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Introduction 

As part of its preparatory act1v ties for the 
United Nations Conference on Scienc. and Tech­
nology for Development held in Vienna in August 
'979. UNIOO convened in Vienna in June i979 the 
Expert Group Meeting on Technologkal Develop­
ment and Self-Reliance in Developing Countries. The 
Meeting was a continuation of an examination of the 
issues of technological develcprnent that had err.~rged 
from the International Forum on Appropriate 
Industrial Technology held at New Delhi and Anand. 
India. in November 1978. The Meeting endeavoured 
to define techn.:ilogical self-reliance. aml to consider 
what operational strategies would realize it. This 
report is based on the viewpoints expressed. and the 
papers presented at that Meeting. and has bet!! 
prepared with the assistance of the Fuundati:m 
Reshaping the International Order (RIO). a non­
profit organization whose headquarters are in 
Rotterdam. the Netherlands. 

It is proposed to follow up this Meeting by a 
series of studies. at the field level. of the factors that 
:1ave promoted or inhibited the achievement of 
technological self-reliance in developing co1Jntries. 
Later. the experience gained will be examined .. t 
expert and policy level rne~tings. 

The strengthening of domestic technological 
capabilities in the developing countries is essential not 
only to the rapid acceleration of their social and 
economic development but also to overcome their 
excessive technological dependence on the indus­
trialized countries .. \ recognitior. of this is reflected 
in various institutional arrangements in many 
developing countries designed to cor.trol technology 
imports ar.d to promote technological development 
and innovatio.1. These arrangements are supported by 
new programmes launched ·mder the auspices of the 
United Nat;ons. 

The concept of technol0gical seif-reliance is not 
well understood and strategies aimed at strengthening 
autonomous technological capabilities encounter 
many obstacles both nationally and internationally. 
The purpose of the Meeting was to review some of 
the problems associated with the promotion of 
national techno1ogical self-reliance and to identify the 
major elements in the design and implementation of 
strategies aimed at strengthening indigenous techno­
logical capabilities. To this end, the Meeting set out 
to analyse the extent and nature of the constraints 
imposed on the development of autc;.1omous 

capac1t1es by the present international technology 
system and to identify the principal ingredients oi 
1echnology deve:opm.:nt programmes. The Meeting 
also gave special attention to the overall policy 
framework. institutional arrangements. linkages and 
skill develop.llent to enable the effective acquisition. 
adaptation ar d absorption of imported technologies 
on the one hand and the rapid growt:. of na~ioilal 
capaciti.:s to innovate on the other. 

The Meeting was opened by the Ex!cutive 
Director of UNID() who pointed out that more 
effective use. control and development of te..:hnology 
were necessary in order to attain the economi..: and 
social goals of development and in order to ensure 
that the developing countrie~ were able to achieve the 
Lima t:;rget of increa~ing their share of world 
industrial output from its present level of under 
I 0 per cent to 25 per cent by the year 2000. 

0. A. El Kholy was elected Chairman of the 
Meeting and Anthony J. Dolman was elected Rap­
porteur. 

The Meeting noted that UNIDO had recognized 
the imp<Jrtance of the role of technology in the 
process of national development; it had producl'd 
technology guides. established an Industrial and 
Technological Information Bani: and Information 
Services and had a section for the study of problems 
in the development and transfer of technology. Its 
interi:st was shared by other agencies in the United 
Nations system. such as UNESCO in science and 
education. UNCTAD in trade and development, FAQ 
in agriculture and the United Naiion< rentre on 
Transnational Corporations. In all :hose fields, 
industry and industrial products wire of funda"1ental 
importance. 

