracts and to rely on specialised foreign consultants and experts. 

In selecting :machinery, equipnent, and other installations, which 
were of necessity imported, the RI'B (state copper mining carpany) 
carried out its own studies, had others performed by Yugoslav 
companies and, at the same time had others carried out abroad 
lll'rler contract by finns of specialists. 'lhis form of parallel 
contracting was, and is one of the JOOSt important of the channels 
open to Yugoslavia for training high-level professionals. (Jllllta 
1976, p 30). 

Here the extra costs incurred by parallel contracts can be seen to be 
m:>re than compensated for by the value of the training received, and 
by the savings realised in reducing errors and improving the quality 
of the technical work serving as the basis for the execution of large 
and expensive investment projects. 

2. steps to Maximise the I.eming Benefits from the Transfer Process 

'Ihere are many dimensions to the manner by which p.lblic sector 
enterprises might begin to use preparato:cy Ji1ase activities to create 
learning conditions during the investment piase. Certainly the first 
(and possibly the JOOSt important) is the existence of a commitment to 
this objective anDng management and decision makers. 'lhough the 
notion of 'conunitment' is an evocative concept (and one that can 
easily be dismissed) there is little question that it has been on of 
the key ingredients of those cases where effective technology transfer 
has taken place. 

For instance, sabato (1973) describes the efforts of Argentina to 
establish a nuclear power programme. His article lays a great deal of 
emphasis upon the deliberate ste-p.; that the Argentine nuclear 
authority took in Wilding upon indigenous capability in some aspecs 
of the technology. Saba.to stresses that: 

'lhe forenDSt objective of Argentine atomic energy policy has been 
to blild up an autonarous decision-making capability ••• 
Argentina's autonw:my as a sovereign nation can only be deployed if 
it has the proper know-how to choose and decide. (p. 25) 

When it came to planning the construction of the power plant at 
Atucha, one area where that decision making capacity was exerted was 
in relation to the supply of fuel elements: "It was then decided that 
offers ought to include explicit reference to the manufacture of the 
fuel elements in Argentina." In fact, the selection of west German 
over canadian suppliers was based precisely an the fonter's 
willingness to transfer fuel element technology in the face of 
Canadian intransigence on the same point. 

More generally, even though the main design and engineering services 
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and capital goods were to be inp>rted: 

••• CNFA was deeply interested in making Atucha the point of 
departure for a nuclear sector in Argentine industry. 'lb achieve 
such a ?JrpoSe CNFA specified that the offers for the Atucha 
project ought to contemplate a maximum participation of the local 
industry, covering not only traditional items such as civil 
engineering, ancillary services and the like, tut also important 
conp>nents of advance design am technology. (p. 32) 

'Ihese objectives were maintained through the negotiations with 
alternative suppliers, and played a significant part in assessing the 
final offers. In the erxi, local inp.its accounted for about 35% of the 
cost of the project. 

In another case involving the petrochemical irxiustry in Brazil, which 
we shall be discussing in nore detail bel01N, Sercovitch (1980) 
stresses that the fundamental reason for the success of the transfer 
of technological capabilities was the massive commitment to the 
concept on the part of PIDROBRAS, and its willingness to invest a 
sul:stantial aJrDUnt of resources to achieve it. 

Hence, the importance of 'commitment' is not an empty rhetorical 
concept. But obviously, beyooo simply making a political commitment 
much rore concrete step; have to be taken. Many of these involve the 
generation of information of various types. As a general principle, 
there would be a need to disaggregate the different components of the 
project by trying to define these in terms of both embodied 
(equipnent, blueprints, specifications) and disembodied technological 
inp.rt:s. It seems to me that such a listing provides an essential 
starting point for defining recipient needs under the capability 
heading. '!his listing would need to be produced as early as possible 
in the pre-investment piase and in as much detail as possible. If the 
knowledge to do this is not available, then presumably its generation 
could be one of the stipllations of the terms of reference for the 
feasibility, if not the pre-feasibility studies. It is quite easy to 
see that such a disaggregation would literally require its own separate 
exercise rather than being part of another study - this would in itself 
be a useful learning exercise since the degree of technical expertise 
needed to disaggregate a project in this way will obviously be 
considerable. 

After disaggregation, some type of ranking would have to be attached to 
the different elements that i.rxlicate the priorities of the recipient 
vis-a-vis a~ring one type of input over another. 

'!he way in which the recipient ranks these inp.Its would partly depend 
on the reasons why the enterprise is acquiring the technology and the 
context of its use, as well as the relative availability of the skills 
locally. For instance, an export-oriented fi:rm may decide that it 
needs to aCXlllire best practice techniques to stay canpetitive 
internationally - if this is the case it may also decide it needs to 
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acquire the capability to adapt and generate innovations on the basis 
of imported techniques. '!he types of skills required in this case 
will differ quite considerably fran those needed simply to operate 
and maintain the system, or to produce certain pieces of capital 
equipnent. Similarly, if the national plan proposes to erect 
successive plants (requiring similar inp.rt:s) over a number of years, 
for the first plant it might choose to concentrate its capability 
a~sition strategy oo a particularly important set of skills or a key 
type of process know-how which could be used as the basis for rore 
extensive local participation in ~ projects. '!he precise 
delineatioo and ranking of such capability/inp.rt requirements will 
naturally be a time consumirq process, becoming oore complex as the 
preparatory P'laSe l1DVeS forward and ever rore specific requirements are 
identified. consequently, it will be necessary to get the process 
um.ei:way as soon as possible in the pre-investment ?'lase· 

'!he second major type of information required "-10Uld be a survey of the 
relevant skills/capabilities which are available either within the 
recipient or am::mg looal suppliers. '!he survey \\10Uld need first to 
identify and evaluate available skills which are going to be 
llnmectiately adequate to meet the requirements of the project. In some 
cases, existing technical capabilities may need to be upgraded and 
steps can then be taken, either directly or through goverrunent 
intervention to assist local su:ppliers to meet demand, at the required 
time.1 

SUCh an inventory 'iNOU.ld, of course, also highlight the gaps that exist 
in the local pool of resources and as a result either total reliance 
on the su:pplier \\10Uld be necessary or else the transfer process 'WOUld 
need to be \lSEn as a learning vehicle to provide the skills to meet 
requirements in sutsequent transfer events. 

Once the enterprise has a clear idea of the capabilities required to 
mxiertake the transfer project it is considering and possesses an 
assessment of existing or J;X)tential capabilities in this area, it can 
begin to devise its approach to negotiation and the sutsequent 
investment P'laSe· It is at this stage that the recipient can 
detemine the degree of llllpackaging it wishes to achieve; identify the 
tasks that the supplier should uOO.ertak.e and those that it should 
mxiertake; determine the sort of training or actions it needs to 
conuoonce in order to ensure that local skills are available (and 
suitable) at the right time; and finally devise a negotiating strategy 
to ensure that enterprise erqineers, technicians, etc are included in 
the supplier's transfer activities in such a way as to facilitate the 
real transfer of technical know-how. 

1. 'Ibis further implies the need to develop a clear specificatioo 
regarding the scheduling of the project since this will give sane 
idea of the time horisons that need to be taken into consideration 
in plarming the training programmes needed to ensure that 
sufficient skills of the right type are available at the 
aR>J'.opriate time. 
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Ob\riously enough, resource costs will be involved in the use of local 
technology suwliers or in gaining suwlier acquiescence to allowing 
learning processes to take place during the investment phase. Both 
social arrl. private costs of a possibly sutstantial nature may be 
incurred in trying to use local suppliers who, for instance, may not 
be able to meet the technical specification required of them. Foreign 
suppliers, too, may choose to increase the price of their technology 
if asked to bid on projects where, for instance, they are expected to 
cany out training in novel or sensitive areas. Benefits on the other 
hand may also be considerable if the recipient is able to confidently 
source its requirements from local suppliers charging lower prices 
than foreign fi:nns. 

In relation to this p:>int, a third, particularly important exercise 
that will need to be carried out is the analysis am. assessment of the 
costs am. benefits likely to stem from attempts to develop 
capabilities through the transfer process. Wherever possible, such 
flows should be quantified in order to dellDnstrate to the recipient's 
management (or to the goverrnnent) the sort of return likely to accrue 
to investments in this area. For the public sector, a clear idea of 
the type of external economies likely to accrue will be necessary to 
justify this sort of investment. Obviously, it may prove extremely 
difficult to quantify these flows, though the capabilities are 
probably easier to pin down than the sutsequent benefits likely to 
flow from investments in learning during the investment :EilaSe· 
Nevertheless, since resource allocation can only be justified on the 
basis of returns to investment, I believe that these efforts to try to 
quantify the gains must be made by the enterprise - otherwise it may 
simply be unable to persuade the goverrnnent to support such a 
progranune. 

3. Search. Evaluation and StJRplier Selection 

'Ihe activities described above must be carried out as part of an 
iterative process of search and analysis which goes on through the 
entire preparatoy p.-iase. '!he 'search' component is particularly 
important since Illlch of the information needed to do to the sort of 
detailed analysis we have in mind can only be provided through 
successive rounds of interaction with technical experts and suppliers. 

Many 'lhird World recipients, of course, adopt a passive approach to 
information acquisition in the preparato:r.y :EilaSe (e.g. the example of 
the textile plant engineers in lecture Five) • '!hey are unable or 
unwilling to generate adequate information from available resources 
and hence tum to the services of foreign consultants. However, if 
the objectives of the preparato:r.y :EilaSe are to develop an informed 
'in-house' knowledge of the techniques available, the degree of 
unpackaging that is technically feasible arrl. of the types of 
capabilities required to provide the technological components of the 
project, then efforts to acquire that knowledge will need to extend 
well beyond local sources. Such search efforts become both a source 
of technical information as well as an important learning vehicle in 
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their own right. As the teams become oore familiar with the 
technology involved they will be able to be much oore specific with 
the questions they pose and the answers they are prepared to accept.2 
And though obviously important as part of the preparation for specific 
projects, search activities should ideally also become part of an 
ongoing process of information generation and the internal 
accumulation of capabilities undertaken by recipient enterprises. 
Junta (1976) contains descriptions of search efforts undertaken by 
enterprises in Yugoslavia, Japan and Czechoslovakia who have used 
overseas visits to Wild up both their general and specific expertise 
with regard to the technologies they use. In discussing the 
historical antecedents of the TK:M technologically 'self-reliant' 
copper industry in Yugoslavia, the report points out that: 

'lhe few scientists and technicians the RTB had at its disposal at 
that time undertook a campaign to survey the techniques to be used 
in designi~ new projects and extending those already in 
operation. '!his entailed, as a primary measure, an active review 
of existing techniques: the extent of this sw:vey may be gauged 
from the fact that, by the end of 1957, 40 countries had been 
visited. (p. 30) 

'Ihe same report includes a description of the technology policy 
underlying the developnent of the machine tool industry in 
Czechoslovakia. 'lhe Machine Tools and Machinery Research Institute 
played a significant role in this developnent, and used extensive 
search procedures not only to identify knowledge and information, tut 
to provide a basis for selective 'international scientific and 
technological cooperation' • 

Duri~ the past 10 years3 alone, experts from the Machine Tools 
and Machinery Research Institute have carried out 380 study triIS 
and visits to factories, institutes, exhibitions, seminars, and 
other events and institutions in 26 countries. 'lhe omervations 
and results of these visits are 'WOrked out in the fonn of travel 
reports and stored in the menory of the computer for subsequent 
use in the information system, which also includes experience 
gained in the following activities: international co~esses and 
symposia (organised by the Institute) on automation and 
programm.i~ in the machine tools industry, ncdel techniques in the 
metal "WOrki~ industry, and other subjects connected with the 
machine tools industry; scientific cooperation with research 
centres and institutes abroad; and visits of foreign technicians 
and experts to the MIRI, which has, over the past 10 years, 
received about 1700 visitors from 34 countries. (Junta 1976, p. 
39) 

2. Sercovitch (1980) br~ out this point very well in his 
description of search activities undertaken by Petroquisa. 

3. 'lhe report was prepared in the early 1970s. 
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In this case the llK>re widespread application of the results of the 
travel activities is related to the fact that the activities are 
undertaken not by a single enterprise blt by an institute servicing 
the entire p.lblicly owned industry. 

Another example from the report relates to the efforts of MITI in 
Japan to set up a petrochemical industry. Four firms were chosen to 
be the basic conduits by which petrcx:::hemical technology was to be 
acquired and assimilated. As an initial step in creating appropriate 
conditions for this assimilation, each finn: 

••• established a planning and developnent deparbnent initially 
with a staff of a - 10 professionals. 'Ihese were entrusted with 
the responsibility of surveying and selecting the four or five 
basic techniques required to set up the company's first 
petrochemical plant. (p. 23) 

Prior to negotiations with specific suppliers, these teams set out to 
develop a basic working knowledge of the technologies available, of the 
in-house conditions that would be necessary to facilitate assimilation 
and of the nature of international market conditions in which they 
would have to negotiate. Much of this 'INOrk was done on the basis of 
overseas visits to suppliers and customers. 

'Ihis point highlights an additional component of the type of 
technological survey discussed. above. When undertaken in relation to 
a specific project, such a survey not only provides infonnation 
regarding the range and nature of the technical options, it also 
necessarily widens the range of suppliers under consideration - indeed 
this should be an explicit objective of the survey. By expanding the 
range of options considered, the recipient will (probably) 
considerably improve the opportunities open to it of engaging in an 
effective transfer process with a willing and suitable supplier. By 
way of eq>hasising these points we can quote the Andean Pact report 
cited above which dra'WS on the lessons of the case studies it 
prepared in arguing that firms in the region should ad.opt: 

An active attitude [which] involves conscious weighing of 
technology alternatives in acx:x>rdance with the requirements and 
priorities at the national or sub-regional level: in other 'INOrds, 
an attitude that directs the technology constmler towards the 
international market of technology suppliers and leads to an 
increased understanding of the alternative techniques and sources 
available, their market conditions and technology proper. 

In economic terms, it could be aigUed that finns need to expend 
resources on exploring the range of alternative techniques and 
suppliers up to the margin where the costs of considering additional 
alematives equals the likely retums. 

However, in reality, m:::st '!hi.rd ~rld firms usually fall far short of 
this in their search efforts. FOr reasons associated with high 
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resource cost, severe time pressure, personnel shortages and simple 
inefficiency, these recipients are often content to rely on suppliers 
to come to them. Examples of this were given in Iecture Six - another 
pertinent one also relates to Brazil where a study carried out by MIT 
in the mid 1970s showed that in a sample of well over 500 finns (50% 
in the public sector) - 46% considered no other technology supplier 
than that which they used, 26% considered two alternatives or less -
indeed anong those that did consider alternatives, none included local 
sources. 

I am suggesting that in direct opposition to this passive approach that 
a considerable portion of the pre-investment phase activities be 
devoted explicitly to efforts to broaden the range of options 
considered. However, I am going much beyond this in suggesting that 
the recipient must also aim to use the information gained to allow it 
to approach prospective suppliers with a clear idea Of what it wants 
from the transfer process in terms of addition to both its productive 
capacity and its technological capacity. By using the preparatory 
phase to draw up a 'shopping list' of its technological requirements 
and to develop strategies for organising the learning dimension of the 
transfer process, the recipient's initial bargaining position will be 
enhanced. suppliers can be vetted according to their willingness to 
enter into negotiations on a clear understanding of the recipient's 
requirements. Similarly, the precise configuration of technological 
components that will make up project can be (where possible) developed 
and organised in order to create maximum opportunities for local 
sourcing and local learning. 

This approach has rarely been adopted outside of a few enterprises in 
the 110re advanced developing countries. It is my expectation that if 
it were adopted by 110re countries, recipients would create much better 
opportunities from which to use the transfer process to develop local 
capabilities. A good note to close on in this regard is an ol:servation 
drawn from the Andean Pact report mentioned above. After carrying out 
the case studies mentioned earlier, the Pact's research team then set 
out to discover what sort of search effort and criteria had been 
applied by finns ~rting technology into the iron and steel sector. 
'!hey discovered that throughout the Andean sub-region, technology was 
~ in packaged fonn, without acquisition of the knowledge and 
skills that lay 'behind' the packages. 'Ihe technology policy group of 
the Andean Pact Secretariat set out to find out the extent to which 
this was a necessary fact of life. With respect to the possibility of 
~rting the knowledge underlying equipnent and plant ~rts, they 
reported that: 

••• the mission ••• wished to find out the position of the major 
manufacturers in respect of the sale of designs and of the 110St 
essential parts of their machinery so that these could be 
manufactured in the sub-region if feasible. 

In nearly every case, the response was favourable •••• All of the 
manufacturers consulted, without exception, were willing to supply 
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the designs of any parts that could be manufactured within the 
country purchasing machinery from them. (p. 100) 

Comnents of this type could be replicated many times over - with 
respect to other sectors in relation to other countries. In short, 
because many recipient firn.s in developing countries adopt a passive 
attitude to technology search they fail secure access to core 
technological know-how that is essentially available to them if only 
they were prepared to ask for it! '!hey remain content instead with 
acquiring only Type A flows. However, this does not have to be the 
case. To illustrate this point I want to consider in some detail the 
technology transfer strategy that has now been adopted by Brazilian 
state enterprises operating in the petrochemical sector.4 

4. '!he Case of Technology Acquisition by Petrobras 

In the early mid 1970s Brazil through its state enterprises Petrobras 
and Petroquisa established two 'WOrld scale ethylene plants to meet 
domestic demand. '!he first plant was set up via a packaged, tumk.ey 
deal with very little local involvement in engineering (0%) or 
equipnent supply ( 30% local supply) • '!he second plant saw rrore 
Brazilian involvement in engineering (54%) and capital goods supply 
(65%) tut not in basic engineering and process know-how. 

When the decision was taken to tuild a third 'WOrld scale ethylene 
plant, Petrobras and Petroquisa undertook a major departure from 
their previous technology acquisition strategies. Instead of simply 
acquiring productive capacity and rather passively expanding their 
local involvement, they decided not just to continue to sul:stitute 
domestic for foreign hardware and engineering services tut also to 
attempt a technology transfer which 'WOUld allow them to 

.•. fully appropriate, roth in technical and legal tern.s all assets 
and skills related to state-of-the-art process know how, process 
design engineering and R&D in the ethylene field. (p. 23) 

SUch a strategy necessitated a very different approach to the problem 
of finding a suitable technology supplier. Petrobras were not only 
looking for someone with the right technology - the firn.s equally had 
to be prepared and capable of effecting a full and complete transfer 
of their core in the pre-investment phase technology (Type B flows). 
'!he whole orientation of preparatory activities was therefore devoted 
to identifying the right technology/supplier combination according to 
the criteria specified above. To do this, Petrobras first carried out 
its own extensive survey of the different technologies available to 
produce the type of product in which Perobras wanted to gain state-of­
art expertise. In doing so it ascertained that one type of technology 

4. '!his section is based on Sercovi tch ( 1980) and all the quotes are 
from this paper. 
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was ioost suitable and that this was in tum available primarily from 
four suppliers lNOrldwide: Linde (Germany), I..ummus (USA), Stone and 
Wetster (USA) , and Technipjlcr1I (Holland and France) • Petrobras issued 
a call for bids on a project with two ~nents. '!he first element 
of the bid was standard and related to the design and construction of 
an ethylene plant, and the second was much m:>re unusual for it 
contained an explicit call for these firms to subnit bids associated 
with ensuring the full and complete transfer of all the process know 
how to Petrobras.5 

After the bids were sutmitted, Petrobras evaluated them in Brazil tut 
before making the final choice of supplier, they entered into an 
extensive series of negotiations with the four suppliers in their own 
countries. '!he process of these negotiations as described below by 
Sercovitch illuminates precisely the sort of approach to the pre­
investment J;i1ase that I have been discussing throughout these two 
lectures. 

Before making the definite choice of technology and tasic process 
engineering supplier, CENPFS's officials spent several weeks 
visiting the US Germany and France. ruring their visits, they 
assessed what the bidders had to offer ••• then they proceeded to 
negotiate that content upwards by successive approximations to a 
deal involving as complete a transfer as possible •.• [and] advanced 
tawards increasingly high degrees of specificity in what they 
required. '!his way they covered everything from computer routines 
to material balances, and from there to simulation progranunes, and 
so on ••• the process took alx>ut two m:>nths of continuous 
negotiation during the first stage. (p. 38) 

'!hat process narrowed down the group of potential technology suppliers 
from four to two, stone and Wetster and Technipjlcr1I. '!he other two 
firms, I...ununus and Linde, dropped out because they were not prepared to 
meet Petrobras' demands regarding the transfer of process know-how and 
other elements of technical knowledge. Petrobras negotiated a further 
two m:>nths with Stone and Wetster and Technipjlcr1I and the contract 
finally went to Technip - although the preparation of the contract 
with Technip took two m:>re m:>nths of negotiations. Its iltix>rtant to 
note that all of this effort and many hundreds of manhours were 
invested by Petrobras even before the technology transfer process 
proper began. 

5. '!his request had the power of law as it was backed up by a decree 
passed by the National Industrial Property Institute (NIP!) which 
stipulated am:>ng other requirements, the transfer contract must 
include the delivery of all technical engineering data for process 
and product, including the methodology used to obtain these data, 
their u:pBting, promises of technical assistance. 
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'!he approach adopted by the Brazilians to the acquisition of 
technology is clearly an irmovative one that represents a new 
departure from customary technology licensing agreements which are 
negotiated and designed not to maximise the learning process rut 
simply to establish productive capacity. In these sorts of transfer 
arrangements some learning may take place as a byproduct of the 
transfer process b..rt it is not deli.berate and usually occurs very 
slowly. 

'!he deal that Petrobras concluded with Technipjlcr'I in fact has 
reversed this process: 

'Ihe recipient's technological learning is not left to oome out 
just as a byproduct of the deal. Rather, it is placed at its very 
core ••• the m:>st active i;:hase of the learning process does not 
begin once all engineering stages have been completed and the 
plant is ready for starting rut ••• when the basic process design 
engineering 'WOrk starts ••• learning is not nonnally focused on 
specific localised bits ••• rut on the whole Wlk of knowledge 
involved of all stages from the drawing board to the operating 
plant. (p. 36) 

Achieving this degree of involvement in the transfer process was the 
objective that Petrobras pursued when fonnulating and implementing its 
pre-investment strategy. 

* * * * * * * * * * 

I would like to draw out some of the oore general implications of the 
Brazilian experience by way of smmnarising my discussion in lectures 
Five and Six. First, the emphasis that Petrobras placed on acquiring 
technological capacity through the transfer process underlines the 
argunents we made earlier about the importance of exploiting the 
learning potential of the transfer process. Second, the strategy 
followed in the pre-investment ?'lase (which involved preparation, 
search and bargaining activities) clearly the crucial element in 
allowing Petrobras to identify the suppliers prepared to provide the 
sort of access and training necessary to fulfill their learning 
objectives. 'Ihe fact that the other candidates pulled out of the 
negotiations because they ref used to allow such access deIIDnstrates 
the crucial importance core technological know-how. 'Ihirdly, the 
conunittment that Petrobras clearly exhibited in pursuing the deal and 
in investing heavily in the learning process in the pre-investment 
stands in sharp contrast to the experience and attitude of public 
sector enterprises in other countries such as in the Venezuelan case 
described earlier, where the accumulation of technological capacity is 
not considered a primary objective of technology transfer and where as 
a result crucially important learning opportunities are constantly 
being missed and foregone. 
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Clearly, Petrobras is a special case. It is a large, successful and 
technologically very sophisticated public enterprise. It started the 
whole process described above from a strong position that alnDst 
certainly cannot be matched try lll)St other 'Ihird World state 
enterprises. Nevertheless, the approach taken and the step; followed 
provide some valuable insights into the way in which recipient f im 
and the supporting government institutions can organise pre-investment 
activities to maximise the learning potential of technology transfer. 
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PRICES a::mRACI'S, CIAQSES AND CONIRQL: BARGAINING AND TmJNQI..OOIES 
CAPACITIES IN '!HE TRANSFER PRCCE.SS 

Introduction 

In th.is lecture, I want to rrove the focus of our concern with the 
pre-investment phase into an analysis of the bargaining process 
itself. In lectures Five and Six, although I may have given the 
impression that bargaining had little impact on the ultimate 
contrib.ltion of the transfer process to capacity acet.nnUlation - in 
fact I was simply trying to compensate for the overwhelming arount of 
attention bargaining and short-run cost issues in general received in 
the literature and in policy debates in the 1970s. Bargaining is 
obviously an important part of the whole transfer process and in th.is 
lecture I VJOuld like to look at th.is issue as well as related concerns 
with restrictive clauses and other short-run problems. As in previous 
lectures I will retain my underlying concern with issues of capability 
acx:::umulation. 

Unfortunately, the relationship between bargaining and the 
acet.nnUlation of technological capacities has not been given adequate 
treatment in the literature or in policy research. '!his is because, 
as I pointed out in lecture 'lhree, of the focus of the developnent 
conmrunity on the high price of technology and of their sul:sequent 
desire to find ways to reduce th.is price. '!his biased concern then 
with price created gaps in our understanding of the role of bargaining 
in the transfer process that even to th.is day, the large number of 
studies carried out have only been able to partially fill. For 
instance, the analytical literature has tended to fonnalise the 
bargaining process into IOOdels based on game theory. In effect, these 
analyses set the upper and lower price limits faced by the b.lyer and 
seller and define the factors which infuence the tVJO parties in the 
process of reaching a mutually acceptable agreement. '!he IOOdels are 
then used to predict the 'outcome: of the bargaining situation which is 
usually defined in terms of a single agreed price. 'lhese sorts of 
analysis have been severely criticised for their inadequate and 
frequently incorrect simplification of a complex process into a 
situation where b.lyer and seller are adjudged to be of equal strength 
and to be concerned solely with price. In fact I shall show in the 
next section, where technology transactions are involved, bargaining 
takes place over a range of issues in addition to price, many of which · 
may be of equal or even nore importance to the .b.Jyer and seller. In 
seeking to define the amtract principles of behaviour in the 
bargaining situation, the analytical literature tends to ol:scure 
rather than illmninate many of the nost important issues which are 
involved. 

'!here is however a second stream in the bargaining literature of 
studies that are concerned with the empirical analysis of real 
situations (See Phillips 1976, Kaplinsky 1976, Desai 1972). '!his 
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literature somewhat overcomes the problem; of ab3traction described 
above and tems instead to em?'lasise and assess the ex>nf licts of 
interest which arise between blyer and seller over particular issues. 
Hence, these studies, by detailing the sequence of events and 
specifying the wide range of factors ilrpinging upon lx>th actors have 
provided a valuable counter balance to the myopic focus of the 
analytical literature. In particular, these case studies have usefully 
del!Dnstrated that political economy factors are frequently nDre 
important in ~ the outcome of the bargaining process than 
the strictly economic variables enpiasised in the analytical studies. 

1. Restricted Scq>e and Limited coverage of Technology 

However, despite the valuable insights provided by the empirical 
literature, there are still limits on the scope of our knowledge in 
this field. 'Ihese ex>nstraints are particularly problematic in two 
areas: the range of seller-blyer ex>ntractual relationship:; situations 
on which we have empirical data, and the specific nature of 
ex>ntractual negotiations that take place over what might be called the 
technological elements. J.k>st of the empirical case studies mentioned 
above centre on technology transactions which involve transnational 
ex>rporations as the seller and developing country goverrnnent or a 
large public enterprise as bJyer. Transactions where these sorts of 
entities are on opposite sides of the bargaining table tend to exhibit 
a particular set of characteristics which distinguish them f ram the 
bJ.lk of transfer activities which occur between North and South. 
'Ihese transactions (between 'INCs and developing C01.D1tries) often 
involve large scale and sometimes complex production processes which 
rely on a fairly high degree of sopti.sticated technical knowledge. 
'!he projects are usually of quite long duration and require sizeable 
aJtDUnts of capital expenditure in lx>th atsolute terms and in relation 
to the average level of investment in the economy as a whole. Finally 
because of the notoriety acx:::orded to the transnational ex>rporations in 
the literature and in the pop.llar press, any project in which they are 
involved tems to attract a disproportionate am::>Unt of attention and 
eootional response. 

However. as I noted in lecture 'Ihree, many other types of supplier and 
recipient are involved in technology transactions: unfortunately our 
limited knowledge of these cases means that one can only speculate as 
to the importance of bargaining in detennining the nature of the CX>Sts 
and benefits which flow from these activities. As Cooper and Maxwell 
pointed out in their 1975 study, there was a presmnption that little 
or no bargaining occurred where relatively straightforward purchases 
of machinery are involved. In point of fact there is, as these 
researchers were able to show ronsiderable evidence to suggest that 
even these apparently silrple transactions are significantly JtDre 
complex (and costly) than was previously assumed in the literature. 
If this is so (and we must stress that there are very few case studies 
available on this fonn of transfer) then it is likely that some fonn 
of bargaining must take place. 
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'!he same argument can probably be applied to those transactions where 
imependent b.lyers and sellers are involved and in which some fonn of 
license agreement is reached between the 'bNo parties. A good deal of 
infonnation exists regarding these sorts of transaction rut, as we 
shall see in the next section, this infonnation primarily consists of 
the ex-post details of the final contractual agreement rather than any 
assessment of the bargaining process which culminated in the contract. 
We know, of course, that a number of countries have some fonn of 
institutional mechanism for vetting arxi approving technology 
contracts. studies of the performance of these registries have shown 
that a certain number of contracts are rejected because they contain 
restrictive clauses and tenns which are forbidden by law. leaving 
aside questions about the effectiveness of this procedure, it tNOuld 
appear these rejected contracts are frequently negotiated and 
successfully resubni.tted to the vetting agency. Unfortunately, once 
gain we have little information on the nature of the re-negotiations 
which must both oocur between blyer arxi seller, and between these 
firns and the vetting agency. 

I tNOuld argue that this general lack of detailed information about the 
nature of the bargaining process has become increasingly costly as the 
incidence of arm's length transactions has increased over time. Policy 
makers trying to devise interventions to improve the corrlitions urrler 
which technology is aCXIuired in these con:litions have thus had to 
formulate '(X>licy on the basis of inadequate infonnation and possibly 
incorrect assunptions. 

'Ihese problems are likely to be particularly acute if the government 
hopes to improve the technology related rather than price-related 
aspects of the transaction. once again, lack of empirical infonnation 
causes difficulties for any attenpt to conceptualise the role of 
technology in the bargaining process. I have argued throughout this 
series of lectures that the key feature of technology transfer is the 
way in which this process impedes or assists the accumulation of local 
technological capabilities. 'lhe twin asst.mptions in the mrgaining 
literature (and the urrlerlying '(X>licy debate) that price is the IOOSt 
important issue and that bargaining detennines the price tells us very 
little about the interaction between transfer of technology and 
capacity accumulation. 

In particular is is generally not at all clear what, if any, sort of 
negotiations take place over the specifically 'capability relevant' 
elements in the transfer agreement. Some of these elements lNOUld be 
the nature arxi extent of training provided by the supplier; the degree 
of access to 'core' technical knowledge; the extent of recipient 
participation in the transfer process; the tenns on which the 
recepient can car:ry out his own adaptation and R & D (or bring in 
inp1ts/technical assistance from local suppliers not approved by the 
foreign supplier. 'Ihese arxi many other elements (discussed in the 
next bJo sections) are crucial aspects of the capability accumulation 
process - yet the literature of the 1970s gave little irrlication of 
the degree of importance which the recipient attached to achieving a 
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favourable agreement on these issues. I ~d argue that even today 
many recipient f irns would believe that the extra short-run financial 
costs likely to be associated (by the recipient paying a higher price) 
with gaining supplier acquiescence on these issues during negotiatons, 
\tJOUld prohmly not be oonsidered 'Werth the long run returns to 
increased capability accumulation. 

It is equally unlikely that the supplier would be willing to agree, for 
instance, to massive recipient participation in the engineering and 
design process unless it were sure of receiving an adequate retmn for 
the possible loss of these valuable assets. As a resu1 t, the supplier 
will probably give the highest priority to deflecting the recipients 
interest in CiCXIUiring particular types of technical knowledge by 
giving concessions (after 1lUlCh prolonged 'tactical' debate) on what it 
considered relatively non-essential elements. Alternatively, the 
situation may also exist where the supplier 'WOUld in fact be willing 
to do oore training, local design or process adaptation than it 
initially offers if the recipient applied the proper aoount of 
persuasion. 'lhere is evidence to suggest that this is a c:onmon 
characteristic of many technology transfer negotiations (see, for 
instance, Jtmta 1976). 

Unfortunately, as we noted in Lectures Five and Six, the recipient firm 
frequently fails to exploit these relatively easy opporttmities to 
increase its access/accumulation of what may be quite important skills 
or areas of technical knowledge by failing to press hane its 
advantage. Whether this failure is because the recipient was unaware 
of the chance for action during negotiations or because it s~ly 
lacked the ooti vation, the outcome is the same. Much of the 
'dependence' of 'lhird World finns on extensive and continuing imports 
of foreign technology is the result of the failure of these finns to 
exploit to the fullest extent possible, the opportunities available to 
them within the current structure of the international technology 
market. 

'lhis line of argument ~lies that effective action to use the 
bargaining process to increase the contril:ution of technology 
transfer to capability accumulation is possible at ooth the firm and 
the national level. 'lhe central problem appears to lie with the 
failure of the recipient to either be aware of or be willing to 
exploit the opportunities to increase its level of technical skill. 
However, there are a number of ways in which goverrnnent intervention 
could provide considerable help during the negotiation process. For 
instance, some form of institutional mechaniSl'IS could be set up (or 
existing ones reoriented) to effectively ensure that technology 
contracts (and indeed all transactions subn.i.tted for approval) fully 
exploited the capability accumulation opportunities inherent in the 
project. 'Ibis could be done through ex-post vetting (as with existing 
registries) or through direct support to the recipient during 
negotiations. 'lhis support could be through means of technical advice 
and/or financial sub:>idy to offset the higher costs involved in 
getting the supplier to allow ac:x::ess to certain categories or 
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appropriated technical knowledge. 'lhere may, of oourse, be a oonflict 
between the government's capability objectives, which might actualy 
increase short-run costs and its desire to reduce the price of the 
technology acquired abroad - rut as will be discussed in Section 3, 
the oonflict is likely to be 100re present in theory than in practice. 

2. Terns and Conditions 

We rDN IOOVe away from discussing the slightly anoqi'l.ous 
characteristics of the bargaining prcx::ess an:i ooncentrate instead on 
analysing the 100re concrete outcome of the prcx::ess - the technology 
oontract. Much of the available data an:i analyses which oontribltes 
to the discussions of price in the literature comes, in fact, from the 
examination of technology oontracts which have already been agreed to 
and are currently in force. As we shall see, many of the biases an:i 
shortcomings in the discussions of the price issue reflect the 
inadequacies l:x>th of the evidence gleaned from the technology 
contracts an:i of the analytical treatment of this data. Nevertheless, 
as I shall also argue, the oorrect compilation and analysis of the 
info:rmtion oontained in oontractual agreements can oonstitute an 
important guide to formulation of policies on technology, price and 
acquisition at the national level an:i for individual finns entering 
into their own negotiations. In this section I shall be examining the 
specific oontents of technology contracts, while in the next section I 
discuss some of the salient analytical characteristics of these 
agreements. 

'!he Technology Contract: What it is and what it is not 

Despite the strong weight given in the literature to the technology 
oontract, it is important to note that, al though a good deal of the 
flow of technology between countries is covered by some f om of 
technology oontract, we really have little idea of just how large a 
share of the total this is. J.t>reover, in addition to those ind.ividual 
transfer events not covered by contracts, even when a oontract does 
exist, a sizeable chunk of technology transfer probably occurs outside 
the tenns of the agreement. In l:x>th cases, we have no way of knowing 
if the sample of contracts available for analysis is in fact 
representative of the total population of technology contracts and 
technology transfer events! Although the discussion that follows 
takes place within these parameters and even when we limit our 
attention to reviewing the available literature on technology 
oontracts, we are nevertheless referring to a very wide variety of 
oontractual agreements. 

In general tenns, a technology oontract, by definition, is a 
'menorandum of the agreement reched by the negotiating parties and a 
legal doclil'nent binding each of the parties to the tenns of the 
agreement for a specified pericxi of time.' 

Although this is adequate to define the universe of agreements that we 
are dealing with, it is difficult to operationlise this definition of 
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a technology contract in any meaningful analytical sense. '!his is so 
because there is vecy rarely a case where a single contract covers all 
aspects of the transaction. A single contractual document may be used 
when a vecy narrowly specified element of technical knowledge is being 
supplied, such as an item of machinery, or the services of a specific 
individual. However, as one begins to m:>Ve to transactions of greater 
scope and towards the m:>re complex forms of transfer c::omronly covered 
by a license contract between supplier and recipient, the parties 
involved tend to conclude a rnnnber of fairly specifically defined 
agreements all of which relate to a single industrial project. 

Although m:>st transactions are covered by a multiplicity of agreements 
covering different i;:hases or aspects of the transfer prcx:::ess, the 
literature does not usually make any distinctions between different 
agreements when examining the clauses these contain. Al though these 
studies give the impression that the transactions under review are 
defined by a single document, there are some itens in the literature 
which do specify the range of agreements involved. For instance, 
Kaplinsky (1976) analyses the contents of separate agreements defining 
the joint venture relationship between Anglo-American and the sambia 
Government. 'Ihese are the Master Agreement, 'Ihe Heads of Agreement, 
'!he Menorandum Articles of Association, 'Ihe Management Contract, 'Ihe 
Purchasing Contract and the Marketing Agreement. Another typical set 
of contractual agreements reviewed below contains a Master Agreement, 
Shareholders Agreement, a SUpply and Construction Agreement (with 2 
appendices) and a Management Consul tapnt and Technical Setvices 
Agreement. 

A close examination of the contents of the different agreements 
covering a transaction 'INOUld reveal that, although they may seemingly 
relate to different aspects of the transfer, they may not be mutually 
exclusive with regard to specific issues they cover. It is quite 
conmon to find that, whereas the recipient may be given certain 
guarantees or rights in one agreement, these may be revoked or 
superceded in subsequent clauses or agreements. Consequently, any 
policy oriented review of contractual agreements must take account of 
the entire set of agreements referring to a specific transaction, 
since only by analysing all of these various agreements will it be 
possible to acquire a full picture of the terms and conditions 
governing the relationship between the two parties. 

Functions of a Tec:hnology Contract 

'Ihe central functions of a technology contract are to delineate the 
conunitments of both supplier and recipient in relation to the specific 
transaction. At a general level, the cononitments of the supplier are 
usually of two major types: Firstly, the contract stip.ll.ates that the 
supplier grants the recipient the legal right of access to the company 
owned or controlled technological assets as they are specified in the 
contract - i.e. know-how, patents, trademarks, equipnent etc. 
Secondly, the supplier undertakes to furnish the requisite type and 
anDUnt of information, technical assistance and other components or 

110 

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



services necessary to fulfill any performance requirements, output 
targets or quality levels set out in the contract. 

'Ihe conunitments of the recipient can also be grouped under two 
headings. 'Ihe recipient agrees to exploit or utilise the transferred 
rights, know-how or equipnent in accordance with the tams of the 
contract. Correspondingly, the recipient must pay any agreed royalties 
and other remunerations to the supplier in accordance with the tams 
of the contract. 

Contracts also perf onn an important legal function which can be 
crucial to the interests of ooth parties. '!his function is to 
precisely delineate the legal and other procedures to be followed in 
ameliorating any difficulties or conflicts that may rise between the 
two parties during the tenn of agreement. It is increasingly 
recognised that the clear specification of these procedures is vital 
where a Northern supplier and a 'Ihird World recipient are involved, 
particularly if the recipient is a public enterprise, because of the 
higher degree or risk of inherent conflict that might exist between 
the parties. 

In addition to its legal and connnercial function, the technology 
contract plays a much oore fundamental role in defining the 
relationship that exists between supplier and recipient. In Lecture 
'Ibree, I emphasised that one of the main characteristics of different 
transfer mechanisms was the degree of control exercised by the 
supplier over the transfer process and the recipient's productive 
activities. Establishing and maintaining control is crucial for the 
supplier to be able to meet its objectives in relation to the 
transaction. the technology contract is one of the devices used by the 
supplier to formalise control. 

In general, the empirical and conceptual literature has recognised ooth 
the explicit connnercial and legal characteristics as well as the oore 
implicit control function of technology contracts. '!he contents of 
the contracts have tended to be divided into two group; which reflect 
this perception of the dual purpose of contractual agreements. 'Ihe 
first group relates to all those clauses and aspects of a technology 
contract which have some impact on the total price of the 
transaction. 'Ihe second group brings together the clauses which 
relate to restrictions imposed upon the recipient's use of the 
technology. 'Ihese clauses, which are now CXJnlllOnly referred to as 
restrictive b.Jsiness practices, are assl.IlllE!d to be related to the 
efforts of the supplier to exercise control over the recipient. 