The Lima target had been given central 
importance by the developing countries in their 
efforts to bring about a new international economic 
order. The attainment of the Lima target called for a 
ninefold increase in the industrial output of the third 
world. Capital and manpower constraints would 
ohviously make it difficult to achieve such an 
increase. The adaptation, absorption and develop· 
ment of technologies no doubt had a decisive role to 
play in reducing investment requirements and in 
maximizing production. It followed that technology 
could and should be a prime motive force of 
development rather than a passive follower. 

l 





I. Technological dependence of the third world 
and limitations of 
the present technology system 

A. Technology and development 

Technology is one of the prime motive forces of 
devrlop;nent. Whether the need is more food, better 
education, improved health care, increased industrial 
output or more efficient transportation and com­
munications, technology plays a decisive role. It 
consists of a system o'." knowledge, skills, experience 
and organization that is required to produce, utilize 
and control goods and s.:rvices. Technology is critical 
to development because it is a resour.::e and the 
creator of new resources, is a powerful instrument of 
social contr~! and affc-:ts decision-making to achieve 
social cha:ige.1 

Tech no logy is not ileutral; it :;icorporates, 
reflects a.id perpetuates value systems and its transfer 
thus implie> the transfer o.- structure.2 Technology is 
both ar agent of chanb.: and a destroyer c.f values. It 
can promote equality of inct-'.lle and o;:;portunity or 
systematically deny it. It foilows that technology not 
only influ,nces society but also that society imposes 
limits on the choice and development of technology. 

Because the technoloEies adopted by the 
developing r'Juntries not only shape national 
development options but also affect, dii ·ctly and 
indirectly, the economic structure of <he indus­
trialized countries, it is not surprising that technology 
is of concern to both ricn :ind poor countries. 
Inevitably, it !las become one of the major areas of 
negotiation for the establishment of a new inter­
national economic order. 

B. Technological dependence of the third world 

Although aware of the great impor;ance oi 
technology for their development, the developing 
countries are un .hie to exercise real '.'hoice in 
designing e~'fective strategies for their tecf>nological 
transformation. The growth of the international 

I Sec Denis Goulet, The Uncertain Promise: va:ue 
Conflicts in Technnlnl(y Transfer !New York, !DOC/North 
America, 1977). pp. 7-12. 

'See Johan Galtung, "Development, environment and 
technology: toward' a technology for _,elf·reliancc" 
(TD/B/C.6/23), Jun~ 1978. 

economic system has resulted in a profusion of 
institutions and mechanisms that maintain developi'1g 
countries in conditions of dependence and that lea<! 
to ever-widrning disparities between the richest and 
poorest nations. 

Industrial production in the industrialized wor!d 
has been accompanied by a process through which 
the sources of new technology have been concen­
trated and a handful of enterprises and siovernment 
agencies dominate and control most of it. for 
e-;ample, in the United States of America the to:i 50 
corporations and the government research agenri~~ in 
the fidds of defence, energy, space and health 
accounted for more than three quarters of thr 
S38 billion spent on research and development in 
i976. A few hundred people in the highly 
industrialized nations are able to make decisions on 
who is going to get which part of these new 
technologies at the world level and under what 
conditions.3 

Nowhere are the disparities betwePn thr 
industrial:zed countries and the third world more 
marked than in the crucial field of technological 
development: the dcFendence is almost total 
(table I). Developing countries possess only l 2.6 per 
cent of global stocks of scientists and engineers 
engaged in research and development (R and D). oi 
which 9.4 per cent are concentrated in a few 
co1.ntries of Asia. Dev;-loping countries account for 
only 2.9 per cent of glubal expenditures on Rand D 
and 3.3 per cent of global exports of machinery and 
transport equipment. There are no readily availabk 
data for services hui there is little reason to suppose 
the picture ·would be much different. Approximately 
95 per cent of developing countries' imports 0f 
machinery aild tra,1sport equipment come from 
developed countries.4 

In general, technological dependence arises when 
most of a country's technology comes from abroad 
and the greater the reliance on foreign technology 
and the more concentrated the source, the gre~ter the 
dependence. For the developing countries, the major 

': rancisco R. Sagasti, "Knowledge j, power", 
Mazinl(ira, No. 2, 1979, p, 28. 

•Sc<" lndrmry 2000, New Per.1pertive.~ (ll>/237), 
pp. I RG-1112. 
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/eci!noiogicai setfre1111nce of t11e derelop1ng ,·ountries 

T.-\BLF I. SFLFCTFD l'.'\D1C.\' OR'.' OF TFCll'-OLOGIC..\L CAPACIT:FS 

De•·eloped Ea.stern De\•elopin.~ <.c>unrri~s 

markt·t Europe 
t",·vnomy rincludin,I( l.11.crn 

Indicator countries CSSRi -t_lrica .4.ria AT"terica 

Rand D scientists and engineers. I 973 
(percentage of world total) 55.4 32.0 1.2 9.4 2.0 

Rand D expenditures. 1973 
(percentage of work! total) 66.5 30.6 0.31 1.63 0.94 

Share of exports of machinery and 
transport equipment. I 976 
(percentage of world total) 86.9 9.5 0.04 2.6 0.68 

Developing country imports of machinery 
and transport equipment. 1971 
(percentage of total) 9P.3 4.2 5.1 

Source: UNI DO. Industry :!ODO. Sew Perspectfres(ID/231). tables 7 (I) to 7 (4;. 

source is a small number of industrialized countries. 
A country dependent i.lpo.1 a ~ingle source for all of 
its foreig.1 technology can thus be considered more 
dependent than one that obtains its technology from 
a range of countries. For some technologies. sources 
may ~be widely spred; for c>thers. for specific 
incu·· ries. they may be highly concentrated. At 
present, the United States is the world's main supplier 
of technology, being responsible for 5 5-60 per cent of 
the 'Norld's technolo11y flow. s 

Third world wuntries cannot offset the direct 
costs of technology imports with the proceeds of 
technology and exports of mar :factures. 

Many developing countries suffei "double 
dependence" in that they need not only to acquire 
the eler:ients of technical knowledge but also to 
im1:,,.irt ihe capacity to use this knowl~dge in 
investment and production. 

Te~hnological dependence serious'! undermines 
the attempts that might ot' made by a developing 
country to strengthen its own ca:acity for scientific 
research and technological development. It does so in 
two ways: it inhibits processes of "learning-by­
doing" essemial for the development of scientific 
capacities; and it tends lo devalue the activities of local 
scientific and techr.ology institutions, making them 
either irrelevant or poor copies of those in the 
ind1.1striali1ed courtries. 

C. Limitations of the present technology system 

The international system with its hui:t-in, 
automatic mechanisms that maintain dependencies 
imposes severe constrainb on the t (ercise of tl.e 
ll·chnological options open to the develol)ing 
countriP.~. Some of the mos! severe of these 

'Sec "Technological cooperation between dcvelopir.g 
countrie' including exchange of inform?.tion arod experience' 
in rechnology and know-how arrangement•" ilD/W<d72/I). 
p. 3. 

constraints :ire the costs of technology transfer: the 
role of transn .. tional corporations in the transfer 
process: the relevance cf the technology transferred; 
and the rt'strictions imposed by the internztional 
industrial property system. 

Co1r{ of technology 

During the last twl> decades there has been a 
rapid growth of techr.<'.lgy exchan3e between 
enterprises in different c . r ies and an emergence of 
industrial te;;hnology as a highly marketable com­
modity. Trade in terhnology rose from approxi· 
mately S2.7billion ;n 1965 to over Sil billion by 
1975. mainly in the form of lump-sum payments. 
royalties and fees. Most technology trade has taken 
place between enterprises in the industrialized 
countries. with the highest outflow coming from the 
United States. followed by Switzerland, the United 
Kingdom of Great Britain and Northern Ireland. the 
Federal P..ep•1blic of Germany, the Nt>therlauds. 
francc, Br'.gium, Italy and JapJn. The payments 
made by the devt'loping countries for transactions in 
technology are estimated at SI biliion in 1975 which 
is less than 10 per .:ent of the total value of such 
transaction~. Of this amouni. about 50 per cent was 
paid by Latin American Cv:•ntries, particular!/ Brazil 
and Mexico. and about 35 ;ier cent by Asian 
.:oui1lries. Payments to United States en1erprises from 
developing countries accounted for S3 I 6 million in 
1965, increasing to $845 million in 1975. 