Clearly these two group; of clauses are very closely related and 
frequently overlap, with a single clause affecting both the price of 
the technology and the control function. Moreover, their oore or less 
simultaneous existence in a single contract is the result of the same 
set of contextual factors. However, for our purposes I prefer to 
discuss these issues separately. '!his is not because I do not 
recognise the interconnection, rut rather that I feel that the 
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literature (as well as policy maker and recipient finn.s) does not give 
sufficiently explicit attention to the issue of control, either with 
reference to the tenn.s of contractual agreements or in relation to the 
entire transfer process. 'lherefore, in the discussion that follows, I 
will concentrate primarily on the price-related clauses in 
contractual agreements. I will deal explicitly with the issue of 
control in technology contracts in the next section. 

It is im};xlrtant to note that since I will be concerned largely with the 
content of technology contracts, I will not be able to treat in any 
detail a mnnber of factors which, in effect, define the fonn of the 
transfer process to which the contract relates. .Annng others, these 
factors nay be: the type of transfer mechanism involved, the equity 
relationship between the supplier and recipient, the elements of 
transferred technical knowledge covered by the contract, or the nature 
of the bargaining process which precedes the conclusion of a contract. 
Clearly these variables and the relationship between them will 
influence the precise fonn that the technology contract nay take. For 
the llDllle!lt, however, I will be holding these factors constant, arrl 
will only introduce them into the discussion whenever necessary for 
purpose of clarification. 

In preparing this section I have drawn fairly heavily upon the 
extensive literature in this area. '!he following area those items 
which have been used in detail, although where necessary I have 
referred the reader to the much nore explicit treatment of items in 
the original source. 

(a) Chapter IV of the UNCI'AD Guidelines (1972). '!his discusses in 
general tenn.s some of the analytical problems associated with the 
analysis of contractual agreements. 

(b) A UNIOO document - 'Guidelines for the Acquisition of Foreign 
Technology with Special Reference to Licensing Agreements' (1978), 
which discusses in slightly nore detail the various types of 
contractual clauses arrl their negative effects on the recipient. 
It is aimed at f inn.s arrl host goverrnnents negotiating license 
agreements with foreign suppliers and is intended to assist them 
in avoiding the im};xlsition of unfair contractual tenn.s. 

(c) A document p.lblished by the World Intellectual Property 
Organisation, called 'Licensing Guide for Developing Countries' 
1980. '!he relevant section is a highly detailed treatment of the 
content of technology contracts (especially licensing agreements). 
It describes the function of each group of cluses and is very 
valuable because it gives detailed examples of many clauses. 

(d) M.A. Cklle (1986). '!his study has very strong dependencia 
orientation arrl is highly critical of current patterns of 
technology transfer in that area. It is valuable because it 
provides a detailed listing of restrictive b.Jsiness practices to 
which I will refer in my discussion. 
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(e) C. Vaitsos' book, Intercountry Income Distri.bJtion 1974, (Chapters 
IV and V). 'lbese chapters refer explicitly to the content and 
implication of the contractual agreements registered in the Andean 
Pact countries in the mid-late 1960s. Vaitsos is specifically 
concerned with transfers which take place through means of foreign 
investment. 

3. Clauses Related to the Price of Technology 

As noted above, one of the prime objectives of the supplier in 
concluding a technology contract is to ensure that it receives an 
acceptable price for the technology it provides. '!be supplier has 
open a number of channels through which it can extract payment from 
the recipient. In the literature these channels are usually divided 
into two categories: clauses that refer to direct costs, and those 
clauses which result in indirect costs to the recipient. 

A. Direct Costs 

Direct costs refer to those charges which are specifically identified 
in the contract as payments to be made to the supplier. 'lbese 
payments may take two general forms. 

(i) Charges for the right to use patents, licenses, know-how and 
trademarks. 

(ii) Charges for the supply of specific elements of technical knowledge 
that may be required try the recipient in the pre-investment, 
investment or operating stages. 

'JYpe Ci) direct costs 

Type (i) direct costs are usually of two kinds - recurrent payments and 
lump sum or one-off payments. Royalties are the nost comrcon form of 
recurrent payment used in technology contracts relating to the nnre 
complex forms of 'packaged' transactions. 

'Ihe precise wording of royalty clauses will obviously differ from 
contract to contract depending on the situation. Below, a con:mon 
wording is given, taken from a contract for a patent license. 

In consideration of the Patent License granted here-under try the 
Licensor to the Licensee, the Licensee agrees to pay to the 
Licensor during the term of this Licence or for the duration of 
this Patent, whichever is earlier, royalties in the anount of 
(figures)% of the net selling price of the Product manufactured 
and sold in the exclusive territory for manufacture and sale try 
the Licensees and sold or otherwise disposed of in the non­
exclusive territory for sale to the extent to which, upon 
manufacture, the product includes an invention claimed try the 
Patents. 
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Royalty rates are usually fixed as a percentage of some base category 
specified in the agreement. The nost COIIU'OC>n royalty base is on gross 
or net sales although other bases have been identified such as per 
unit of output/gross profit, value of imported components etc. 

The royalty percentage rate tends to vary quite widely depending on the 
technology involved and, of oourse, the relative bargaining power of 
the ttNO parties. Around 2-5% is asst.nned to be about average for 
oontracts using gross sales as a royalty base. For oontracts where 
the royalty base is linked to productivity or profitability (value­
added), the rate tends to be somewhat higher, usualy around 10%. 
However, value-added is used as a base much less frequently than gross 
sales even though it is argued to be a :nore reasonable yard stick of 
the oontribJtion of the tec::hnology to the recipient oomrnercial 
activities. 

By using gross sales as a base, the supplier's retuin is not tied in 
any sense to how efficiently or effectively the recipient uses the 
tec::hnology. 'Ih.e supplier is guaranteed a retuin as soon as the first 
unit of the c::onuoodity produced with the tec::hnology is sold. 
Obviously, from the recipient's point of view, using gross sales as a 
royalty base has a number of disadvantages. It makes no allowance for 
downward fluctuations in productivity (due to increases in costs, 
input prices etc.), yet penalises the recipient when sales go up. A 
value added royalty base, on the other hand, would give a much better 
idea of the oontribJtion of the imported systems to recipient 
productivity. In this case, suppliers would possibly be :nore 
inclined to ensure a fuller, :nore effective transfer. 

A mnnber of govermnents have placed legal ceilings on the size of the 
royalty rate. SUch limits, although necessary, probably do little to 
reduce the overall total returns to the supplier since, as we shall see 
below, he is able to increase the size of the payment under other 
headings which, in tum, maintains his overall rate of profit. More 
problematic, however, is the refusal of nost suppliers to shift their 
royalty base away from gross sales towards value added. Since this is 
in the interest of both recipient (unless it is a \'DS) and host 
govermnent, it would appear to be a useful and relatively easy 
intervention to make. But there is little evidence that host 'Ihird 
World govermnents have taken advantage of this option. 

llm1p sum payments oonstitute the seoond fonn of payment under type (a) 
direct costs. 'Ihese are simply outright financial payments by the 
recipient which are made all at once or spread out over a period of 
time. They may either replace royalties as the fonn of payment or be 
combined with royalty payments, so that a fixed sum, say $1m., is to 
be paid at the begiming of a project, with additional royalty to be 
paid annually thereafter. In this case, the lump sum payment may be 
viewed by the supplier as a payment for its past R & D or for 
disclosure of basic infonnation. 'Ibis combination of the ttNO is very 
frequent and is usually employed for tax purposes. 
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'Ihe elements covered by the lump sum may be the same as those covered 
by royal ties, i.e. right to use patents, trademarks, etc. Or else it 
may also be related to the use and/or purchase of specific elements, 
in which case it plays the same fl.DlCtion as a fee. Usually, the items 
covered by a lump sum payment are specified in the contract, as well 
as the precise aioount being paid for each element, as the following 
clause illustrates: 

In consideration of the grant of Industrial Property License, the 
supply of know-how and technical information and the provision of 
technical services, the Parties hereto agree on the aioount of -
consisting of the following: 

(i) 
(ii) 

(iii) 
(iv) 

Industrial Property License 
Know-how 
Technical Information 
Technical Services and Assistance 

'IOI'AL 

'Ihe use of lump sum payments may or may not have advantages for the 
parties involved. Frequently, as mentioned above, tax considerations 
are involved when different tax rates apply to the bNo categories of 
payment. It may be nore convenient to use a lump sum payment when no 
continuing relationship between supplier and recipient is necessary -
perhap; because the transferred element is sinple, easy to assimilate 
or can be transferred all at once. For the recipient, it does have a 
minor advantage that payment obligations are fulfilled all at once 
avoiding the necessity of continual supervision of the payment flows. 

HcMever, the major criticism that has been advanced against lump sum 
payments is similar to that levelled against royalties based on sales. 
Both of these are, in effect, fixed costs which are not tied to any 
measure of productivity. In the case of a lump sum payment, the 
aioount is often determined on the basis of some assumed level of 
perfonnance. (001.e, 1979). As with royalties, additional clauses may 
be inserted in the contract that increase the aioount of the payment. 
'Ibis frequently occurs 'When payments are spread out over time. 

Type (ii) direct costs 

'Ihe second category of direct costs relates to payments that may have 
to be made for specific services provided by the supplier of the 
technology. 'Ihe literature divides these costs into three categories. 

(a) training progranunes for recipient's personnel. 

(b) specific technical services performed by the supplier. 

( c) use of expert personnel provided by the supplier during the period 
of the contract. 
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'!he con:litions oovering the supply of these facilities and services are 
usually specified in detail in the contract. '!he extent to which the 
recipient actually extracts from the supplier a conunitnent to provide 
the services sulEumed under these three headings depems largely upon 
the bargaining power of the recipient during negotiations. 
Particularly in those contracts where the supplier's return is not 
tied to the efficiency of the recipient's use of the technology, a 
priori, the supplier really has little or no notivation to go to any 
extra expense under these headings. Where equity considerations, such 
as joint venture or wholly owned subsidiaries are involved, it is of 
course 100re likely that it will be in the supplier's interests to 
ensure that the recipient has access to all the factors necessary for 
commercial viability. 

Whatever the equity position, it is in the supplier's interests to 
shift the larger part of the actual costs associated with these 
categories of activities onto the recipient. And, depending on the 
relative bargaining power of the two parties the supplier may also try 
to extract a 100nopoly rent for providing these services. It is 
unlikely that any exact figure will be agreed upon for these services 
and then entered into the contract. '!he usual situation is for the 
wording of the clause to imply that the supplier will estimate the 
value of the costs involved and stiptlate when this is to be paid by 
the recipient. Even where a value is entered, provision for revision 
of the price is usually made in the contract. Pages 95-110 of UNIOO 
(1978) discuss in detail the various clauses relating to the various 
types of direct cost discussed above. 

It is interesting and instructive to note that the relevant literature 
rarely discusses the implications of this particular set of clauses in 
any detail. In the 'Ihird World oriented discussions, they are 
primarily viewed as cost items that need to be considered in 
evaluating the total cost of the transaction - and as such should be 
reduced as much as possible during bargaining. '!he specific content 
of these clauses and their (non-price) technological implications for 
the recipient is given little attention. '!his bias presumably 
reflects the biases of both academic researchers and (probably 
slightly less so) those 100re directly involved with negotiating and 
implementing contracts. 

I underline this lack of concern because, as I shall argue in lectures 
Eight and Nine the activities carried out under these clauses (training 
and the provision of technical services) can be extremely important in 
detemining that the recipient fully exploits the benefits of the 
transfer process. A wide range of elements of technical knowledge 
could be potentially acquired via these activities. Some of this 
infonnation is likely to be quite crucial. Unfortunately, it is not 
at all clear that recipients or host government recognise the 
importance of these activities. '!he extent of their concern and the 
details of what takes place is frequently defined al.Joost exclusively 
by the suwlier during negotiations. 
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'Ihis activity could bear directly upon the technological capabilities 
of the supplier to support the 'core' technology that is being 
transferred. Obviously the supplier will be willing to allow access 
to the standard areas of operator training, and to provide (for a 
price) the anount and type of technical support required to fulfill 
the terms of the contract. However, these conduits, in fact could 
lead to nore. Recipient fims could p.1Sh far training to be extended 
to maintenanance, quality control, trouble shooting and possibly low 
level innovative activities. 'Ihey could seek to have their own 
personnel much nnre extensively involved in the relocation and 
transfonnation activities that the supplier :normally carries out. 'Ihe 
provision of technical services could be organised to allow full 
participation of the recipient and the effective transfer of the 
expertise needed to carry out tasks usually performed (at recipient 
expense) cy" the supplier's personnel. 

'lb achieve this objective, however, the recipient must first be able to 
specify the extent and nature of participation and must be prepared to 
negotiate very hard over these clauses. In many cases the recipient 
could gain a great deal m:>re lll'Kier these headings with relatively 
little effort and cost - m:>re a case of missed opportunities (through 
willing aCXIUiescence, ignorance or incompetence) rather than options 
blocked cy" supplier intransigence. Where recipient demams begin to 
impinge upon what the supplier considers essential to his quasi­
nnnopoly, the negotiations will be difficult and the terms of access 
probably very much higher than might otherwise be the case. It is my 
contention that higher prices might well be justified because of the 
longer run benefit to recipient capability developnent - a position 
obviously in conflict with traditional concerns to give the 'Ihird 
World cheaper and freer access to technology. 

B. Indirect costs 

'Ihis category of contractual costs covers a fairly wide variety of 
clauses in technology contracts which will have some effect on the 
overall price of the transaction. It also encanpasses those aspects 
of contractual agreements which create operational conditions that 
result in costs to the recipient finn and to the econany which are not 
necessarily specified in the contract. 'Ihese can be grouped lll'Kier the 
following five headings: (i) costs associated with the operational 
characteristics of the contract itself; (ii) costs resulting from 
restrictions on the recipient's production and marketing activities; 
(iii) costs associated with the capitalisation of know-how cy" the 
supplier: (iv) costs associated with requirements that the recipient 
p.JrChase intermediate inputs, raw materials, capital goods, etc. from 
a party or parties designated cy- the supplier; and (v) costs 
associated with profit repatriation. 

( i) costs associated with the functioning of the contract 

Every contract will have a rnnnber of clauses which set out the tenns on 
which the agreement is to be implemented. 'Ihe cost element in these 
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clauses in some cases may be quite explicit, yet in others the impact 
on the price of the technology is nDre subtle. 'lhese clauses relate 
to the following aspects of the contract: 

(a) 'Ihe duration of the agreement: the lerqth of time which the 
contract is in force has a direct bearing on the size of the total 
payment stream. SUppliers and recipients may have conflicting 
objectives over this point; the supplier will wish to maintain 
the agreement as long as possible in order to maximise the revenue 
flow; however, it will be in the recipient's interest to limit 
the duration to the minimum period necessary to allow full 
assimilation of the technology. When the time period is 
restricted because of government regulation, the supplier may 
demand a higher royalty rate and/or lump stnn payment in return for 
a shorter time period. 

(b) 'lhe tenns for renewal of the contract. M:lst otservers reconunend 
that renewal clauses should be included in order to allow access 
to new technology from the supplier. However, it has been found 
that in some cases these clauses require the recipient to pay 
additional royalties for technologies transferred in the previous 
agreement as well as any royalties for technology supplied during 
the subsequent period. If in fact there has been a significant 
change in conditions, then it is advisable to oompletely 
renegotiate a new contract, particularly if the recipient is in a 
stronger technological position. 

( c) 'lhe tenns of expiration or tennination of the contract. 

(d) Remedial mesures for specified types of default which involve 
direct charges for failure to meet or carry out the tenns of the 
contract. 

(e) External arbitration procedures in the case of conflicts not 
covered by (iv) above. 

Groups (c), (d) and (e) clauses can all have financial inplications for 
the recipient which need to be taken into aCCOlDlt in evaluating the 
cost of the contract. unless there are major disagreements during the 
life of the contract the additional costs associated with these 
clauses may be minimal. However, conflicts are quite frequent in 
contractual relationships between f inns in the North south, 
particularly where the host government is directly involved. Given 
the contrasting objectives of the parties involved, it is widely 
argued that conflict is inherent in alnost all technology 
transactions (Kaplinsky, 1976). As a result, it is perhaps best to be 
explicitly prepared to deal with these conflicts in an agreed-upon 
manner. Consequently, these clauses may be quite crucial since 
prolonged and contested arbitration of disp.rt:es can involve 
significant costs for all parties, in addition to those costs already 
enshrined in the contract. 'Ibis is particularly true where early 
tennination or nationalisation is involved, since the size and tenns 
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of the compensation agreement will obviously be influenced by the 
relative power of the parties in the arbitration process. 

(ii) Costs resulting from restrictions on the recipient's production 
and marketing activities 

'Ihe group of clauses and practices which fall under this heading fom a 
significant category of indirect costs. In addition, they reinforce 
the supplier's control over the recipient and are partly intended to 
prevent the recipient from competing either with the supplier or with 
other recipients of the supplier's technology. 

'Ih.e bargaining process and the recipient's ability to resist the 
imposition of these clauses are a crucial deteminant of the extent to 
which these clauses become part of the agreement. Most of the clauses 
reviewed below have been deemed restrictive b.Jsiness practices by 
UNCTAD on the grounds that 'no reasonable economic rationale can be 
found for their inclusion in a technology contract'. It is 
interesting to note, however, that suppliers are, in fact, able to 
offer quite excellent reasons to support their inclusion since they 
tend to protect the supplier's competitive position. 'Ih.e 
'correctness' of either position is perhaps conceptually debatable, b.It 
in practice tends to be irrelevant. What does matter from a policy 
point of view is the extent to which the recipient or host government 
is able to organise itself to fend off the imposition of these 
clauses. 'Ihe outcome, as we shall see, can be very heavily influenced 
by direct action on the part of recipient or the host government. 

'Ihe specific wording of the clauses will differ quite widely so there 
is little point in describing each clause. Below we list the main 
group:; of clauses and/or restrictions that come under this heading. 
'Ihese are taken from a variety of sources and are discussed in Irore 
detail in UNIOO, 1978; WIFO, 1980; and 001.e, 1979. 

(a) restrictions on the volume of production and the scope of the 
recipient's other (non contract related) production activities. 

(b) restrictions on obtaining know-how, equipnent and services from 
other suppliers for the manufacture of products which are deemed 
competitive by the supplier. 

(c) designation of a territory or geogra?iical area where products 
manufactured with the ~rted technology may be marketed. 

(d) correspondingly, restrictions on exports either totally or limited 
to certain areas; requirements for the suppliers' approval of 
sales outside designated territory supplier. 

(e) price fixing of final and intemediate products; requirement of 
supplier approval for prices; differential pricing schemes for 
products marketed in different territories, particularly those 
requiring higher prices for exported products. 
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(f) requirements for quality control practices which effectively limit 
output or else require recipient expenditure on technical 
services, testing procedures, etc. 

(g) similar restrictions related to the recipient's use of trade marks 
and brand names. 

(h) requirement of supplier's approval for recipient pronotional and 
marketing schemes. 

(i) clauses requiring the recipient to give exclusive sales or 
marketing rights (both domestic and export) to supplier or 
supplier designated outlets. 

Indirect costs which result from the implementation of these clauses 
are of three types. 'Ihe first type is constituted by expenditures by 
the recipient which are necessary to fulfill the requirements of the 
clause. 'Ihese are relatively esy to identify and estimate and relate 
to (f) I (g) and (h) above. 

'!he second type of cost is primarily an opportunity cost and relates to 
the revenue foregone by the recipient as a result of limiting 
production, restricting its exports to areas designated by the 
supplier, and fixing the price of output. These opp:>rtunity costs are 
extremely difficult to estimate and relate to group:; (a), (b), (c), 
(d), (e), (f), (g) and (i). 

Finally, costs can result from clauses which impede the efficient use 
of the inp:>rted technology such as clauses (a), (f) and (h). 'Ihese 
are, of course, closely related to opp:>rtunity costs and may result 
from the same clauses. For instance, a restriction which limits 
output levels may prevent the recipient from attaining potential 
economies of scale ((a), (f) and (h)). Price fixing and restricted 
exports can also cause a similar problem which results in fixed costs 
being spread over a less than optimal output base. 

All of these indirect costs contain both a private and social element 
which need to be disentangled before any accurate assessment of total 
cost can be made. There is likely to be considerable divergence in 
objectives over this point between the host goverrnnent and the 
recipient firm particularly if it is in the private sector. 

(iii) casts associated with the capitalisation of know-how by the 
sypplier 

A COJTlll¥'.)n characteristic of technology contracts is that the supplier 
may take part of its payment for technology in terms of an equity 
share of the recipient. This may occur both when recipient and 
supplier are independent and when some form of equity participation 
already exists. 

In the latter case, capitalisation of know-how effectively increases 
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the supplier's ownership share of the recipient without increasing the 
supplier's capital contril:ution, while in the former, it gives the 
supplier an equity participation with no capital contrihltion. '!his 
is a device frequently used as part of an acquisition strategy by a 
supplier trying to establish a gradual presence in a local market 
without uridertaking the sizeable conunitment required to set up a 
suhsidiary. ( Newf anner, 1979) • Al temati vely, recipient f inns 
frequently see it in their interests to exchange equity shares for 
technology in order to ensure that the supplier is fully conunitted to 
the transaction. Although this seems a rational strategy for a strong 
recipient, it may be disastrous for a weak firm. such a recipient may 
be unable to exert countervailing pressure against supplier efforts to 
control its activities, or else may still fail to extract full benefit 
from the transaction because of fundamental technological 
inadequacies. 

'!he effects of know-how capitalisation constitute an indirect cost to 
the recipient for the use of technology which may, in effect, already 
be paid for through royalties and fixed payments, and through profit 
remissions in the case of wholly owned suhsidiaries and joint 
ventures. '!he costs associated with this practice will result from 
the following actions undertaken by the supplier. '!hose actions may 
frequently be explicitly included in the technology contract. 
(Vaitsos, 1974, discusses this point in more detail.) 

(a) '!he supplier may stipulate the payment of dividend charges on 
equity shares granted by recipient as part of the capitalisation 
deal. 

(b) Alternatively, the supplier may extend a loan to the recipient 
related to the alleged value of the technology, which may or may 
not be converted into equity at the end of a specified period. In 
this case, interest payments on this 'debt' constitute an indirect 
cost. 

(c) Particularly in the case of \-m and JVs capitalisation may reduce 
tax payments by enhancing the capital base of the recipient 
company through capitalising intangible assets (know-how, 
technology etc.) and reducing the factor on which tax coefficients 
are estimated. 

(d) Physical plant provided by the supplier may also be capitalised 
with effects similar to (c) above with one added benefit for the 
supplier. Frequently the tangible assets supplied may be machinery 
which has already been depreciated by the supplier in its home 
country and hence have an alternative value of nearly sero. 

(iv) Indirect costs associated with repatriated profits 

'lhis category of costs relates to the situation where the supplier has 
a major equity share in the recipient firm, either as a wholly owned 
suhsidiary or joint venture. '!his equity participation entitles the 
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supplier to a share in the profits earned by the recipient. The 
remission of these prof its to the parent may in part be adjudged as 
payment for technology. However, serious conceptual and analytical 
difficulties arise in connection with trying to ascertain which part 
of the profit flow relates to the technology transferred. 

Foreign investors are c:onutDnly represented as providing a collection or 
'package' of in:puts of which technology is only one part. The parent 
finn's objective function is to maximise its total returns on the 
collection of factors of production which it supplies to all 
affiliates. Largely as a result of the intra-company nature of these 
resource flows, the parent company has open to it a number of channels 
of what Vaitsos calls 'effective profitability remission' through 
which it can arbitrarily repatriate profits. These channels are 
declared profits, direct technology charges such as royalties and lump 
sum fees, and indirect charges like those being discussed in this 
section, such as interest payments and transfer pricing. (Because of 
his specific concern with foreign investment, Vaitsos in fact treats 
these two indirect costs slightly differently and refers to them as 
separate channels of profit remission.) Consequently, the level or 
rate of declared profits, which were usually the main resource flow 
examined in conventional economic analyses of private foreign 
investment, may seriously understate the true effective profit rate. 
This has serious implications for government tax revenues since m::>St 
governments assess taxes on declared, rather than effective, profits. 
In addition, given the arbitrariness with which the parent finn 
allocates resource flow between all remission channels,. it is 
extremely difficult to identify what portion of total profits should 
be allocated as technology payments. 

However, the level and extent of taxation is often a major point of 
contention in negotiations as foreign investors attempt to extract tax 
concessions from the host government as the 'price' for establishing 
production facilities. Hence, even where a technology contract does 
not exist between parent and sul:sidiary, there is frequently a tax 
agreement of some sort which sets out the terms agreed to between the 
parent finn and the host government. Where contracts do exist, 
taxation clauses are usually included. Given the often long tenn 
nature of technology contracts, the levels of tax which are 
established can have significant revenue implications for both 
supplier and host government. In general, Third World governments 
have been very lenient on the issue of tax on foreign corporations and 
as discussed above, have failed to fully exploit their bargaining 
leverage on this issue. As the typical sample clause shown below 
reveals, tax concessions are frequently very comprehensive. 

The Government shall: ensure that the Company shall be exempt, 
during the period in which the foreign long-tenn loans are 
outstanding, from paying or having imposed upon it any taxes, 
duties or levies, including tut not limited to the following: 

1. Income tax (corporate and personal) 
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2. Corporation tax 

3 . Property tax 

4. Excise duty tax 

5. Wi tholding tax 

6. Surtax 

7. Import tax, tariffs or duties (either during the construction 
and start-up Iilases of the CXMPLEX or afterwards upon the 
inports of fuel and chemicals and spare parts) 

8. Taxes provided for under the tax acts: and 

9. Any other taxes or levies or impositions created either in 
Country A ... under any existing or future laws with regard to 
the site, the <X>NCFSSION ARFA, THE CXMPLEX, the equipnent and 
machinery set forth in Appendix I of the supply and 
Construction Agreement, the products of the complex, and any 
profit said to be derived from Y's (foreign fim) execution 
of its obligations under the SUpply and Execution Agreement, 
and also the Company shall ensure that, if any such taxes, 
levies or impositions are paid by Y or the Company (JV), or 
if Y or the Company should µ.irchase in Country A for use at 
the c:x:MPLEX any goods or services which are burdoned with any 
such taxes, levies or impositions, the Government shall 
reimb.lrse Y or the Company within thirty days of the despatch 
of an invoice from Y or the Company. 

In short, the above joint venture project and the supplier involved are 
completely relieved of any tax burden whatsoever in connection with 
this particular transaction. If, as is often the case, such clauses 
are included in a contract which also contains restriction on the 
recipient's access to essential elements of the supplier's technical 
knowledge, then it is difficult to see exactly what type of benefits 
flow to the host economy from technology transactions. An interesting 
point to note is that taxation agreements negotiated with individual 
firms frequently contradict or counteract the objectives of national 
tax legislation. Tax laws are often administered by a different 
ministry or agency to the one involved in technology negotiation. 
'Ihese sorts of policy contradictions between different government 
agencies are very connron and serve often to obstruct or negate efforts 
to implement a coherent national technology policy. 

(v) Costs associated with the purchase of inputs from the sug;>lier 

Clauses requiring the recipient to purchase a whole range of inputs 
from the supplier are frequently found in contractual agreements 
involving the supply of nore or less 'packaged' technology. As a 
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result, a great deal of attention hs been given to the revenue effect 
of these tie-in clauses in the literature and in p:>licy measures. 'Ihe 
available evidence seems to indicate that payments received for tied 
purchases may represent a significant source of profit for suppliers, 
particularly where restrictions are imposed on the size of nore 
conventional payments such as royalties and fees. 

'Ihese 'tie-in' clauses may relate to the supply of equipnent of all 
sorts, spare parts, intermediates and components, raw materials, 
technical services, personnel, etc. 'Ihey take a number of different 
fo:rnis in the contracts depending up:>n factors such as the astuteness 
of the recipient and the existence (or not) or legislation prohibiting 
their inclusion. In some cases they may be quite explicit as the 
example belOW', related to intermediate product purchases, 
dem:mstrates: 

For the elaooration of product, covered by article No • • • in the 
contract, the licensee is required to p.irchase all necessary 
products, (raw materials and intermediate products) as recoonnended 
by the licensor, from the source that the licensor indicates. 
(Vaitsos) 

Usually these are backed up by clauses, mentioned above, which give the 
supplier the right to set prices for these intermediates which are 
'agreeable' to the recipient. 

Alternatively, the tie-in requirements may be stated nore implicitly or 
subtly as the follOW'ing clause relating to machinery purchases shows: 

'Ihe installation and any eventual nodif ication or amplication of 
the licensee's plant will be subject to the approval of the 
licensor; ••• such purchases for (machinery) will be subject to the 
licensor's consent. 

In this case, supplier consent or approval is required by the 
recipient. '!his, in effect, gives the supplier the right to 
determine where the recipient will get its machinery simply by 
rejecting all those of whom it does not 'approve'. '!he same effect 
can be achieved through restricting or prohibiting the use of local 
materials or suppliers. 

Restrictive clauses relating to quality control, patents and 
trademarks are still another way of tying the recipient to the 
supplier for its component of raw materials requirement. 'Ibis is done 
simply by requiring the recipient to denonstrate that all its inp.its 
a~red from other sources are of sufficient quality to ensure a 
product of a sufficiently high standard to satisfy the supplier. If 
not, the supplier is given the right to ensure the availability of 
intennediates of the right standard. 

Even without explicit tie-in clauses the technical requirements of the 
transferred process may, in effect, impose the same restriction. 'Ihe 
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supplier may schedule the transfer in such a way as to ensure 
dependence by the recipient, or else specify inputs which may be best 
suited to supply. 'lhis is frequently the case when, although 
alternative inputs might be usable, they may require minor alterations 
to the process or operating parameters. 'Ihis would be ruled out by 
the process supplier to ensure the use of his inputs. 

'lhe cost element in these tie-in clauses has four components. 
Firstly, there are the opportunity costs involved in not being able to 
purchase inputs on the open market where they may be available at a 
ItDre competitive price. When the required inputs are available 
locally, this then also implies an impact on local suppliers who are 
not given the opportunity to provide inputs to the local recipient. 
In this case, the opportunity costs involved may be considerably ItDre 
significant since these restrictions affect local capability 
develop:nent. 

Secondly, the supplier may succeed in negotiating a release or 
reduction in the rate of tariff that applies to imported inputs. 
Tariffs, like the revenue taxes discussed above, are important 
sources of revenue and of control over foreign exchange flows and 
their reduction or elimination may impose additional costs of a 
sizeable nature. 

'lhircUy, the supplier is able to create a rconopolistic position vis-a­
vis the recipient partly by specifying required inputs and partly by 
imposing tie-in requirements. 'Ihis allows the supplier to 'over 
price' the inputs he provides well above their price on a competitive 
market. 'Ihe degree of ItDnopoly rent which the supplier can capture 
depends upon the strength of his quasi-ItDnOpoly - which in this case 
is very strongly determined by the recipient awareness of prices of 
alternatives and as well as its bargaining ability. 

'lhe extent of over-pricing tends to vary quite considerably between 
sectors and even between products. Likewise, the size of overpricing 
also varies, with figures ranging from 5% to as high as 500% above the 
market price, being reported in the literature. '!here is evidence 
that the importation of intemediates, including capital goods, tends 
to rise as a percentage of the total import bill as import 
sul:sti tution proceeds. Because of the great diversity of the input 
requirements of many final stage assembly and processing industries, 
the potential for overpricing is considerable. 'Ihe nost well 
doa.nnented sector where overpricing has been shown to occur is the 
phannaceutical sector where intermediates often acx::ount for up to 80% 
of the total materials import bill. (See Vaitsos, Ch. IV). Although 
it is unlikely that these levels are maintained in other sectors 
nevertheless, the loss of tax revenue resulting from overpricing could 
conceivably be quite sul:stantial. 

'lhe problem of overpricing relates directly to the final component of 
indirect costs which may occur under this category of clauses, and 
which differs significantly from the other costs that we have been 
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discussing. 'Ihese are costs which result from the transfer pricing of 
comm:xlities, which are traded internationally by fiill\S which have 
affiliates, joint ventures or wholly owned sursidiaries in a m.nnber of 
countries. Where equity relationship exists, the requirement that 
recipients acquire these comm:xlities from the supplier is detennined 
not by contractual tie-in clauses rut because the recipient is under 
full control of the supplier. Contractual clauses to this effect nay, 
of course, exist in the case of a parent-sutsidiary transaction and 
there is some evidence (Helleiner, 1973) that transfer pricing nay 
take place between independent firms through nnitual agreement. 
However, the essential problem is that the price of the trar..saction is 
not affected by the operation of market forces. 

Below, Sanjaya Iall sets out the differences between trade in 
intermediates that takes place between independent f iill\S as opposed to 
that which occurs between firms with an equity relationship. 

'!he fact that a transaction involving transfer or sale of goods 
takes place within a finn, regardless of whether or not the f inn 
spans different countries, and the finn is free within broad 
limits to assign whatever price it likes to those goods, means 
that the traditional theory of pricing in competitive, 
oligopolistic or m:>nopolistic markets ceases to apply to the 
process of transfer pricing. '!he essential difference is simply 
that in transactions on the open market or between unrelated 
fiill\S, the b.J.yers and sellers are trying to maximise their profits 
at each other's expense, while in an intra-finn transaction the 
price is merely an acx::ounting device and the t\tJO parties are 
trying to maximise joint profits. It is possible that the 
aexx>unting price nay approximate the ann's length price of the 
goods (the price which would obtain in an open-market, or in a 
transaction between unrelated parties) ' rut certain! y there is no 
presumption that this should be so: any other price is equally 
plausible, and the conditions mentioned below will detennine 
whether the actual transfer price will deviate from the ann's 
length price. (Iall, 1973) 

In fairly simple teill\S, if suppliers are able to nanip.U.ate transfer 
prices in this fashion, then by structuring their profit and loss 
aexx>unts they can show nruch lower rates of profits than nay really be 
the case. In turn, this means that the revenue base, and hence tax 
revenues, are greatly reduced. Transfer pricing is an extremely 
important channel of profit remission within international fiill\S since 
it creates the opportunity for large implicit income flows which are 
much m:>re difficult to detect and tax than the explicit income flows 
of royalties, fees, declared profits, etc. 

'!he avilable evidence suggests that transfer pricing poses very 
sizeable policy problems for all country governments, not just 'lhird 
~rld nations. '!here is already an extensive literature on the 
subject and a m.nnber of conferences have been convened to try to 
detennine ways of establishing if these practices are used, in which 
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sectors, in which countries and, if so, how they should be controlled. 
Clearly, it is an issue which also extends well beyond its 
relationship to tied clauses in technology contracts. 

4. Technology COntracts and Control by Syppliers 

In the introduction to this lecture, I argued that contractual 
agreements serve a crucial function in helping to fonnalise the 
control that is exercised by the supplier over the transfer process 
proper and over the activities of the recipient. At a fairly general 
level, we can identify two broad objectives of the supplier in 
establishing and maintaining control through contractual agreements. 
'Ihe first objective is to maximise its profits from the transactions 
within a given set of constraints. I have already discussed how 
contractual agreements are used to achieve this objective. 

'Ihe supplier's second objective in maintaining control relates to the 
necessity to protect its quasi-oonopolistic position in the technology 
market. (Cooper and Hoffman, 1981). By providing recipient finn with 
access to its IIDOOpolised assets (particularly technology tut also 
trademarks, patents etc.), the supplier may be creating a potential 
competitor. If the recipient were able to use the transferred 
technology to develop its own capabilities, it could conceivably, 
after a period of time, function independently of the supplier in the 
same markets. 'Ibis could lead to a reduction in the market share and 
hence the rate of profit of the original supplier. suppliers usually 
explicitly reoognise that this potential exists and consequently will 
try to prevent or otstruct the efforts of the recipient to develop its 
own indigenous capabilities. 

At a fairly general level, we have already argued that this type of 
reasoning underlies the concept of license agreements which gives the 
recipient only temporary access to the supplier's technology instead of 
outright ownership. M:>reover, this is also one of the reasons why, as 
was discussed in lecture 'Ihree, the supplier tries to organise the 
transfer process so that it does not provide the recipient with the 
technical knowledge which gives rise to its oonopolised assets. 

M:>re specifically, the supplier will use the contractual agreement to 
achieve this second objective in a number of ways. Firstly, by 
specifying what is actually provided to the recipient. Secondly, by 
giving itself control over certain crucial decision-making functions 
of the recipient. 'Ihirdly, by minimising its risk and ensuring 
control of the outrome of conflict. Fourthly, by restricting the 
ability of the recipient to undertake and appropriate any innovation 
or adaptation on the i.np>rted technology. Fifthly, by restricting the 
possibility of the finn continuing in the market as a competitor after 
the agreement has expired or diffusing the technology to other finns. 
'Ihe set of clauses which I will be examining below will obviously also 
have an impact on the 'price' of the technology, in addition to those 
discussed in Section 3. However, they are likely to have a far 
greater effect on the longer tenn developnent of the technological 
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caP,ilities of the recipient fim, which is the area where I wish to 
focus my comments. 

A. S,pecification of the 'l'echnology to be Transferred and the 
Responsibiities of the ~ier 

In Lecture 'lllree, I introduced the notion of packaging and the various 
ways in which the supplier may combine various productive factors 
within a single transaction. For this reason, from a research point 
of view the contractual agreements which set out what elements and 
services the supplier will provide can be a very useful inf omation 
source on what tht:! recipient is obtaining urxler the agreement. 

'Ihe degree to which the elements to be supplied are actually spelled 
out in detail will vary depending on the contract and the outcome of 
the bargaining process. In the agreement reviewed below, it is 
specified that the seller shall cany out nearly every activity 
associated with the transfer including construction of plant, 
selection of equipnent and all design and engineering activities such 
as: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

structural and civil engineering, and the preparation of 
bills of materials for all structural items. 

General and detailed flow sheets. 

Specification for all machinery, piping, electrical equ.ipnent 
and materials. 

Selection of machinery and equ.ipnent. 

Technical data for erection of machinery. 

layout drawings of the mills and of each deparbnent. 

Detailed drawings for piping and electric wiring. 

'Ibis degree of packaging clearly has inplications for the price of the 
transaction (as discussed above) • However, it also means that the 
recipient plays no role at all in crucial technological activities 
which, in this case are the source of the supplier's quasi-nDnopoly -
i.e. engineering and the specification and selection of equipnent for 
this particular productive activity. 

Up until the early 1980's rrost of the existing studies of contractual 
agreements had not examined in any detail the actual elements of 
technical knowledge which are oovered by the contract. As the above 
exanple denonstrates, some contracts do, in fact, list the transferred 
elements. Depend.in;J on the detail supplied, it may be possible to 
detemine where the recipient actually acquires technical knowledge 
and where it is sinply the passive receiver of artifacts produced by 
the supplier, such as engineering specification, plant layout 
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drawings I etc• 

It is in the supplier's interest to provide the recipient with access 
only to limited bits of know-how, which do not present a threat to its 
quasi-m:>nopoly, such as that offered in training progranones which 
provide recipient personnel with operational and possibly maintenance 
know-how. Several recent studies of contractual agreements have shown 
that 

Licensing agreements (in Jamaica and the rest of the caritman) 
provide (local) producers with access to the m:>St si.nple and 
unimportant elements of technology. Basically, the contracts make 
allowance for their use of the specifications, formulae, problem­
solving and promotional assistance of licensors. However, in no 
instances do we see provision made for the licensee to acquire a 
design capability, to conduct or participate in product and 
process irmovation, or to be exposed to technology of a sort that 
could possibly prom:>te their technological developne:nt over time. 
(Ckile and Arthur, 1984, p. 42) 

There is some limited evidence that recipients are occasionally able to 
ensure that the transfer of technical knowledge takes place at all 
levels - the 1£>ckheed - case study by Hall and Johnson (1974) is a 
case in point. (Reviewed in detail in lecture Nine). However, this 
type of situation, especially for 'Ihird W::>rld firms, is the exception 
rather than the rule, and these firms rarely seem to exploit the full 
learning potential of the transfer process, either because they choose 
not to or because of their weak bargaining position. 

This aspect of the contract also relates to any guarantee clauses in 
the agreement. '!he nature of supplier's guarantees can be quite 
important to the recipient. 'Ihese require that all technology and 
inp.its will be of a certain standard, will be capable of achieving a 
specified level of production, and that all inp.its, drawing, 
specifications, etc. will be supplied within a certain time period. 
In the case of the supplier failing to meet any of the conditions laid 
down, guarantee clauses will usually detail arbitration procedures and 
the terms of any penal ties. In some cases, these clauses may be 
important, particularly if complex or 'leading edge' technologies are 
involved on which the supplier may wish to strictly control access to 
the technology after the deal has been concluded. Hence, a loose or 
vague specification of what is to be provided with costs to be 
'detennined in due course' will allow the supplier considerable freedom 
to manoeuvre the pace and form of the transfer to meet changing 
conditions that affect his profitability. 

B. Exercise of Control over Pecision Making within the Recipient 

Depending on the nature of its quasi-m:>nopoly, the supplying firm may 
seek to control certain strategic management functions carried out by 
the recipient company. '!his may be accomplished in a mnnber of ways 
that may or may not require contractual agreements. '!he m:>St obvious 
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case where contracts are not necessary is where the recipient is a 
wholly owned sutsidiary. HoWever, contractual agreements are also 
frequently used to pre-enpt management functions in the areas of 
finance, capital expenditure, marketing, p..trehasing, R & D, etc. 'Ibis 
may be achieved implicitly through clauses which require supplier 
approval of certain actions. 

we have already discussed some of these clauses in relation to 
p.irchasing of inp.lts, pricing, quality control, etc. Al though 
restrictions on these activities may have an effect on the overall 
price of the transaction, they are also individual levers of control 
which, when added together, may give the supplier effective control of 
significant areas of recipient activity. Kaplinsky discusses another 
fom of implicit control exercised in the joint venture between Anglo­
American and the sambian Goverrnnent. (Kaplinsky, 1976). 

In addition to these implicit means of gaining control over management 
activities, frequently, the supplier may be given explicit 
responsibility for running the recipient production activities 
utilising the transferred technology. 'Ibis is IOOSt c:omnDnly done by 
means of some fom of management contract, which may or may not be 
part of some wider set of agreements. Likewise, the foreign firms 
which actually undertakes the management function, may or may not be 
the original supplier of the technology. One c:omnDn arrangement is 
for a technology supplier to establish a separate management company 
which will undertake management contracts ooth for recipients of the 
parent's technology as well as for other firms. 

'Ihe contractual agreement will usually contain specific clauses 
detailing the management functions to be undertaken by the supplier. 
'Ihese may give the supplier outright responsibility or else be couched 
in terns which require the recipient to take decisions only after 
consultation with suppliers, or 'after receiving the supplier's 
approval' • In addition to the function already mentioned in the 
discussion on indirect costs (d), other clauses giving the supplier 
control over the following activities have been identified. (001.e, 
1978). '!he management company is given the responsibility to: 

(a) supervise design, engineering, purchasing and construction. 

(b) establish and enforce schedules, cost controls, accounting and 
reporting sys~. 

( c) authorise expansion of capacity and requisite materials purchases. 

(d) purchase and sell capital assets. 

(e) organise insurance over operations. 

Where management is undertaken by supplier it may be on a day-to-day 
basis, or on the basis of frequent rut regular intervals. 'Ibis will 
depend in part on the nature of the production activities, with IIDre 
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c.onplex continuous process industries such as mining or chemical 
production, requiring day-to-day supervision. M::>re standardised 
methods of production may need only frequent checks on quality control 
and materials handling, and this stipulation may or may not be 
s:pecified in the contract. 'lhe crucial as:pect of this situation, 
which may be formalised in the contractual agreement, is that the 
supplier is usurping the recipient's management function and in so 
doing may be preventing the developnent of critically inportant 
skills. 

c. Risk Minimisation 

As we have noted, one of the supplier's overall objectives is to exert 
control and thereby reduce the threat to its quasi-nDnoJX>lY. In 
addition to those means already discussed, the literature recognises 
that there is a set of clauses explicity designed to legally minimise 
the risk of the supplier in entering into the agreement. 'lhese 
clauses relate to the following issues: 

(i) Exclusivity (or non-exclusivity) - tmder an exclusivity 
clause, the supplier may not provide the technology to other 
fi:rns (or use it himself) within the designated area given to 
the recipient. Usually, the supplier will prefer non­
exclusivity because this will not unduly restrict the scope 
of his operations. On the other hand, the recipient's 
interests are best served by an exclusive right to exploit 
the technology. 

(ii) Assignabili ty - these clauses cover the right of the 
recipient to assign the right to use the technology if the 
ownership of the recipient changes. 'lhe supplier may seek 
the right to rescind the agreement if ownership changes -
particularly if the new owner is technologically ItDre dynamic 
than the initial recipient. 'lhe existence of these 
restrictions is a serious constraint on the actions of the 
recipient and can have a serious impact on the diffusion of 
the technology through the economy. (Arthur, 1978) 

(iii) Indemnification - a c::omron provision in contracts is that 
each party agrees to rei.mb.lrse the other for any legal 
danages which may result from being involved in the contract. 
Although this clause should relate to both parties, 
frequently only the supplier is indemif ied against danages. 

(iv) Force Majeure - this clause protects the parties from 
claiming for defaults in the event of circumstances which are 
not under their control. 'Ibis provision is not usually found 
in contracts. '!his lack may have serious consequences for 
the recipient required to pay minimum royalties in all 
circumstances, even if outside events force a reduction or a 
halt in operation. ~lly, the clause may also be s:pecified 
so as to allow the supplier to evade responsibilities for 
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delays in providing inputs which may really be under his 
control. 

(v) Arbitration - perhaps the JOOst important issue c:xwered under 
this heading relates to the terns and process of arbitration 
to be followed in any disp.rte. Every contract agreement 
should have a detailed specification of the procedures to be 
followed. Frequently, the supplier will insist that the 
disputes should be settled in the courts of the supplier's 
home CO\Dltry and be adjudicated under the laws of the 
supplier's home CO\Dltry. Alternatively, there may be a 
provision for recourse to an international body such as the 
International Cllamber of camoorce. '!he specification of 
these clauses has often been found to be biassed strongly in 
favour of the supplier (~e, 1979; Kaplinsky, 1976). 

'lhese may relate either to disputes which cx::cur during the life of the 
agreement, or to issues that may rise at the termination of the 
agreement. As mentioned before, termination clauses may include 
provisions which can be quite expensive to the recipient, or to the 
host goverment where nationalisation cx::curs (Kaplinsky, 1976), and 
which allow the supplier a large measure of freedom to teminate the 
agreement without showing 'due cause' • 

D. Restrictions on Ma,ptation and Innovation 1:¥ the Recipient 

A rnnnber of clauses have been identified which appear to be designed 
specifically to impinge upon the recipient's innovative activities. As 
discussed atove, these restrictions are a crucial part of the strategy 
of the supplier to protect its quasi-ronopoly. Below, I draw on the 
lNl:>rk of ~e, (1979); to discuss the form of those clauses which 
relate to the following issues: 

( i) Recipient i.Jgwements to the inmrteci t.echnology. Recipient 
efforts to improve or adapt the technology may be explicitly 
forbidden. More frequently, functions such as R & D, quality 
control, trouble shooting, major maintenance, may be carried 
out by the supplier for any innovative activities, as the b.10 
examples below denonstrate: 

During manUfacture the (recipient) agrees to follow the 
drawings subni.tted by the licensor, and will not be 
allowed to deviate from them without his consent. 

'!he (recipient) is committed not to ItDdify or improve 
the said (product) , nor the machines using it, without a 
written authorisation for this procedure from the 
(supplier). 

(ii) Access to externallY generated inprovements to the 
technology. As mentioned previously, the recipient may be 
restricted from gaining acx::ess to other technology suppliers 
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either locally or abroad. In relation to any improvements 
the supplier might make, the evidence is contradictory. In 
some cases, the recipient is denied access to any 
improvements - either explicitly or else simpy by the 
supplier omitting to info:nn him. New innovations may have to 
be covered by a completely new agreement. 'Ihese clauses 
explicitly restrict recipient's access to supplier's 
improvements. 

'Ihe fi:nn granting the license is not obliged to divulge 
to the licensee plans of the parts or sub-assemblies 
that he (the licensor) will himself assemble or hly 
within his OYJn country. 

Another restriction limits actual manufacture: 

'Ihe (licensee) is committed to using the licensor's 
drawings or other documents once only, i.e. he can only 
make one piece or the corresponding part indicated on 
the drawing for each design and will not be able to 
manufacture or re-use other equipnent or machinery which 
derives wholly or partly from (the licensor's) designs. 
Should extra items be needed, a new special agreement 
will be drawn up. 

On the other side, however, there will obviously be cases 
where the supplier may be willing to provide recipient with 
new innovtions, e.g., where the recipient is owned by the 
supplier, or where the rate of return to the supplier will 
improve if the recipient can use the new innovation to attain 
a greater share of the local market. In either case, 
depending on the related requirements, this may inhibit the 
recipient's efforts to undertake any innovative activities. 

(iii) Rights of OYJnership of local innovations. Despite imposing 
restriction on innovative activities, the supplier will 
recognise that improvements will frequently be made by the 
recipient. Consequently, the supplier will at~ to 
appropriate the recipient's innovations, as these clauses 
detail: 

'Ihe grantees of the license will hold an exclusive, 
divisible, and continual licence covering all 
improvements, patented by the licensee. '!his license 
may be used for the licensor's profit, both in his 
territory and in the rest of the 'WOrld. 

In the case of a patent registered by the (recipient), 
the (supplier) will have the advantage of a free license 
of exploitation exclusively, and will be able to grant 
sub-licenses freely to its sutsidiaries. 
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Corresponding to these clauses usurping the recipient's right 
to own its own innovation, the supplier may also attempt to 
oblige the recipient to pay royalties on any increased profit 
it gains as a result of its innovation: 

If the national fi:an nm.ifies the (product), increasing 
its value, the licensor will be able to demand a 
reasonable increase in royalties for (the product) where 
this nm.ification occurs. 

E. Restrictions on Diffusion 

suppliers' efforts to restrict diffusion of its technol~ are 
directed at two possibilities. The first relates to the ability of 
the recipient to become a competitor after the expiration of the 
agreement and the second refers to the spread of the technology to 
other firms. 

( i) Restrictions on the recipient after expiration of the agreement. 
This is the essential characteristic of llK)St contractual 
agreements as it implies that the recipient has no ownership 
rights over the technology. 

The (recipient) is granted no property rights, as the rights 
are only licensed and cease when the agreement ends. 

The practical implication of this requirement is that the 
recipient is supposed to return to the supplier the technology 
covered by the agreement inuneditely after its expiration. 
Frequently, the recipient may also have to return any equipment 
originally provided by the supplier if the technology is embodied 
in the machines. There may be explicit clauses to that effect. 

The (recipient) will not be able to use the machinery when 
the patent expires. (The licensor) will be able to b.ly it 
at the end of the agreement under the following conditions: 

If the patent expires within a year: at the price at which it 
was bought; 

If the patent expires in the 2nd year: at 25% less than the 
price at which it was 
bought; 

If the patient expires in the 3rd year: at 40% less than the 
price at which it was 
bought; 

If the patient expires in the 4th year: at 70% less than the 
price at which it was 
bought; 
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If the patent expires after 4th year: at no cost at all. 

'!here may also be restrictions placed on the recipient acquiring 
other technology to compete in the same market. For instance: 

'lhe national party to the agreement will not be able to 
devote him.self to the same activity nor one competing with 
(the licensor) for 10 years after the oontract has 
tenninated. 

('Ihe licensee) is conunitted to refrain from manUfacturing or 
selling (the product) after the contract is rescinded. If 
he breaks this agreement, for each (product) sold he must 
pay US$20,000 (to the licensor). 

'Ihese types of restriction, which are frequently found in 
oontractual agreements, clearly may have a severe effect on the 
recipient's desire to undertake any innovative activities. 
Moreover, faced with requirements to give back the technology and 
stay out of the market, the recipient will be under a strong 
inducement to oontinue the oontractual agreement. 

(ii) Restriction on the spread of the technology to other firms. M:>st 
contracts will have clauses which require secrecy or 
confidentiality on the part of the recipient. 'Ihese clauses 
frequently extend the secrecy requirement beyond the life of the 
agreement. Moreover, there may also be restrictions on sul:r 
licensing by the recipient to other local firms. 

'!here may also be clauses which attempt to limit the spread of the 
technology either between individuals in the recipient fi:an, or 
else by attempting to prevent the novement of staff to other 
firms. Even individual staff may be required to sign secrecy 
agreements of this sort. 

['lhe local fi:an] must use all the means at its disposal to 
prevent its staff from entering the service of another 
oompany making the products licensed, for five years after 
tennination of the oontract. 

confidential information will only be accessible to those 
employees whose work requires their knowing it, and (the 
licensee) must be sure that they do not reveal it to 
unauthorised third parties. 

'!he function of five group:; of clauses discussed above would seem 
to be explicitly aimed at reducing or limiting the ability of the 
recipient to engage in innovative activities. While 'on paper', 
these clauses clearly have a potential negative effect, they are 
aimed at suppressing a process that is inherently difficult to 
identify, let alone oontrol. Particularly where the recipient 
form is relatively independent of the supplier, it would appear 
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to be al.IOOSt impossible for a 'contract' to prevent a limited 
accumulation of capabilities at least during the post-transfer 
productive operations. Much nore crucial to this is the ability 
or willingness of the recipient to get the learning process 
underway - a set of issues to which -we shall tum our attention 
in the final two lectures. 
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~EIGHI' 

Int::roductian 

The next two lectures concentrate on what I have termed the 
"investment phase" of the technology transfer process. 'Ihis phase of 
the transfer process lies at the heart of my concern with the 
developnent of technological capacity and my intention is to 
disaggregate the activities and processes that occur during this 
phrase in order to lay open the mechanisms by which capacity 
accumulation can be facilitated through conscioos and explicit 
intervention either on the part of the firm or the government. 

In lecture Eight I shall present a brief conceptual overview of the 
investment phase that identifies its major characteristics. In lecture 
Nine I shall review empirical case study material which examines the 
experiences of developing countries in this phase of the transfer 
process. 

1. Tec:hmlogical Transfonetian in the Investment Blase 

The investment phase of the transfer process obviously involves a 
complex and interrelated series of activities which take place over a 
considerable period of time. In tenns of placing ooundaries around 
the set of activities involved, the opening ooundary would be at the 
point when the supplier and the technique have been selected and the 
contract has been negotiated and agreed. The closing ooundary would 
be located after the plant has been commissioned and the start up 
pericxi is completed. I must stress that these OOundaries are for 
analytical and presentational convenience and in no way should be 
considered as fixed or innrovable points as either ooundary can be 
shifted backward or forward. 

The central feature of the investment phase is that it encompasses the 
progressive transformation of technical knowledge into techniques - the 
mixture of physical artifacts, human skills and experience which 
constitute a functioning production facility - plant; capital goods; a 
skilled larour force; operating procedures; inp..rt, process and outp..rt 
specifications, organisational and managerial structures, etc. etc. 

The economist W E G Salter in his tx:x>k, Innovation and Technical 
Change (1969) provides a useful description of the type of 
11tran..c::formation11 process I have in mind: 

At any one time, there exists a body of knowledge relating known 
technical facts and relationships between them. '!his knowledge is 
at a number of levels which differ in their proximity to 
prcxiuction. At one level is the knowledge dealing with basic 
principles of physical phenomena: the properties of fluid, the 
laws of IOC>tion, the principles of metallurgy and, in general, the 
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area of knowledge we associate with pure science. At another 
level is the knowledge concerned with the application of these 
principles to production, the field of the applied sciences. 
Knowledge of this character bridges the gap between principles 
and practice, such as the transition from the formulae of 
organic chemistry to the design of an oil refinery, ••• consider 
the various step:; in the transition from a fund of such knowledge 
to techniques of production. Knowledge is in the fonn of 
technical facts and the relationship:; between them: the 
properties of steels and alloys, the means of transfonning one 
type of :rrotion into another, the thenna.l content of different 
fuels, and so on. Engineers and applied scientists have the task 
of translating such knowledge, some of it old and some of it 
neM, into feasible techniques of production. (p. 13). 

I believe that salter's comments convey the notion of transfonnation 
quite well. However the technological transfonnation which occurs 
during the investment phase in fact covers a good deal oore than 
salter's "translation" process. It goes beyond the simple definition 
of feasible production techniques (ie production of the specifications 
for an industrial facility), and incorporates the activities which are 
involved in further transfonning specifications into the concrete 
realities of :P'lysical plant and equip:nent and a fully operational 
production system. 

One can obviously break down this transfonnation process in a large 
number of different ways.1 salter, for example, refers to "three 
stages in the transition from a fund of knowledge to techniques of 
production." On the other hand, engineers and managers who are 
directly concerned with investment products will usually disaggregate 
the technological activity involved into a very much larger number of 
discrete step:; and stages.* 

For the purposes of our discussion I would like to lx>rrow from the 
analysis of Bell (1982) and Bell and Hoffman (1981) and propose a 
relatively simple three fold categorisation of the different stages in 
this transformation process: 

(i) 'Ihe first stage will involve various kinds of .design and 
engineering activity. '!he output from this stage will 
consist of a set of detailed specif ictions which define very 
tightly the characteristics of the production system which 
is to be created. In effect, the initial outline 
specifications which emerged from the feasibility studies 
carried out in the pre-investment phase will be transformed 
into a very elab:>rate description of the specific neM 

1. Cortes (1976) identifies seven "stages" of technological activity 
that are required for investment in petrochemical plants. For other 
exanples of this sort see Kamenetsky (1979), Junta (1976), and Teece 
(1977). 
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facility. This description will define in precise 
detail the characteristics of the plant itself and all its 
components, the product, its inputs, and its operating 
procedures etc. 

(ii) Some of the specifications emerging from the design and 
engineering stage will usually have to pass through a 
further stage of transformation before they constitute real 
productive assets. Various kinds of capital goods 
production will therefore be needed to transform the 
specifications of the hardware components of the system into 
the realities of machinery, equip:nent, blildings, and 
related infrastructure. Some of these component elements of 
the production facility will be produced as standard items, 
while others will be specially blilt far the particular 
facility. 

(iii) A final stage will involve assembling the various components 
of the system into a functioning operational facility. nus 
will include on-site installation. testing. connnissianing and 
start-yp. It will also usually include various kinds of 
training in order to embody in operating personnel the 
skills, knowledge and expertise required to run the facility 
according to specifications. 'Ihe output of this stage will 
consist of an operational, integrated production facility. 

This three-step disaggregation is highly simplified, and what have been 
described al:x:>ve as discrete stages will usually in practice overlap 
with each other in different ways. 

Implicit in this description of the transformation process is the 
concept already introduced in lecture '!Wo, that firms carrying out 
transformation activities draw upon their stoc;ks of technological 
resources in order to provide the ~ of technological imputs which 
are ultimately combined into a finished production faciltiy. As "We 
shall see, the problem faced by recipient firms of countries is how to 
get supplier firms, who possess stocks of technological resources, to 
actually transfer these stocks of knowledge to the recipient. 
Nevertheless, the central point of the al:x>ve is that the end result of 
such a process is a functioning production system that incorporated 
physical equip:nent imput and production systems operating procedures 
and the knowledge and skills embodied in the managerial and technical 
personnel responsible for operating (human-embodied technology) in the 
system. 

And as Bell (1982) points out, what is involved in the process of 
creating such a system is "the progressive transformation of 
technical knowledge. At the start of the process (and at 
intennediate stages) technical knowledge in a disembodied form is 
drawn upon. This is usually knowledge which is generaly applicable to 
a wide range of particular production systems. Elements from this 
body of knowledge are selected and then made increasingly specific and 

139 

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



detailed, while being progressively embodied in particular components 
of the final facility, which includes a specific set of technical 
information on its equipnent, specifications, procedures, routines and 
people." 

2. '1he Role of Pecisim-Maki:rg in the Inyesb•glt Blase 

Running alongside the transformation process, there is also an ongoing 
and obviously important stream of decision making that occurs during 
the investment phase. 'Ihese decision making activities are somewhat 
distinct from the nore specifically technological activities described 
above. '!he same three-fold categorisation of the decision making 
process that I introduced in lecture Five is applicable here. 

Decisions need first to be taken regarding specifying the terms of 
reference for the particular transformation activity. Here the llDSt 
important set of concerns from our perspective is to set the terms of 
reference so as to obtain the maxinn.lm degree of local content or local 
supply of specific items or services. Even if the general co­
operation of suppliers in unbmdling various bits of the technology 
has been agreed upon in general terms, there still remains the problem 
of specifying precisely what it is that suppliers should do and what 
local suppliers should do. If detailed specifications of this 
procedure are not laid down then it may not happen. A similar point 
applies to the training elements that may be involved in, say, the 
conunissioning and start-up stage - if the details of training - how 
many people, in what areas, for how long - are not set then the 
inevitable pressures placed upon contractors to reduce costs and speed 
up the process may mean that the training carried out may not be up to 
the standards agreed upon. '!he reason why these points are important 
will come out very clearly when I review empirical studies in the 
second part of this lecture. Similarly the identification of the 
agents to carry out the transformation tasks is equally important. 
Even after the broad details of the agreement with suppliers have been 
nailed down, there will inevitably be a wide range of tasks for which 
agents need to be identified and instructed. Depending on the degree 
of unbmdl.ing agreed to with the suppliers of the core technology, a 
gcxxi deal of responsibility for organ ising the supply of particular 
components should fall to those with overall responsibility for the 
project. Important opportunities for learning could be missed if 
proper attention is not paid to this type of decision-making. 

Finally, the IIPnitoring and evaluation function also becXJmes 
particularly important during the investment Fhase· '!he cost of 
correcting mistakes in design being allowed through into 
implementation is likely to be much higher once the project noves into 
its investment rrase than if they are caught during the pre-investment 
phase, where the output is primarily paper based and relatively easily 
correctable. Once an improperly designed facility is in place, or the 
plant is supplied with incorrectly specified inputs, the costs 
involved in putting these problems right can be enonrous. Along 
similar lines, opportunities for training which, even though 
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specified, are not properly exploited during the investment :P'lase, will 
not arise again and cannot be corrected. SUch missed training 
possibilities have an inordinately high opportunity cost and oould 
also conceivably have sub3tantial negative effects sub;equently when 
operators, maintenance men or quality control technicians make 
mistakes which tNOUl.d not have happened had they been trained properly. 
Finally an effective capacity for ronitoring and evaluating ongoing 
transfonnation activities is essential to ensure that objectives 
specified in the terms of reference are fulfilled as expected. 

All of three sets of decision-making activities must be performed in 
some way during each of the stages of technology transf onnation which 
ocx::ur during the investment :P'lase· As mentioned earlier, they 
constitute a parallel stream of tasks that will inevitably be tightly 
interrelated with each other and with the technological task. '!his 
stream of decision-making activity will usually be critically 
important in determining the nature of the transfonnation process, 
hence the nature of its ultimate consequences for the user of the 
final system and for the economy within which that system is located. 

Before JOOVing on, there is one important difference between the 
decision-making functions in the pre-investment versus the investment 
phase that should be noted. In the latter :P'lase, the decision-making 
process roves from being a set of activities that can, if necessary, 
be carried out or located in goverrnnent ministries or groups renDVed 
from the actual project itself (in the case of pre-investment 
activities) into much stronger line management functions that require 
day-to-day involvement in the project. Because of the greater 
emphasis on the managerial dimensions of decision-making during the 
investment phase, I shall be using the term techno-managerial to refer 
to the overall set of activities involved in controlling the 
investment phase - as opposed to the technology transf onn ation 
services involved in producing the i;tlysical production artifacts. 

J. Different ~ of Tedllplogical t')lp¥1ity am the fferhmi §l!F far 
their Transfer 

When one looks back over the historical experience of the developing 
countries in relation to the investment phase of technology transfer 
from North to South one feature stands out. MJst of the 
transformation activities described above have taken place within 
su~lier f inns based in the advanced economies. r.t>reover even though 
the ultimate destination of the outp.rt of this transo:fmration process 
i.e. the operating production facility is a developing countcy, all or 
JOOSt of the decisions relating to the investment phase are also taken 
or controlled l:r::r1 finns (often the same finns) who are also based in 
the North. In p.itting it another way, the recipient enterprise in the 
south primarily receives the outwt of the different stages of 
transfonnation - in effect Type A flows - such as machines, operating 
manuals, formulae, etc. 

'!here is no need yet to go into detail about the reasons why this 
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pattern occurs - there are b::>th internal and external constraints at 
work which we shall discuss at greater length in the next lecture. 
Whatever reasons there are for this biased distri.tution in the 
transfonnation prooess, the general IX>licy problem it poses is h.c7.N to 
get a greater share of the transfonnation activities in the investment 
stage to take place locally. '!his implies finding mechanisms that 
maximise the flCM of Type B resources. 

It also raises the related question of what categories of Type B 
capabilities should be acquired by re:::ipient firms as a result of the 
investment project. '!be answer to the first question requires an 
assessment of the relative importance of different types of 
technological capacity. '!his is an important issue to the local finn 
and the economy rut one which rarely ever gets discussed or researched 
in the mainstream technology transfer literature. Yet clearly if a 
finn or country recognises the ilrp>rtance of upgrading its stocks of 
technological capacity, it requires some guidelines as to which 
categories are nost ilrp>rtant, so as to ensure the cost-effective 
allocation of resources to their acquisition. 

Unfortunately the infonnation available to answer such questions is 
severely limited, and it seldom identifies in adequate detail the 
different sets of tasks and resources involved. Many studies, of 
course, have asserted that for instance engineering and design skills 
are crucial in the transfer process - Kamenetsky (1979) for instance. 
However, only very few have ever defined the pre:::ise quality or 
quantity of these skills that need to be acquired. What little 
inf onnation there is available does not allCM any generalisations to 
be made which might be useful for IX>licy purposes. Even less OOimDn 
is any attempt to separately identify the techno-nanagerial tasks 
involved in transfer, and to assess the nature of the resources 
required to carry these out. 

Nevertheless there is some limited infonnation available which we can 
use to b.lild up a general picture of the relative ilrp>rtance of 
different types of skills associated with technological 
transfonnation in the invesbnent phase associated with different 
types of activities. For example Table I belCM presents infonnation 
on the costs associated with different types of transfonnation 
activity undertaken in the course of investment proje:::ts carried out 
in the advanced developing economies of Iatin America, Asia and 
Africa. In all cases they involved intemational "technology transfer" 
- the final production facilities were located in countries other than 
the original source of the technology. 'lhe technology involved in 
these cases was relatively "advanced" (autom:>tive components, 
industrial chemicals, complex constmter durables, office equipnent, 
aerospace engine bearings, etc) • 

As can be seen various types of engineering activity acx::ounted for 
about ten per cent of total costs, and IOOSt of the remainder 
consisted of the costs of producing, constructing and installing the 
various types of plant and equipnent which make up the J;ilysical 
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facilities of the plants established. A broadly similar pattern is 
shown in Table 2 below. 'Ihis infomation relates to bK:> different 
kinds of investment project in developing countries. Both cases 
involve the transfer of existing technology, and again, the supply of 
capital goods (:t:uildings, infra structure, machinery and equipnent) 
accounts for the main bJ.lk of costs. However, there are important 
differences between the bK:> types of project. 'lhe construction of a 
p.tlp and paper mill involves a surstantial aJOOUnt of on-site plant 
fabrication and equipnent-integration to create a continuous process 
plant. A textile mill, on the other hand, usually involves the 
specification of standard equipnent itellS within an overall plant 
design, together with the acquisition of these, and their relatively 
simple installation in the facility. As a result the provision of 
engineering, erection, pre-operation and start-up services accounts 
for only about 7-12 per cent of total costs in the textile case, tut 
for 25-35 per cent in the pllp and paper case. 

Table 1: structure of Costs in Investment Projects: 
Involving International 'I'echnology Transfer 

Chemicals and 
Petroleum Refining* 

Transfer of research 
results and design 
fundamentals 1% 

Engineering and design, 
production planning 10% 

Construction, tooling 
and installation 81% 

Manufacturing start-up 7% 

Machinery** 

1% 

8% 

63% 

28% 

Whole 
sample 

1% 

9% 

75% 

14% 

* Includes projects in !SIC categories 3511, 3521, 3530, 3560 

** Includes projects in !SIC categories 3819, 3825, 3829, 3831, 3832 

Source: DJ Teece (1977). 
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Table 2: structure of Costs in InVestment Projects: 
'n',pical Textile and Pulp & Paper Projects in Developing 
Cowltries 

Infrastructure and Site 
Developnent 

Civil Engineering and 
Buildings 

Machinery & Fquipnent 

Erection 

Engineering, Pre-operating 
Expenses, start-up 

Interest during Construction 

Textiles* Pulp & Paper** 

?.-3% 2-3% 

15-20% 15-20% 

60-65% 40-45% 

3-4% 10-15% 

4-8% 15-20% 

5-10% 10-15% 

* Approximate figures for a spiming and weaving mill of irore than 
15,000 spindles. 

** Approximate figures for a bleached sulfate p.Ilp and printing and 
writing paper mill of a capacity of 200-300 tons per day. 

Source: Amsalem, M.A. (1978), P.200. 

Q.tlte clearly the relative magnitudes of the different types of 
technolog ical resources that are involved in invesbnent projects will 
vary quite widely, both between different types of project and between 
different types of recipient country. Despite this variation, the 
above discussion suggests a number of useful points. Interestingly, 
except for the p.Ilp and paper project, engineering costs are 
relatively low, accotmting for, at ioost, 11 per cent of total costs. 
'!his low share might seem to super ficially contradict the importance 
usually attached to engineering activities in effecting technological 
transfonnation. However, the figures hide 'bNo important 
relationship:;. '!he first is the linkage between engineering and 
equipnent specifications and supply that we discussed in the lectures 
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Five and Six. Control over the engineering functions often yields 
control over sul:sequent functions which have a greater cost element. 
Because of this, the value of decision-making incorporated within the 
engineering function is certainly much higher than the costsjman hours 
involved in actually doing the engineering itself. '!he low share of 
engineering costs in total costs probably reflects the fact that the 
supplying firms have extensive engineering expertise and experience and 
are relatively efficient suppliers of those services developing 
cotmtry recipients were responsible for, then engineering costs would 
probably rise rut we have no way of judging this on the evidence 
available. If the case for building up engineering capabilities is 
going to be made clear, the level of analysis has to be taken beyond 
the degree of disaggregation contained in these studies. 

Another ilt'lportant point is the tmiforrnly high share of costs 
associated with the production of plant and equipnent. Clearly, 
investment projects generate a sul::Etantial flow of demand for these 
types of services. If a cotmtry were interested in reducing its 
investment related foreign exchange costs, then obviously these 
figures suggest that a good place to start would be b'.:r' considering the 
pattern of demand for capital goods likely to be generated b'.:r' future 
investment projects. '!his is a straightfo:rward import sul::Eti tution 
type argument of course, with the difference being in the character of 
the "goods" being provided locally. '!he specification and production 
of capital goods can generate important externalities, and the 
importance of the sector is widely recognised as is the current pattern 
of sul::Etantial '!bird World dependence on imported equipnent and 
capital goods, Il'OSt of which is associated with new investment 
projects. 

A third factor that seems to be important is the relative lack of any 
expenditure on R & D in establishing these facilties. one explanation 
of this is that all of the projects reviewed in these studies tended 
to involve fairly standard (albeit sometimes complex) techniques. 
'Ihus the "innovative" content of these projects is quite low - in 
other v.iords the finns canying out the transfornation activities did 
not have to engage in any R & D to generate entirely new knowledge. 
All they had to do was draw on already existing stocks of knowledge. 

Unfortunately, little infornation is available about the "innovative" 
content of investment projects in industrialising economies. Some 
fragments are available. For example, Cortes (1976) reviewed the 
technological dimension of investment in petrochemical plants in Latin 
America. She distinguished between two possibilities for the early 
stages of the processes involved: the use of existing technical 
knowledge and the creation of new knowledge. 'Ille latter v.iould involve 
various kinds of R & D activity, rut: "in the establishment of 
petrochemical projects in Iatin America this route has been used on 
extremely few occasions". 

Some further light is shed on this question b'.:r' infornation derived from 
the unp..lblished results of a survey of technological aspects of 
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industrialisation in 'Ihailand in the late 1960's and early 1970's. 
Table 3 below provides data on the innovative oontent of both the 
product and process technology involved in a sample of investment 
projects. In only two cases out of fifty (4%) did the production­
prcx:::ess component of the projects involve any "innovative element" at 
all, and in only one of these two cases did that innovative element 
require any kind of R & D activity for its developnent and 
incorp::>ration into the system. Relevant infonnation about the product 
technology component of the systems was available for only 47 of the 
projects. In only eight cases (17%) did this involve any "innovative 
element", and in only bJo of these (4% of all the cases) was any kind 
of R & D activity involved in generating that innovative oontent of 
the product technology. 

Table 3: Inmyatim am R & D ClXrt:eJ1t of l)ri§f:rjfil Invg:;b1ffl't 
Projects: 'lbailaQi 196Q'S aJd ARrly 1970'S 

PrQportion of Projects in Each catego:cy 

Process Component 
Investment 

With no Innovative Content 96% 

With some Innovative Content 4% 

- Not involving R & D 2% 

- Involving some R & D 2% 

'Ibtal Number of Investment 
Projects 50% 

Source: Unpublished SPRU study 

Product 
Component of 
Investment 

83% 

17% 

13% 

4% 

At one level the above data suggests that in many invesb:nent projects R 
& D skills strictly defined are unlikely to be drawn into use to 
facilitate technology transfer - therefore the lack of R & D skills 
does not pose nearly as serious a problem as, say, the lack of machine 
tuilding or engineering skills. 'Ibis is important because a great 
deal of emphasis is of ten placed on the need to establish a local 
R & D capacity as a source of technology - if the above evidence is 
oorrect it suggests that at least as far as technology transfer is 
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involved (which will remain a major conduit for technology acquisition 
by developing countries for a long time) local formal R & D skills are 
not likely to be of much use in hastening the assimilation and 
mastery of the imp::)rted technology. 'Ibis may vary of course -
technology transfer involving the establishment of high technology 
industries may actually require a sumtantial transfer of R & D 
capabilities. 

Having at least partially addressed the question of what types of 
capacity and skills are likely to be required by recipient finrs we 
can naw turn briefly to identify the various types of mechanisms that 
can be used for this purpose. Here we can draw again on the useful 
discussion by Bell (1982) to describe some of the different mechanisms 
by which the effective relocation of the skills contained in Flow B 
can be carried out. Bell suggests that these mechanisms can be 
grouped into four categories: 

(a) '!he relocation of technical information 

'!he technical principles, knowledge and specifications which 
umerlay particular production facilities may be transferred in 
"disembodied" fonn as well as being incorporated into (and in 
effect hidden within) those facilities. On the other hand, they 
may not be. If they are, they will then be readily accessible to 
domestic engineers, technicians and managers. But, whether they 
then constitute an effective conp>nent of the domestic 
technological capacity will depend on the extent to which those 
flows of disembodied information are atsorbed into the "active" 
stock of domestic technical knowledge. 

( b) Training 

'lb contril:llte to effective al:sorbtion of imp:)rted technical 
knowledge, various forms of training may be incorporated into 
transfer arrangements. 'Ihese may take the fonn of active 
education in the technical principles, etc, umerlying the 
facility, or of training in the skills and expertise required to 
manip.llate such principles and elements of knowledge - to 
transfonn them into specifications, to transfonn those into the 
concrete components of production systems, to manage those 
interlinked transfonnation processes, and so forth. On the other 
hand, these various fonrs of training may not be incorporated at 
all in transfer arrangements - al though traini.'lg in at least a 
minimum of operating skills will usually be a necessary ~t 
of such projects. 

( c) I.earning 

By carrying out technological and techno-managerial tasks involved 
in transfer/investment projects individuals and organizations can 
both acquire knowledge about the particular (type of) production 
facility itself and augment the skills am experience required to 
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manip.llate and transform that knowledge into technical systems. 
SUch "learning-by-doing" may merge into nore explicit fonns of 
training when projects incorporate organised participation in, rut 
not total responsibility for, particular tasks by individuals and 
organisations in the ilrp>rting economy. While flows of learning 
may be generated in these ways, projects can also be organised in 
ways which preclude such mechanisms. 

< d) ''Reverse Engineering" 

Even if the technical knowledge relating to a production facility 
is transferred in relatively embodied form, with significant 
components of training and learning, it is often still possible to 
extract the underlying knowledge by running the transfonnation 
process in reverse. Fquipnent may be disassembled to identify the 
full set of dimensional specifications which it incorporates, and 
behind those the principles of design involved. Comix>nents may 
be analysed to determine their material specifications and to 
identify methods used in their production. Product 
specifications can be extracted from products, input 
specifications from inputs, and so forth. By reversing the 
engineering process in these ways, sutstantial additions can be 
made to the domestic stock of technical knowledge rut, of course, 
transfer/investment projects may not be accompanied by any such 
mechanism for augmenting technological capacity in the ilrp>rting 
economy. 

In the next lecture I shall review the available empirical evidence to 
assess the extent to which past technology transfer projects have 
incorporated Type B type flows and relied on the al:x>ve mechanisms for 
this purpose. 
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In lecture Eight I presented a conceptual f rameYJOrk for understanding 
and analyzing the investment phase. nus framework is by no means 
comprehensive in its treatment of all the characteristics of the 
transfer process and is meant only to act as a starting point for 
discussion and thinking. 

I emphasized a number of features of the investment phase which are 
perhaps 'YJ'Orth Sl.nYDtlarizing here. First the process of establishing a 
new production facility involves the progressive transformation of 
technical knowledge into the elements which make up the plant, ie the 
piysical plant and equipnent, operating procedures and guidelines, 
input and output specifications, etc. '!his transformation process is 
set in ll'Otion and controlled by a series of techno-managerial 
decisions and actions which for each stage determine what is to be 
done, how it is to be done, who is to do it and which also ll'Onitor the 
activities themselves. 

Second, I suggested that where the establishment of new production 
facilities in developing countries are involved, the large hllk of 
transformation takes place within and/or under the control of the 
suppliers. The straightforward objective of much policy and discussion 
in the past has been on how to redress this imbalance in the location 
of transformation activities to ensure that ll'Ore of these take place 
within and under the control of developing countries. 

'Ihird, though this general sentiment is fine as far as it goes it 
tells us little alx>ut precisely which types of activities (and the 
skills required to carry these out) are nost important and need to be 
brought under local control. I suggested that the enpmsis on 
creating R & D skills and facilities as a major element of technology 
policy which is found in much of the "technological self-reliance" 
literature may be misplaced, and that other skills such as engineering 
and machine Wilding may be ll'Ore important. 

Finally I ~ized the crucial distinction made in lecture Four 
that technology transfer involves two types of flows of technological 
resources - the skills, knowledge and experience that ultimately 
become incorporated into the production facility and its operating 
systems; and those skills which both underlie the creation of the 
different emtx:xtied and disembodied elements of the facility and which 
also allow these elements to be changed, adapted and improved over 
time. 

Given the fundamental importance for a country of being able to 
undertake innovative activities to meet national and local 
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objectives, I further argued that policy and research attention must 
be focussed on first assessing the relative size of the two flows of 
technological resources that occurred in past and present investment 
projects; and to explore the developnent of policy tools which will 
maximise the size of the flow of skills which contritute to 
strengthening the stock of the technological change-related capacity 
in the eoonomy and in local firms. 

In this lecture, I turn now to consider the available ~irical 
evidence relating to the experiences of developing countries in 
acquiring irrlustrial technology. I shall be relying alnost 
exclusively on case-study material from a selected mnnber of '!bird 
World countries. 'Ihe size of our "sanple" is necessarily limited 
simply because relatively feN studies have been carried out which 
provide a detailed analysis of those aspects of technology transfer 
with which we are concerned. Hence the generalisability of the 
discussion and the infonnation presented is somewhat limited. 
Nevertheless I believe that the available infonnation provides a good 
starting point for analysis and discussion. 'Ihe case studies will be 
introduced in two parts. 

'Ihe first section documents the ItDre c::omron situation where developing 
country recipients have failed to exploit the learning potential of the 
transfer process with the result that flows of Type B resources have 
been fairly limited. 'Ihe second section revieNS a much ItDre selected 
body of evidence of cases where technology importers have attempted 
and been relatively successful in acquiring technological capacity as 
well as production capacity. 

As noted in lecture 'Ihree b:>th the mainstream technology transfer 
literature and many past policy initiatives focussed on only one 
dimension of technology transfer - the short nm problems of high 
priced technology acquired under restrictive contractual conditions 
from foreign, mainly TNC, suppliers. (See also Bell, (1986). Much 
emphasis was placed on the need to reduce ItDnOpoly prices and 
eliminate restrictive clauses. Beyond that, as the following 
quotation from Enos suggest, there has been very little interest in 
what transpires after the contract was signed: 

Once contracts have been signed, concern over the absorption of 
the technology into the importing country seems often to lap:;e, 
at least on the part of those who made the decision to adopt it. 
Construction and initial operation of inputs and the delivery of 
outputs is not expedited, training is not conducted and 
improvements not secured, and the full capabilities of the 
equipnent are seldom realised • • • one suspects that the attention 
of the policy makers in these • • • developing countries was not 
directed towards achieving efficient operation of technologies 
already imported, and plants already constructed. '!he energies 
of those who participate in the decision to import one technology 
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shift towards the next possible import. Enos (1982), p. 77 

Enos came to these conclusions after comparing the south Korean 
experience and approach. with that of other developing countries. 
unfortunately I am forced to agree with his assessment. By and large 
it does appear as if many developing country recipients have failed 
to, or been prevented fran exploiting the learning potential of the 
transfer process to the eventual detriment of sul:Eequent production 
activities. I.et me now draw on evidence fran a wide variety of 
countries and sectors to support this somewhat gloomy assessment. 