In a perfect market. competition iuld reduce 
lo marginal the cost of acquiring technology; the 
market in technology, however. like so many others 
of importance to the developing countries, is 
imperfect, with great monopoly advantages for the 
seller because of secrecy and the protection of 
patents and trade marks. The technology (..,·hether in 
the form of p•.re knowledge or embodied in foreign 
investment or machinery) is transferred under terms 
that are the outcome of negotiations between buyers 
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and sellers in situations irequent!y approximating 
monopoly or oligopoly. The final returns ar.d their 
distribution la~gely depend upon the relative power 
oi the bargainers and a;i unfavourable outcome is 
probable for the depende;lt .:ountries. 

UNIDO has estimated that 1he trade in 
tech.10logy by developing countries. in terms of fees. 
royalties and other payments for technical know-how 
and specialized services. could increase from approxi­
mately SI billion in I 97 5 to over $6 billion by 
I 985. 6 This is approximately 15 per cent of tl:e total 
trade in technology which. if the growth in the period 
1965-1975 is maintained in the period 1975-1985. is 
likely to be approximately S40 billion by the mid 
1980s. Most of the paymen:s made by developing 
countries would be for technology and know-how 
imported from the industrialized countries and would 
represent payment outtlows by the third world as a 
whole. The figure can, however. be considered an 
under-estimate since it takes no account of 
underpayments through the manipulation of transfer 
prices or the cost of technology transferred implicitly 
via s;iles of product and payments for foreign 
personnel. 

The indirect costs of technok'gy a.:qu1S1t1on, 
which take the form of restrictions on sources of 
input and acc<>S to market outlets, are held to be 
many times higher than direct costs. Rough estimates 
indicate that indirect and hidden costs coulci be from 
$6 billion to S 12 billion a year, equivalent to 2-4 per 
cent of the national income of the d~veloping 

countries. 
Although the total cos! of the technological 

dependence of the third world cannot be accurately 
stated, i'. allowance is made for the transfer of 
inappropriate technologies and the long-term in­
tluence of technologies that undermine the develop­
ment of endogenous capabilities, it could well be as 
high as $30 billion to S50 billion a year. 

Role of transnational corporations 

Transnational corporaticns have been responsible 
for appr1 >ximately 80-9v per cent of the technolopy 
transferred to the de·1eloping countries and mu('h of 
the third world has been dependent upon trans­
nationals for :icquiring and expanding their technolo­
gical development capability. 7 This has mainly 
involved "contractual transfers'', the main way of 
acquiring the technologies required for such ;cience­
intensive industrial sectors as chemicals, pharma­
Cl"uticals and electronic components. 

The use of transnationals as a major source oi 
technology has given rise to many problems. 
Confusion over basic value" and social priorities has 

'Sec "Tow-dfd~ a •trategy of indu;tnal growth and 
appropriate technology" (JD/W(l.264/I ), p. 4 

'Sec ''Technological cooperation he tween developing 
countric.• ... ", p. 3. 