Zahlan (1978) has examined the patterns of technology acquisition in 
the Arab world from the nineteenth century through to 11Dre recent 
times. He the tem "technology-free transfer" to descril:e the 
essential characteristics of the process of importing industrial 
technology throughout this long period. For exanple, the sutstantial 
programme of industrial investment stimulated in F.gypt bj Muhammad Ali 
in the first half of the nineteenth century depended on imported 
"technology" • However: 

l-llhanunad Ali's progranmes for the acquisition of technology 
were totally dependent on foreign manpower: the technology 
was not transferred to the pop.il.ation to render them self­
reliant as to conceptualisation, operation, management, 
planning or construction. (p. 8) 

Not only was the subsequent operating efficiency of the various plants 
usually very lCM, b.1t this sucx::ession of "technology-free transfers of 
capital goods" oontrib.lted little or nothing to the local "capacity to 
sustain and upgrade the activity and the capacity to oontinuously 
introduce appropriate innovations no matter where these imovations 
originate. " ( p .11) • 

Fran his survey of the patterns of technology acquisition in the 
petroleum and petrochemical fields in JOOre recent years, Zahl an 
reach.es the follCMing conclusions: 

• • • the execution of projects in the petroleum and petrochemical 
fields is essentially a technology-free transfer of capital 
goods. 'llle same type of plant is repeatedly "transferred" as a 
camlOlity. In sane cases staff is trained to operate the 
facilities. But there is little technological participation in 
the planning and execution of projects. 'lhe similarity with the 
pattern of execution of Muhammad Ali's projects is striking. 

!t:>reover, 

'lhe pattern of executing projects has not changed over a period 
of at least fifty years, indicating that there is no effort to 
establish and develop institutions and manpower on a scale 
commensurate with the demand or need. Although the petroleum 
resources of the region have been known to exist for JOOre than 
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fifty years the technological dependence tcxiay is not 
significantly different that it was in the 1930's, with the 
exception that local manpower now carries out aspects of 
exploratory work am production. However, the technology itself 
has expanded considerably am the acquired expertise is not 
commensurate with the scale of the activity. 

'!he etnP'lasis within this description on the fact that the outpJt of 
technology transfer arrangements merely consists of capital ~ 
should probably be m:xlified to take account of the imports of 
technological services during investment projects. Nevertheless, it 
is clear that Zahlanis suggesting that the outpJt of "technology 
transfer" arrangements typically consists al.nest entirely of the 
elements of the final production systems. '!his outp.tt seldan includes 
elements of the technical knowledge (technology) that is embodied in 
those production syst:.ens. Nor does it include either the technical 
knowledge which is needed to transfom that technology into 
techniques, or the .knowledge required to execute the associated 
decision-makirg tasks. '!he transfer dimension of these investment 
projects appears to have been "technology free", in the sense of 
having contrib.Ited little to the developnent of technological 
capabilities in the inp>rting econanies. 

Evidence fran a number of ORD studies of "North-south" (see OEC:>, 
1981) technology transfer by transnational corporations suqJests 
similar conclusions. For exanple, a rep:>rt on the rul:iJer tyre 
industry (ORD, 1981) notes that: 

In the case of the 'INC's sumidiaries, very little transfer of 
fundamental technology takes place. Clearly the necessary 
fonnulae am production processes are made available • • • But the 
true value of fundamental technology is not si.nply the finished 
fonnula, b.lt an urxierstarxling of how it has been reached so that 
it can be mdified am inproved further. '!his urrlerstarlling is 
not transmitted ••• " ( p. 65) 

For the television industry ORD (1979) rep:>rts: 

Foreign direct investment involving the local hiring am training 
of manpower at the ~ineering arrl technician level could provide 
a major vehicle for the transfer of technology in products am 
processes to those countries. '!his has not been the case with 
foreign investment in the television industry. European, us am 
Japanese fims have retained such skills at bane. SUbsidiaries in 
other developed 00\ll'ltries employ a significantly smaller pro 
portion of skilled manpower relative to semi am unskilled man­
power than the parent comp:mies. '!he proportions are even worse 
for the subsidiaries in developing 00\ll'ltries. Important skills 
associated with product am process design ~ineering are not 
transferred or hired locally at all. 

In another study which concentrates on the content of technology 
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transfer involved in developing countries participation in petroleum 
exploration contracts, 'l\Jmer (1982) fims little evidence that skills 
are being transmitted. '1he author adopts a similar approach to the 
one presented earlier by pointing out that in contrast to an earlier 
period when oil exploration was carried out entirely by foreign firms, 
developing countries are beginning to appreciate that: 

Without some mastery of oil technology, national management ••• 
cannot ensure that exploration efforts are adequate, that 
production rates are consistent with national interest • • • and 
that petrolel.Dtl becomes a vital national growth point rather than a 
cause of economic distortion • • • the domestic fonnation of basic 
skills for oil exploration by the countries concerned may be the 
only guarantee that their hydrocaroon potential, perhaps large 
enough for local consumption, is tapped at all. (p. 3) 

'lhe author specifies four types of skills deemed essential to the 
creation of an indigenous technological and managerial decision­
making capacity in this sector. 

(a) Managerial capabilities for organising and implementing a 
national petrolel.Dtl exploration and developnent progranune as a 
whole; 

(b) Technological expertise for taking decisions at critical 
stages of petrolel.Dtl exploration and developnent, such as the 
ability to analyze and assess the results of geo:r;:tiysical and 
geological surveys; 

(c) Technical capabilities and knowledge of the oil field service 
and equipnent market needed for appropriate policies and 
practices for procuring them; 

(d) Oil field skills, in particular those of "tool p.ishers" and 
maintenance personnel. ( p. 8) 

It is interesting to note that the first three sets of skills all fall 
into our categories of decision-making/techno-managerial activities 
the possession of which the author en!{i'laBises is absolutely crucial to 
creating conditions which 'WOUl.d eventually allow the accumulation of 
the oore specifically technological skills involved in oil 
exploration. 'l\Jrner further notes that technology transfer has not 
nannally constituted a central element of petrolel.Dtl exploration 
contracts, and that there is a clear divergence of interests between 
developing countries seeking to acquire and assimilate exploration 
technology and those of the supplier firms seeking to maintain 'Ihird 
World oil producers in a state of dependence on their services. 

With this approach and set of concerns as a background, 601 petroleum 
contracts conducted in the 1970's were examined. Four types of 
contractual provision were identified which could relate to technology 
transfer: 
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(a) training and scholarship 

(b) employment of nationals 

( c) local procurement of equipnent am technical services 

(d) others 

rut of the total of 601 contracts only 88 (14%) contained one or m::>re 
of these provisions. On the basis of this evidence it is likely that 
very little effective technology transfer cx::curred durin3' the 
inplementation of these contracts - ie the main tangible outplt that 
the recipient oountry actually acquired was the infonnation generated 
l::1j the exploration companies' activities - am even then it would 
appear that the recipients were unable to properly evaluate these 
results. However, 'I\Jmer does note that it did appear that m::>re 
enpiasis was placed on including these tenns in contracts concluded in 
the second half as owased to the first half of the 1970 's. !obreover 
in one of the categories, training, in the 9% of contracts which 
contained trainin3' clauses, there seemed to be a trend tCMards 
increasing specificity of the type of training to be carried out. 
'lhis was not the same in relation to the employment of nationals where 
there was no discemible trend towards increasin3' specificity of the 
types of jol:E to be filled l::1j locals. 

'!here is much m::>re of value in the report b.lt here I only wish to cite 
the author's conclusions regarding 10 years of experience of 
developing oountries in negotiating oil exploration oontracts. 

(i) It is ai;:parent that in m::>St cases exploration contracts have 
not proved effective mechanisns for the real transfer of 
technology am for strengthening the technological capacity 
of developing oountries to urrlertake petroleum exploration 
• • • ( althotr:Jh) further improvements may be expected as 
awareness of the potential increases. 

(ii) '!here appears to be a difference between the formal tenns of 
an agreement am the practical i.nplementation of these terms, 
especially if they are not quantified or quantifiable. As 
lorg as these oountries rely on the foreign companies to 
carry out the technology-transfer-related clauses, the 
actual effect may be JS1ligible, since the transfer of 
technology oounts very little for these companies as an 
objective for concluding an exploration contract.1 

(iii) Exploration contracts display very little specific concem 
with the four types of technical skills previously identified 
as critical. 

'!his study clearly is very useful in terms of the a:r;:proach adopted arxi 
the questions asked about the existence or not of the technology 
transfer related clauses in the contracts studied. However, we must 

154 

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



be careful about how much weight is given to arguing that the 
existence or not of these clauses actually reflects the reality of 
what sul:sequently transpired when the contracts were implemented. 'lb 
judge this it clearly \VOUl.d be necessary (in this sector and in other 
areas where similar analysis might be carried out) to carry out 
further research which documents or measures what happened with regard 
to the technology transfer process itself. As discussed earlier in 
I.scture Seven, one can conclude little about reality on an a priori 
basis informed only by the content of contractual documents. 'l\lrner 
echoes this perception in the following quotation: 

In examining the petroleum exploration contracts, it is important 
to remember that they are negotiated within the framework of the 
relevant national legislation (eg petroleum act) and that such 
legislation may oblige inclusion or at least consideration of 
certain conditions, including those relating to the transfer of 
technology. If the latter is the case, the inclusion of 
technology transfer considerations may not actually reflect the 
willingness of the foreign company to effect such a transfer. 
Furthermre, though this is obvious, the inclusion of provisions 
in the contracts does not necessarily mean that they will in fact 
take place. 'Ihis may be particularly true in the case of 
technology transfer provisions which do not f onn the core 
elements of the exploration contracts. 

I shall c::::oJOO back to this issue below. 

staying in the realm of technological contracts, we can examine some 
information regarding the nature of resource flows during investment 
projects carried out in the Carihtean region during the 1970's. '!his 
work was carried out l::7j an IDRC funded study called the Carihtean 
Technology Policy studies Project. 001.e (1981) presents the results 
of an analysis of 79 contracts covering a wide range of technology 
transfer projects in Guyana and Trinidad-Tobago. Olde found that 
these contracts rarely contained any clauses relating to training 
and/or the provision of design and engineering know-how. 

SUch aspects as production know-how and specifications, 
fonnul.ae, problem-solving and pronotional assistance occur 
very frequently in the contracts, whereas personnel training 
much less so, and provision for (training in) design and 
engineering (along with R & D) hardly at all. 

1. 'Ibis point and point (i) both underline the importance of 
developing an effective :noti.toring capability to ensure that the 
objectives of different stages of transfer process are actually 
fulfilled. 
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As with the Turner study, this lack of training and other capacity 
related clauses is indicative that in the contracts reviewed, no 
provision was made to ensure the transfer of Type B capabilities. 
However care needs to be taken in interpreting these results as 
suggesting that no Type B capabilities were transferred at all during 
Turner's conclusions. However, a much clearer set of results emerges 
from the work of Farrell ( 1984) , who examined the petroleum industry 
in Trinidad-Tobago from a perspective which was concerned to assess 
the degree and nature of the skills acquired from foreign 'INC's during 
their pericxi of operation in the irrlustry. 'Ihe study did not look at 
a single identifiable investment project rut at the flow of resources 
between parent and subsidiary /affiliates over a m.nnber of years. As 
mentioned earlier, Farrell employs a number of useful concepts and 
methods to define his area of concern and to assess the experience of 
the industry. one set of concepts relates to the notions of static 
and dynamic technology (similar to our Flows A and B respectively) 
which we have already discussed, and where Farrell places particular 
importance upon the acquisition of dynamic technology. He also 
distinguishes critical from non-critical skills l:7j classifying under 
the first heading those :minimum skills necessary to nm an industry in 
the short nm. He then generates a list of 17 functions or activities 
necessary to the functioning of the industry, which he further 
sul:xtivides into 48 different specialised skills. 

By means of a methodology described in detail in the text of his 
article, Farrell then assesses the degree to which Trinidad rDN 
possesses dynamic technology in those areas as a result of the 
operation and efforts (or lack of them) of 'INC's and associated 
technology suwliers. He concludes that after nearly 100 years' 
experience in oil production, Trinidad-Tobago suffers from "certain 
serious weaknesses in the area of dynamic technology • • • of two kims: 
"Depth" weaknesses where the oountry possessed sane staff with skills 
in a particular area, rut ob\riously not enough: (and) ''breadth" 
weaknesses where the country either does not possess a wide enough 
range of skills to service particular functions, or possesses no 
apparent skills at all in certain areas." p.266. 

o.it of the 17 functional categories earlier identified, Farrell argues 
that Trinidad-Tobago has little or no dynamic technology in 11 
categories. In the following five categories, breadth weaknesses were 
identified - Major Projects and Construction, R & D, Econanics and 
Planning, Transportation (Marine Tanker) and International Marketing. 
Depth weaknesses were identified in the following 6 categories -
Exploration, Marine Production, Petrochemicals, General 
Administration, Purchasing and Infonoation and Data Processing. 

A number of other studies were carried out in the Caritb:?an region 
which used the same methcxiology as Farrell and appear to have come to 
oore or less to the same conclusion. Farrell and Gajraj (1984) looked 
at the vehicle assembly industry in Trinidad-Tobago and concluded that 
the: 
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Tec:::hnology transferred under the assembly industry's 
technological arrangements was not the technology key to 
the ability to actually manufacture vehicles. '!he level of 
skills was lx>th low and static • • • the industry has made 
little contribl.tion to the country's developnent of a 
technological capability with respect to the autonotive 
industry. (p. 90) 

Bardouille' s ( 1984) examination of the bauxi te/ahnninil.D'll industry in 
Jamaica and Guyana is slightly ItDre positive. In Jamaica it was found 
that after 25 years of operation, the country possessed a good deal of 
skills in the area of static technology and some in dynamic 
technology. In the nost critical functions of the industry, 
Bardouille found that often there were locals involved in operational 
positions wt not in senior technical and managerial positions. '!he 
author's research also suggests that technical change capacities were 
also lacking since although there is an R & D and technical services 
division in the oo.mpanies, the 1N0rk carried out is relatively 
marginal. Major technical change activities take place abroad in the 
central R & D facilities. 

A similar situation was found in Guyana though there, following 
nationalisation in 1971, the national company had attempted to develop 
a certain degree of independence in a variety of important areas. 
Tec:::hnology transfer contracts in the mid 1970's were entered into for 
the supply of mining design services, equipnent and spare parts with a 
variety of foreign suppliers. Training clauses were included wt 
these were apparently only for the training of local personnel in 
operation and maintenance of the imported equipnent. 

De castro (1984) examined a series of technology transfer projects in 
the petrochemical sector in Trinidad and Tobago and describes 
arrangements whereby us firms W B Grace, Fluor and Ano::::o Wilt a 
series of fertiliser plants between 1960 and 1975. '!he analysis shows 
clearly that though four plants and a mnnber of expansion projects 
were undertaken, virtually all of the technological transformation and 
techno-managerial activities remained under the control of the foreign 
suppliers. some vague provisions for training were contained in some 
of the contracts, eg the supplier undertook to establish long term 
training of "artisans, mechanics and office 1N0rkers from the local 
p:>?ilation, b.lt also evenp1al l,y. arrl to the extent possible. certain 
senior st.aff personnel", p.129 (emphasis added). However de castro 
concludes there is no real evidence that the company did undertake long 
term training. 'As a result the Govermnent of Trinidad and Tobago 
"still has no expertise in either amronia plant design or its 
operation". 

It seems clear from the evidence reviewed atove that technology 
transfer projects to the CarjJ=>aen region have in the past at least 
contained very little of the Type B flows of technological capacity, 
and even Type A flows of static technology have been limited. 
Allocation of responsibility for this state of affairs is somewhat 
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tricky. 'Ihe studies show clearly that the 'INC's were not very 
interested in transferring technological capacity along with the 
hardware they supplied. '!his in a sense is to be expected. It is 
however also clear that the recipient firms am host goverrnnents made 
little if any effort to include effective and enforceable arrangements 
to transfer technological capacity in the deals they negotiated with 
the suppliers. 'Ihe recipients nrust therefore bear a large share of 
the responsibility for the crippling lack of technological capacity in 
the Cari bhean region. 

'IUming away from the cari hhean experience, we can look in rore detail 
at two further studies which are interesting both for their results 
and because they adopted different research methodologies f:ran the 
studies reviewed above. 'lhe first, Ml.awa. (1983), examined the 
evolution of the textile industcy in Tanzania over the 1960-1980 
period and set out, in part, to examine the principle mechaniSrtLS USEd 
"for the acquisition and subsequent acx::umulation of technology and 
techno-managerial capacities in the industcy". (p.1) 

In examining the investment phase, Mlawa. first concentrated on 
assessing the level am nature of training undertaken during the 
transformation prooess. He looked first at the training related 
clauses specified in the oontract and was interested in the existence 
or not of three types of clauses - (a) those oovering training for 
ongoing operation am management (Type A flows); (b) those related to 
training for the execution of technological and managerial tasks for 
future investment projects (Type B flows); and those related to 
carrying out technical change activities (Type B) • 

He found that over a period of 15 years none of the contracts 
oontained any specific reference to training clauses related to Type B 
flows. M:>reover he found that this omission was not imposed on the 
recipient enterprises 1:ut that "as far as we could ascertain no demand 
for training for these types of skills, etc had ever been expressed 
formally and systematically by Tanzanian agencies ••• 'lhe acquisition 
of these resources was a very low priority for those concerned with 
the developnent of the industcy". (p.7-8) 

As far as clauses related to Type A flows, Ml.awa. found that m:st 
oontracts did include clauses related to this type of training. 
'Ihese were only very generally specified and related only to the 
transfer of the basic :mininn.Jm skills necessary to operate the plant. 
Rarely was any training supposed to be provided for higher levels of 
management or in areas like textile engineering and product design. 

Mlawa also went beyond the details of the oontracts to examine the 
nature of the training that did take place. Some of the results of 
this analysis are set out in Table 1 and show clearly that actual 
degree of training even in basic operational skills was much lower 
than had originally been planned for - a result of local managerial 
oontrol over project i.Irq;>lementation being so "loose" that the 
suppliers "could choose to carry out much less than was specified - or 
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even to carry out virtually nothing at all". (p.11) 

Mlawa's examination of the characteristics of the investment phase went 
beyond simply looking at contractual clauses. He also attempted to 
assess the degree to which Tanzanian recipients were able to undertake 
a greater share of the provision of technological and managerial 
inp.rts in successive investment projects over time. He started first 
by desegregating the different types of investment inputs required to 
establish a textile mill into 22 categories as shown in Table I. He 
then ascertained the relative balance between the foreign versus the 
local supply of these inp.rts through a series of separate investment 
projects. His results are set out in Table 2 and show that in the 
late 1960's, none of the 22 inp.rts were obtained from Tanzanian 
suppliers - and by the late 1970's virtually nothing had changed. 'Ihe 
only categories in which a local supplier was involved was in the area 
of ruildings and infrastructure - and even then the main contractor 
was Tanzanian in only bJo out of six projects. 

Ml.awa also examined in nore detail the question of who was responsible 
for taking arrl implementing decisions and managerial tasks during 
these projects. As with the supply of technological inp.rts, he found 
that the degree of Tanzanian involvement in these tasks was minimal 
and did not increase overtime so that by the end of the 1970's after 
15 years' involvement in investment projects in the textile industry 
"Tanzanian insti'b.rtions played virtually no role at all in decision 
making and managerial tasks relating to any of the technological 
inp.rts for investment in the industry". (p.9). It is sobering to note 
that this whole prcx::ess (or lack of a process) occurred during a 
period when the Tanzanian Govennnent placed a great deal of emphasis on 
achieving technological self-reliance - clearly something nore needed 
to happen in Tanzania to achieve this than mere statements. 

In a study which followed a similar methodology, Ahmed (1983) examined 
the evolution of the fertiliser and pulp and paper industry in 
Bangladesh over a 25 year period between 1957 and 1982.2 Ahmed's 
results, as shown in Table 3 are painfully similar to those of Ml.awa. 
For the fertilizer industry, over the course of a number of years 

during which nearly identical plants were Wilt Ahmed found there was 
no shift with respect to the (local supply of the) main technology 
transfonning tasks lie designs, equipnent production, installation, 
connnissioning etc).3 'Ihe same was found to be true in relation to 
three paper mills set up over the same period. Only in the area of 
Bangladeshi involvement in techno-managerial tasks does there appear 
to have been a slight increase over time.4 

2. Ahmed ( 1983) also contains very useful descriptions of case 
studies on the accumulation of technological and techno­
managerial capacity by UK firms. 
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As in the Tanzanian case, when Ahmed examined the degree of training 
provided for and carried during the investment phase of the fertiliser 
and paper mill projects, with the exception of the IOOSt recent plants, 
he found provisions only for operations related training and not for 
the transfer of Type B skills. 'Ihe pattern of training that occurred 
is set out in Table 4, and on the basis of this he concludes that 
"technology transfer associated with investment in these industries 
seens to have oontril:uted very little, if anyt:hin:J to the "dynamic" 
technological capacity available in Bangladesh • • • during the ••• 
1950's and 1960's, and IOOSt of the 1970's Bangladesh capacities to use 
technical knowledge for carrying out the technological and techno­
managerial tasks involved in investment in new plants was augmented 
very little, if at all, by technological transfer." (p.178). Ahmed 
was also able to document the short nm foreign exchange oosts 
associated with the investment projects in the two irnustries. His 
results, surmnarised in Table 5 show clearly one dimension of the oosts 
inp:>Sed on the local economy by the lack of indigenous capacities and 
the resultant need to depend on imported know-how and services. And 
rather than decreasing overtime as one would normally expect, the 
proportion of foreign cost in total project costs actually increased 
overtime - despite the fact that local costs grew m:>re than three 
times as fast as foreign costs for capital goods. It is important to 
note that the expenditure of scarce foreign exchange during the 
investment phase represents only one element of the costs associated 
with the lack of a local technological capacity. 'Ihe other and much 
larger elements are the costs associated with low or declining rates 
of capacity utilisation of the plants once they are established. 

By way of sununacy of the evidence presented so far, it appears that in 
a very wide number of cases, particularly in the poorer developing 
countries, there has been a systematic failure on the part of the 
recipient enterprisesjhost Goverrnnents b:>th to exploit the learning 
potential of the transfer process and to achieve an increase in the 
degree of local supply of technological inp.its. 'Ibis failure has for 
the IOOSt part been matched by a limited or totally non-existent local 
involvement in techno-managerial activities associated with investment 
projects with the result that control was vested in the hands of 
foreign suppliers. Perhap:; IOOSt alanningly there does not appear to 
be aey significant improvement in these parameters over long periods 
of two to three decades, during which the countries have been involved 
in a succession of technology transfer events within the same set of 
irnustries. 

3. Ahmed found a similar situation when he examined the provision of 
technological inprt for technical change projects in existing as 
opposed to new plants. 

4. '!hough interestingly in the one example in the mid 1970s where 
some engineering services were provided locally snmoouent 
investment projects reverted to a greater dependence on inp>rted 
inputs. 
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'1he reasons for this lack of improvement are in sane cases open to 
conjecture. However, I tend to agree with Ml.awa, that a large measure 
of responsibility for this sad state of affairs I11lSt lie with the 
failure of host Goverments/recipients to effectively express their 
demand that technology transfer projects shalld contril::ute ncre to the 
local econany than simply augmenting production capacity. An interest 
and concem to secure training in middle and higher level technical 
and managerial skill categories seems to have been totally lacking. 
Arrl as I shall show in the next section, not only has this situation 
resulted in the countries studied having to spend huge a.ncunts of 
scarce investment resources on securing the supply of foreign inp.rts, 
the sub:lequent operation of the plants so established often represents 
a oontinuing and in our opinion totally unnecessary drain on 
resources. 

2. RXPeptia>s to the Rule 

contrary to the impressions given by the discussion in section 1, 
there are in fact a m.nnber of examples where developing country 
recipients have been nn.ich ncre successful in using investment 
projects to Wild up their stocks of technological capacity. r:rhis is 
the evidence that I review belor.v. one point TNOrth mentioning at the 
outset is that with one exception all the examples come from the ncre 
advanced developing countries where industrialisation is reasonably 
far advanced and where the degree of technological developnent is high 
compared to IOOSt of the 'lhird World. While this limits the immediate 
transferability of the precise experience of these countries, these 
studies are nevertheless illuminating and provide many generally 
useful insights which can only be appreciated through reading the full 
texts. Here I shall emphasise those aspects which relate to the 
discussion in the previous lecture. In particular, I suggested that 
there were four types of mechanisms through which technological 
capacity can be transferred and aOC\.Utl\llated:- the relocation of 
technical infonnation, training, learning and reverse engineering. 
'1he cases described belor.v provide examples of these different 
mechanisms at TNOrk in varying combinations and configurations which I 
will highlight as they appear in the studies. 

'lhe transfer of us aeramace tec:hnology to Japan 

Hall and Johnson (1970) examined the experience of Japan in acquiring 
aerospace technology from I..cckheed in the US. 'lhe authors set up an 
analytical frcmeNOrk to assess technology transfer which distinguished 
betwreen flows of three types of technical inf onnation that cut across 
the 'fype A & B flows discussed earlier: 

General tecbnology refers to infonnation COl11l'IDl1 to an industry, 
profession, or trade. At one extreme this category includes such 
l:Bsic skills as arithmetic, and at the other such specialised 
skills as blueprint reading, tool design, and canp.rter 
programming. '!he same general knowledge is possessed by all 
f inns in an imustry and hence is the ticket of admission to the 
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industry. 

SysterJHm:cific technology refers to the information possessed by 
a fim or individuals within a finn that differentiates each 
fim fran its rivals, and gives a finn its C0Jtll9titive edge. 
Some of this specific information will have been a~ through 
engaging in certain tasks or projects. It cntprises ingenious 
procedures cormected with a particular system, solutions to 
unique problems or requirements, and experiences unlike those 
encountered with other systems. System-specific technology is 
when a fim, in manufacturing an item, acquires information that 
is peculiar to that item. 

Finn-specific knowledge differs fran system-specific knowledge in 
that it cannot be attriruted to any specific item the finn 
produces. Finn-specific knowledge results from the firm's 
overall activities. For example, a firm may have special 
capabilities in thin-wall casting or metallurgical techniques not 
possessed by other finrs, and not necessarily attribltable to any 
specific item the finn has produced. 

'lb illustrate the difference aoong the three types of technology, 
some of the information required for the manUfacture of, say, the 
F-5 aircraft is canm:m to all finrs with an aircraft 
manufacturing capability; this we call general technology. 'lhe 
particular f inn that manUfactures the F-5 has acquired sane 
specific information about this system not possessed by other 
finrs: this is system-specific information. certain other 
technology is possessed by this producer that other finrs do not 
share, tut which is not attril:utable to the F-5 (or other 
specific system) : this is the producer's fim-specific 
knowledge. 

'lhe authors suggest that the effectiveness and costs of technology 
involving these different types of technical knowledge depend on a 
rnnnber of factors -

(a) the degree of industrial skill which the recipient 
already possesses: 

(b) the nature of the technology and the fonn of its 
embodiment - general technology because of its breadth 
and differences may be the DDSt difficult to acquire 
while system-specific technology embodied in blueprints 
and drawings will be the mst expensive b.rt 
the easiest to transfer; 

(c) the willingness of the suwlier of the technology, which 
depends in part on the financial imucements offered and 
the importance of the technology as a source of quasi­
monopoly; 
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(d) finally, Hall and Johnson emphasise that the key to the 
success of the Japanese in acquiring technology lies in 
their ability to make difficult decisions about what 
and how much technology to acquire and alx>ut the best 
mechanisms to do this. "Correct decisions 
importantly affect the success and costs of 
international transplantations of technology". (p.306). 

'Ille empir~cal part of the study in which we are interested highlights 
the way m which the Japanese Government and recipient enterprises 
iqx>rted aircraft technology through "co-production" progranunes by 
which the suppliers provided full access to all inputs necessary to 
allow looal production of aircraft. 'Ibis involved the transfer of 
technology from an already established industry in the us, to set up a 
~ production facility in Japan. 

'!he transfer mechanism used in the co-production progranune consisted of 
a mnnber of elements which relate roughly to the mechanisms mentioned 
earlier. Data packages on corporate :policies and practices were 
provided ( finn - specific knowledge) which involved much detailed 
infonnation (often contained in manuals) on managerial, drafting, 
planning and other procedures. Transfer of system-specific 
infonnation involved the provision of all product and process designs 
and trad!ng specifications as well as the notes and black rooks of 
foremen.5 Both of these involved the relooation of technical 
inf onnation and led to a considerable degree of learning by reverse 
engineering as the Japanese "pulled apart" the i.np:>rted 
specifications and machines in order to understand the basic 
principles and to allow the sul::sequent looal supply of the inputs. 

Extensive training both abroad and in Japan was undertaken at all 
levels of production and management involving many thousands of man 
hours in both conceptual and "hands-on" types of training activities. 

same formal training was used blt the large part of the transfer 
through this mechanism came through day-to-day involvement of foreign 
and looal personnel VJOrking together to perfonn specific tasks and 
overcome problens. One supplier, Lockheed, used what it called a 
"counterpart" progranune to transfer :people embodied knowledge. "Fach 
man who went to Japan was assigned a counter-part Kawasaki employee at 
the supervisor level and an interpreter". '!he Lockheed and Kawasaki 
teams involved in establishing production were therefore fully 
integrated. '!his allowed full participation of both sides in the 
process and proved to be highly successful when compared with 

5. '!he :point made about the provision of foreman's notes and black.­
books is particularly interesting. It shows the fine attention to 
detail required to effect the transfer of know-how, and shows 
also the value of the author's detailed ol:servation/research 
method - we know of no other study where this transfer made is 
mentioned. 
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strategies followed by other suppliers who did not integrate their 
teams rut acted as sources of technical assistance when asked by the 
recipient. 

other aspects which are eJrP'lasised is the importance of a ~ 
progranune of transfer. Planes were shipped to Japan in increasingly 
less assembled. CKD form and assembled. by the Japanese. Gradually CKD 
kits were replaced by the shipnent of components as Japanese assembly 
skills were developed. '!his in turn was followed by a gradual 
increase in local production of previously imported conp:>nents. In 
this way tight production schedules were met while at the same time 
the Japanese learned assembly and production techniques. Clearly, to 
allow these schedules to be met, careful planning was required to 
allow the developnent of Japanese atsorptive capacity in advance of 
the point at which they asswned responsibility for the next stage of 
activities. 

The authors also empiasise the importance of the provision of full 
tooling technology (the relocation of technical infonnation) - either 
in the form of the tools themselves or their design specifications. 
These techniques and the changes made to them embody much of the 
production technology of the supplier and their eventual local supply 
(through reverse engineering) meant that the Japanese were also 
sulEequently much better able to modify and adapt their product 
designs by being able to modify the tooling required to produce 
conp:>nents. 

Hall and Johnson go on to examine the subsequent transfer of oore 
advanced airplane technology in great detail rut which I will not 
discuss here. However, they stress the importance of the earlier co­
production progranunes in providing Japanese fi:ans with the general and 
system-specific capability needed to oove into oore advanced 
production. Their analysis makes clear that the transfer of product 
technology involves a variety of knowledge flOVJS covering a vast 
number of component parts and materials. 'lb transfer this body of 
knowledge effectively requires the connnitment of large numbers of 
personnel and very considerable costs on the part of l:x>th suppliers and 
recipient. 

Particularly important within these are the reservoirs of knowledge and 
experience embodied. in people which can only be transferred. through 
intimate, sustained. contact between suppliers and recipients through 
the whole of the investment phase. Hall and Johnson concentrate nost 
of their analysis on documenting the mechanisms and costs involved. in 
transferring what we have called Type A capabilities. However, it is 
clear that by so extensively involving themselves in acquiring the 
technology that the Japanese were also adding sulEtantially to their 
stocks of technical resources which were subsequently drawn upon in 
importing and adapting the oore soptlsticated. aircraft technology 
described in the second half of this paper. The two flOVJS of Type A 
and Type B technology were clearly explicitly intermingled. in the 
design and implementation of the transfer process because the Japanese 
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fully intended to become capable of the independent production of 
particular types of aircraft and inter alia be able to effect the 
technical changes necessary to adapt and improve product and process 
technology over tillle. 

'lhe Indian experience in steel and machine tools 

If we turn to the developing country case materials there are two 
studies which have documented the role of technology transfer in the 
evolution of the Indian machine tool and steel industries. Dastur 
(1978) describes the technology transfer progranune undertaken during 
the establislunent of the Bokaro steel plant during the 1970s.6 
Although the transfer activities undertaken included a wide range of 
capacity creating mechanisms, of particular interest is the manp:JWer 
training progranune that was pursued. 

India's earlier experience in setting up steel plants gave Bokaro's 
planners some idea of the magnitude of the manp:.>Wer and training 
requirements needed to start up a new plant. Although some personnel 
could be drawn from other Indian steel plants, IOOSt had to be trained 
specifically from Bokaro. 

To meet these demands, Indian planners choose to create their own 
specialised training institute rather than be dependent on training 
people in the Soviet union. 'lhe various internal training progranunes 
carried out under this scheme were as follows. 

While 50% of this training was concerned with Type A rather than Type B 
skill categories, the progranune itself is significant because of the 
obvious care that went into its design and specifications, and because 
considerable em?'lasis that was placed an training prior to the 
conunissioning of the plant in 1977. Table 6 shows the breakdown of 
people in different skill categories trained prior to 1977. some 
foreign training was necessary - about 370 people received specialised 
training in production know-how and technologies in the USSR -
however, this was much lower than it might have been. 

Turning rDN to the machine tool sector, Mascarenhas (1982) describes in 
great detail the technology transfer experience of Hindustan Machine 
Tool, a public sector enterprise established in 1953 and rDN one of 
India's IOOSt p:JWerful and diversified capital goods manufacturers. 
Mascarenhas assesses the very wide variety of technology transfer 
projects in which HM!' has been involved. His description of the very 
first project, a joint venture with the swiss fi:an Oerlikans to 
establish its first machine tool production facility is interesting 
because of the em?'lasis placed an the way in which this project laid 
the technological and technology "culture" foundations on which the 

6. Another study of the negotiations piase in the same plant Desai 
(1972) was discussed in lecture Six. 
whole industry has been tuilt. 
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The joint venture with Oerlikans is acclaimed by all as 
having laid the foundations of the :machine tool industry, 
especially because of the collaborator's enP'laSis on 
training, quality, and precision. 

In this project the Oerlikans team undertook the following tasks 
involving training of HMl' personnel: 

(1) the transfer of know-how for design of tool roan lathes; 

( 2) training in carplete project planning; 

(3) training in the selection, supply, erection, and 
camnissioning of plant :machinery, and equipnent; 

(4) the supply of jigs, fixtures, special tools, patterns, 
CKD parts, and castings; 

( 5) training in the planning of the organisation and setting 
up of procedures and systems; 

( 6) training of Indian personnel in Oerlikans and HMl', and 
the deputation of swiss experts in all areas of 
management; 

( 7) the starting up and nmning of production by swiss 
experts with Indian understudies. 

Mascarenhas points out that 

This phase emP'lasised the training of craftsmen, supervisors, and 
engineers in the prcx:::esses of machine tool manufacture and 
acquiring skills for producing quality :machine tools •••• 'Ihe 
project did not achieve volmne production and the financial 
results were naturally not up to expectation. (p. 66) 

However, as a result of the nature of swiss involvement in this first 
project, the management of HMl' developed an overall perspective on its 
technological developnent which consistently emi;:hasised the importance 
of training and skill developnent. In terms of planning its future 
strategy, the management felt that it had to JlDVe through four stages 
of developnent, all of which necessarily involved technology transfer 
from abroad rut with the crucial proviso that these stages all involve 
extensive training. At the same time HMl' established a variety of 
skills that it needed to acquire to facilitate effective transfer and 
set about generating these skills through the creation of a rigorous 
and comprehensive internal training progranune. 

HM!' saw technology transfer and its internal training efforts I!DVing 
through 4 stages: 
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'lhe "do-how'' stage during which basic skills like fitting, 
turning, milling, etc, were developed in craftsmen, 
supervisors and engineers with an emp-iasis on accuracy and 
quality consciousness. 

the "selective specialisation" stage during which individuals 
in different positions were given further training in 
specialised areas and intermediate products such as casting 
and bearing for craftsmen and supervision and management for 
m::>re senior level staff?. 

the "know-how" stage where the stress was laid on the local 
developnent of simple designs and the nOOif ication of 
imported technology. Here the emp-iasis was placed on 
acquiring specialised skills in areas such as marketing, 
industrial engineering designs, etc and on i.q>roving the 
organisational structure of the company. 

the "selective technologyjknow-how" stage where imports of 
technology are highly selective and which Wild on already 
established indigenous production and design capabilities. 

'Ihrough the evolution of these stages the company adopted four 
different strategies for acquiring technology from abroad in ways 
which complemented the types of skill and technological capabilities 
it was trying to generate internally. 'lbese strategies were: 

(a) b:road based joint ventures for the irtj. tial establishment 
of the industry of the sort entered into with 
oerlikans. 'lhe main objective here was to establish 
agreements where the collaborators agreed to assist in 
extensive training to lay the foundation for indigenous 
production.a "'lhe joint venture of turnkey project is 
reconunended in the early stages of the developnent of an 
industry. After the basic plant and equipnent are 
established and the basic knowledge of the technology 
has been acquired, then the industry should preferably 
JOOve to other forms of acquiring technology, as 
HMl' has done." (p. 61) 

7. Mascarenhas relates how senior management at HMl' reiterated the 
importance of the first tYJO stages by stating: "()Jr experience is 
that the first tYJO stages are very crucial for technology 
assimilation. Skipping these tYJO stages by deliberately bringing 
in the 100St advanced tec::hnology with an inadegyate sum>J.y of 
imigenous skills will result in progressively increasing 
dependence on iwx>rted. tecbnology." (p. 85) 
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(b) the second strategy consisted of the selective 
gJrebasilYJ of technology through licensim oontracts. 
HMI' adopted this strategy to facilitate diversification 
of its product base. contrary to other views of 
licensing as mechanisms which increase deperllence9 
HMI' ensured that its licensing agreements wre 
catprehensive in their errlPlaSis on real technology 
a~sitians and involved the "a~in] technical know­
how through detailed docl.Unentation Of the designs / 
draW~ I stamard sheets etc I and making 
arrangements for technical assistance by training 
engineers at the collaborator's "WOrks for technicians 
fran the collaborator to assent>le an:i test the product 
in the early stages." (p. 62) 

Mascarenhas makes the important point that to achieve such deals 
considerable bargaining is required in which to achieve success 
depends on having a "sound technical knowledge of alternative 
sources". One of the techniques HMI' developed to strengthen its 
bargaining capabilities was to use a basic format for drawing up all 
licensing agreements. 'Ibis greatly facilitated the ability of HMl' 
negotiators to get a good deal and "a considerable Bl'ID\.ll1t of effort 
went into its initial developnent". 

(c) a third and highly innovative strategy adopted by HMI' is 
through "bilk pgchases" of technical know-how and 
assistance paying royalties and often fees. 'Ibis 
system of acquiring technology is sanewhat similar to a 
licensing arrangement, except that the licensor shares 
his know-how in return for bllk orders of machines. 

8. 'Ibis approach is not conmon in other developing countries as HMI' 
found when it assisted Algeria to establish a machine tool 
industry where HMI' technicians involved in the project otserved 
that "the Algerians did not associate themselves with their 
collarorators at all. Instead they waited, as they expected to 
take over a fully operating machine tool factory, acxx>rding to 
the contract". 

9. Mascarenhas draws attention to the conclusions of Mytelka ( 1978) 
in relation to Andean Pact countries where 98 per cent of f inns 
(owned by Nationals) in chemical and metal industry were unable to 
produce their own technology. Licensing, it is suggested, 
creates a p:;ychological envirornnent of dependence. Managers 
become accustomed to rely on imported technology and incorporate 
the assumption of technology imports automatically in future 
planning ••• obviously HMr managers did not view licensing in 
this light at all. 
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under this strategy, HM!' was concerned to exploit external 
circl.Dnstances governing the supply of technology and its strength as a 
public enterprise. It used this strategy in ac:x;{Uiring a variety of 
technologies to produce machines needed by the Government. Moreover, 
it acted as a technological gate keeper in selecting and diffusing 
technology through the economy. 

(d) Finally, HM!' is now at a stage of technological 
sophistication where it finds foreign fi:rms unwilling 
to participate in licence agreements because of the 
likelihood that HM!' (now a major exp:>rter of capital 
goods) will quickly become a competitor in the 
international market. Consequently, it is increasingly 
resorting to "joint developnent projects" where both HM!' 
and a foreign firm collaborate in designing new 
equipnent for the Indian and exi;:ort markets that does 
not threaten the foreign firm's position. 

Tec.hnology acgµisition in Brazilian Petrochemicals 

'Ihe final example I wish to discuss has already been introduced -
because of the technology transfer strategy pursued by Petro.bras and 
Pretroquiza of Brazil. In lecture Six, drawing on Sercovitch (1980), 
I described how Petrobras had a selected a technology supplier willing 
to provide it with full access to core technology. 

Once the negotiations had been completed and the actual investment 
phase had begun, Petrobas allocated a team of 20 professionals to the 
technology transfer project. Because of the denonstration value of 
this exercise for my purpose, I reproduce below Sercovitch's analysis 
of what sub:;equently took place during the transfer process itself rut 
where the o,mortunity to do what is described below was created .Qy the 
strategy Petro.bras pursued in the pre-investment phase. 