often led to th.: uncritical j)urcl::;,.: uf t.:chnologi.:s 
and t.:chniques and this has in many cases proved 
detrimental to genuine dev.:lopm.:nt. The indis­
cr.minaie extension of the technologies and the 
producfr1e syst.:ms employed by transnationais into 
the third world h~~ r.:sulted in much destruction of 
traditional technologies as well as social problems. It 
has been clear that the de·:elopment fostered by 
transnationals. espe1.ially those involved in consumer 
goods industries. is not a!ways responsive to social 
needs. particularly those of the poor. Because of their 
necessity to continually expand and grow. trans· 
nationals must have an increasing number of 
responsive buyers. Since their capacity to sell largely 
determines their profits. they must inevitably 
produce for those who can afford rather than those 
in need. Thus, they have become lin!:ed to and 
dependent upon the aftluent sectors of poor societies 
because thest> are the principal consumers. When 
allowed to operate on the principle of artificially 
stimulated demand, ar.d thus waste, it is inevitable 
that they tend to repeat the pattern~ of Western 
market economy societies through a type o:' 
technology very often inappropriate to the need~ of 
third world countries. 

The market power of trar.snational c0rporations 
largely determines the availability and pattern of 
technology transfer in ad •anced scien ;e-based sectors 
where techrology ownership is !'lainly concentrated 
in a few large enterprises. In these sectors, owing to 
increasing R and D costs, the economies of scale 
involved in technoiogical innovarion and conuner­
cialization, and high costs of market failure, large 
companies have become the major source of 
technological development anci, consequently, the 
owners ol improved and new ti!chnology. Similarly, 
in sectors where fast technological :hange reduces the 
product life cycle, for t>xample, drugs. scientifa 
instr-:iments and electronics, the ·importance of 
technological advantage make:. control over the 
technology within th,. corporate system the major 
motivating factor in its commercialization. In these 
sectors, the transfer of tech.1ological know-how is 
confined largely to wholly or majority-owned 
subsidiaries. Where foreign minority ownership is 
unavoidable, effective control over technology use is 
sought through management or service contracts. The 
diffusio.1 of technology in these advanced :;ectors ,rnd 
the participation by col'lpetitive firms is frcque,,tly 
lini!.:d, on the one hani:I, by a la~ge degree of 
cross-licensing, patent poolin~ and other forms of 
technology s:1aring arrangements h~tweer. the leading 
transnationals and, on the other, b)' intra-firm 
technology tlow. Such barriers have been iJarticularly 
prevalent, for example, in the chemical industry anJ 
in the manufacture of heavy electrical and telecnm­
munications equipment. 

Despite th•: regulatory meas..res instituted by 
several developing countries and the increa~d 
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availahility of te..:hnulugical alternatiws in ..:ertain 
sectors. the role of '.ransnatiunal subsidiaries and 
affiliates in must de\eloping countries is important 
be..:ause of their dominant position in several sectors. 
for examrle. the pharmaceutical industry (t·1ble ~l- In 
most countries of Africa and Latin America. mineral 
industries remain largely under foreign ownership or 
control even though domestic participation. often 
th;ough state enterprises. has been increas:ng in 
recent years. State participation and control have 
been mo>! marked in the petroleum industry. but 
in both petroleum and otl>er resource-based indus­
tries, transnational corporations have continued to 
exercise significant control through the supply of 
technology and services. In several developing 
countries, even relatively low-technology consumer 
goods production ha~ remained under the control of 
foreign subsidiaries. In the case of middle-technology 
and high-technology industrial sectors, transnational 
subsidiaries and affiliates exert dominant influence 
even in such countries as Brazil, India and the 
Republic of Korea where signifi:ant domesttc 
entrepreneurial capability exists. In several service 
sectors. including merchandising, transnational sub-

TABLE 2. ESTIMATED FOREIGN-CONTJIOLLED 
SHARES OF THE PHARMACEUTICAL INDUSTRY­
SELECTED COUNTRIES, 1975 

Country and groups 
of countries 

Saudi Arabia 
Ni8eria 
Belgium 
Colombia 
Venezuela 
Brazil 
Canada 
Australia 
Indonesia 
Mexico 
Central American Common Market (1970) 
India 
Iran 
Argentina 
United Kingdom 
Italy 
South Africa 
Finland ( 1971) 
Sweden 
France 
Portugal ( 1970) 
Turkey (1974) 
Norway (1971 ) 
Germany, Federal Republic of 
Switzerland ( 1971) 
Greece 
l'l!ypt (1971) 
United States 
Japan 