'Ihese engineers had little experience with ethylene units, tut 
they were experienced in other types of projects. So they spent 
alnDst four llDnths studying existing Brazilian ethylene facilities 
before going to France. 'Ibey focussed on Kinetics and other 
critical areas. 

Once in France they spent about one 11Dnth in Paris studying the 
fundamentals of ethylene units. '!his completed the first stage 
of their training program. 

During the second stage, the ethylene units (were) analytically 
divided into characteristic sections and the engineers proceeded 
to carry out process calculations regarding each different 
section. 'Ihe mechanical engineers were included during this 
phase due to their past experience in process engineering. 

'!hen 5 out of the 20 Brazilian engineers were sent to the 
Netherlands to "WOrk with KTI for two and a half llDnths with 
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furnace prcx::esses. '!\.Jo of these five engineers went to visit 
experimental units in Ghent. After this, they returned to Brazil 
where they verified all calculations with actual projects 
undertaken in Brazil (this was one of the specific requirements 
posed by PEIROBRAS to the suppliers). 

'!he 15 engineers who remained in France focussed on the definition 
and calculation of prcx::ess equipnent. other areas were left for 
the following stage. All of their work was related to actual, 
already completed projects. 

Altogether, the training program abroad by CENPES' persormel took 
some 1,234 man-hours. Including pre- and post-training in 
Brazil, the length of the program was about 14 IIDllths. Once 
Technip regarded the training program as oonpleted the head of the 
Brazilian team asked the French company to supervise their 
calculation of a complete ethylene project for Brazil, which 
they did. 

By October 1978, the conp.lter programs had already been fed into 
PEIROBRAS' computers. ~ of the software transfer had this 
taken place. In addition to the training programs, some 40 man­
nDnths of technical advisory services were included in the deal 
••• (which, at a certain point involved some 200 of Technip's 
engineers working sinultaneously). 

In addition, the contract also included a training progiam for two 
private (Brazilian) engineering companies •••• 'Ihese cxmpmies, 
which are primarily involved in the detailed engineering of 
DEMAP (the particular ethlyene plant being constructed), sent 14 
people to ranee to receive training for 10 J1DI1ths. Although they 
are in charge of Il'OSt of the detailed engineering work, the 
ultimate responsibility for it lies with Technipjm'I, who perfonn 
on-site supervision in their role as prime contractors. (pp. 
39-41) 

leaving aside the training provided for the two private engineering 
companies the benefits that Petrobras gained from the deal can be 
sununarised as below. 

- technical assistance (including that concerning future plant 
exports by PEIROBRAS and adaptation of Technip's oomp.rt:er 
programs to PEIROBRAS' comp.1ter system) 

- complete aocess to all details concerning engineering and 
scientific data, including methodologies, c:omp.rt:er menories, 
process correlations, sinulation nod.els, manual of use and 
application, etc.: altogether some 60 volumes with 200,000 
pages 

- design of experimental units and technical assistance for R&D 
activities 
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- access to all improvements that the licensor may develop 
during the next 10 years 

- massive training and retraining at the supplier's R&D and 
other facilities 

- acquisition of rights to Wild, sell, and install ethylene 
plants in Brazil and any foreign country after 10 years 

Obviously to capture these sorts of gains Petrobras had to make a 
sizeable investment of financial and human resources. However, it is 
JtDSt important to note that Petrobras and the World Bank agency 
providing funding for the project (IADB) did not see the technology 
transfer progranune as simply involving sunk costs that wold only oo 
recovered over a long period. In fact, these agencies carried out a 
feasibility study which ~tified the costs and tenefits of this 
unique exercise and derconstrated that a high rate of return could in 
fact oo obtained from this type of organised learning experience. 
Clearly, as the above list of tenefits shows, the actual 
.inplementations of the project did, in fact, justi~y the investment 
and validate the conclusion of the feasibility study. 
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Table I Classification of the technological and techno-managerial inputs to investment in Tanzanian te~tile mills 

BASIC 

SERVICES 

AND 

GOODS 

OVERALL 

MANAGER JAL 

AND 

DECISION MAKING 

INPUTS 

Source: Mlawa. 1983 

Staue l: Initial Techno-econornic 
studies 

StaCJP 2: Project Engineering 

Stil•JP J: Capital Good Prorluct ion 

St.1q" 4: On-site installation and 
start-up 

Identification and selection of input 
supnlfors 

Negotiating and hargaining with 

Proqrc~-;s D~c is i on-mak i nCJ M1<1 

Moni t<iring 

Preliminary Studies 
Fesibility studies 

CA.Jtline Engineering 
Detail Engineering 
Civil Engineerng 
Pre para ti on for procurement 

Machinery and Equipment 
Buildings and Infrastructure 

Equipment assembly. installation and co~nissioning 
Labout Training 
Production start up 

Project Management Suppliers (PMS) 
Study and Engineering Service Suppliers (PES) 
Machinery Suppliers (MS) 
Construction and Civil Building Work Suppliers (CCS) 

Negotiating and bargaining with Project Management 
Services Suppliers (PMSS) 
Negotiating and bargaining with Project Engineering 
Services Suppliers (PESS) 
Negotiating and bargaining with Machinery 
Suppliers (MS) 
Negotiating and bargaining with Construction and 
Civil work suppliers (CCS) 

Early inter-stage decision-making 
Overall progress monitoring and acceptance 
Detailed monitoring and supervision 

l 
2 

3 
4 
5 
6 

7 
8 

9 
10 
11 

l 
2 
3 
4 

5 

6 

7 

8 

9 
10 
11 
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Table II Classification of Origin of Technology Inputs to Tanzanian Textile 
Mil ls 

1. SERVICES: 
Preliminary studies 
Feasibility studies 
CA.ltltne Engineering 
Detailed Engineering 
Civil Engineering 
Preparation for Procurement 
Equipment Assembly and Installation 
Labour Training 
Production Start Up 

2. CAPITAL GOODS: 
2.1 Machinery 

Blowroom 
Orawframes 
Roving frames 
Lap former 
Ring frames 
Twisting frames 
Winding frames 
Reefing frames 
Cone-winding 
Cheese-winding 
Pi rn-windi ng 
Drum-winding 
Warping 
Sizing 
Looms 

2.2 Buildings and Infrastructure 
Main structure 
Sub-contracted i terns 

Source: Mlawa, 1983 0 " Foreign 
= Local 

1966 to, 1968 
Initial Urafiki 
~at ex 

0 0 
0 0 
0 0 
0 0 
u 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
u 0 
0 u 
u 0 
0 0 
0 0 
0 0 
u 0 
0 0 
0 0 
0 u 

0 0 
0 0 

Mwatex 
Expan­
sion 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
u 
u 
u 
0 
0 
0 
0 
0 
0 

l 
l 

Mutex 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
u 
0 
0 
0 
0 
u 
0 
0 
0 
0 
0 
0 

1977 to 1980 
Tabora Ubungo 
Spinning Spinning 
Mi 11 Mi 11 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
u 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
l 0 

Mbeya in­
tegrated 
Mi 11 

0 
0 
0 
0 
0 
u 
u 
0 
0 

0 
0 
u 
u 
0 
u 
0 
0 
0 
u 
0 
0 
0 
0 
0 

0 
l 

Morogoro 
Polytex 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
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Table 111 and 
ert 

Services Plant 1 Plant 2 Plant 4 Plant 5 Pl ant 7 
(1952) (1967) (1976) (1980) (1982) 

"!ICHNOLOGY 
TRANSFORMING SERVICES 

l. Pre-investment and 
feasibility st11dy 4 4 3 3 

2. Design and 
Engineering services 
- Process Design 3 3 3 3 3 
- Detailed Design 3 3 3 3 3 
- Building and 

other designs 3 3 3 3 3 

3. Capital Goods 
Production 3 3 3 3 3 

4. Plant Construction 
- Civil Engineering 3 3 3 1 ( 3) 3 
- Installation, 3 3 3 l ( 3) 3 

Testing, 
Commissioning, 
and Start-up 

TECHNO-MANAGERIAL 
DECISION MAKING SERVICES 

l. Defining the term 
of reference for any 
particular stage in 
the transformation 
process 3 3 3( l) 2 3 ( 1) 

2. Identifying and 
deciding upon the 
agents 3 3 3( 1 l 2 3(1) 

3. Ne got i at ion and 
acce~tance of terms 3 3 3( 1) 2 3(1) 

4. Monitoring and 
Evaluation anct 
acceptance of output 3 3 3( l) 2 3(1) 

CODES: 1 - From within the economy; 2 - Jointly between Bangladeshis and 
lnt~rnational Contractor/Consultant; 3 - By International Contractor; 
4 - Information not available. 
1(3) - From local sources with supervision/guidance from external sources. 
3(1) - Main services by foreign contractor/consultant, but with some 
involvement of Bangladeshis. 

Source: Atvned, 1984 
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Table IV Summary of Flows of Knowledge Skills etc during the Technology Transfer Projects in Bangladesh 

Overseas Training Local Training 
Plants Our at ion 

Number Typ» (Months) Number Type 

Fert i 1 i zer 
Plants: 

Pl ant 1 84 OP.MNT 3-9 350 OP,MNT 

Plant 2 37 OP.MNT l 0 (max) NA NA 

Pl ant 4 32 OP ,MNT 4-12 110 1 OP ,MNT 
350/4502 OP .MNT 

800 CONS 
4 MNT /I NS 12 

4 DG and PROC 12 

Plant 5 60 ER .COM 3-6 400/450 COM ,OP 
OP.MNT MNT 

Paper Mills: 

Mi 11 2 5 OP .MIH 3-6 70 OP, MNT 
(understudy) 

1. Includes people of supervisory and managerial positions 
2. Operators and technicians (approximate number) 

Legends: OP - Operation; MNT - Maintenance: 
INS - Installations; ER - Erection; 
DC - Design; PROC - Procurement. 

Source: Ahned, 1983 

CONS - Construction 
CM - Commissioning 

Comments 
Ou ration Flow B/Flow C 

3-6 Flow <B only 

NA Flow B only 

3-6 Fl ow B only 
3-12 

3-6 Component of Flow C 
Component of Flow C 

Fl ow C 

over three F 1 ow B + Component of Flow C 
years 

over five Flow B onlyif 
years 
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Table V Proport1on of Foreign Exchange to the Total Project Cost Required 
to Import Goods and Services for Investment Projects in 
Bangladesh 

Investment Projects 

New Fertilizer Pl ants: 

Plant 1 

Plant 2 

Plant 4 

Plant 5 

Pl ant 7 

New Paper Mi 11 s: 

Mill 3 

Technical Change 
Projects: 

Fertilizer Plants: 

Plant 1 

Plant 2 

Pl ant 3 

Paper Mills: 

Mill 1 

Mill 2 

Mi 11 3 

• Estimated Costs 

Source: Atmed, 1984 

Date of Unit 
Investment 

1959 Million Rs 

1967 Mi 11 ion Rs 

1976 Milli on USS 

1980 Million Tk 

1982 Million US$ 

1966 Mi 11 ion Rs. 

1982 Million US$ 

1982 Mill ion US$ 

1982 Million US$ 

1979 Mi 11 ion Tk 

18981 Mill ion Tk 

1981 Million Tk 

176 

Total 
Project 
Cost (at 
current 
price) 

244 

333 

433* 

1741* 

455* 

75 

4.0* 

18.2* 

16.3* 

305.3* 

363.9* 

192.0* 

Proportion 
of foreign 
exchange 
('.i) 

56 

49 

60 

54 

64 

67 

69 

69 

63 

69 

74 

75 
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Table VI : Training at the Bokaro Training Institute 

Categories 

Graduate Engineers 

Senior Operatives (science graduates 
and diploma holders) 

Junior operatives 

Artisan trainees 

TOTAL 

Source: Dastur, 1978 

177 

Number trained 
up to Dec 1976 

601 

658 

843 

474 

2,576 
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Six lectures by Norlien Girvan 

187 

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



'Ihe six lectures reproduced here are a direct response to the needs and 
circumstances of researchers and policy makers in the technology field, 
as they were articulated in a Workshop setting. Also, the treatment 
takes into accol.lllt the ideas developed by Kurt Hoffman on the 
acquisition and assimilation of industrial technology, and the 
fostering of technical change, at the enterprise level. '!here is, 
therefore, an attempt to forge an organic linkage between the macro and 
the micro; between policy- making at the national level by goverrunents, 
and the actual technological decisions and behaviour of enterprises 
relating to investment and production. It is precisely the aJ::sence of 
this linkage that is one of the outstanding features of technology 
policy-making in the less industrialized and technologically advanced 
developing col.llltries. 

'!he treatment is not comprehensive, in the sense of trying to deal with 
every aspect of a "technology policy" or "plan". '!his is deliberate. 
'!here is already a considerable number of excellent materials dealing 
with this subject. In addition, smaller and less advanced developing 
COl.llltries may silrply not be in a position to fo:rmulate and adopt a 
comprehensive policy or plan; because of lack of manpower, or noney, or 
political support. 'Ihe question arises, what do these col.llltries do? 
'Ihe lectures try to provide some answers to this. 

'Ihe first lecture provides an introduction and overview to national 
technology policies. Some suggestions, only partly in a hunorous vein, 
are made for the benefit of the typically isolated and frustrated 
technology policy-maker in a developing country goverrunent. And a case 
is made for adopting a partial, strategic approach to technology 
strategy in these circumstances. '!hen, a schematic approach to the 
developnent of a technology policy, either for a specific area/sector 
or for the country as a whole, is outlined. 

'Ihe second lecture goes into some detail on the preparatory tNOrk to be 
done before the fo:rmulation of a technology policy. Frequently, such 
preparatory tNOrk is either omitted entirely or carried out only in a 
very perfunctory manner. '!his leads to the announcement of a "policy" 
by government officials, which has nothing to do with anything else 
that is going on, either in the productive sector or in other parts of 
the government itself. 
'Ille third lecture deals with the actual fo:rmulation of specific 
policies. 'Ihe case is made here for selectivity as part of a 
strategic approach. 'Ihe crucial question is what (areas and policy 
instruments) will be selected, or rather hew will the 
selection process be made. Discussion of this question forms the main 
part of this lecture. 

'Ihe fourth lecture deals with certain key contextual factors which 
ilrpinge on the content and effectiveness of technology policy. 'Ihese 
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are (i) foreign investment :EX>licy, (ii) industrial development strategy 
and :EX>licy, and (iii) consunption :EX>licy. 

The fifth lecture, which was prepared by Maurice 001.e, deals with the 
specific :EX>licy area of the regulation of technology imports, which is 
a favourite target of governments at an early stage of technology 
:EX>licy-making. There is an overview of the main measures contained in 
these regulatory regimes, and a summary assessment of the results 
achieved by measures of this kind. 

The sixth and final lecture deals with the role of engineering and 
capital goods industries in wilding up indigenous technological 
capabilities. These areas are selected ooth because of their own 
intrinsic importance, and as example of strategic Wilding block which 
yield important externalities in a process of technological 
developnent. '!his lecture ends with an appeal to researchers and 
:EX>licy-makers to develop a vision of the role they can play in 
developing a technology "awareness", and the :EX>licy-making process, in 
their countries. 
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1--0VERVIEH 

Iillnxiuctiai 

'Ihis initiates a series of presentations on national technology 
policies and planning. We will not be able to be compreh.ensi ve, 
dealing in depth with all aspects of this subject. But we will try to 
develop a comprehensive framework for the formulation and 
implementation of technology policies and plans, highlighting some 
aspects, and going into some detail in a small mnnber of selected 
subject areas. 

We will also try to Wild, to the greatest extent possible, on what has 
already been said and discussed in these sessions. If we follow the 
logic of Hoffman's lectures, this means that we should try to relate 
technology policies to the strategic goals of the effective management 
of technology transfer and the developnent of indigenous technological 
capabilities. 'Ihese twin objectives - effective transfer and 
indigenous developnent - will be the connecting thread running through 
the sessions on policy and planning. 

Moreover, for these objectives to be realized, they have to be made 
operational. '!hat is, they have to effect what people and 
institutions actually do in carrying out the activities related to 
production and investment. We are all aware that policies and plans 
which exist on paper alone, are simply not \tlOrth the paper they are 
written on. One of the (controversial) views that we shall be 
advancing is that it might be better to have an impact on a small area 
- a project, an enterprise, an industry - in a quiet way, than to have 
a 'Grand Plan' which is never implemented. 

'Ihis brings me to a brief aside, on the h.lreaucratic politics of 
technology policy-making. 

A oote al bu;eanqratic politics 

In nnst of the countries that you come from, explicit technology 
policy is not practised. 'Ihe problem is not merely the physical 
ahsence of written policies. It is rather a lack of awareness of the 
importance of explicit policies for technology transfer arrl 
developnent. Industrial policy, education policy, taxation policy -
one does not have to argue for the necessity of these; they are taken 
for granted. But the chances are that when a technocrat brings up the 
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subject of technology policy, he/she will encounter the MEm1 reaction. 
'!his lack of awareness is generalized: it exists at the highest levels 
of political authority, within the b.lreaucracy, and anongst the public 
at large. 

Part of the reason for this is plain unfamiliarity: technology is, for 
many small countries with weak and overworked b.lreaucracies, a new 
subject. Often it is regarded as the province of scientists and 
engineers, and not of officials and politicians who are usually 
schooled in the liberal arts, law and the social sciences (and 
sometines the military sciences!). 

Apart from unfamiliarity, there are several factors which strongly 
reinforce the indifference to technology matters in public decision­
making. Probably the nost important is the desperate economic plight 
in which so many of our countries presently find them.selves; marked by 
food shortages and even famine, scarcities of imported goods, 
manufacturing industries in collap:;e, swelling populations, 
unemployment, and so on. It is difficult to concentrate the mind on 
long-term questions such as technology, when crisis management of the 
foreign exchange situation and the fiscal accounts atsorts all the 
attention of the goveniment, and when frenetic preparations have to be 
made for the up-coming negotiations with the IMF and the visiting 
World Bank mission. 

You may find yourself in the position of the lonely and isolated 
b.lreaucrat. You have no allies in the b.lreaucracy, or at least none 
that you know of, who are willing to push for conscious consideration 
of the technological aspects of investment decisions, and deliberate 
attention to the tuilding of local capabilities. '!here is no 
constituency within the b.lreaucracy, or in the wider economy (private 
sector or state enterprises) exerting pressure on the centres of 
decision-making to this end. '!he conditions just do not exist for 
these issues to be dealt with. Frustration and deiooralization can 
easily be the result. 

Sale prel imi naey CCllSideraticns 

'!here are no easy answers to this problem; and in some situations it 
may not be possible to make any progress at all. But I 'WOUld suggest 
that the task might be made easier if the following considerations are 
taken into account in devising a strategy for the initiation of 
explicit technology policies. 

First, a corrnron mistake is to believe that it is necessary to have 
"ideal" conditions in order to initiate technology policy and planning: 

1 MEGO = ''My eyes glaze over" (while my mind switches to 
something else) • 
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i.e. a wholly commi.tted Government, blreaucracy, productive sector, and 
general public. '!his is naive and unrealistic. Not only is it highly 
unlikely that you will have these conditions, rut in fact if they did 
exist, there might be no need to initiate technology policies at all, 
as they would probably be in operation already. If you operate on this 
asstnnption, you will be certain to end up frustrated. 

Second, and because of the al:x>ve, it may be better to have micro-level 
policies than no policies at all. I would argue, for instance, that it 
is better to have one ministry of Government committed to a conscious 
technology policy in the sector for which it is responsible, than no 
ministries at all; for this might result in an experience that can 
eventually be applied by other ministries. Similarly, if even one 
producing enterprise can be llDtivated to engage in thorough. preparation 
and search for an imported technology, the denonstration effect of any 
savings in costs that this brings al:x:>ut could have an impact on other 
enterprises. And a successful experience of unpackaging one 
Government project could be a llDre effective argument for a general 
policy of unpackaging, than all the written :mem:>randa in the world. 

I am here making the case for active use of the principle of 
"denonstration effect" in technology policy. 'lhe general principle is 
that initial policies do not have to be comprehensive or total. They 
can be partial; and if they work, 
they can be applied to wider areas, while if they don't work, they can 
be revised. 

Third, a specific technology policy is llDre likely to receive 
consideration if it is related to finding solutions to a specific 
problem faced by decision-makers or producers. Examples of these might 
be shortages of imported inputs, spare parts and machinery; machinery 
breakdowns and maintenance problems; energy availability; low 
productivity and high operational costs; and limited supplies of 
capital for new investment. The pursuit of al:stract goals related to 
national developnent appears to be a luxury that fewer and f ev.rer 
developing countries can afford in today's economic environment. Hence 
policies have to relate to concrete problems, and they nn.JSt appear to 
be "do-able" . 

Fourth, to be convincing in suggesting a technology policy, you have to 
be adequately prepared. You nn.JSt do your homework! Collect all 
available infoiltlation, do whatever research is necessary and feasible 
to support your reconunendations, and present it coherently. This is 
necessary in recommending gny new policy, of course, rut since 
technology policy is likely to be a new and relatively unfamiliar area, 
it becomes even llDre necessary in this case. 

Finally, be aware of the gap; in your infoiltlation and analysis, and 
admit them frankly. If you are unsure of the workability of a specific 
policy, do llDre research, or try to have it adopted on a small scale 
and on an experimental tasis, so that llDre knowledge of the problems 
involved in applying it in practice can be gained. A massive failure 
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could set back the case for technology policy for years (and could also 
have unpleasant personal consequences! ) • 

I.et us tum to a general overview of the issues involved in the 
formulation and implementation of technology policies. I will discuss 
these in five main categories: 

i) levels of technology policy and the ''workability test" 
ii) total, partial and strategic approaches 
iii) the "'two-pronged" strategy 
iv) the two categories of policy instrwnents, and 
v) the relationship between research and policy. 

Some of the points made in the preliminary considerations will come up 
again in the discussion of these issues, rut in a irore schematic 
framework. Finally, a surronary of the steps involved in the formulation 
and implementation of technology planning and policies is outlined. 

'lhe levels of teduplogy policy 

'Ihere are various levels at which a technology policy can operate. At 
the highest level we would no:nnally think of a national policy, which 
may even be irore fo:nnally expressed as a national plan for science and 
technology. The objective of a national policy is to influence actions 
related to technology in the entire country. 

Below this is the level of sector or industcy, i.e. group of producers 
engaged in similar activities or the production of similar products. A 
sectoral technology policy aims at achieving certain technological 
objectives for one particular sul:rset of producing activities, which 
may be characterized by similar production techniques, and/or similar 
technological problems. 

'Ihe next level is that of the producing entei::prise. '!his is vital, not 
only because enterprises should ideally have conscious technology 
policies of their own, tut also because technology policies at the 
sectoral and national levels cannot actually be implemented unless they 
affect the actions of individual producing enterprises in the economy. 
Remember too, that the "producing enterprise" can mean anything from a 
highly developed capitalist organization, to an individual operator in 
the info:nnal sector, or a peasant farmer. 

Finally, there is the level of the individual, be it unskilled or 
skilled worker, technician, engineer, research scientist, manager, 
etc., within the producing enterprise. Ultimately, technology policies 
depend for their sucx::ess on the commitment and the activities of 
individuals, acting in their various economic roles, and usually 
(though not always) grouped into producing organizations along the 
lines of co-operative effort. 
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There are two other levels of policy that can be distinguished, and 
that cut across the sectoral and enterprise levels. The first of these 
is the functional. 'Ibis is the level that applies to all national 
activities relating to a particular functional area, such as the supply 
of technological manp:JWer, research and developnent, and the control of 
technological imports. Below the functional is the institutional. 
'!his relates to the activities of specific institutions that carry out 
functional policies, such as technical colleges, national science 
councils, and registries of technology contracts. 

Figure 1. '.lhe leuaj s of h:iriJrplogy policy 

REGIONAL 

I 
NATIONAL 

I 
I 

I 
SECTORAL/INDUSI'RIAL FUNCI'IONAL 

PRODUCING ENTERPRISE INSTI'IUI'IONAL 

INDIVIDUAL INDIVIDUAL 

Functional policies cannot be carried out unless the activities of 
institutions and individuals working within them, are affected; just as 
sectoral policies require the activities of enterprises and their staff 
for them to be implemented. So that it is useful to apply a 
"workability test" to every national, sectoral or functional technology 
policy. '!his consists of a simple question: how far will this policy 
influence or IOOdi.fy the actual technological behaviour and activities 
of the enterprises and institutions that it aims at affecting, as well 
as the behaviour and activities of the individuals working in them? 

A diagranunatic relationship between the various levels of technology 
policy is set out in Figure 1 on previous page. It will be noted that 
a further level, the regional, has been placed above the national 
level. '!his applies where a country belongs to some regional grouping, 
such as :EX:nVAS or CARICXM, which is pursuing or hoping to pursue, some 
technological activities at the regional level. Examples of these are 
a comrocm regional regime for the transfer of technology, and 
cooperation in R&D. 
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'lbf;al • mrtW am strategic amroadles 

'lhe ~ approach to technology policy is the ideal one, to be 
adopted where all the conditions are propitious. '!he characteristics 
of the total approach may be said to be: 

it is conprebensive in that it addresses all sectors of the 
economy and all functional areas in the society; and does so 
in an integrated, internally consistent, and coherent manner; 

technology policy is consistent with all other aspects of 
economic and social developnent policy; and, 

the national technology policy/plan is supported by an 
effective national conunitment to its objectives, and its 
activities, from the highest levels of political authority; 
and is understood and supported by the crucial sectors of the 
bJreauc:racy; the productive sector (private and public), and 
the wider society. 

However, as we noted earlier, these conditions may not exist in many of 
the countries where technology policy is being tried out for the first 
time. 'lhe total approach actually corresponds to the conditions of the 
developed countries, and the nore advanced of the developing countries, 
such as India for example. Of course, there is no reason for it not be 
adopted in any developing country, provided the political conunitment 
exists and the other conditions are present. But in the aJ::sence of 
these, we have suggested that a less ambitious kind of approach may be 
tried. 

'!his may be called the partial approach. Its main characteristics are: 

it addresses one sector of functional area at a time, or 
even one specific enterprise or institution, or even in an 
extreme case, one particular individual; 

it seeks to use the results of one technology policy event as 
a basis for improving subsequent policies, applying policies 
to a wider area, and Wilding support for nore total 
policies; and, 

it uses conflicts and incompatibilities, caused by the fact 
that the policies are not total and therefore may not be 
consistent with other policies, in a creative and 
constructive manner, i.e. as an opportunity for nore general 
application. 

As a result, it may be found that the partial approach is nore 
feasible and manageable in the conditions of many of the smaller and 
less developed developing countries at this time. But if it is 
attempted, it is important for the partial approach not to be 
static, as suggested above, tut to adopt a dynamic perspective whereby 
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it can be adopted nore generally. If used in a systematic way over an 
extended period of time, the partial approach can become a strategic 
approach to technology _policy. 

'lhe main characteristics of the strategic approach are: 

it is infonned by a sense of a feasible sequence of sets of 
technological activities through time (e.g. transfer, 
assimilation and innovation) , each set providing inputs into 
sub:;eque:nt activities; 

each set of activities is linked to a specific i.rxiustry, 
enterprise or project where there are substantial 
opportunities for learning and capability developnent; 

the choice of sets of activities and productive operations to 
which they will be linked, is determined by (a) the 
~rtance of the productive activity to the national econany 
or the development strategy, and (b) the amunt of benefits, 
direct and indirect, that successful perfonnance of 
technological activities in that operation can yield to other 
industries, enterprises or projects; and, 

the objective is that the degree of technological 
activities and the extent of their "spread effects" or 
externalities, will grow with each sucx::essive set of 
activities in the sequence through time, as each one 
benefits from all the previous ones. 

As may be seen, the ultimate objective of the strategic approach is to 
bring the country to the point where the total approach can be adopted, 
because all the conditions have been established and the country is 
well-set on the path to dynamic technological developnent. 'lhe 
~rtant thing, however, is that progress is registered in a dynamic 
way, that~ technological activities are undertaken that yield pay­
offs and pave the way for sutsequent rounds of activities. 

'lhe b.o-pronged technology strategy is aimed at acting simultaneously 
on inflows of foreign technology, and on the development of local 
technology. It assumes that key industries, enterprises or 
institutions have been targeted for intervention, as a result of using 
the principles of the partial or strategic approach. 

'lhe bNo 'prongs' of the strategy oonsist of (i) controlled technology 
transfer from abroad, and (ii) selective developnent of local 
technologies capabilities; in the targeted areas. 

controlled technology transfer involves to a large extent the issues 
dealt with in the presentations by Hoffman. 'lhe need for active 
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participation in the management of the transfer process 
exists at all its stages, viz. 

search and selection 
negotiation, bargaining and acquisition 
project execution 
assimilation 
diffusion 

Active participation in these activities can be expected to give rise 
to better technology choice, cheaper technology imports, and rcore 
effective assimilation and diffusion of imported techniques. It should 
give rise to dynamic learning effects as it is carried through a 
sequence of successive activities. Hence it is ultimately supportive 
of the develo~t of local capabilities. 

Selective develo~t of local technological capabilities also has a 
number of aspects, mainly: 

in-plant innovation based on operational experience 
f onnal research and developnent 

(a) within enterprises 
(b) in R&D institutions 

engineering services 
capital goods manufacture 
diffusion mechanisms 
inf onnation mechanisms 

Selectivity implies that, in the areas targeted for policy 
intervention, a start is made with those capabilities that are easiest 
to develop in the first instance, that are within the reach of the 
enterprises and institutions concerned, and that are likely to have 
large pay-offs. For example, innovation does not have to begin with 
fonnal R&D; it can be initiated by encouraging creative nodification of 
existing techniques within enterprises, and the systematic evaluation 
of operational experience. Similarly, capital goods manufacture may 
grow out of repair and maintenance activities within industrial firns. 
capability develo~t implies a sequence of progression over time to 
activities of greater difficulty and technological complexity. 

E'Vidently, as local capabilities develop, imported technology is 
gradually replaced by local technology. In addition to this, the 
technology that is imported can be nore effectively al:Eorbed. So that 
local capability develo~t is both a consequence of, and a 
contri.J:ution to, effective transfer from abroad. 'Ihe two prongs of the 
strategy are, or should be, mutually supporting. 

'!be two cabglries of policy instrnnAJt;s 

Technology policy instnnnents are actions, measures etc. taken by the 
state aimed at influencing the utilization of imported technology, and 
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the generation and diffusion of local technology. We divide policy 
instruments into two categories: those operating on the demand side, 
and those operating on the supply side, of technology transactions. 

Demand side instruments consist of measures impacting on the demand of 
producing enterprises and investing units, for local and imported 
technology (good and services) • An example might be the registration 
and approval of contracts for the purchase of imported technology, 
allre:i at regulating the tenns and conditions of contractual technology 
transfer. Another might be govennnent restrictions on imports of 
certain kinds of engineering services, where such services have been 
designated for selective local development. 

SUP,I>ly side instruments are those measures allre:i at affecting the 
volume and range of the availability of local and imported technology 
(goods and services) , as well as the tenns on which it is made 
available. Examples are the establishment of infonnation services 
allre:i at making knowledge of the availability of imported technology 
oore accessible to local users; and the establishment of R&D 
latoratories for the development of local techniques and to perform 
services for producing enterprises. 

Technology policy instruments are the means by which a Government puts 
a specific technology strategy into effect. In the case of the two­
pronged strategy discussed al:x:>ve, a policy instrument may be used to 
facilitate better search and selection of imported technology by local 
users, another to strengthen the hands of local enterprises in 
bargaining with foreign suppliers, and another for the selective 
development of local technology. 

Relatiooshi,p bet:ween research ard policy 

Policies imply conscious actions allre:i at changing reality. If a 
policy is to have any chance of success at all, then it has to be 
based on as thorough as possible a knowledge and understanding of the 
reality it is meant to change. Knowledge implies the need for 
infonnation, while understanding implies the need for analy- sis of 
infonnation. Research for the collection and analysis of infonnation 
should therefore be regarded as intrinsic element of the policy-making 
process, and not merely a luxury which can be afforded on some 
oc:casions, and dispensed with on others. 

Research is also necessary for the evaluation of the results of 
policy. No matter how effective a policy is in practice, in no case 
will the result be actually as expected or desired. A specific policy 
may be highly or IOC>derately successful, or only of limited success. It 
can be an outright failure, in that it has no impact whatever on the 
reality it is supposed to change; and it can be a disaster, by having 
effects which are precisely the opposite of what was intended. In all 
cases, it will have side effects and repercussions that were not 
anticipated. Hence, a process of nonitoring, feed-back and evaluation 
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Figure 2. Rel.atiaiship between J'ffiffirdl am policy 

has to be Wilt into the ~lementation of specific :policies. Figure 2 
on the previous page depicts diagrammatically this "ideal" relationship 
between research and :policy. 

Unfortunately, we are accustomed to thinking of research only in tem.s 
of fonnal research projects of a fairly sul:stantial nature, carried out 
in universities and specialized research organiza- tions. Often this 
means that when it is not feasible to carry out this kind of research 
on a specific :policy or :policies, nothing is done at all. One should 
bear in mind that any activity that gives rise to usable infonnation, 
and u:pon which analysis and conclusions can be based, can be regarded 
as research. A visit to an industrial enterprise, an interview with 
plant manager or industrial worker, a snall-scale survey, are all 
examples of relatively 11Ddest activities which can yield 
inf orma.tion helpful to the f onnulation and evaluation of technology 
:policy. 

'llttee stages am eight step; in natiaial. tedloology plannirg am 
policy-mak:i.rg 

We can wind up this introduction and overview by summarizing what we 
think are the main step:; which the res:ponsible official(s) and 
organization(s) would need to undertake in order to prepare a 
technology plan, or technology :policies. 'Ihis could apply at any of 
the levels indicated, from regional down to individual. In practice it 
is likely to be used nostly at the national level, and at the level of 
a particular industry, and a specific functional area. 

we distinguish three stages, name!ly: 

I the preprratocy stage; i.e. the collection and analysis of 
infonnation on initial conditions, and the specification of 
development objectives; 
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II the fo:rmulation stage; i.e. the identification of areas for 
policy intervention, and of specific policy instruments; and, 

III the ill!plementation stage; i.e. the canying out of policies, 
and their continuous nKXiification as a result of feedback. 

Each stage can be broken down into a mnnber of discrete step:;, 
representing the activities that will need to be undertaken, as 
follows: 

I PrepJratmy stage 

II Fornulatian stage 

1. F.cx>nomic mapping 
2. Technology mapping 
3. Analysis of implications of 

developnent objectives 

4. Selection of areas of 
policy intervention 

5. Selection of policies and 
policy instruments 

III IDplenentatian stage 6. Establishment of policy 
instruments 

7. Monitoring and feedback 

8. Modification of policies and 
introduction of new policies 

'Ibis is a convenient point at which to wind up our overview. 'lhe next 
presentation is devoted entirely to a discussion of the research tasks 
involved in the preparatory stage of national technology policies and 
planning. 

200 

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



IntcgJuctioo 

From here on we will be asstnning that there is an intention on the part 
of a Government or governmental body to introduce explicit technology 
p:>licies. We need to set out as clearly as p:>Ssible the kinds of 
activities that the officials and bodies resp:>nsible for this subject, 
would need to undertake in order to develop and implement such 
p:>licies. We have distinguished three stages in this process: 
preparatory, formulation, and implemen- tation, indicating that a 
number of step; will need to be undertaken within each stage. 

'!his presentation discusses the step; to be carried out in the 
preparatory stage. All of these activities involve the conduct of 
research of one kind or another. Hence, an alternative name for the 
presentation on the preparatory stage could be "research tasks for 
technology p:>licy formulation". 

Step; in the Preplra:t:m:y stage 

In the previous presentation we emphasized the need for thorough 
preparation, especially when technology p:>licies are being intrcxiuced 
for the first time. Infonnation needs to be collected, and analyzed, 
on the "initial conditions" that the p:>licies are meant to change. 
What inf onnation is needed will depend on the particular area that the 
p:>licies are intended to affect. If the objective is to improve the 
techniques in use in agro-industry, then a survey of that industry will 
probably be called for; or if it is felt that contractual technology 
transfer should be regulated, an analysis of the contracts in force may 
be found to be necessary. 

More generally, the step; which are necessary in the preparatory stage 
may be grouped conveniently as follows: 

1. economic mapping 
2. technology mapping 
3. analysis of the implications of developnent objectives 

Fach of the step; can be used to develop a "checklist" of research 
activities to be carried out to generate the required infonnation. 

'!his derives from the need for basic infonnation on the nature of the 
economic activities to which technology is related in the country in 

201 

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



question. 'IWo kinds of information are required. First, information 
on the structure, volume and value of productive activity. Normally 
this will be presented as production data -- physical and value -­
grouped by sector and by industry. It is this productive activity 
which defines the underlying demand for production technology generated 
by the economy. 

Second, there is need to find out the ownership and organization of 
productive activity within each sector and industry. '!here are several 
distinctions that are relevant here. One is the basic distinction 
between state and private enterprises. Within the private sector, 
there are foreign-owned (transnational) finns, local private finns, and 
joint ventures between foreign and local f inns (there are also joint 
ventures between state and private finns, whether local or foreign). 
The local private sector itself includes "public enterprises", in the 
sense that their stock is traded on the stock exchange and their annual 
reports are published, and private or family-owned finns. A 
distinction should also be made according to size, i.e. large-scale and 
small scale-producers, and sometimes intennediate as 
well. Finally, there is an important distinction to be made between 
the formal and the informal sector. 

The imp:::>rtance of identifying the ownership and organization of 
productive activity is that it defines the socio-economic context 
within which production technology is applied. As we stress in a 
later section of this presentation, technological decision-making by an 
enterprise is often very strongly affected by the nature of its 
ownership and organization. For example, small scale/informal 
producers often use quite different techniques of production from those 
used by large-scale/formal enterprises in the same industry. By the 
same token, they may respond quite differently to the same policy; and 
policies may therefore have to differentiate between different 
categories of enterprises in the same industry. 

step 2: 'l'echmlogy M:g>irg 

'!he purpose of this step is to b.J.ild up a technological picture of the 
industry or industries concerned. The main technological features 
relevant to the f onnulation and ~lementation of 
policies should be identified. These are alnost certainly going to 
include: 

characteristics of the production technology in use; 

assessment of relevant international trends in 
technology; 

fonns of technology flows and transactions, including 
identity of main suppliers and users; and, 

assessment of local technological capabilities. 
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'lhe first task above is to describe and characterize the production 
technology used in the productive activities in question. Here it is 
necessacy to avoid a simple bi-dimensional "economistic" 
classification, such as ratios of labour and capital to output. other 
economic characteristics of the technology are also important, such as 
scale of production, requirements for skilled and unskilled lal:our, 
input cost structures, nanagement requirements, and nature of the 
product. In addition, the engineering and scientific characteristics 
of the production technology are as important as the economic aspects 
as far as the needs of policy-making are concerned. Hence, accurate 
characterization of the technology in use will be a multidisciplinary 
exercise, requiring inputs from economists, scientists and engineers. 
Ideally, these should be operating together, on a team.Nork basis, so 
that the benefits of disciplinary interaction can be derived. We have 
seen the benefits of such multidisciplinary teams in the research 
projects undertaken in the Workshop:;. 

'!he second task is to carry out an assessment of the international 
trends in technical change that are likely to impact on the 
industry/industries and (if this is a national technology planning 
exercise) on the whole economy. For this, it will be necessary to 
collect infonnation on the technologies in use in similar activities 
abroad, the "frontier" technologies being introduced in new 
investments, the trend in foreign R&D activity, and projections or at 
least qualitative opinions about the likely trend in technical change. 

'!he third task of technology mapping is to identify the flows of 
technology and the nature of technology transactions in the productive 
activity. 'lb do this, it will be necessary to employ a typology in 
which the f orns and mechanisms of these flows/transactions are 
differentiated. 'lhe typology will probably include the list contained 
in Table 1 on the next page, which is not necessarily exhaustive. 

It will be necessary at the same time also to identify the principal 
types of suppliers and users involved in each fonn of technology flow. 
For example on the supplier side one will find transnational 
corporations engaged in agriculture, mining, industry or services; 
international and domestic engineering consultancy firns; multilateral 
and bilateral developnent agencies; foreign and local R&D institutes, 
foreign and local machinery supplies, and so on. 'lhe broad distinction 
between foreign and local sources of technology is obviously very 
important here. Anong the users, the relevant categories are the same 
as those for the ownership and organizations of productive activity in 
step (1) above, i.e. local subsidiaries of 'INCs, state and private 
firns, infonnal sector producers, etc. 
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Table 1. Technology Mam>i.m: fonns ard medlanisms of techrx>logy 
flows 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

(vii) 

(viii) 

(ix) 

foreign direct investment (combining capital 
goOOs I patented knowledge I unpatented know-how I 
management, and marketing) 

licensing agreements (for the use of patents, 
brand names, trade marks, and other proprietary 
knowledge) 

technical assistance and technical service 
oontracts 

management oontracts 

marketing oontracts 

provision of engineering and consultancy 
services, feasibility studies, and other services 
for pre-investment and investment lNOrk 

turnkey oontracts 

sale/purchase of capital goods 

research and developnent activities 

'Ihe fourth and final task of technology mapping is to make an 
inventory of stocks of local technological capabilities 'Which are 
available locally. Quantifying capabilities is tricky, since so much 
of it is in the fonn of skills and aCCl.Dl1lllated experience, and emb:xlied 
in personnel and institutions. Hence, one should never be satisfied 
with the results of statistical surveys based on questionnaires as 
providing a complete picture of capabili- ties. 'lhese will have to be 
supplemented by qualitative assessments of the kind that can be made 
through direct inter- action with producing enterprises and technology 
institutions. 

A good place to start is with the capabilities present within 
producing enterprises themselves, since these are so frequently 
overlooked. For each industzy ooncerned, it will be necessary to 
develop a method of evaluating the level attained in the developnent of 
the relevant technological capabilities moongst its enterprises, and of 
the critical resources needed for filling in its capability "gap;" and 
needs for further developnent of its capabilities. For ideas on an 
assessment methodology, reference may be made to the lecture on 
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"technological capability"2 and to the 1N0rk by Farrell3 on the 
petroleum industry. 

Next, it will be necessary to survey the organizations providing flows 
of technological personnel, goods and services to the producing 
enterprises. Many of these should already have been identified from 
the list of looal sources of technology supplies developed as a result 
of prior technology mapping. 'Ibis will include R&D institutes, machine 
shop:; fabricating or repairing machinery and equiµnent, and engineering 
consultancy fi:rms. It may also be necessary to include technical 
training and profes- sional educational schools, depending on the 
specific purposes that the policy under consideration is expected to 
serve. 

A listing of the main institutions to be covered in an assessment of 
technological capability is provided below in Table 2. 

Table 2. 'l'edlnology Mul>im: institut:i.ms to be irci.\Eed in 
a§§A5$hg t:edmlogical qaptilicy 

(i) producing enterprises 
(ii) research and developnent organizations 
(iii) machine shop:;/capi tal goods producers 
(iv) engineering consultancy fi:rms 
(v) technical and professional training schools 
(vi) infonnation system and mechanisms 

As a result of the 1N0rk undertaken on technology mapping, one should 
have developed the kind of technological picture necessary for the 
fonnulation of policies aimed at controlling technology imports and 
selectively developing local capabilities. But there is one ioore step 
which needs to be taken before the preparatory stage is complete. 

stpp 3: Galsiderati.m of the inplicatioos of the natimal. 
deyelq11@rt strategy 

A technology strategy or policies cannot be developed in a vacuum. It 
must relate to the broader objectives of the country, the Government of 

2 Norman Girvan, working Notes on Tec:hnological 
capability, st. Augustine, Trinidad: Cl'PS II working Paper 
No. 1, 1982. 

3 Trevor Farrell, "Nationalization of the Oil Industry in 
Trinidad: A Ta.le of '1'vo Issues", Social and F.conomic studies, 
March 1979. 
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the country, and the institutions and producing enterprises that create 
and use technology. Hence, the final step in the preparatory stage is 
a consideration of the implications of the national developnent 
strategy. 

By a national develo:r;xnent strategy we mean: 

(a) an articulation of broad objectives for economic and social 
develo:r;xnent; 

(b) a statement, which may be mre or less specific, of the 
growth path it is intended to pursue in order to attain 
these objectives; and, 

(c) a specification of a coherent set of policies which will be 
adopted by the Government to realize the growth path and 
attain the objectives. 

'!he growth path is of special interest, since it will indicate which 
industries are expected to lead the growth process. It is in the 
leading industries that new investments and projects will be 
concentrated, and which will therefore provide opportunities for 
technological learning through participation in preinvestment and 
investment activities, and in efforts at assimilation of imported 
techniques. 

'!he growth path will also indicate the market orientation of the 
leading industries and the econany as a whole, and especially the 
relative reliance to be placed on production for the export market vis­
a-vis production for the domestic market. '!his is the issue of 
"export-led growth" vs. "import-sul::stituting industria- lization". 
Export-oriented industries will be exposed to the pressures of 
international competition, and will have a take this into account in 
deciding on their choice of technology. Industries producing for a 
protected domestic market may on the other hand enjoy the benefits of 
an extended period of insula- tion from foreign competition, giving 
them the opportunity to organize themselves to take advantage of 
dynamic learning effects. 

'!he growth path and the policy framework can also be expected to 
indicate the role of the state, and the relative importance of the 
public and private sectors in the developnent strategy. A strong role 
of the state and of public enterprises can be characterized as "state­
led economic growth". Most of the incremental demand for production 
technology will be generated by state enterprises and government 
institutions. Technology policy will need to affect the decisions of 
these enterprises, probably through the central planning mechanisms and 
the procedures for the regulation and approval of public investments. 
Where the private sector plays the predominant role, technology 
policies, like other economic policies, will need to place strong 
reliance on market mechanisms combined with some regulation. 

206 

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



A development strategy may or may not be published formally as a 
National Developnent Plan. A Developnent Plan will nannally contain: 

(a) a statement of the Government's long-tenn strategy for the 
economy; 

(b) projections of economic growth and the main macro-economic 
parameters over the Plan period, usually five years; 

( c) a public investment programme with a list of the main 
projects to be undertaken by the Central Government and the 
state enterprises over the Plan period; and, 

(d) a statement of p:>licies which will be used to influence the 
private sector in support of the main economic targets over 
the Plan period. 

A Development Plan, where available, is a useful source of information 
on productive activity and growth p:>ints in the economy, which require 
the use of technological inputs. In the atsence of a fonnal 
Developne:nt Plan, the same kind of information can often be obtained 
from a variety of sources: expansion plans of state and private 
enterprises, investment intention surveys, Government programmes of 
investment in economic and social infrastructure, and Government's 
economic p:>licies. '!his is the kind of information which will indicate 
the areas of productive activity and investment where it may be 
possible to take advantage of opportunities far technological 
learning, through the controlled use of foreign technology and the 
selective developnent of local capabilities. 

'!he relationship of technological inputs to the Development 
strategy /Plan is shown diagrannnatically in Figure 1. '!he developnent 
process can be translated into production growth of specific 
industries. Production growth is derived from (a) I!Dre efficient 
utilization of existing installed capacity, and (b) expansion of 
capacity in existing and new activities through investment. More 
efficient capacity utilization requires technological efforts in 
assimilation, adaptation and I!Ddification of techniques -- the issues 
discussed by Hoffman in the "post-investment stage". '!he investment 
process requires the developnent of technological capabilities for 
search, selection and acquisition of technology -- the activities 
discussed by Hoffman in the "pre-investment and investment" stages. If 
local technology is to be incorp:>rated into production via investment, 
this will require the generation of indigenous innovations, both as a 
result of operational experience in production and from fannal R&D. 

'!he relationship between the developnent strategy and technology 
p:>licy is also iterative. For example, as a result of assessing 
international technology trends, the technology planners may reconune:nd 
that certain export activities should be de-emphasized, or that certain 
investments should be I!Ddif ied to take acx::ount of the impact of 
technical change. or as a result of reviewing the technological 
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Figure 1. Relationship of technological llpJts to the natiooal. 
develq•nent strategy or plan 

DEV.El.DFHENI' S'.lRATECY 

- public sector 
- private sector 

I 

I 
DEVElDIMENI' PIAN I 

I 
I 

PRODUCTION GROWTH 

capacity capacity capacity in 
utilization expansion new activities 

OPERATIC:W INVESTMENT 

I I 
A.ssimilation Innovation 
Adaptation Initiation 
Modification (Pre-investment and 
(Post-investment investment activities) 
activities) 

TECHNOLOGICAL ACTIVITIES 

LOCAL INPCJl'S I FWEIGN INPCJl'S 
I 

requirements of new public and private investments, the technology 
planners may reconunend Government support for certain technological 
services, such as engineering or information. This will become clearer 
when we discuss technology policy instruments in greater detail. 

It may be useful to ref er to the actual experiences of developing 
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countries as regards the relationship between develoJ;lll911t plans and 
technology planning. some countries have in fact succeeded in bringing 
about a fairly close integration of the two: anong the nost 
interesting examples of these are India, Brazil and the Republic of 
Korea. In other cases develoJ;lll911t planning and technology planning 
have proceeded independently, without any clear connection, and 
sometimes with inconsistencies between the two. Reference may be made 
to the sununaries of the experiences of the above three countries, as 
well as Argentina, Colombia, Egypt, Mexico and Venezuela, in the main 
report on the SI'PI project.4 

caci.usim 

let us roN review the research tasks involved in the preparatory 
stage. '!his may be set out in the fo:rnt of a "checklist", which is done 
in Table 3 below. 

Table 3. Rfflfflrril tasJg; in pre,garirg na.tiooal. tecllmlogy 
:policies or planniJg 

A. a::mgnic mwim 

1. Production data: volume and value by sector, industry, 
and product group 

2. Data on ownership and organization of production 

B. 'l'edmlogy EWim 

1. Cllaracteristics of production technology is use 
2. Assessment of international technology trends 
3. Technology flows and transactions: fonns and 

mechanisms, including identification of main suppliers 
and users by tape 

4. Assessment of local technological capabilities 

c. cmsideratim of natiooal. dpyelq11p¢ strategy or plan 

1. Broad socio-economic objectives 
2. Identification of growth industries 
3. Market orientation 
4. Relative importance of public and private sectors and 

foreign capital 
5. Major investment projects in the public sector 
6. Investment intentions of the private sector 
7. Princi:pal Govermnent policy instruments for develoJ;lll911t 

4 Main oonparative reports Of the S'l'PI project. IDRC-109E; 
p. 64. 
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'!his concludes our discussion of the preparatory stage in technology 
planning and policy-making. Armed - hopefully - with a wealth of 
infomation, it should be possible to proceed to the next stage, that 
of formulation of specific plans and policies. 
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3-'IHE FaMJIAT.Ictf STAGE: 'DIE SELECl'Ictf OF 
ARFAS AND roLICY IN9IHlMENrS 

Once the preparatory work is completed, the next stage in the policy 
process is that of formulation. 'lhe work of formulation can be broken 
down into two discrete step;: 

1. selection of areas for policy intervention; and, 
2. identification of policies and policy instruments. 

1. Selecticm of areas far policy interventicm 

This is the process by which certain conscious decisions are taken to 
concentrate technological efforts in particular industries and 
functional areas. 'lhe need for this has been discussed in arguing the 
merits for a partial and strategic approach to technology policy­
making. But even where a country adopts a total approach, it will be 
found that there is a need to decide on priorities for such things as 
investment in research and developnent, and expenditures on 
technological imports. 

Hence, a key input in this decision-making process will be the 
elaroration of rational selection criteria for policy intervention, 
criteria which reflect the objectives of develoµnent and of the 
technological strategy. 'lhe general criterion will be that the 
policies should have a high benefit/cost ratio. But in developing 
countries without a tradition of policies, we have suggested that it 
may be necessary to start in a small way, and to limit efforts to areas 
which produce a visible denonstration effect. Using the principles of 
the partial and strategic approaches, criteria may be suggested for the 
selection of areas for policy intervention: 

(i) 

(ii) 

(iii) 

Direct profitability: high ratio of expected benefits 
to costs in the activity itself. This provides an 
incentive to decision-makers directly involved in it. 

Modest, or at least affordable, requirements of scarce 
technological manpower, 100ney, and foreign exchange. 
This improves the chances of adoption in an envirornnent 
where resources are limited and decision-makers are 
averse to taking major risks. 

utilises a minimum quantum of lcx::ally available 
resources, especially human resources. '!his not only 
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makes economic sense, tut also facilitates the tuilding 
of constituencies of support for technology policies. 

(iv) Externalities: expect.00 spin-offs and benefits to 
other areas are high. '!his derronstrates the wider 
"national" significance of tec::hnological effort. 

(v) Technology is a critical constraint to successful 
operation of the activity. '!his highlights the 
visibility of the technological factor. 

(vi) The policy intervention should have a high probability 
of success. 

(vii) Finally, if possible the anticipated benefits should be 
such as to have political appeal to the ruling group. 
'!his should nonnally follow from the satisfaction of the 
other criteria. 

The criteria nay be noilfied aCXX)rding to the specific circumstances 
faced. '!hey will then need to be applied to the infonnation already 
gathered as a result of preparatory research. The purpose is to 
identify specific industries, and functional activities, where 
technological effort will be concentrated. It is these industries and 
activities which will be the target areas for policy intervention; that 
is, targets for the control over technological imports and the 
selective developnent of local capabilities. 

To show how such a selection process might work, we provide below tTNO 
examples of h}'IX>thetical technology planning taken from a recent UNCI'AD 
publication. While the steps used in arriving at the selection are not 
identical to those suggested above, they are sufficiently similar to be 
used as an illustration. 

Cotmtcy X '!his is a medium-sized, middle-income, semi­
industrialized, copper-exporting country. 'lhe pop..ll.ation is 
35 million and the per capita GNP is $600. Manufacturing 
accounts for 20 percent of the GDP, copper mining 10 percent 
and one-third of exports. 'lhe Goverrnnent najority ownership 
of mining, tut other industry is nainly privately owned, and 
there is sutstantial foreign private invesbnent. 'lhe nain 
sectoral objectives of Developnent Plan are (a) additional 
processing of copper, (b) improve competitivity of the 
industrial sector, particularly proc:essed food, timber, and 
ru1:i:>er manufacturers, (c) lay fO\.D'ldations of capital goods 
industry, particularly nachinery, and (d) continue the 
diversification of agriculture through further specialization 
and nDdernization. 

'lhe short-term technology plan of Country X will aim at: (i) 
improvement in the yields of palm, palm-oil and rul:i:>er, (ii) 
adaptation of imported technology in the footwear, protective 
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clothing and tyre industries with a view' to raising 
productivity, (iii) further adaptation of techniques of 
drying, curing, refrigeration and canning of fish, in order 
to improve exploitation of fishing resources, and (iv) 
execution of adaptive R&D projects on the equipment required 
for the industries above, e.g. edible oil extraction, 
footwear, timber (saw milling machinery), fish processing and 
storage, agriculture (pumps). 

'!he medium-tenn technology plan will provide for: ( i) a 
training progranune to provide technological manpower for the 
mining industry in surveying for new' de:EX>Sits; planning, 
designing and managing new' mining projects; and progressively 
undertaking further processing of copper and the manufacture 
of final products, and (ii) continuation and expansion of 
(iv) above. 

Country Y '!his is a relatively small, low-income, non­
industrialized country. '!he population is 15 million, the 
per capita GNP $300, and manufacturing is only 10 percent of 
the GDP. Industry is mainly privately owned, with many joint 
ventures between local and foreign investors. The economy is 
largely agricul- tural. Main sectoral objectives of the 
Development Plan are (a) to harness water power through 
hydro- electric projects, (b) continued nw:xiernization and 
development of agriculture, (c) expansion of manufacturing by 
raising productivity of existing resource-based industries, 
and putting m:>re emphasis on intermediate and capital goods, 
and (d) reducing regional inequalities by spreading 
industrial and agricultural production geograpucally. 

'!he sbort-term technology plan of Country Y will aim at: (i) 
establishing a system for the effective screening of imported 
technology and linking the various elements of an integrated 
policy for the transfer and development of technology, (ii) 
executing a large-scale project for acquiring mastery of the 
techniques of water management, (iii) setting up of a new' 
agency responsible for the design, engineering and 
management of major power and irrigation water supply 
projects, with ruil t-in training and research arrangements 
through external assistance, in-house training, and selected 
fellowship:; abroad, and (iv) execution of R&D projects for 
the design and partial manufacture of: pumps, irrigation 
gates and control equipment, medium-scale electric I1Dtors, 
small tractors and agricultural implements, high-pressure 
vessels and pipes, autonotive parts, textile machinery. 

'Ibe long-term technology plan will extend the above into: (i) 
broadening the range of hydropower equipment to be designed, 
adapted and developed domestically, and (ii) design and 
development of a range of food-processing equipment, notably for 
legume, fruit and vegetable processing, baJting, and the 
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preparation of meat, fish, eggs and poultry, including utilization 
of by-products5. 

2. 'Jhe selectim of policy insttinnpnt-s 

( i) 'Jhe need for cms.i.steooy 

'Ihe next step is the selection of the specific instruments through 
which the technology policies and plans will be carried out. I.et us 
first of all review what technology policy instruments are available. 
In the last presentation we said that, generally, technology policy 
instruments may be divided into those which operate on the demand side 
and those which operate on the supply side. 'lhe former are measures 
that affect the demand for foreign and lcx::al technological inputs by 
lcx::al uses of technology; while the latter are measures that affect the 
volume, range and terms of the availability of lcx::al and imported 
technology. 

Demand side policy instruments should be selected with the aim of 
providing a framework for the efficient selection, acquisition and 
assimilation of imported technology, and deflecting demand towards 
available lcx::al sources of technology, in the selected industries. 
Simultaneously, supply side instruments should be selected with the aim 
of improving the accessibility and cheapening the cost of imported 
technology, while increasing the availability of lcx::al technological 
resources, in the same industries. 

'Ihe package of policy instruments deployed should therefore be 
mutually supporting and oonsistent. And this applies not only to the 
mix of demand side and supply side instruments, b.lt also to the 
relationship between explicit and iq>licit policy instruments. 
Explicit policies are those that are consciously directed at affecting 
the technological behaviour of enterprises and the supply of 
technological resources. !n'l>licit policies, on the other hand, are 
directed at other objectives, b.lt have indirect effects on 
technological oonditions. Since implicit policies are contained in 
other aspects of eaonomic policy - such as foreign investment policy 
and industrial developoent policy - it is important to take these into 
account, and to apply oonsistency tests to ensure maximum compatibility 
in the entire set of policies as a whole. Table 1 below, which lists 
the main demand side and supply side policy instruments, also 
distinguishes the implicit from the explicit instruments. 

5 For further details of these two examples, and for 
examples of technology planning for four other hypothetical 
countries, consult the UNcrAD p.Jblication Planning the 
technological transformation of developing oountries (New York, 
United Nations, 1981) chapter VIII. 'lhe examples above are 
summaries of COUntries c and E given in that chapter. 
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Table 1. p,oom side am Slg)ly side tedlmlogy policy 
instruments 

1. DDND SIDE 

A. :Explicit 

(i) Regulations of contractual arrangements for 
technology transfer 

(ii) Policies of technology procurement of Government 
and state enterprises 

B. Implicit 

(i) Industrial development policy 
(ii) Import controls: goods 
(iii) Import controls: services 
(iv) Tariff policies 
(v) Incentive policies 
(vi) Foreign investment policy 
(vii) consumption policy 

2. SUPPLY SIDE 

A. Explicit 

(i) Goverrnnent investment in research and development 
(ii) Development of technological capabilities within 

state enterprises 
(iii) Government sutsidies to, and incentives for, 

development of private enterprises' technological 
capabilities 

(iv) Education of technological manpower 

B. Explicit/~licit 

(i) support for the engineering sector 
(ii) support for the capital goods sector 
(iii) Infonnation mechanisms 

c ii> Relatiooship between policy instruments am decisicn­
makirg at the entm:prise level 

A major concern of technology policy is to influence enterprises and 
investing units to make adequate preparations in the pre-investment 
stage for the acquisition of imported technology, in order to maximize 
technological learning through local involvement in pre-investment and 
investment activities, and to optimize utilization of plant and 
technical change after start-up by using the D-S-P principle. 'Ib 
materially affect such technological behaviour, policy instruments must 
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enter tangibly into the factors affecting decision-making at the 
enterprise level. There are two issues to be considered here. 

The first is the blend of the "carrot" and the "stick". As a general 
rule, policy instruments rely either on the principle of incentive or 
that of regulation, or frequently on some combination of both. The 
first utilizes the self-interest of those affected, while the second 
utilizes -- ultimately -- the coercive power of the state. It is 
arguable that few cases can be found in the real world of a successful 
policy instrument that relies Q!1J.y on self-interest, without any 
coercive sanctions, or Q!1J.y on coercion, without any element of rewards 
for compliance. The trick of devising effective policies may well be 
to find the right combination of the two. 

The second issue is the need to fashion policy instruments in the 
light of the objectives and mtivations of specific enterprises and 
group:; of enterprises, and the constraints under which they operate. 
In the previous presentation, in the section on economic mapping, we 
discussed the need to make distinctions between categories of 
enterprises according to their ownership 
and organization. The main categories of interest for the purpose of 
analyzing technological decision-making are: 

( i) state-owned enterprises 

(ii) foreign-owned companies, particularly local 
subsidiaries of transnational corporations 

(iii) local large private enterprises 

(iv) joint ventures: state-foreign, local private-foreign, 
state-local private 

(v) small-scale, own-account, and informal sector 
enterprises 

It will be found that there are wide differences between these 
categories of enterprises with regard to the: 

objectives and mti vation of the owners and managers 
sources and availability of technology 
access to capital funds and to credit 
product type 
scale of operation 
market served 

Each of these factors will affect their economic behaviour and impact 
on their technological decision-making. For example, in the literature 
it has been suggested that the objectives of each of these categories 
differ as set out in Table 2 below. 
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Table 2. Objectives of different categories of entel:];>rises 

'J:ype of en'tel'.l>rise 

1. State-owned 

2. 'INC sul:sidiary 

3. local large 
private 

4. Joint ventures 

5. Family-owned 

6. Small-scale/ 
own account/ 
inf orrnal 

Objectives 

Maximize before-tax profits, may be 
constrained by political objectives, 
e.g. deliver a basic good or service at 
low price, employment, etc. 

Maximize after-tax profits worldwide of 
parent firm 

Maximize after-tax profits nationally 

Depends on objective of participating 
companies 

Maximize total family income and 
employment 

Survival 

Differences will also be found with respect to other factors. For 
example, 'INC sul.Eidiaries generally draw from their parent companies 
their know-how, capital goods, credit, and product type, and are to a 
greater or lesser degree subject to the decision-making of the head 
office of the corporation. 'INC sul.Eidiaries also usually cluster in 
certain industries and product groups: manufacturing and services 
catering to the domestic high-income market, and resource-based export 
industries. Policy instnnnents which may be workable in other 
circumstances may not be effective in influencing the behaviour of 'INC 
sul:sidiaries which have to account to head offices abroad, and can 
evade regulations using the flexibility afforded by the transnational 
structure of the parent firm's operations. 

In principle, locally owned enterprises should be nore subject to the 
influence of policy instnnnents. For example, incentives and 
disincentives that impact on local profitability will not be 
contradicted by global profit maximization considerations. Goverrnnent 
regulations cannot be circumvented merely by use of affiliate-head 
off ice transactions. 'Ihe evidence from a mnnber of countries -- for 
example India and the Republic of Korea -- shows that local enterprises 
have indeed been at the forefront of the unpackaging of imported 
technology and the development of indigenous capabilities. At the same 
time many instances have been found where local enterprises behave in 
Im.lch the same manner as affiliates of TNCs, entering into technology 
transfer contracts with 'INC suppliers that are virtually identical to 
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those made between affiliates and their parent companies6. '!his has 
often been attril:uted to the competitive envirornnent in which these 
enterprises operate. In other words, the mere fact of local ownership 
does not necessarily predispose an enterprise towards a oore "local" 
type of technological behaviour. 

Much the same kind of considerations apply to the role of state-owned 
enterprises (SOFs). In principle, these enterprises can be powerful 
instruments for the develoµnent of local technological capabilities, 
and in a number of instances they have indeed functioned to that end. 
Examples of these are their role in the develoµnent of the capital 
goods industry in India, and the petrochemicals industry in Brazil. 
Yet many other instances have been found in which SOFs have entered 
into joint ventures and technology agreements with 'INCs which rend.er 
them completely dependent technologically on the latter. '!his can only 
be avoided if SOF.s operate within a broader Govenirnent tx>licy 
framework and guidelines which orient them explicitly towards the 
absorbtion and assimilation of imported technology and the developnent 
of their own technological caoabilities, as conscious and specific 
objectives of their operation7. 

Policy instruments therefore need to be tailored very carefully to suit 
the circumstances of different kinds of enterprises. Some interesting 
illustrations of the kinds of differences that arise are provided by 
the case studies carried out by partici- pants in the Technology Policy 
Workshop:;, some of which are published separately. Anong the IOOSt 
revealing cases are the following: 

Tanzania 

General Tyre (FA) Ltd., a joint venture between the state 
(74%) and an American 'INC (26%) for the manufacture of tires. 

Jandu Plumbers Ltd., a private, family-owned, metal-working 
enterprise. 

SUnflag Tanzania, a wholly-owned sutsidiary of an Asian-owned 
'INC based in Kenya, engaged in textile manufacturing. 

6 On this, see M.A. OOle, "Technology I.easing in Guyana 
and Trinidad", S.E.S., March, 1979; also stei;nen I..angdon, 
Multinational co:rnorations in the Political F.cononJy of Kenya. 
chapters 3 and 4. 

7 See M.A. OOle, state-owned Entetprises and the 
Develognent of Technological Capability. Final Report to CI'PS II 
Project, 1984. 
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Kilimanjaro TeXtiles Ltd., a wholly state-owned textile 
manufacturing enterprise. 

I,iheria 

IAKD Mining Company and Bong Mining co., l:x>th 50-50 joint 
ventures between the state and European and American 'INCs, 
engaged in iron ore mining. 

Jamaica 

Cornwall Dairy Developnent, owned jointly by the state 
(86.6%) and a dairy fanner's co-operative (13.4%), for the 
manufacture of packaged fresh milk. 

Kingston Industrial Works "Expand-a-Home" system, jointly 
owned by the state (49%) and private interests (51%), for the 
manufacture of JOOdular housing \D1its. 

Moxon's Corrmunity Projects Ltd., an individually owned, 
small-scale enterprise manufacturing tuilding materials and 
fuzniture from locally available materials. 

Highgate Food Products Ltd. , manufacturing cocoa products. 
It is a private, employee-owned enterprise, which took over 
the operations of a British-owned 'INC when it withdrew from 
Jamaica. 

Caril:tJean castings Ltd. , a local enterprise engaged in the 
manufacture of steel castings. 

Careful reading of these case studies shows the wide variety of 
circumstances affecting technological behaviour, and in the nature of 
Government policies suggested. 'Ibey also show the value of conducting 
in-depth research by multidisciplinary teams, on specific enterprises, 
to help in the formulation of policy. 

In winding up this discussion, it might he useful also to refer to the 
results of research conducted in Latin America under the leadership of 
the Argentine economist, Jorge Katz. '!be research team of economists 
and engineers examined the economic and technological performance, over 
a period of decades, of well over fifty industrial finns in six Latin 
American CO\D1tries. After reviewing the evidence on the technological 
learning process in these enterprises, Katz concludes as follows: 

Perhaps the nDSt important conclusion emerging from the present 
discussion is that no general statement concerning plblic policy 
in the field of protection can he made on the basis of a 
simplistic specification of the production function. "Taylor­
made" policy actions appear to he needed that 'WOUld closely 
reflect the specificity of the learning situation of each 
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particular fom of production organisations. 

While these conunents apply specifically to the role of protection 
policy, they may apply with equal force to across-the-board policies as 
a whole. One such kind of across-the-board policy is the regulation of 
contracts for the importation of technology, discussed in presentation 
No. 5. 

8 Jorge Katz, "Technological Innovation, Industrial 
Organisation and Comparative Advantages on Ia.tin American 
Metalworking Industries", in Martin Fransman and Kenneth Kirg 
(eds.). Technological Capability in the 'lhird World. London: 
Macmillan, 1984, p. 135. 
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In previous presentations we have emphasized that technology p:>licy is, 
in one sense, a derivative of a country's overall development strategy, 
although the relationship between the two is also iterative: 
technology p:>licy impacts on development. In this presentation we 
explore some of the implications of this relationship. 'Ih.e specific 
issues to be discussed are the implications of a country's p:>licy on 
foreign investment and foreign companies, of its industrial development 
strategy, and of its cons~ion p:>licy. 

Fbreign investment policy 

'!his is the set of p:>licies that affect the terms on which foreign 
direct investment is allowed entry, and the operations of foreign-owned 
carpmies within the economy. 'Ih.e tenns of inward foreign investment 
refer to the industries which are open to this investment, the criteria 
for admitting investment, and the fonn pennitted, i.e. wholly or 
majority-owned, or 50-50 or minority-owned joint ventures. Policies 
affecting the operations of foreign-owned and/or controlled companies 
in the economy include performance requirements (e.g. local 
procurement, import ceilings, export obligations), mergers and 
acquisitions p:>licy, and taxation p:>licies. 

'Ih.e relevance of foreign investment i;x>licy stems from the fact that 
affiliates that are majority-owned or sutstantially controlled by 'INCs 
are subject to the decision-making of the parent company abroad. 
Decision-making is guided by the global profit-maximizing objectives of 
the 'INC. '!he local affiliate is not necessarily "free" to engage in 
its own R&D, adapt its technology to the local market size and factor 
endowments, and transact with local engineering firms and research 
institutes. From the p:>int of view of the parent 'INC, it is usually 
nnre profitable for all its subsidiaries worldwide to use the 
technology that is generated in its headquarters in the home country. 

A good illustration of this is provided by the results of a census of 
the technological activities of U.S. multinational firms carried out by 
the u.s. Department of Commerce for the year 1977. It was found that 
in that year U.S. 'INCs spent the grand total of $20,670 million on 
Research and Development. But of that anount 89.8 percent was spent by 
the parent companies within the United states while only 10.2 percent 
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was spent by foreign affiliates9 -- although these affiliates accounted 
for over 28 percent of total sales! While parent firns spent $14 for 
every $1,000 of sales, their affiliates were allowed to spend only $4 
for every $1,000 of sales. M::>reover, of the 10.2 percent spent by 
foreign affiliates, those in other developed countries spent 9.5 
percent, while those in the developing countries were responsible for 
just 0.7 percent. Affiliates of American 'INCS in developing countries 
thus carry out very little R&D to speak of, and are virtually entirely 
dependent on their parent companies for technology. 

'lhis picture is very much corroborated by a large mnnber of case 
studies on the operations of 'INC affiliates/subsidiaries in developing 
countries, including both studies done on individual industries, and on 
foreign companies as a whole. A recent report prepafed for the United 
Nations Centre of Transnational Corporations (UNCI'C)lO surveyed the 
results of this body of 
research under three main headings: 

evidence on the transfer of skills to the employed labour 
force by 'INCS 

evidence on stimulation of local technological activities by 
'INCS (e.g. research and developnent, local capital goods) 

evidence on diffusion of new techniques throughout the 
economies by 'INCS 

In the case of skills transfer, it was fOWld that this occurred mainly 
for operational activities required for production within the 
subsidiacy companies, and often up to the level belCM that of senior 
management. How far the staffing of senior technical and. managerial 
p::sts had been localized appeared to be influenced by a number of 
factors including how long the industry had been operating within the 
country, its technological complexity, the general level of educational 
developnent in the country, and. the airount of pressure exerted by the 
host Government. Even in the I1DSt favourable of circumstances, 
however, there appeared to be a TNC policy to reserve at least a small 
mnnber of the I!DSt sensitive managerial and technical positions for 

9 'Ihat is, majority owned foreign affiliates (M'JFAs for 
short). See William K. Chung, "Technology-Related Activities of 
U.S. Multinational Companies", in U.S. Multinational Conpanies: 
U. s. Merchandise Trade, Worldwide Sales and Tec::hnology-Related 
Activities in 1977. Washington: U.S. Dept. of Conunerce, Bureau 
of Economic Analysis, August, 1983. 

10 "Transnational Corporations and Transfer of Teclmology 
Arrangements in Selected Sectors". Rep:>rt sut.mitted by Norman P. 
Girvan to UNCIC, December 1984 (Mimeo). 
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appointees from the head office. '!he overall conclusion was that 
specific Goverranent policies will usually be found to be necessary in 
order to ensure that nationals are sufficiently exposed to learning 
opportunities within these firms, and a satisfactory rate of skills 
transfer takes place. 

A much less satisfactory state of affairs was found as regards the 
conduct of R&D locally and the stimulus provided to local 
technological activities. J.b;t of the case studies reviewed found that 
the 'INC sul:sidiaries carry out little R&D of consequences, beyond 
quality control and very minor product adaptations to the local 
envirornnent, and that this is correlated with the fact of foreign 
ownership and dependence on the parent companies for technology. some 
evidence has been found of ioore sul:stantive R&D activity by particular 
'INC sul:sidiaries in Iatin America, such as the cases of a rayon plant 
and a teleconmmica- tions enterprise in Argentina reported by 
Teite1ll. In those cases, the local R&D appears to have been 
undertaken in response to the size and the peculiarities of the local 
market, which not only required product adaptation rut also made it 
profitable, and also by local procurement PJlicies, which compelled 
certain adaptations to locally available inputs. 

On the diffusion of new teclmiques to local enterprises, this was also 
found to be highly limited because of the very low linkage effects of a 
large mnnber of 'INC-dominated industries. In assembly-type industries 
set up for import-sul:stitution (such as consumer appliances and 
pharmaceutical) and for export-processiJXJ (such as electronics and 
gannents) very few relationships are established with local suppliers, 
or customer firms. Often too, the technological skill requirements for 
local labour in these industries are of a very low level. As a 
consequence the technological spin-offs arisiJXJ out of these 
operations was found, with few exceptions, to be low. 

When all this is added up, the result is that an economy in which a 
large part of productive activity, especially in the leadiJXJ or 
strategic industries, is owned and controlled by 'INCs, will be an 
economy that lacks its own endogenous technological dynamic. It will 
be an innovation-taker rather than an innovation-maker. 'lb.ere are many 
examples of this state of affairs in the developiJXJ world: in the 
caril1b9an, in many West African and some Fast African countries, and 
even in some of the ioore advanced developiJXJ countries such as Brazil 
and Mexico -- at least in those industries in which there is a large 
'INC presence. 

11 Siioon Teitel, "Creation of technology within Iatin 
America", 'lhe Annals of the American h::a.demy of Political and 
Scx:::ial sciences. volume 458, November 1981, pp. 136-150. 
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In such an economy, one can consider what the effect of Government 
regulation of technology transfer contracts might be. It is likely 
that royalty rates and other explicit payments for technology can be 
reduced. It seems less likely that a sub3tantial diversion of demand 
from foreign to local sources of technology can be achieved in the 
leading industries, since 'INC sub3idiaries will be under considerable 
pressure to continue taking technology from their parents. other 
regulations, for ~le on prohibiting restrictive practices, can be 
evaded by unwritten understandings between parent finn and sub3idiary. 
Even restrictions on explicit payments can be carpmsated by raising 
transfer prices. 

Foreign investment policy may therefore be regarded as a vital --if 
explicit - component of technology policy. Of course, th.is does not 
mean that teclmology policy should determine foreign investment policy. 
'!he point is rather that the t\tJo sets of policies should be in tandem. 
It seems for instance, that in a country that is set on follCMing "open 
door" foreign investment policies, it would be pointless to restrict 
technology iltix>rts in the industries that are under foreign control, or 
to invest heavily in R&D institutes for the creation of local 
technology in those industries. On the other hand if a country 
f ollCMing "open door" policies considers national technological 
developnent as an important strategic objective, it should be prepared 
to at least nKXiify its foreign investment policies. 

Jmustrial deveJQliEIJt strategy mR tfrimnlogy policy 

'lhe inter-relatedness of technology policy with other policies is 
shown by the contrasting experience of other developing countries 
which, unlike the "innovation-takers", have made some strides in the 
atsorption and adaptation of foreign technology and the generation of 
innovations. Central to th.is relative degree of suc:x::ess has been a set 
of policies with at least four crucial components: 

1. Restrictions on the entry of foreign direct investment: it 
is allowed only in some industries or not at all. 

2. strict control over the fonn of FDI, preference given to 50-
50 er minority foreign-owned joint ventures. 

3. Strict regulation of technology imports, to reduce the 
costs, eliminate clauses that inhibit atsorption and 
m::xti.fication of imported technology, and sul:x:xmtract 
portions of investment projects to local engineering fiI'1llS. 

4. Vigorous policies for the prorcotion of domestic enterprises 
and the developnent of their technological capabilities. 
'Ihese policies include sub3idies, tax incentives, protection 
of the local market, and in some instances direct state 
investment. 
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It will be seen that these policies are inter-related and support one 
another. Indeed, when taken together they anount to an overall 
strategy of economic/industrial development which emphasizes the role 
of national capital and the necessity to develop an independent 
technological base. (Incidentally, this 
also shows the importance of applying."consistency tests" to national 
technology /policies) • 

'lhe m:Jdel of the strategy above is alm::>St certainly the course adopted 
by Japan in the postwar period. Reference should be made to the Andean 
Pact/IDRC publication Technology Policy and Economic Development12. 
'lhe description provided (pages 22-29) of the postwar development of 
the Japanese petrochemical industry from selective technological 
importation in the early 1950s to innovation and technological 
exporting by the end of the 1960s is excellent, and suggests a great 
deal of lessons on which developing countries could draw. 

Reference should also be made to the complementary industrial policy, 
known as the "staggered-entry fonrula", followed by Japan's powerful 
Ministry of Trade and Industry (MIT!) • Under this fonrula, MIT! 
controlled the entry of industrial grouµ; into the production of 
synthetic fibres and petrochemicals such that successive entering firms 
or groups of firms, had a guaranteed share of the domestic market for 
an initial "learning" period. 'lhe table below gives the sequential 
entry pattern for nylon 
production and polyester fibres, and the chief sources of the licensed 
technology utilized by the Japanese firms. 

'!he Kgrean experierKE 

'lhe developing country which has probably patterned itself nost 
closely on Japanese policy is the Republic of Korea, which has 
followed what may be called a "m::xlified Japanese m:xiel". Foreign 
investment has been highly restricted, being allowed only in those 
sectors where Korean firms do not have access to the technology or to 
the export market, such as petroleum refining, chemicals, electronics, 
synthetic textiles, and apparel. 'lhe greater part of capital inflows 
to Korea has been in the form of debt rather than equity. Korean firms 
have exhibited an impressive degree of development of technological 
mastery and innovation in industries such as plywood, textiles and 
apparel, shiptuilding and capital goods such as textile machinery (e.g. 
semi-automatic weaving looms) and the mechanical engineering 
industries. 

12 IDRC-061E, 1976. 
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Table 1. Entry pattern of Japanese fins in nYl<n ard polyester 
producticn, am their t:edlmlogy Stg>liers 

Year of Eht:cy 

A. Nnm 
'Ibyo Rayon 1951 Du Pont (USA) 
Nippon Rayon 1954 Inventa A.G. 

( swi tzerland) 
Kanegaf uchi Spinning 1963 snia Vicosa (Italy) 
Teijin 1963 Allied Chemicals (USA) 
Kureja Spinning* 1963 Zimmer A.G. 

(West Germany) 
Asahi Chemicals 1963 Firestone (USA) 

B. roLYESl'l!R 
'Ibyo Rayon 1958 I.C.I. (U .K.) 
Teijin 1958 LC.I. (U.K.) 
'Ibyobo 1964 Chemtrex (USA) 
Kurashiki Rayon 1964 Chemistrand. (USA) 
Nippon Rayon 1964 Inventa A.G. 

( swi tzerland) 
Kenegaf uchi Spinning 1967 snia Vicosa (Italy) 
Asahi Chemical 1969 Rohne-Poulenc S.A. 

(France) 
Mitsubishi Rayon 1969 1969 AKU (Netherlands) and 

Glanzstoff A.G. 
(West Germany) 

Source: T. Ozaba, "Government Control over Technology Acquisition and 
Fi:rns' Entry into new Sectors: The Experience of the Japan's 
synthetic-Fibre Industry" in canadian Journal of F.conomi.cs, 1980, 4, 
133-146, Tables 1 and 2. 

* Merged into 'Ibyobo, 1966 

Korean enterprises have used a variety of channels to secure needed 
foreign technology. A survey of 112 exporting f i:rns in 1976 found that 
foreign and domestic sources were just al::x>ut equal as sources of 
process technology classified as "important" by these fi:rns. The 
leading "important foreign" sources were licensing and technical 
assistance from foreign fi:rns, experience acquired by the finn's 
personnel through previous overseas employment, and suppliers of 
imported equipnent and materials. In product innovation technology the 
role of foreign sources was considerably higher, and the leading 
"important foreign" source was by far overseas customers for the finn's 
exports, follOVJed by overseas travel by the staff. 
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It might be interesting here to look at an extract from an overall 
assessment of the methods used by the Republic of Korea to achieve its 
growing technological mastering in a wide range of industries, made in 
an article by Dahlman and Westphal (1980): 

The purchase of technology through licensing agreements has 
been of m:xiest importance as the initial source of process 
technology. Machinery imports and turnkey contracts have 
been of much greater consequences in the transfer of 
technology, and a tremendous am:>unt of expertise has been 
obtained as a result of return of Koreans from study or work 
abl:-c>a.d • • • • • • 

In industries in which the technology is not product-
specif ic, the initial achievement of mastery has frequently 
permitted the copying of foreign products as a means of 
enlarging technological capacity. The mechanical engineering 
industries, anong others, afford many examples; such 
processes as machining and casting, once learned from 
producing one item, can readily be applied in the production 
of others •••••• 

Export activity has proved to be a very important means of 
acquiring technological mastery. As a result of exporting, 
Korean f inns have enjoyed virtually costless access to a 
tremendous range of infonnation, diffused to them in various 
ways by the tuyers of their exports. The resulting minor 
technological changes have significantly increased production 
efficiently, changed product designs, uwraded quality, and 
improved management practices13. 