Share of sales 
(percentage) 

lOO 
97 
90 
90 
88 
85 
85 
85 
85 
82 
SC 
75 
75 
70 
60 
60 
60 
50 
50 
45 
4.1 
4(• 
36 
35 
34 
211 
19 
15 
13 

Sourer: For d'!tails of sources see "Transnational 
corporation• and technolo~ical development" (llJ/WG.301 / 
'l), p. JS. 

sidiaries and affili;1tes continue to play a de..:isive rule 
in many developing countries. 

Transnational corporations have generJlly orn­
tributed little tc the develop1nent of technologi..:al 
infrastructure in !ht. ck\·eloprng coWltries. Rather. 
they have sought to minimize the value-added of their 
production in a developing country. This procedure 
has frequently been aggravated by the excessively 
high prices at whkh some technological know-how is 
supplied by so-railed .. tie-in" clauses. Sin1·e pro­
prietary and non-iJroprietary knowledge i, transferred 
ry a transnatioral corporation partly in embodied 
:orm or as know-how from t'.1e parent company. 
there is little inter~st or initiative for R and D 
activities by subsidiaries and affiliates. Since aTiliat-:, 
obtain only those elements that have alreauy been 
commercialized in the home market. the R and D 
function has been completed for the specific 
technology at the parent company. New technologies, 
including improvements, are developed in the parent 
company, which is close to the home market and has 
an advanced scientific and technological infra­
structure. Centraliz.ation of technology generation at 
the parent company also helps to ensure control over 
proprietary technology. Local R and D activity in 
developing countries is often confined to the 
adaptation and local testing of products that are not 
available in the industrialized countries. such as 
certain drugs, or that are only produced locally, such 
as iea processing. The absence of R and D in the host 
country renders the affiliate dependent on the parent 
company for the flow of technological improvements. 
This inevitably becomes a major element of control. 
Technology ownership can be simihrly the control­
ling element in the case of joint vemures, particularly 
when technology transfer includes ptented know­
how brands or trademark names. 

The lack of local R and D activity and the 
resultant low demand for scientific and research 
personnel hinders the development of indigenous 
engineering and design capabilities necessary for the 
creation of 1echnolo~y and the effective adaptation 
and absorption of foreign technology. Moreover. in 
the absence of local R and D the affiliate has little 
technological linkage with local scientific and 
research institutions, which would promote tech­
nological research ca;>ability and diffusion. 

Given the above, it is inevitable that trans­
national corporations have provided but little 
employment in the developing countries. Estimates 
vary from 1.6 million to 2.5 million for 1967 for all 
industrial sectors combined, approximately 0.3 per 
cent of the third world's total active population. Even 
when generous alk,wances are made for the indirect 
employment created, this figure is insignificant. 

The transfer of technology from the parent 
company to foreign affiliates, because it takes place 
as a purely internal pro~":;s, provides opportunities to 
manipulate the prices of goods and services supplied 
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by one part of the enterprise to another. Internal 
transfers have been used, for example. to shift profits 
and to control "free" cash. The extent to which 
transilatiorials manipulate transfer prices appears to 
depend upon the gains vis-a-i•is the costs. in terms of 
the effort and risk involved. Manipulated prices are 
most likely where large corpor2tions trade in large 
quantities in products ercountering little or no 
competition. The potential for such manipulation 
appears lik~ly to ir.crease as a result of the continued 
concentration of economic power in the hands of 
transnationals and the increasing importance of 
intra-corporate transactions in their total trade, and 
in particular of the continued diversification of their 
activities on a horizontal, vertical and conglomerate 
basis. 