'1he Indian case 

Another developing country that has adopted similar policies is India, 
although in this case the role of the public sector and state 
enterprises has been much nnre pronounced. India has been highly 
restrictive of foreign direct investment -- probably nore so than the 
Republic of Korea -- and where such investment is permitted a majority 
foreign shareholding is allowed only in exceptional circumstances (of 
which Union carbide of India, owner of the Bhopal plant responsible for 
disaster in December 1984, happened to be one). Like Korea, Japan, and 
the socialist countries, India has made sutstantial use of ann's-length 
transactions for the acquisition and assimilation of technology by 
domestic enterprises. Licensing and, nnre generally, technical 

13 c.J. Dahlman and L. Westpal, "The Meaning of 
Technological Mastery in Relation to the Transfer of Technology", 
The Annals of the American Acade:iqy of Political and Social 
Sciences, Vol. 458, November 1981, pp. 22-24. 
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collaboration agreements, have been the principal means of importing 
technology. Government regulations governing these agreements have 
emphasized limiting the duration and providing the conditions for 
effective absorption and adaptation of the technology supplied. 

'!he impressive developnent of the Indian capital goods industry has 
been based on this kind of strategy. In this industry, foreign direct 
investment has been limited to minority equity participation, and 
Indian enterprises have secured foreign technology by means of joint 
venture and technical collaboration agreements (the latter have been 
made not only with Western 'INCs rut also with socialist countries' 
state enterprises). For example between 1970 and 1979 a total of 563 
technology agreements were made for the production of electrical 
machinery, 519 for electrical equipnent, 161 for machinery tools, and 
136 for metallurgical industries. It may be noted that during the 
same period the value of India's production of engineering goods grew 
from $4 billion to $15 billion, accounting for 20 ~t of 
manufacturing output (value added) in the latter year14. 

An example of this process at the level of the individual enterprise is 
the case of the Hindustan Machine Tools Company (HM!'). '!his successful 
public enterprise actively utilized technology strategies in its 
transformation from a machine tools manufacturer in 1953 to a 
diversified industrial complex by the 1970s. HMI' used at least four 
different methods for the acquisition of foreign technology (i) 
formation of joint ventures with foreign firms for the initial 
establishment of an industry (ii) selective purchase through licensing, 
(iii) bJ.lk purchase of machinery, and (iv) joint developnent and co­
operation with foreign firms of new technologies. 'lb complement this, 
HMI' developed a variety of deliberate activities for the absorption 
and adaptation of the imported technology, and for the generation of 
domestic technology within the firm. By the late 1970s HMI' was 
manufacturing thirty-eight types of metal-cutting and metal-forming 
machines, as well as automatic watches, tractors, lamp;, and lanp­
making machinery. Reference should be made to the excellent study of 
HMI' by Mascarenhasl5. 

1be :role of cxmsrnp;ion policy 

Consumption policy refers to measures taken by a Goverrnnent that 
influence the level and pattern of personal consumption within the 

14 Information taken from UNcn::, Transnational CoJ:Wrations 
in World Development: 'Ihird SUrvey. United Nations, 1983, para. 
450. 

15 R.c. Mascarenhas, Technology Transfer and Development: 
'!he Case of India's Hindustan Machine Tools Conpmy. Boulder, 
Colorado, '!he Westview Press, 1982. 
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economy. We are especially interested here in those aspects of 
Government policy that affect -- explicitly or implicitly - the 
conposition of personal consmnption as between different grouJ;E of 
corrnnodities (e.g. foc:xl, clothing, transportation) and between different 
types of comm::x::tities within the same group · 
(bread vs. root croJ;E, processed foc:xl vs. fresh foc:xl, notor cars vs. 
scooters, etc. ) • 

What is the relevance of this? Simply that it is the composition of 
personal consmnption which prescribes, in large measure, the set of 
"product possibilities" in the economy - i.e. the type of products in 
demand and the quantity demanded of each. ('Ihe other sources of demand 
are Government spending, investment spending, and exports, tut personal 
consmnption is usually the largest single category of demand). And the 
product possibility set, in turn, prescribes the set of potentially 
usable techniques. For products that are not constnned at all, or 
consumed. only in small volmnes, the techniques used in their production 
are just not usable from the economic standpoint -- unless, of course, 
the composition of consmnption is changed. In other words the demand 
for technology (production techniques) is derived directly from the 
level and structure of productive activity, and indirectly from the 
level and structure of consumption. 

Consider the case of a country in which per capita income is in the 
middle range for developing countries ($600 - $1,000), urbanization is 
relatively high (50 percent of the population in towns), and income is 
fairly unequally distrituted (the top 15 percent of households earning 
60 percent of total household income). It is likely that consumer 
demand in this economy will be biased heavily towards durable consumer 
goods, expensive housing, notor-cars and other products associated with 
affluent urban life styles copied from the developed countries. 
Accordingly, the techniques demanded will be those used in the 
production of developed-country products. Naturally, the 'INCs from 
those countries have a decided advantage over domestic enterprises in 
the supply of these techniques. 

'Ihese tendencies will be strengthened by Government policies which 
allow 'INCs relatively free entry into the economy, and by aggressive 
'INC strategies of advertising and marketing aimed at heightening 
product differentiation. Simply put, "product differentiation" refers 
to the efforts of firms in a market in which there are few sellers, to 
persuade tuyers that their product is different from those of their 
main competitors even if it serves the same basic function: e.g. 
"Bayer" aspirin, "Colgate" toothpaste, "Tide" detergent, etc. 

Breaking up the market for a particular product type into segments 
attached to specific brand names further limits the usable production 
techniques to those associated with these brands. Since these are 
usually covered by industrial property rights (patents, registered 
trade marks and brand names) the 'INCs that control these techniques 
enjoy a near nnnopoly position in the supply of production technology. 
At the same time, there is no incentive to sul:stantially nndify 
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imported techniques, support the developnent of indigenous innovations, 
or use the services of lcx:::al R&D institutes. 

stephen Langdon has described, in eloquent terns, the way in which this 
process worked in a developing African economy. The following is an 
extract from his Multinational Co:r:p::>rations in the Political F.conorgy of 
Kenya. 

At a J'OC)re general level, it would seem that there was a 
similar and pervasive nmc impact on local finrs, across a 
wide range of consumer goods sectors. Mnc taste transfer was 
redefining the basic need for drink into demand for Coke or 
Pep:;i; the basic need for food into demand for Lyons Maid ice 
cream or cadt:ury's chocolate bars; the basic need for medical 
aids into demand for Aspro, cafenol or Cofta; the basic need 
for baby nourishment into demand for Lactogen or Glucorin; 
the basic need for transport into demand for Peugeots and 
Mercedes, and so on. Not only did these translations, as in 
the soap case, often leave the consumer worse off, paying 
higher prices to satisfy redefined basic needs. '!hey also 
generated industrialization inappropriate to Kenya's resource 
base and enployment needs. And they established patterns of 
demand that were very hard for small-scale, indigenous Kenyan 
industrialists to try to meet directly. In that sense, the 
nmc role in Kenya seemed responsible for blcx::k.ing in a 
general way, the developnent of decentralized local industry 
in a wide range of sectors. 

Hence, the transfer of developed country consumption patterns to 
developing countries inevitably raises the demand for foreign 
technology and dampens the demand for local technology which produces 
functional sutsti tutes (if not exact replicas) of the products in 
question. 

A Government policy that encourages such "taste transfer" (to use 
Langdon's term) is implicitly discouraging indigenous innovation in 
consumption goods, 'Whatever may be the declared objectives of its 
explicit technology policy. By the same token, consumption policy can 
also be used to broaden the range of production techniques in demand, 
and to indirectly encourage local innovation. 

For example, in a country with the same per capita income as the one 
al:x>ve, if goverrnnent policies favour egalitarianism in income 
distrib.rtion, and rural developnent as against urbanisation, then the 
entire pattern of demand can be expected to be quite different. The 
demand for consumer durables, and differentiated consumer products will 
a!J'OC)st certainly be lower, while the demand for simple consumer goods 
serving the basic needs of food, clothing, shelter, medical and 
educational services will be very strong. such products require 
technologies that are J'OC)re ''mature", I1Dre widely available from a 
variety of suppliers, and I1Dre susceptible to local adaptive and 
innovative effort. 
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It is interesting to consider the fact that China, which concentrated 
heavily on satisfying basic needs and pronoting rural developnent in 
the 1950s and 1960s, p.Jrchased very little proprietary technology from 
the West during that period, and elevated the principle of 
technological self-reliance al.m:::Jst to the level of theology. Even now, 
its much-publicized imports of Western technology are mainly for its 
capital goods and basic materials industries, such as oil and 
fertilizers. 

Consumption policy also applies to the choice of product, or product 
specification, within the product group. Frances stewart bas pointed 
out that: 

The introduction of product into the question of choice of 
technique thus appears to limit further the available choice and 
support the view of the technological determinists -- that there 
is only one "best" met.hod of production and that is the one 
currently installed in the West. However, the same argument can 
be used in the opposite way, to show the effective choice of 
technique is wider than is generally supposed. Choice is extended 
once it is recognized that the choice may extend to product, in 
both quality and type, as well as method of production to produce 
the same, h.cn)genous productl6. 

one of the main instruments a Govermnent can use in this area is the 
regulation of licenses for the use of foreign product patents, 
including the use of trade marks and brand names. Product patents may 
be disallowed where a satisfactory functional sub;titute is available 
locally, or where the intrinsic value of the foreign product is judged 
to be not VJOrth the social cost. Regulations can also prohibit the 
payment of royalties for the use of foreign trade marks and brand names 
on the domestic market, or even ban their use altogether. Goveniment 
regulation of licensing is further considered in the next presentation. 

Apart from this, there is a large number of Goveniment policies that 
are adopted for other p.irposes, rut 'Which have side effects on the 
level and pattern of consumption. 'Ihese include taxation, sutsidies, 
credit, industrial pronotion, tariffs, quantitative restrictions, 
agricultural developte'lt programmes, price support schemes and pricing 
policies, and of course foreign investment policy. In practice, it 
will be difficult to bring about a situation in which all these 
measures operate in the same, consistent direction as regards their 
impact on cxmsumption. 'Ihe important thing is to keep them under 
otserva.tion, to seek to avoid major inconsistencies, and to strive for 
the maximum harrony between technology policies and the policies for 
industrial developte'lt, foreign investment, and consumption. 

16 Frances stewart, Clloice of Technigµe in Developing 
cowxtries. Journal of DeyelQDOODt studies. Vol. 9, No. 1, 1972, 
pp. 109-110. 
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5-'llIE REWIATICfi OF TmHlIOOY IME<RIS 
by Maurice A. 001~ 7 

'Ihe remaining presentations on technology policies and planning 
examine two select policy issues; one related to the demand side and 
the other to the supply side of technology. '!his presentation 
discusses the efforts of many developing countries to control 
technology i.Jrq;x>rts by means of Govermnent regulation of contractual 
technology transfer. 

Backgrami am <Djectives to regulatialS of brilmlogy transter 

Govermnent regulation of contracts for technology transfer was hardly 
evident in developing col.llltries tmtil the beginning of the 1970s. Up 
tmtil that time, India was probably the only inp:>rtant case of a 
developing col.llltry that required f onnal Govermnent registration and 
approval of such agreements. Towards the end of the 1960s there began 
to emerge a concern am:>ng other developing col.llltries, especially the 
larger and m:>re industrialized ones, about the growing foreign exchange 
payments associated with these agreements. '!his was given considerable 
impetus by a number of pioneering studies conducted by the UNCrAD 
Secretariat. 

During the 1970s a considerable number of these countries joined India 
in instituting fonnal regimes for the regulation of contractual 
technology transfer. 'lbese included the nost industrialized countries 
in Iatin America (Brazil, Mexico, Argentina, Venezuela, Colombia, and 
the cotmtries of the Andean Pact), and some in Asia (e.g., the Replblic 
of Korea, the Phillipines, am Malaysia) • We can discern four main 
kinds of objectives in these regulatory regimes: 

1. Reducing the foreign exchange costs of technology inp:>rts. 

2. Limiting or altogether eliminating restrictive clauses in 
technology cootracts. 

3. Ensuring effective transfer and atsorbtion of i.Jrq;x>rted 
technology. 

17 'lhe views expressed herein are those of the author and 
not necessarily those of the united Nations organization, of 
which he is a staff member. 
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4. Limiting technology imports to those which cannot be 
supplied locally. 

'Ihe regulatory regimes do not necessarily cover all four objectives in 
every case. In nnst cases, the regulations deal at the very least with 
reducing payments and limiting restrictive clauses. '!he llDre 
soIX'listicated regimes, in countries such as India and the Rep.lblic of 
Korea, also contain attenpts to ensure JlDre effective transfer, and 
excluding technology .imports where local suppliers are available, as a 
means of affording protection to the latter. In some countries it is 
possible to discern an evolution of the concern of the authorities from 
the first and second kind of objectives, to the third and fourth. 

We will review some of the features and results of the efforts to 
reduce costs, limit restrictive clauses, and ensure effective transfer 
of technology. Some comments will also be made on the efficacy of 
"unpackaging" strategies by developing countries. Finally, some of the 
main lessons to be derived from this experience will be outlined. 

JleaSIJI'eS to redooe the costs of tedlrplogy iDPJrt§ 

Technology suppliers to developing countries frequently - if not 
always -- camnand such superior bargaining power in transactions than 
the developing country purchases. In the economist's terms, the 
technology market is an "imperfect" one. '!his is due, firstly, to the 
fact that in many industries there is only a small number of suppliers 
(sometime only one) of the core technologies used, whereas there is a 
large number of tuyers and potential b.lyers for the technology. 
Secondly, the suppliers control much of the infonnation that the tuyers 
need in order to bargain effectively. 'Ihe rationale for Government 
regulation springs from the need to strengthen the bargaining :position 
of the developing country tuyers, and otherwise to remedy some of the 
imperfections in the technology market. 

As regards measures to reduce payment terms and costs in contracts, the 
f ollCMing are same of the main principles which have emerged from the 
regulatory regimes instituted. 

1) Running royal ties and fees calculated on a value of sales or per 
unit basis do not take into account the profitability or non­
profitability of the enterprise. Hence, step; have to be taken to 
ensure that the supplier does not charge an arbitrarily high figure. 
Many r.atin American and Asian developing countries have stip.ll.ated a 
maximum figure of 5 per cent of net sales value (gross sales minus 
.imported inµrts), save in certain exceptional cases. Similarly, 
particular scrutiny is made of lump-sum payments since they may not be 
related to the size of output. In India, there is a tax on royalties 
and other technical payments based on the difference between the fees 
and the costs incurred by the enterprise in earning them. 
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2) Permission should not te given for contracts with "double and 
triple counting", whereby the supplier not only charges a fee based on 
sales but also a fee on the value of inputs of materials and equipment 
supplied. Very often the inputs are tied and the supplier may engage 
in over invoicing, and then charge fees based on the inflated prices of 
the inputs. 'Ihese inflated inputs are then reflected in the value of 
sales. Many developing co\llltries (e.g., Brazil, Colombia, 
Philippines, India and Venezuela) therefore insist on a single charge 
based on the sales value minus the cost of tied inputs. 

3) '!he level of the running royal ties can te reduced by regulation 
where the conm:xlity is becoming increasingly standardized nature, 
e.g. , cars ( 2%) and hotelry in Brazil and Argentina; or because of the 
branded nature of the conm:xlity, (e.g. lfulnnaceuticals in Mexico and 
India) : or because the contract is a renewal of an old one, as in 
India. On the other hand, the royalty rate may te alla..red to te higher 
than average for export activities, as in Colombia (7%) and in India. 

4) If the service that is traded is not intrinsically a technological 
one b.lt merely one of goodwill, then the fee should te lower. 'Ihus 
trademarks in Iatin America and >sia are usually priced at no higher 
than one per cent. 

5) Intra-firm pa~ts (payments by subsidiaries to parent 'INCs) for 
access to proprietary technology, should hardly te alla..red, except for 
technical services. '!his is partly because the marginal cost to the 
'INC of supplying the technology to the sub:>idiary is usually zero or 
close to it, and partly because profits by the sutsidiary already 
represent an element of returns to technology. Nor should these 
payments te considered tax deductible expenses. However, in the cases 
where the partner is only partly owned (joint venture) pro rata 
payments are alla..red. Many Latin American and >sian countries have so 
legislated. 

It should te noted at the outset that in response to regulatory 
measures, there is no guai:-antee that offsetting secret payments may not 
have been arranged tetween the technology contracting parties (in the 
case where the technology recipients are in the private sector) or that 
the technology supplier may not quote a very high fee at the outset of 
the bargaining process in the expectation that the regulatory authority 
would sti?Jlate a lower fee. Also, in the case of parent-subsidiary 
relationships, when technology fees are restricted there may te a 
compensating rise in repatriated profits or in the degree of transfer 
pricing of intermediate inp.rt:s supplied. 

However, there is evidence that the cost reduction regulatory measures 
seem to have had the desired impact in Latin America (the region with 
the strongest legislation) • 'Ihe annual rate of growth of technology 
payments from this region to the us, for example, fell from 11 per cent 
in the 1960s to 2 per cent in the 1970s without any appreciable rise in 
repatriated profits. Infonnation on the incidence of transfer pricing 
is not available. At the same time, there was no perceptible decline 

234 

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



in the rate of growth of us direct foreign investment to Latin 
America. In contrast to the Latin American experience, US receipts 
from the rest of the developing YJOrld in the 1970s grew not only faster 
than in the 1960s rut also faster than aggregate YJOrld receipts, owing 
to a lower regulatory effort in these countries. 

Some individual Latin American countries have achieved considerable 
cost reductions. Fbr example, in 1977 in Colombia, of 104 agreements, 
reduction of royalty was requested by the regulatory authority in 34 
cases, in addition to 14 cases for differential royalty rates. In 
Venezuela in 1978, of 245 draft agreements, 46 per cent were reduced on 
average by 20 per cent. outside of Latin America, the Philippines has 
also achieved substantial reductions. 

In recent years, with the intensification of the economic recession and 
the resultant scramble for direct foreign investment, there has been a 
relaxation of the payment regulations in one or two countries. For 
example, in Korea from 1978 royalties of less than 10 per cent of net 
sales or $1 million lump sum received automatic approval and, in 
Argentina, (starting from 1976) control over intra-finn payments and 
the size of royalty payments was atolished, and the degree of import 
restrictions pertaining to intermediate goods was reduced. 

Measures to limit restrictive practices 

Restrictive practices inserted into contracts by technology suppliers 
are intended to maximize profits and fees in the short run and, by 
retaining ownership and control over the technology, to also maximize 
profits in the long run. '!he same Latin American and Asian countries 
that have been in the forefront of trying to reduce the costs of 
imported technology have either concurrently or subsequently been 
involved in trying to eliminate the JtDSt adverse of the restrictive 
practices pertaining to such contracts. For example of 4,600 contracts 
examined by the Mexican Registry of Technology Transfer by the late 
1970s, revision had to be made, inter alia in 31.6 per cent of the 
cases due to excessive duration of agreements, 30.7 per cent due to 
prohibition on use of non-patented technology after contract 
expiration, 16.8 per cent owing to a "grant-back" clause and 14.5 per 
cent due to export restrictions (as well as 68.5 per cent OW'ing to 
excessive payments). other major causes for revision included 
restrictions on volume or price of output and on tied inputs. 

In recent years ioore developing countries (e.g. , Peru and Korea in 
1981) have become very concerned about restrictions relating to 
duration of agreement and to post-contractual use of the technology. 
'!he maximum duration of an agreement is usually 5 years (e.g., Brazil, 
Colombia, Malaysia, India and the Philippines) so as to reduce the 
period of technological dependence. As a result, explicit training 
prograimnes had to be included in the contracts to ensure technological 
ab;orption within the contract period. Given a shorter duration period 
and the policy of contract renewal only in exceptional circumstances 
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(e.g. , new technology or exporting -- India and Philippines) it became 
increasingly necessary to ensure that there was no restriction on the 
use of the technology after the expiration of the contract. 

On the other hand, in recent years a few developing countries have 
relaxed somewhat their prohibitions of certain clauses, partly to allow 
for nore pragmatic and case by case examination of agreements and 
partly because of the exigencies of the international econanic crisis. 
'lhese countries include Venezuela ( 1976) , Phili:ppines ( 1978) , Nigeria 
( 1979) , Peru ( 1981) and Mexico ( 1981) • 

Results 

If the non-appearance of restrictive practices in contracts is any 
guide, then the regulatory p:>licy of Latin American and Asian 
countries, in particular, can be considered to have been a success. 
However, it should be noted that parent 'lNCs do not need to insert such 
clauses in their contracts with sumidiaries since a tacit arrangement 
could obtain. Similarly, local private sector recipients could collude 
with the 'INC technology su:pplier to circumvent various regulations, 
providing the costs involved are social rather than private. SOme 
local enterprises may simply be interesta:l in maximizing profits via 
the fabricating of a well tried and testa:l product (using importa:l 
technology) rather than in national technological transfo:anation, per 
se. 

JfeRf!U['eS to facilitate effective t@tmnlogy transfer 

In addition to trying to remve the negative effects of various 
restrictive practices, the regulatory authorities have also attempted 
to introduce a number of positive measures, in furtherance of the goal 
of developing a genuine indigenous technological capability. 

( i) Quantitative Perfonnance Regyirement§ 

Exporting obligations are becoming a major perfo:anance requirement for 
manufacturing concerns in some countries c:Ming to serious balance of 
payments adjustment problems. In 1977, of 7060 us enterprises in 
developing countries, 4 per cent were required to export a certain 
minimum airount. Despite debate about how consistent export 
requirements are with the GATI' and Tokyo Round agreements, a strong 
view is that they are fundamentally different fran export sursidies, 
such as value rebates, low profits tax rates, s_pecial credits, and dual 
exchange rate, in that they are pre-conditions rather than incentives 
for export-centred production. (Export requirements also CXllllPlement 
the sub-contracting activities of the 'INCs and the efforts of the local 
authorities in setting up export processing zones). 

local materials content is a requirement for enterprises either 
placing ceilings on ilrporta:l or establishing minimum local content for 
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inp.rt:s. Frequently, the ~rt limitation is linked to the export 
requirement. Companies are required either to balance a certain 
percentage of their ~rt needs through exports of the finished 
conmOOity or to qualify for duty free ~rtation of inputs to the 
extent that they are used in exports. 

lDca.l latour content is a rather prevalent perfonnance requirement. In 
1977, of 5,930 US enterprises in developing countries, 1384 or 19 per 
cent were required to use a minimum aioount of local latour or add a 
minimum anD\lllt of labour content. 

(ii) Q.Jalitative Pertonnance Regyirements 

Recent regulations have required, inter alia, (a) the full disclosure 
of all technical information to be contained in the technology 
agreement (Brazil and Peru); (b) full access to future improvements in 
the technology (Philippines and Malaysia); (c) transference of ability 
to maintain product quality (Malaysia, Colombia, F.cuador and Mexico); 
and (d) an effective training programme (passim). 

Training is now being taken very seriously by the regulatory 
authorities. Brazil, India and Nigeria have set up training 
progranunes. '!he Philippines requires 'INCS to sul:lnit an annual report 
on their activities relating to the training of local employees and on 
the progress being made to replace expatriate employees with indigenous 
personnel. 'lhe oil producing CO\ll1tries of Chad, Colombia, Indonesia, 
Peru and the Gulf States require that training progranunes be jointly 
organised by the state and the 'INC and that preference be given to 
nationals in the conpany's hiring practice. F.cuador requires 95 per 
cent of the "WOrkforce to be nationals (rut only 65 per cent of the 
technical staff) • Malaysia requires a certain percentage of profits to 
be allocated to research and training, and Guatemala stipulates the 
aJOOUJlt to be spent on scholarship; and schools. 

Despite the atove, nDSt developing countries still fail to have 
included in their technology agreement a clear training progranune 
(rather than vague references to training) which spells out the number 
of persons to be trained and the level and type of skills that are to 
be attained. 

Compulsory licensing (re patents) is being resorted to by an 
increasing number of developing countries in order to combat the 
practice of the 'INCS of registering nDSt of their inventions without 
actually "WOrkingjutilizing them. '!his effectively keeps out would-be 
competing foreign and domestic producers and relegates the developing 
country to the role of ~rter. Following the Latin American example, 
several developing countries have given themselves the power of legal 
intervention. For example, in Nigeria, in the name of public interest; 
in the Philippines if local demand is not being met; and in India if 
the patent is not being offered at a reasonable price. Where the 'INC 
is forced to work the patent, the regulatory authorities still need to 
ensure that the effect is not violated. by including in the licensing 
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agreement secrecy provisions or non-disclosure clauses (re the nature 
of the product or the chemical/engineering processes) , and that the 
legal validity does not extend beyond the stipll.ated life of the 
contract. In this regard, some countries have also tried to reduce the 
period of validity of the patent itself. 

Unpackaging refers to the attempt of the regulato:cy authorities to 
disaggregate the technological function into "core technology" - which 
is intrinsic to the engineering process and can only be a<:XIUired fran 
the foreign supplier - and "peri:i;ileral technology", which can be 
supplied locally. Frequently suppliers t:cy to insist on supplying a 
complete package, not only in order to suwly mre technology than the 
developing country actually needs, rut also to make it difficult for 
the recipient to detennine how nuch each item actually costs. Brazil 
has tried to def eat this practice by obliging the parties to frame 
transfer of technology agreements under pre-detennined contractual 
categories - license on patents, licence on trademarks, supply of 
industrial technology, specialized technical services, etc. 

Unpackaging the various components of the technology package -
civiljmechanical/electrical construction, operations, proprietary and 
other types of know how, management, purchasing and marketing, etc. -
can occur with respect to any sector; rut the activity that probably 
lends itself JOOSt for doing so is the turnkey project. In Brazil, 
India, Mexico and Korea, there is a growing trend to replace turnkey 
contracts with a basic engineering services contract. 

In some cases the turnkey plant has failed to operate at its rated 
capacity and experienced a considerable aJOOUnt of post-conunissioning 
problems. In response to this, recipient enterprises have often 
converted the turnkey contract into an "extended turnkey" or "product­
in-hand" contract, in which the contract is extended to include the 
period of initial operations. 

Role of State Entemrises: Capital goods and basic materials like 
_petrochemicals, fertilizers, steel and power industries greatly 
facilitate the construction and operational stages of turnkey projects. 
In the semi-industrialized countries of the 'lhird World, the state 
sector frequently accounts for the bl1k of capital goods activity, 
partly because of the large capital requirements, the high 
technological risk involved, the long realization period, and the 
strategic nature of the industries. 

For example, the state accounts for 92 per cent of capital goods 
activity in Algeria and 80 per cent in Egypt. Even in the 
Philippines, machine tool production has been initiated through a 
state-owned company. But it is in India that state has the greatest 
experience, partly because of the size of the market and the 
considerable industrial base. (In both Brazil and Mexico, the role of 
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the state in capital goods production, though large, is considerably 
less.). Indian state-owned enterprises account for the production of 
heavy electrical equipment and heavy-mechanical equipment, including 
machine tools' heavy-duty pump; and compressors' power milers' and 
material handling equipment. In the Indian case, the technology was 
acquired not only from the traditional Western market economies rut 
also from the USSR and other Fast European sources. Although sourcing 
from Fast European countries allOW'S for maximum unpackaging (in 1977, 
8.6 per cent of all Argentine contracts were with Eastern Europe) the 
problem of inadequate unpackaging frequently lies with the recipient 
state-owned enterprise, irrespective of the source of the technology or 
type of sectoral activity, for several reasons: 

(a) '!here is frequently inadequate co-ordination of 
organizational and administrative skills to bring the work of 
various nore or less autonomous institutions to bear upon the 
fonnulation and implementation of specific projects. 

(b) Because state-owned enterprises do not attempt to pool their 
technical knowledge, the critical mass of knowledge each has 
acquired is under-utilized. 

(c) Public enterprises operate like "states within a state" and 
frequently fail to take cognizance of the government's own 
technology policy and contractual guidelines. one reflection of 
this is the eagerness to seek foreign sources of technology 
without exhausting the local sources, e.g. one study of the Andean 
Pact countries found that 87 per cent of the state-owned 
enterprise did license their technology. In addition, some public 
enterprises in developing countries did not register their 
technology agreements, let alone seek the approval of the 
regulatory authorities set up to scruti-nize the inflow of 
technology. Moreover, the contracts contained the full range of 
restrictive b.lsiness practices and there were few guarantees 
concerning adequate training. 

(d) Certain developing countries, because of their newly won 
large petrolelllll revenues, became less enthusiastic al:x:>ut hard 
bargaining with foreign suppliers. 

(e) Some developing countries (mainly the oil importers) did not 
try sufficiently hard to withstand the tied nature of World Bank 
financing. For example, for power projects the World Bank would 
accept a bid by a domestic supplier which falls within a 15 per 
cent price differential limit (i.e. above developed countries' 
prices) ; however, the cost differential for :rrost power equipment 
manufactured in the developing countries tends to be 20-50 per 
cent. According to UNIOO, a 25-30 per cent price differential on 
:rrost capital goods should obtain for the first five years, 20 per 
cent after ten years, and appropriate reviews afterwards. UNIOO 
also recormnended a 25-30 per cent import protection. 
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lblitarirg am eval.uati.m of t:.edlmlogy iDp!rl; regulatims 

In India, the Philippines, and Latin America (Argentina, Colombia, 
Mexico and Venezuela) attempts have been made to intrcxiuce a system of 
nonitoring and evaluation of the technology importation process so as 
to assess the al:sorption, adaptation, and improvements made by the 
recipient enterprise. In India, where this regulatory machinery is the 
strongest, no contract is renewed without an evaluative exercise; 
between 1974 and 1980 there have been at least 300 evaluative 
exercises. In the other countries the nonitoring cum evaluation system 
is only in its infant stage, although in the Philippines enterprises 
are required to subnit annual reports containing infonnation on (a) 
benefits being derived from the technology agreement; (b) the rate of 
implementation of the training programme, es:pecially to replace foreign 
personnel; (c) R and D activities and (d) progress in adaptation of the 
technology to suit local materials and envirornnental conditions. 

As a result of over ten years' experience in many developing 
countries, the following weaknesses which have become evident, can be 
highlighted. 

1. In ad.di tion to the problem of noni taring and eval.uating, very 
little control has been exercised over the selection and 
sourcing of technology at the enterprise level. 

2. Insufficient concern has been shown over how far the rerooval 
of restrictive practices has brought about the desired 
results, particularly with res:pect to foreign sul:sidiaries. 

3. Little control has been exercised over the pricing of inp.rts 
supplied, particularly with res:pect to foreign sutsidiaries. 

4. Public enterprises are failing to maximize their vast 
bargaining potential. 

5. National institutions concerned with regulating technology 
ilnports and those expressly concerned with developing a local 
design and engineering capability do not co-ordinate their 
activities sufficiently; in fact, some parts of the 
institutional infrastructure are irrelevant. 

6. Limitations on technology control present in joint venture 
arrangements (a supposed sutstitute for majority foreign 
ownership) are not sufficiently appreciated. Joint ventures 
are no panacea; they do not necessarily bring about effective 
participation in technological decision-making and technology 
transfer. 
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7. Small countries have too frequently assumed that they lack 
bargaining power, and, therefore, have not attempted to 
benefit from the experience of the larger and m:::>re 
industrialized developing countries. 

8. Regional Integration Movements, by not pooling their 
technological resources, have failed to maximize their 
technological strengths and minimize their technological 
weaknesses. 

9. There is little or no technological exchange (concerning the 
contents of technological agreements, inter alia) between 
'Ihird world countries. 

10. A legally binding (rather than voluntary) International Code 
conceming the transfer of technology is yet to emerge. 

Ccn::lusicn 

In those countries with the strongest regulatory regimes, there has 
been no reduction in inf lows of direct foreign investment or in non­
equi ty licensed technology. In fact, the reverse has happened. This 
suggests that developing countries can exercise some bargaining power 
and do have some room for manoeuvre. However, the semi-industrialized 
countries tend to have m:::>re leverage (vis-a-vis the 'INCs) than the 
other developing countries, ceteris paribls. 

241 

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



In this presentation we will be looking at one particular aspect of 
supply side policies: the strategic role which may be played by 
engineering services, and the capital goods industries, in the 
b.lilding of indigenous technological capabilities. 

'!be :role of ergjneerirg services 

What exactly do we mean by engineering services? It may be useful to 
start with the following definition by Kamenetzkyl8: 

Engineering services use scientific and technological knowledge 
to: 

design and b.lild new production units; and 

optimize existing units and keep them in operation 

'Ihe fundamental economic activity of engineering is, 
therefore, the provision of services for production. It 
involves the transfonnation of usable knowledge into used 
knowledge. In addition, engineers may also provide services 
for the creation of knowledge by taking part in scientific 
and technological research ( p. 44) • 

Pre-investment, investment, and p:>St-investment activities all require 
the perfonnance of various types of engineering services. A schematic 
view of the relationship of engineering services to these activities is 
set out in Table 1 below. 

Kamenetzky argues strongly in favour of the involvement of local 
engineers in preinvestment work, and the h.J.ilding up of local teams of 
consul ting engineers for the provision of such services. He advances 

18 Mario Kamenetzky, "Preinvestment Work and Engineering 
as Links Between the SUpply and Demand for Knowledge" in D.B. 
'lhomas and M. Wionczec, (eds. ) Integration of Science and 
'l'echnolCXJY. 
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Table 1. Relati.cmship of emineerim services to i.nvgst:uent am 
producti.m activities 

SERVICE 

Pre-investment stage 

Prefeasibility studies 
Feasibility reports w/ 

preliminary engineering Consulting engineering* 

Investment stage 

Design 
Construction 

Design engineering 
Civil and construction 

engineering 
Production engineering Commissioning and start-up 

Post-investment stage 

Production and maintenance Production engineering 

* '!he tenn "Consulting engineering" can also be used to refer to any 
type of engineering service (design, civil, production, etc.) that is 
provided by an independent organization in the fonn of consultancy. 

several convincing reasons for such a policy, viz: 

proper preinvestment work requires a thorough knowledge of 
the peculiarities of the local economic, ?lysical, social and 
cultural environment. Failure to take these adequately into 
account may result in fundamental design faults that are 
extremely oostly in the investment stage and in subsequent 
prcxiuction (see example below). 

preinvestment "WOrk requires general rather than highly 
specialized knowledge and skills. Hence it is mre easily 
within the reach of local professionals and technicians in 
the early stages of the developnent of the engineering 
services industry, and lends itself to collatoration between 
foreign and local engineering teams. 

it allows the unpackaging of imported technology, 
facilitating not only adaptation to local conditions, b.rt 
also subcontracting of some components of the investment 
project to local suppliers. In addition, as the skills and 
experience of the local engineering profession grows, 
investors can m:>ve f ram the "turnkey" nOO.e of carrying out 
investment projects to the local management of such projects 
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"Which have been broken up into several discrete parts. 
(pp. 47-49). 

Consulting engineering for preinvestment '\\10rk may thus be a strategic 
blilding block in the prcx::ess of developing i.rrligenous technological 
capabilities. It provides a point of departure for the cumulative 
developnent of skills through "learning" by the involvement in 
preinvestment activities, leading to the eventual undertaking of nore 
conplex tasks in the adaptation and toodif ication of i.np:>rted 
technolog'j. 

'Ihe West African Technolog'j Policy ~rkshop held in Liberia heard -
from one of its participants - of a very instructive example of the 
disastrous consEqUences of neglecting preinvestment engineering workl9. 
'Ihis was the case of the Onigbolo Cement project, a joint venture 
(1974) between Benin and Nigeria to construct in Benin a plant for the 
manUfacture of soo,ooo tons :per year of Portland Cement. 'Ihe main 
contract for the supply, erection and management of the works was 
awarded to a Danish finn regarded as a "world-renowned leader in the 
cement industry." But the main contract also included the work of 
undertaking a feasibility confinnatory study which, would, inter alia, 
"confinn the existence of suitable limestone deposits in oonunercially­
mineable quantities, and with appropriate characteristics for the 
proposed dry-prc:cess technolog'j. 11 'Ihe author conunents that "In 
retrospect this was a major blunder since this aspect of the contract 
could not be meaningfully enforced or even nonitored. 11 

Hasty or downright inadequate preinvestment work resulted in a number 
of major delays and problems in the implementation of the project. 
'Ihus, 

'Ihe scope of the "necessary infrastructure" kept increasing with 
time. First the Pobe-Oti.gbolo road (al:x>ut 30 km) needed to be 
widened and resurfaced to ac:x::onmodate the large tonnage of 
equipnent and machinery. 'Ihe original works site had to be noved 
in order to facilitate better plant drainage and quarry openings. 
'Ihese gave rise to cost increases Type 1. 

Awarding of contract for new infrastructure then caused delays in 
i.Irplementation of some sections of the main contract, especially 
in the camp erection provisions. 'Ihis gave rise to cost increases 
Type 2. 

19 o. Akin Mubifa, "'Ihe Onigbolo Cement Story, or How to 
Snatch Defeat from the Ja'WS of Victory." Paper prepared for the 
IDRC/ARCI'/CDDESRIA.jUniversity of Liberia West African Technolog'j 
Policy ~rkshop, M:>nrovia, october 1982. 
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'Ihen it became necessary to re-evaluate the evacuation routes for 
the product • • • • • Now that the plant is in full production, the 
economic route for evacuating 300,000 tons of cement annually has 
not been completed ..• 

FIS underplayed •••••• technical problems like the explosion of 
one of the large notors for the cement grinding mill, and the raw 
material characteristics which now threaten the total connnercial 
existence of the plant. The limestone contains nore water than 
the raw meal is designed for, and the cost of grinding the wet 
stones and drying the raw meal to specification will seriously 
affect the production cost, and may make the final product pricing 
uncompetitive in any market. One nrust add that this raw material 
problem is a direct result of the strategy failure by which 
feasibility confinnatory study was to be undertaken after contract 
conunitrnents. (paras. a, 24-26, 33). 

Hence, both capital costs and subsequent production costs were 
increased as a result of inadequate preinvestrnent VJOrk. Incidentally, 
the author of this study also suggested in discussion that the reason 
why the limestone contained :rrore water than expected was that the raw 
material survey was carried out in the dry season in Benin, and did not 
consider the fact that there is also a season of heavy rainfall! 

'!he study also suggested that appointing a foreign consulting firm to 
:rronitor the implementation of the project is no guarantee against bad 
performance. 

Almost as an afterthought, a monitoring consultant was employed. 
The Henry Pooley Atkins Co. of the U.K. was selected from a:rrongst 
five bidders. But there were to be unfortunate conflicts since 
certain negotiations had been agreed to with the main contractors 
before negotiating with the consultants. '!here was also to be 
corporate personality clashes (at the client's expense) between a 
VJOrld renowned manufacturer, and a small consultant with powers to 
:rronitor and control the manufacturer. 

It is ••••• dubious that there is much value in Nigeria's 
requirement that such projects nrust have a :rronitoring consultant 
(foreign of course) to ensure that the contractors fulfil their 
obligations totally. '!he :rrost painful part of it is that there is 
usually no requirement to attach local staff as counterpart to the 
foreign consultants because this will al.nost double the 
consultancy costs. It is not only a matter of wrong premise, but 
also of wasted investment since local staff never learn to carry 
out these vital functions. (paras. 9, 14). 

Design ergineerim 

Design engineering comprises a complex and highly specialized set of 
activities. An excellent s\.Dlllllary of the kind of tasks which can be 
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involved is provided in the following passage by Roberts and Perrin20: 

'!be act of investment requires the solution of multiple problems 
of adjustment and adaptation between men and machines 
incorporating past experiences. For example: 

a prodµct must be adapted to market or other specific 
requirements 

processes need adapting to product needs, plant size and raw 
material constraints 

machines need adapting to processes 

machine specifications nrust be made mutually consistent so as 
to produce a "jointly optimised" whole 

utility circuits and handling equiµnent nrust be adapted to 
the needs of the central process equiµnent 

b.lildings have to be designed rourrl all the foregoing 

the whole ~ nrust be adapted to its wider enviromnent 
consisting of climatic corxlitions, soil structure, transport 
facilities, limitations on pollution, etc. 

manpower has to be adapted through training to the operation 
of the plant 

••••• with the growing complexity of technologies and size of 
plant, achieving all the necessary adaptations requires 
increasing specialization in knowledge and skill arrl even 
JtDre perfected methOOs of work and internal organization 
••••• (therefore) design engineering requires highly 
qualified staff with a long experience and detailed knowledge 
gained through the perfomance of relevant work. (pp. 9-10, 
1, emprasis added). 

In the economist's terms, design engineering is a crucial activity in 
the process Qy which production technigµes, inc]Jidj ng new technigµes 
(technical change) are incor:porated into machinecy, Egli,gnen.t, and 
plant through the generation of specific designs and s,pecifications. 
'Ihe other crucial activities are the actual manufacture of the 
machinery and equipnent and its installation as complete plant. Hence 
design engineering organizations of necessity TNOrk closely with 

20 J. Roberts and J. Perrin, "Design Engineering and the 
Mastery of Knowledge for the Accumulation of capital in 
Developing Countries" IREP, University of Grenoble, Sept. 1971, 
pp. 9-10, 1. 
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Figure 1. Relatiooship of design ergineeri.m to tedlmlogy, 
capital goods pr;odlrtim, am invesbiert: 

EXIS'I'IK; TEDINICAL ~ I 

DESIGN EK;INEERIK; 

NEJf TEDINICAL RtDi[ax;E specifi- inf or-
Produced by: cations ma ti on 
- f onnal R&D 
- in-plant operational 

experience 

machinery and equi:µnent suppliers, providing them with specifications 
and inter-acting constantly with them on the properties of materials, 
machinery performance parameters, etc. A schematic view of the 
relationship is set out in Figure 1. 

~of emineerim amahllities: an exsmple from the 
carililean 

At this point it may be useful to refer to the actual results of 
empirical research aimed at assessing the level of development of 
engineering capabilities in a particular developing region -- the 
cari ~n. 'Ihe research in question was conducted by c. SolOIIDn, as 
part of the car~ Technology Policy studies (CI'PS-II) project21. 

Solonon surveyed a total of twenty-four (24) of the largest 
engineering consultancy firms (i.e. firms providing engineering 
services of whatever type through consultancy) in Jamaica (11 firms), 
Guyana (7), and Trinidad-Tobago (6). 'Ihe firms were first classified 
according to the industrial bias of the engineering services offered 
(see Table 2). 

21 cyril Solonon, "Analyzing Regional Engineering 
Consulting Firms", Paper prepared for CI'PS-II, December 1982. 
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Table 2. Imustrial classificatiai of ma.in se:cvioes offered .Qy 
• ' ,._,......,,.7 f' ' "" ' f!Jnr.a....,., 24 eqp.neerug oaJSUl~ ll'JIB lll uffl!IU CB. 1 ~· 

am Trinidad, 1981-82 

Classification No. Percent Total 

Purely civil/structural 15 62.5 
Civil/structural w. mechanical/ 
electrical capability 4 16.7 

Purely mechanical/electrical 3 12.5 

Purely architectural 1 4.2 

Integrated: civil/structural, 
mechanical/electrical, and chemical 1 4.1 

Total 24 100.0 

Source: cyril Solorcon, "Analyzing Engineering Consultancy Firm;" 
Report prepared for crPS-II, December 1982, pp. 17-18. 
As the author comments "OUtstanding in their paucity or absence are 
capabilities in the fields of metallurgy, mechanical, electrical, 
chemical and mining engineering. 'lhese are crucial areas if engineers 
are to make a serious contrih.rtion to the structural transformation of 
the regional economies." 

Solorcon also assessed the capabilities of the firns according to the 
stage in the preparation and execution of projects. His conclusions on 
the ma.in areas of strength and weakness are set out in Table 3. 

Here the author conunents that: 

Most local engineering consultancy firns may be perfonning 
routine, peripheral activities surrounding rost projects. 'Ibey 
may be doing routine designing, procurement of the relatively 
small proportion of indigenous resources, and assisting with 
supervision, acting as tuffers between the expatriate managers and 
the large labour force of mainly low-skilled local workers. 

But when it comes to the rcore demanding areas of project 
management, training of personnel to man the new facilities and 
activating those facilities to achieve set production standards, 
the expertise of local personnel is inadequate and it is the 
foreign consultants in the main who have to act out these roles. 
(pp. 56-57) 

Policies far the pcU!Dti~ of <Q.i gn ergineerim activities 

can developing countries with meagre resources afford the sul:stantial 
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Table 3. Rank.i.m of areas of gmability of 24 emineerirg 
cmsul.taooy fins in Jffl!Aica. GWna am Trinidad­
'.l'abg>. 1981-82. 

~ Area of capability 

1 studies, surveys and reports 

2 SUpervision of construction, Installation, 
Connection and Erection 

3 Engineering design 

4 P.rcx::urement 

5 Project management 

6 start-up and connnission 

7 Hiring and training and personal 

8 Trouble-shooting, maintenance and repair 

9 Further developnent of products and processes 

Source: SolOJTOn, op. cit. p. 60 

investment, and the long gestation period, involved in setting up 
design engineering organizations? '!he costs of such policies are not 
only the direct expenses of human and material resources, rut also the 
costs of "learning": the delays, uncertainties and higher material 
costs of the projects assigned to local firms compared with experienced 
foreign design engineering firms. 

Roberts and Perrin argue that the justification lies in the 
contrib.J.tion of a design engineering capability to the capacity for 
indigenous capital accumulation in the economy. 

Design engineering, therefore, may be seen as a vital link in a 
two phase process conducive to the developnent of an indigenous 
capacity to accumulate capital -- at least in those industries 
where the enterprises' own services are unable to perfonn those 
functions without the outside help of a specialist, full-time 
organization. If the requisite dialogue can develop between 
design engineers and project planners on the one hand and machine 
l::uilders and R&D \tJOrkers on the other -- which of course supposes 
the prior existence of the latter and therefore a certain scale of 
operation - the industrial economy as a whole can acquire after a 
time the mastery of technique and knowledge which enables it to 
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pass from mere "on the spot modifications" to its capital 
structure to the rercmelling and readaptation of productive 
investment thanks to the "wider range and greater power of 
assimilation" of which Solow speaks.22 

They show how design engineering organizations can begin with the 
establishment of engineering departments in major enterprises in 
developing countries, especially those engaged in heavy imustry. 
Examples are provided of the Planning and Developnent Division of the 
Fertiliser Corporation of India, the central Engineering and Design 
Bureau of Hindustan steel Ltd. , also in Irrlia, and the engineering 
department of the Societe Nationale de Siderugie of Algeria. All three 
organizations evolved out of in-house engineering departments set up to 
correct problems in plant operation resulting from the original 
(foreign) designs, and to engage in preventative maintenance. 
Eventually, and as a result of experience gained in problem-solving, 
these departments progressed to the engineering of improvements in 
design and processes to increase plant production ("capacity­
stretching"), and to undertake engineering studies, alone or in 
collaboration with foreign firms, for the expansion of the plant or the 
construction of entirely new plants. 

What about the smaller developing countries in Africa and the 
Cad l:Dean? can we expect engineering departments with this kind of 
potential to exist? There is some evidence that the answer could be 
"yes", although with qualifications. Mitschke-Collande and Wangwe have 
written a thought-provoking article on the capabilities and potential 
of the central engineering workshops attached to major enterprises in 
Tanzania23. 'Ibey refer to a particularly interesting case: 

'lhe cws of .AMOONI is an example of a 100% foreign privately owned 
enterprise which has an exceptional innovation policy. AMOONI 
being inhibited from exporting all of their profits are prepared 
to reinvest systematically in various engineering manpower in a 
way which enabled them to install a complete sisal spinning mill 
and to manufacture some of the equipnent locally in the cws . 

.AMOONI cws nrust be considered as an extremely advanced 
institution of production innovation. '!his can only be explained 
by a very favourable combination of factors: 

22 Roberts and Perrin, qp. cit. p. 11. 'lhe reference at 
the end of the extract is to R.M. Solow, "'Ihe capacity to 
assimilate advanced technology", in .American F.congnic Review, 
May, 1966. 

23 . P.V. Mitschke-Collande and S.M. Wangwe, "Structure and 
Developnent of the Engineering Sector in Tanzania". 
ERB Paper 77.11, University of Dar Fs Salaam, 1977. 
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'!here is a systematic policy of preventive maintenance and 
planned replacement of all capital equipment; 

'!here is an extended off and the on-the-job training scheme 
in collaboration with the National Vocational Training 
Progranune ( NVI'P) ; 

'!here are several experienced expatriate engineers; 

'!here is a design and drawing off ice with a skilled 
draughtsman; and I 

last tut not least, there is a policy of import sutstitution 
of prcducer goods and the necessary funds allocated for 
technical innovation. (pp. 29-30) 

Similarly, in the cari.tt>ean, there is some evidence of development of 
engineering deparbnents with some capabilities in the major industries 
such as petroleum, bawd te, and sugar. In the case of the bawd te 
industry in Guyana, for example, Bardouille has observed that the local 
'WOrkers in the main producing enterprise ( Demba, naw Guybau) were known 
for their "ingenuity • • • in the areas of maintenance and general 
engineering services, constructional and operational crafts (such as 
welding, fabricating) activities24 (p. 99). 

Roberts and Perrin suggest four kinds of policies for the prorrotion of 
the design engineering industry: 

i) encourage the development of planning departments in major 
enterprises. SUch deparbnents enable control to be exercised 
over feasibility studies which define the parameters of the 
future involvement of local engineering; 

ii) encourage the growth of engineering and 'WOrks departments in 
enterprises; 

iii) encourage collaboration between local engineers and overseas 
firms of consultant engineers, to facilitate learning; and, 

iv) promote the developnent of the indigenous machine building 
sector. 

'!he last suggestion takes us into the discussion of the role of the 
capital goods industry. 

24 R.K. Bardouille, Technolog'ical capability in the 
carihh:!an Bauxite Industry. Report prepared for Cl'PS-I, 
I.S.E.R. I 1977. 
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'Die :role of the am,Ltal goods hrlusb:y 

By the "capital goods industry" we mean the manufacture, fabrication, 
etc. of machinery, equipnent and tools and the parts thereof that are 
used in conjunction with human labour in production. 'lhese are several 
reasons why the proiootion of these activities can be a vital part in 
the b.lilding of indigenous technological capabilities. 'lhe IOOSt 
illlportant probably are: 

1) 'lhese activities, and the associated skills, are necessary if 
imported tools, equipnent and machinery are to be adapted to 
local circmnstances, e.g. : 

the lcx::al endowments of labour and capital; 

the characteristics of locally available raw 
materials; 
the size of the lcx::al market; and, 

the nature of the product desired. 

In that sense they are an essential complement to design engineering in 
the adaptation and :m:xlification of imported technology. 

2) 'lhe industry is necessacy for the diffusion of innovations 
(including adaptation and :m:xlification of illlported 
technology) throughout the economic system. In other ~rds 
for technical change to be incorporated into production in 
producing enterprises generally, it needs to be embcxlied in a 
stream of new/improved capital goods that are generally 
available. 

'Ihere are also several broader, macroeconomic reasons why the presence 
of a capital goods industry can be a decided advantage in the overall 
development process. Among the IIK>St important is the mitigation of the 
"foreign exchange constraint" in the 

process of economic growth. 'Ibis arises out of what economists call 
the "~p" m:xiel of growth in a developing country; i.e. : 

Sa < Ir (1) 
Km<~ (2) 

where s = national savings 
I = domestic investment 
K = capital goods 
a = actual 
r = required 
m = imported 

For a healthy rate of growth to be sustained, a developing country must 
{a) raise the level of available savings, by foreign torrowing if 
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necessary, to the required level of investment, gng (b) raise the level 
of iqx>rts of capital goods to that needed to support the required 
level of investment. '!he second Gap arises because of the typically 
high iqx>rt-content of investment in JOOSt developing countries, which 
is a corollary of the arsence of capital-goods industries. 

One of the consequences of the second Gap is that a developing country 
may be forced to engage in foreign l:x:>rrowing not merely to augment its 
national savings as such, bJt also - and additionally -- in order to 
get the foreign exchange to import the needed capital goods. The less­
developed, low-income countries in particular have been relying JOOStly 
on "tied aid" -- nn.lltilateral and bilateral loans, and supplier's 
credits. '!his usually involves severe restrictions on the choice of 
technology, and on local involvement in preinvestment and investment 
activities, with all the adverse effects that we have seen on the 
developnent of local skills. 

'Ihe general point is that the existence of local capital goods 
industries expands the scgpe for transfoncri.ng savings into investment 
independently of the foreign exchange constraint. A number of other 
factors from the economic standpoint arguing in 
favour of the establislunent of these industries are given in the World 
Bank report prepared by J. Datta Mitra. 25 

'1he feasibility of ffitahl ishiJg rapj tal goods indn5tries 

'!he main arguments usually advanced against the investment of 
resources in these industries are: 

(a) the supposed complexity of the technology and skills 
required, the difficulty of access to the technology, the 
difficulty of acquiring mastery over the technology locally, 
and the associated long gestation period of such investments; 
and, 

( b) the high costs of production locally as compared to iqx>rts, 
as a consequence of (a), and also the low scale of production 
due to limited market size. 

These may not be arguments against capital goods production per se. 
Rather they point to the need to devise strategies to develop 
production in activities where (a) the technology can be IYDSt easily 
acquired and mastered locally, and (b) production can be developed at 
competitive cost in a reasonable period of time. 
In this regard we should take note of a number of very interesting 

25 '!he capital Goods Sector in I.0Cs: A case for State 
Intervention? World Bank staff Working Paper No. 343, July, 
1979. 
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arguments advanced by eooper26. According to this view, the history of 
industrial technology has been a developnent through nore or less well­
defined stages; i.e.: 

i) mechanical, 
ii) electrical, 
iii) chemical, and 
iv) electronic. 

h::corrpmying these stages, there has also been a parallel and related 
evolution in the di vision of labour in innovation. 'lb parapirase 
Cooper, a rough generalization is that formal R&D as a differentiated 
part of the innovation process is of much greater importance in the 
industries based on electrical, chemical and especially the electronic, 
technologies, than in the mechanical-engineering industries. M:>reover, 
"many mechanical innovations are the outcome of interaction between 
machine users and machine makers and mainly involve engineering 
designers". 'Ihese characteristics are also present in some older parts 
of the electrical-machinery industry, such as the production of pumps 
and electric motors. 

Following from this, Cooper argues that industries where innovation is 
heavily dependent on formal R&D, especially basic research, are the 
ones in which developing countries are at the greatest comparative 
disadvantage. 'Ihis is both because of the substantial costs of 
financing such R&D, and the difficulty of access to the technology 
because it is concentrated in a small ntDDber of large enterprises. On 
the other hand, 

It is expected that comparative costs of tuilding up lcx::al 
innovative capability will be nore favourable in such industries 
as textiles, clothing, leather processing, food processing, small­
scale mechanical and electrical engineering. and agricultural 
egµi,ptent -- and in such other sectors as construction, tuilding 
materials. and water engineering. 'llle ac:x;iuisition of innovative 
skills in these sectors is comparatively easy - and lcx::al metal 
and machine-making craftsmen may already posses a good deal of 
relevant capabilities. Consequently, the risks in using lcx::al 
(and less-experienced) engineers, machine designers, and 
fabricators are less than those in nore IOOdern sectors. (p. 28, 
Irrf emphasis) 

26 Policy Intervention for Technological Innovation in 
Developing Countries, World Bank staff Working Paper No. 441, 
December, 1980. 
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A study p.Jblished l:7j the UNcrAD Secretariat27 reached very similar 
conclusions to Cooper; i.e. : 

'Ihe available evidence suggests that non-electrical machinery, 
particularly some textile machinery, si.ni>le agricultural 
machinery, standard machine tools and a m.nnber of electrical 
machinery items offer great scope for local manufacture in 
developing countries. (para. 117) 

'Ihe line of reasoning is essentially the same as that of Cooper. 'Ihe 
UNCI'AD report was prepared using contribltions from consultants and 
experts from the Philippines, Argentina, SWeden, Egypt, Brazil, and the 
Republic of Korea. 

'!be need for J'fflffirdl 

It would be interesting to ~t the above conclusions for the smaller, 
less industrialized developing countries such as those in Africa and 
the Carj hbean. We have already cited some fragmentary evidence of 
engineering capabilities in "WOrkshoIS attached to major enterprises in 
countries like Tanzania and Guyana. What would be necessary is a 
survey, or series of surveys, to determine the characteristics and 
assess the potential of the engineering and metal-'WOrking enterprises -
- and departments of enterprises -- in the countries concerned. It is 
also important for such surveys not to overlook the info::nnal sector -­
such as small-scale auto-repair shoIS, sheet-metal 
craftsmen, blacksmiths, and the like. We would expect these surveys to 
cover such aspects as the following: 

(i) 

(ii) 

(iii) 

the main products; 

the skills developed and deployed, the sources of 
skills and of technical info::nnation; 

infrastructure, fixed and "WOrking capital; 

(iv) production costs, and comparison with import prices; 

(v) constraints on production level and on reductions in 
production costs; and, 

(vi) impact and role of Government policies. 

So far it appears that surveys of this kind have been carried out 
mainly on the larger and mre industrialized developing countries. 

27 '!he capital goods sector in developing countries: 
technology issues for further research. UNcrAD, 'ID/B.6/60, 7 
Cci:.aber, 1980. 
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However the results of these could serve as a useful point of deoarture 
for surveys of other countries. For example, an article by Pack28 
reported on the results of recent investigation of the mechanical­
engineering sector in Argentina, Brazil, rmia, Korea, Mexico, Pakistan 
and Taiwan. AnK>ng some of the interesting firrlings were: 

lower plant-wide labour efficiency relative to developed 
countries was associated partly with deficiencies in plant 
layout and production scheduling; 

low capacity utilization in the plants surveyed was 
associated with production of a wide variety of products, 
each using a different process; 

there was considerable mismanagement of materials; 

in castings and forging, relatively ~itive production 
costs were due to the high prices and 
erratic supply of raw materials, internal plant 
inefficiencies, and small production runs; and 

Govemment policies often contril::uted to the maintenance of 
inefficiencies through indiscriminate and excessive 
protectionism. Instead, Govermnent support should be (a) 
selective, i.e. aimed at products where long production lines 
are feasible and the skills required can be relatively easily 
developed and (b) c::arplemented by management policies to 
improve internal efficiency within the plants. 

It may be noted that surveys of the small scale metal-;iork.ing industry 
-- one for Kenya and one for Ethiopia -- are in fact being attempted 
within the IDRC-supported Fast African Technology Policy studies 
(FATPS) project. 

~lusicn 

'!his presentation has considered the strategic role which may be 
played by certain kinds of engineering services and capital goods 
industries, in the tuilding of indigenous technological capabilities. 
'Ihe general considerations are those guiding the strategy for selective 
developnent of local capabilities, i.e. the prior existence of some 
local resources on which new capabilities can be tuilt, requirements 
for investment that are not unreasonably high, and the possibility of 
high pay-offs both directly and indirectly. 

28 Howard Pack, "Fostering the capital-Good Sector in 
UX:S", ~rld Deyelognent, Vol. 9, No. 3, pp. 227-250, 1981. 
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It has been suggested that the vecy least a developing country could 
aim at initially is the developnent of consulting engineering 
capabilities in preinvestment work. Secondly, the capabilities of the 
metal-working and mechanical-engineering sector, both fonnal and 
infonnal, should be assessed with a view to detemining what Goverrnnent 
policies can do to encourage its development. In the longer term, the 
aim should be to develop a full-fledged capability in design 
engineering and machine-Wilding. 

'!his concludes the series of six presentations on national technology 
policies and planning. 'Ihe objective has been to outline some 
principles, and steps, which may be followed in the fonnulation of such 
plans; and then to illustrate these by a discussion of some specific 
issues: foreign investment and industrial development policy, the 
regulation of technology imports, and engineering and capital goods. 

'lhroughout the discussion, a number of core themes were constantly 
emphasized. One was the need for strategy: a long-term view of where 
we want to go and what steps to take to IIDVe us closer to the goal. A 
second was the relevance of selectivity: broad, across-the-board 
policies may not be as effective as policies aimed at specific target 
industries, activities, and enterprises. Following from this was a 
third theme: the need for continuous research. Indeed the importance 
of research has been a recurring theme of the presentations in the 
entire course. 

"Technology policy" as a subject area is still vecy much in its 
infancy. Moreover, nost of what we know or think we know, is drawn 
from the experience of the larger, IlDre industrialized, developing 
countries. You will have noticed that the same countries are mentioned 
over and over again in discussing policies: India, Brazil, Argentina, 
the Replblic of Korea, the countries of the Andean Pact, etc. 
'Ihere is no guarantee that the policy experiences of these countries 
will prove to be relevant, or effective, in the smaller and less 
industrialized African and Carft>bean countries. Hence, the field is 
wide open. 'Ihe need for research, and the testing of new policies, is 
great. According! y, there are great opp:>rtuni ties to make original 
contril::utions -- to blaze new trails, as it were. Good luck! 
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try and the 'lhird WQrld", Futures, Vol. 12, No. 4, August, 
pp. 289-301. 

195 Hollander, s. ( 1965) 'lhe Sources of Increased Efficiency: A 
stuQy of PuPont Rqyon Plants, 'lhe MIT Press, cambridge, 
Massachussets, 225 pp. 

196 Hoogvelt, Ankie (1980) "Indigenization and Technological 
Dependence", Develq:ment and. Change, Vol. 11, No. 2, pp. 
257-272. (6,8) 

197 House, William (1980) Tecbnolcgical Choice. Enployment 
Generation, Income Distrirution and ccmst.nner Demand: 'lhe 
case of Furniture Making in Kenya, Technology and Errployment 
Programme Income Distrili.Ition and Errployment Programme, 
We>rld Errployment Programme, Research Working Pa:per (WEP 
2-22/WPGO - WEP 2-23/WP89), ILO, Geneva, May, 92 pp. 
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198 Hyden, Goran (1980) Beyond Ujamaa in Tanzania: underdeyelopnent 
and an uncaptured peasantey, University of california Press, 
Berkeley, california, 170 pp. (14,17) 

199 Hymer, s. {1975) "'Ihe Multinational Corporation and the I.aw 
of Uneven Developnent" in Radie, Hugo (ed.) International 
Firms and Mxlem Inperialism, Penguin Books, Markham, 
Ontario, pp. 37-62. 

200 Idachaba, Francis SUlemance (1980) Agricultural Research 
Policy in Nigeria. Research Report No. 17, International 
Food Policy Research Institute, Washington, August, 70 pp. 
(13,17) 
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1) Technology Policy and Agriculture 
2) '!be Role of Technology Policy in the Political 

F.conomy of Food and 1'.gariculture in Africa 
3) Technological Needs and capabilities in Agriculture: 

Experiences from Nigeria 
4) Technology Transfer in Agriculture: A Nigerian case 

Study. 
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in Montovia, Liberia, 1-30 October. 

202 IDRC (1983) Ab;;or.ption and Diffusion of Inp>rted Technology: 
P.roceedirgs of a WorkshQp held in Singapore, 26-30 January 
1981. IDRC-17le, ottawa, canada, 112 pp. 
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Science and Technology for oevelopnent: case st1ldj es on 
Technical Change, S'I'PI Module No. 12, IDRC-TS34e, ottawa, 
pp. 5-8. 

204 ID.RC {1976) Science and Technology Inplementation in I.ess­
Developed Countries: Methodological Guidelines for the S'I'PI 
Project. Drafted by Francisco Sagasti and Alberto Araoz 
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Policy Instruments (S'I'PI) project. IDRC-067e, ottawa, 78 
pp. 
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in Developing Countries: (Guidelines/Model Contracts/ 
Provisions) • Report of Expert Group Meeting, Ljubljana, 
October, TDr/II-9, 46 pp. with annex. 
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Projects/Programmes supported cy Agencies in the Caribbean, 
Paper presented to the C.ARICXM Meeting of the Interim Co­
ordinating Committee for Science and Technology, Bridgetown, 
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17, 17 pp., 24 August. 
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Possibilities for Regional Cooperation in Science and Tech­
nology. SC/81/Conf. 606/3 (UNFSCO/NS/ROU/489) SC-81/WS/5, 6 
January I 75 PP• 
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Regional Cooperation. Working Dcx:::ument, First Meeting of 
Caribbean Ministers Responsible for Science and Technology, 
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NS/ROU/489) Report No: 2-0025, 6 January, 59 pp. 

210 Jacol:sson, staffan; Ljung, Tomas (1983) "Electronics, 
Automation and Global Comparative Advantage in the 
Engineering Industry" in Jacobsson, s. and Sigurdson, J. 
(eds.) Technological Trends and Challenges in Electronics, 
Research Policy Institute, University of Lund, Lund, SWeden, 
pp. 139-175. 

211 Jamaica, '!he Special Advisory Committee (no date) Proposals 
for a National Science and Technology Policy for Jamaica, 
mimeo, 11 pp. with Appendices. 

212 James, Dilmus D. (1979) "'Ihe :Economic case for More 
Indigenous Scientific and Technological Research and 
Developnent in less Developed Countries", in Street, J.H. 
and James, D.D. 'I'echnological Progress in Latin America: 
'lbe Pros,pects for OVercoming Dependency I WestvieW Press I 
Boulder, Colorado, pp. 83-108. 

213 Jecquier, Nicolas (ed.) (1976) 1\ppropriate Technology: 
Problems and Promises, Developnent centre, OECD, Paris, 344 
pp. diagrams, graphs, tables. 

214 Jedlicka, Allen D.; Rubenstein, Albert M. (1979) "Acquiring 
and Using Technological Information: Barriers Perceived by 
Colombian Industrialists", in street, J.H. and James, D.D. 
Technological Progress in Latin America: '!he Prospects for 
overcoming Dependency I westview Press I Boulder I Colorado I 
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pp. 111-119. 

215 Kabaghe, C. (1979) "Dependence on Foreign Experts in Zambia 
Railways", in Rincham, R. (ed.), Employment in Zambia, 
Studies in Zambian Society, Vol. 4, University of Zambia, 
pp. 73-81. 

216 Kamenetsky, Mario (1979) "Preinvestment Work and Engineering 
as Links Between SUpply and Demand of Knowledge", in 
Thomas, D.B. and Wionczek, M. (eds.), Integration of science 
and Technology with Development: caril::bean and Latin 
American Problems in the Context of the United Nations 
Conference on science and Technology for Development, 
Pergairon Press, Great Britain, pp. 43-56. 

217 Kanblr, S.M. Ravi (1981) Technology Policy and Developnent 
Planning: A Guide for Planners in Developing Countries. 
Discussion Paper No. 99, Research Program in Development 
studies. Woodrow Wilson School, Princeton University, 
Princeton, New Jersey, October, 74 pp. 

218 Kaplinsky, Raphael (1983) "Conplter-Aided Design: 
Electronics and the Technological Gap between OC's and 
UX::'s", in Jacobsson, s. and Sigurdson, J. (eds.) 
Technological Trends and Challenges in Electronics, Research 
Policy Institute, University of Lund, Lund, Sweden, pp. 
103-138. 

219 Kaplinsky, Raphael (ed.) (1982)"Comparative advantage in an 
automating world", Special Issue, IDS Bulletin, Vol. 13, 
No. 2, 55 pp. 

220 Kaplinsky, Raphael (1982) Conputer Aided Design: Electronics. 
Comparative Advantage and Development, A UNIOO study, 
Frances Pinter Publishers, I.ondon. 

221 Kaplinsky, Raphael (1980) "capitalist Accumulation in the 
Periphery: The Kenyan case Re-examined". Review of African 
Political Economy, No. 17, January-April, pp. 83-105. 
(6,17) 

222 Kaplinsky, Raphael (1980) "International Technical Assistance 
or Appropriate Technology?", Institute of Development 
Studies, University of SUssex, mirneo, 9 pp. 

223 Kaplinski, R. (1980) "Radical Technical Change and the 
Export of Manufactures from I.DCs", mimeo, Institute of 
Development Studies, University of SUssex, England. 

224 Kaplinsky, Raphael (1979) "Export-oriented Growth: A large 
International Fi:rm in a Small Developing Country", in~ 
Development, Vol. 7, No. 8/9, pp. 825-834. (6,8) 
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225 Kaplinsky, Ra:phael (1976) "Accumulation and the Transfer of 
Technology: Issues of Conflict and Mechanisms for the 
Exercise of Control" , World Development, Vol. 4 , No. 3 , 
February, pp. 197-224. 

226 Kapur, S.L. (1982) Policy Procedures and Problems Regarding 
Inmrts of Technology in India, UNIOO Conference on 
Licensing in Developing Countries, Vienna, June 22, 50 pp. 

227 Katz, Jorge (1980) Domestic Technology Generation in LDC's: A 
Review of Research Findings. Working Paper No. 35, 
Research Progranune on Scientific and Technological 
Development in Iatin America, EX:lA/IDB/IDRCjUNDP, Buenos 
Aires, 37 pp. 

228 Katz, Jorge (1973) "Industrial Growth, Royalty Payments and 
Local Expenditure on Research and Development" in Urquidi, 
u. and Thorp, R. (eds.) Iatin America in the International 
F.conomY, Macmillan, I.ondon, pp. 197-224. 

229 Katz, Jorge M. (1973) Patents, The Paris Convention and less 
Developed Countries, Discussion Paper No. 190, Economic 
Growth Centre, Yale University, New Haven, Connecticut, 
November, 76 pp. 

230 Katz, Jorge; Ablin, Eduardo (1978) From Infant Industry to 
Technology E:xp:>rts: 'Ihe Argentine :Experience in the 
Intemational Sale of Industrial Plants and Engineering 
Works. Working Paper No. 14, IDB/EX:lA Research Progrannne in 
Science and Technology. BID/CEPAL/BA/37, Buenos Aires, 57 
pp. 

231 Katz, Jorge; Gutkowski, Mirta; Rodrigues, Mario; Goity, 
Gregario (1978) Productivity, Technology and Domestic 
Efforts in Research and Development ('Ihe Growth of a Rayon 
Plant), Working Paper No. 13, IDB/EX:lA Research Progrannne in 
Science and Technology, BID/CEPAL/BA/32, July, 90 pp. 

232 Kennedy, Paul T. (1980) Gllanian Businessmen: From Artisan 
to capitalist Entrepreneur in a Dependent Economy. Welt 
Fonnn Verlag, Munich, 175 pp. (5,17) 

233 Kenny, Martin (no date) Biotechnology - A Blessing for the 
Less Developed Countries?, mimeo, Cornell University. 

234 Killick, Tony (1980) "Application of science and technology 
to Kenya's development: An economist's view", in Khamala, c. 
(ed.), Science and Technology for Development, Proceedings 
of a Seminar of the Kenyan National Academy for Advancement 
of Arts and Sciences (March 1978), Nairobi, pp. 88-95. 

235 Killick, Tony (1973) ''The Benefits of Foreign Direct Investment 
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and its Alternatives: An Errpirical Investigation", 
Journal of Development studies, Vol. 9, No. 2, pp. 301-316. 

236 Kim, Kwan s. (1981) "Enterprise Perfonnances in the Public 
and Private Sectors: Tanzanian Experience 1970-75", Journal 
of Developing Areas, Vol. 15, No. 3, April, pp. 471-484. 

237 Kindra, Gurprit s. Technology Transfer and Export Marketing 
Strategies: '!he LDC Perspective, University of ottawa Working 
Paper, No. 82-67, mimeo, 45 pp. 

238 King, Kenneth (1977) '!he African Artisan: F.ducation and the 
Informal Sector in Kenya, Heineman Educational Books Ltd., 
London, England, 226 pp. (5,17) 

239 King, Kenneth (1974) "Kenya's Informal Machine Makers: A 
Study of Small Scale Industry in Kenya's Emergent Artisan 
Society", World Development, Vol. 2, No. 4/5, April/May, pp. 
9-28. (5,17) 

240 Klopperburg, J. ; Kerrney, M. (no date) Biotechnology, Seeds 
and the Restructuring of Agriculture, Cornell University, 
mimeo, 39 pp. 

241 Knakal, Jan (1981) "Transnationals and mining development in 
Bolivia, Chile and Peru", CEPAL Review, No. 14, pp. 63-83, 
August. 

242 Kowalewski, David (1982) Transnational Co:r:porations and 
caribbean Inec;rnalities, Praeger Special studies, Praeger 
Publishers, New York, 183 pp. (6,16) 

243 Kuuya, P. Masette (1977) Transfer of Technology: An overview 
of the Tanzania case, Economic Research Bureau Paper, 
77.3, University of Dar-es-Salaam, Tanzania, March, 46 pp. 

244 I.all, Sanjaya (1980) "Developing Countries as Exporters of 
Technology", Research Policy, Vol. 9, pp. 24-52. 

245 I.all, Sanjaya (1979) "Transfer Pricing and Developing Countries: 
Some Problems of Investigation", World Development, 
Vol. 7, No. 1, pp. 59-71. (6,11) 

246 I.all, Sanjaya (1973) "Transfer Pricing by Multinational 
Manufacturing Firms", Oxford Bulletin of Economics and 
statistics, Vol. 35, No. 3, pp. 173-195, August. 

247 Landsberg, Martin (1979) "Export-Led Industrialisation in 
the 'Ihird World: Manufacturing Imperialism", '!he Review of 
Radical Political Economics, Vol 11, No. 4, Winter, pp. 
50-63. (11,12,16) 
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248 Iangdon, S.W. (1981) "sutsidiaries, Product Reproduction and 
Taste Transfer", Chapter 3 and "Multinational Corporations 
and Kenya Industry", Chapter 4 in Multinational Co:r:porations 
in the Political F.conomy of Kenya, Macmillan, London, pp. 
49-97. 

249 Iangdon, steven (1981) Industrial Dependence and Export 
Manufacturing in KeJlYa. Pa:per prepared for International 
Seminar on Alternative Futures for Africa, Dalhousie 
University, Halifax, May, 1981, 71 pp. 

250 Iasserre, Phillipe (1980) strategies and Practices of 
Transfer of Tec:hnology from European to ASFAN Ente:r:prises - Some 
Major Findings and 'Iheir :cnmications, Briefing Paper 
No. 1, Euro-Asia Centre, European Institute of Business 
Administration, Fontainbleau. (7,9) 

251 Iasserre, Philippe; Baset, Max (1980) 'Ihe Transfer of 
Tec:hnology from European to ASE.AN Entex:prises: Strategies 
and Practices in the Chemical and Phannaceutical Sectors, 
Research Pa:per No. 2, European Institute of Business 
Administration, Euro-Asia Centre, Fountainbleau, Cedex, 
France, February 1980, 109 pp. (7,9) 

252 I.ecraw, Donald J. (1979) "Choice of Technology in IDN Wage 
Countries: A Non-Neoclassical Approach", ouarterly Journal 
of Economics, Vol. XCIII, No. 4, November, pp. 631-654. 

253 Leff, Nathaniel (1979) "International Transfer of Technology 
to Developing Countries: Implications for U.S. Policy", 
Chapter 4, in Rosenblatt, S.M. (ed.), Technology and 
F.c:onomic Development: A Realistic Perspective, Westview 
Press, Boulder, Colorado, pp. 87-108. 

254 Leibenstein, Harvey (1978) General X Efficiency 'Iheocy and 
F.conomic Development, Oxford University Press, New York, 284 
PP· 

255 Leibenstein, Harvey (1977) "X-Efficiency, Technical 
Efficiency and Inconplete Information Use: A Connnent", 
E'ronomic Development and Cultural Change, Vol. 25, No. 2, 
January, pp. 311-316. 

256 Leibenstein, Harvey (1966) "Allocative Efficiency vs 
'X-Efficiency"', 'Ihe American Economic Review, Vol. 56, pp. 
392-415. 

257 Lenin, V.I. (1944) capitalism and Agriculture in the United 
States. International Publishers, New York, 69 pp. See 
also: capitalism and agriculture ••• (1936) New York 79 pp. 
(On cover: Little Lenin Library, v. 30) Translated by 
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Alexander Trachtenberg. 

258 Leys, Colin (1980) "Kenya: What Does Dependency Explain?" 
in Review of African Political F.conamy, No. 17, January­
April, pp. 108-113. (7,17) 

259 Leys, Colin (1978) "capitalist Accumulation, Class Formation 
and Dependency: '!he Significance of the Kenyan case", in 
Miliband, Ral?'l; saville, John (eds.), '!he socialist 
Register 1978: a survey of npyements and ideas, Monthly 
Review Press, New York, New York, pp. 241-266. (6,17) 

260 Lim, CheePeng; Chan, Paul (1982) '!he Factor Prop:>rtions 
Problem and the Transfer of Tecbnology: A case study of 
MNC's in Malaysia. Discussion Paper Series, No. 82-08, 
Council for Asian Manpower studies, University of the 
Philippines, Quezon City, Philippines, Jtme, 90 pp. 

261 Lim, Linda Y.C.; Pang Eng Fong (1982) ''Vertical Linkages and 
Multinational Enterprises in Developing Cotmtries", World 
Pevelopment, Vol. 10, No. 7, pp. 585-595. 

262 Lipton, Joan A. (1979) Bauxite in Jamaica: Q..mershi,p and 
Control in a Partially Nationalized Industry. Technical 
Papers Series No. 21, Office for Public Sector studies. '!he 
Institute of Latin American studies, 'Ihe University of Texas 
of Austin, Austin, 11 pp. (6,16) 

263 Livingston, Ian (1980) A1ternative @preaches to Small Scale 
Industry Prom:>tions: Tanzania, Kenya and Botswana. Occasional 
Paper No. 7, Institute of Development Management, 
Botswana, Lesotho, swaziland, May. (5,17) 

264 Livingstone, Ian (1977) "An Evaluation of Kenya's Rural 
Industrial Development Program", Journal of Modem African 
studies, Vol. 15, No. 3, September, pp. 495-504. ( 5, 17) 

265 I.Dng, Frank (1982) "Technology Transfer and Development: A 
Preliminary Look at Chinese Technology in Guyana", Interciencia, 
Vol. 7, No. 3, May-Jtme, pp. 136-140. (7,16) 

266 Magee, Stephen P. (1977) "Information and the Multinational 
Corporation: An Appropriately 'Iheory of Direct Foreign 
Investment", in Bhagwati, Jagdish N. (ed.), '!he New International 
F.conomic Order: '!he North-South Debate, MIT Press, ca:mbridge, 
Massachusetts, pp. 317-340. 

267 Majunrlar, Badiul A. (1980) "Technology Transfers and 
International Competitiveness: '!he Case of Electronic 
calculators", Journal of International Business studies, Vol. XI, 
No. 2, Fall, pp. 103-111. 
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268 Manikam, P.P. (1979) '!he Al:so:r:ption and Diffusion of 
Inmrted Technology: A case of the Pulp and Paper Industc:y I 
Preliminary Report, Marga Institute, Sri Lanka Centre for 
Developnent studies, IDRC, Doc. lNI'/33/6, 53 PP· 

269 Manoranjan, Peter K. (1980) Tec:hnology and F.quipnent 
Markets, Seminar on Small and Medium-Scale Agro-Industries 
in Developing Countries, Amsterdam, UNI00/15 .187, 28 pp. , 
November. 

270 Mansfield, E. (1969) 'Ibe Economics of Tec:hnological Change, 
I..ongmans, London, 257 pp. 

271 Marinho, Luiz Claudio (1981) "'Ihe Transnational Corporations 
and I.atin America's Present Form of Economic Growth", CEPAL 
Review, No. 14, August, pp. 9-34. 

272 Mascarenhas, R.C. (1982) Technology Transfer and 
Developnent: India's Hindustan Machine Tools Conpany, 
Westview Press, Boulder, Colorado, 235 pp. 

273 Masini, Jean; Ikonicoff, M:>ises; Jedlicki, Claudio; I.anzarotti, 
Mario (1979) "'Ihe Finns", Chapter 9; "Transfer of Technology", 
Chapter 10, in Multinationals and Develqgnent in Black Africa: A 
Case study in the Ivocy Coast. Euro:pean Centre for Study and 
Infonnation on Multinational Corporations (EX::Srn), Saxon House 
Teakfield Ltd., Farnborough, England, pp. 73-152. (6,17) 

274 Mathieson, Raynond s. (1979) Japan's Role in Soviet Economic 
Growth: Transfer of Technology since 1965, Praeger Special 
studies, Praeger Publishers, New York, 221 pp. 

275 Maxwell, Philip (1982) steelplant Technological Developnent 
in I.atin America: A Co.nparati ve study of the Selection and 
tmgrading of TechnolCXJ,Y in Plants in Argentina, Brazil, 
Colombia, Mexico and Peru. Research Progranune on Scientific 
and Technological Developnent in I.atin America. 
EX:!I..A/IDB/IDRC/UNDP. August, 182 pp. 

276 Maxwell, Philip (1980) Technical and Organizational Change 
in Steel Plants: An Argentine and a Brazilian case. 
Si.rnposio de Analisis Organizacional, 16-18 october, Buenos 
Aires, 20 pp. 

277 Maxwell, Ihilip (1980) Technology and the Gestation Period 
in I.atin American steel Plants, BID/CEPALfPNUD Research 
Progranune on Science and Technology in I.atin America and 
Institute 'Ibrcuato di Tella, 28 November, 28 pp. 
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Argentine steel Firm Acindar, SA, IDB/OC!IA Research Program 
in Science and Technology Working Paper No. 23, Buenos 
Aires, 35 pp., March. 

279 Maxwell, Philip (1976) I.earning and Technical Change in the 
steelplant of Acindar S.A. in Rosario Argentina. BID/CEPAL 
Research Progranone on Science and Technology, 
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280 Maxwell, Philip; Teubal, Morris (1980) Capacity-stretching 
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