The problem of transfer pricing is one that 
confronts both industrialized and developing coun­
tries. However, inducements to manipulate prices 
may be greater in the countries of the ttJrd world. 
This is owing to, among other thing~. import controls, 
limits on dividend remittances a!ld royalty payments. 
and the desire by transnationals to achieve, for a 
variety of reasons, a higher return on investments. 
Intra-firm trade probably excetds 50 per cent of the 
international trade transactions of the developing 
countries, and case studies show that the extent and 
range of intra-firm imports of developing countries 
are large, especially in such industrial sectors as 
chemicals, pharmaceuticals, electrical machinery and 
rubber.8 

Transfer price manipulations can seriously 
prejudice a developing country's possibilities for 
economic development: they can, for example, have 
adverse effects on competition and the balance of 
payments, domestic capital formation, tax revenues 
of individual developing countries, and local indus­
trial structure. 

Transnationals are expressions of a system whose 
values 1nd orientations have given them their 
characteristics and stimulated their unprecedented 
expansion.9 Transfer pricing is a function of the 
corporate system and it may prove exceedingly 
difficult to change transfer arrangements wit:'iout first 
changing corporate structures. Transfer pricing may 
well be an area in which the power of transnationals 
is greater than that of governments to control it, 
although government supervision, especially of the 
indu~• '·lized countries, has so far been minimal. 

RelelltlnCe of the ttthnoloty nllllsferred 

Much of the technology developed in the 
industriali1.ed couniries has little direct relevance to 

1 See UNCT AD, Ir.Ira-firm Transactions and the Impact 
of De1•elopment, UNCT AD Seminar Programme, Report 
Series No. 2 (May 19711). 

•The Impact of Multinational Corporations on Develop­
ment and International Relations (United Natiom publi­
cation, Sales No. E. 74.11.X.S.), p. '62. 

7 

the problems confronting many developing countries 
because it is not geared to the satisfaction of basic 
human needs: more than 50 per cent of world 
investment in science and technology is directed 
towards the production of ever · .. ore sophisticated 
weapons and armaments and about two thirds of the 
remainder towards marginally increased consumption 
of non-essential goods. 1 0 Research on problems 
directly rele•ant to the third world probably a.:counts 
for little more than i per cent of the total research 
expenditures of the industrialized countries. 

Most of the world's ready-made technologies are 
optimally suited to the industrialized countries. The 
introduction of inappropriate Western technologies 
has had a wide range of consequences for the 
de1eloping countries, particularly those noted below. 

Although some Western technology has un­
doubtedly contributed to economic and social 
progress, in many developing countries it has been 
instrumental in increasing the gap not only between 
rich anti poor. but also, in earnings and soci.JI status. 
between men and women. This is especially so with 
some of the .. moJern" technologies introduced by 
transnationals. Although these enterprises can be 
powerful engines of growth. their activities are not 
inherently geared to the goals of development and. in 
the absence of proper governmental policies and. in 
some cases, social reform. tend to increa:;e rather than 
reduce inequalities in poor societies. 

Technology is not a neutral factor in social and 
economic development; various types of technologies 
can be used to promote different types of 
development and to reinforce patterns of privilege 
and power. Western tf'chnologies have been used by 
developing country elites to strengthen their power 
position at a time when self-relianl development calls 
for increased parlicipation and the dt:centralization of 
decision-making functions. 

One of the reasons why Western entrrprises have 
sought to establish affiliates in the developing 
countries is to escape the increasingly strict pollution 
control legislation in their home countries. Some 
developing countries have implicitly acquiesced to the 
use of their "open spaces" as pollution havens 
although it is increasingly being realized that 
development that is in harmony with the environ­
ment can contribute, especially at the local level, to 
the satisfaction of basic needs and the promotion of 
self-reliance. 

lntemational industrial property system 

International patenting does not itself generate 
technological dependence. It is, however, a means of 
re!!ulating the application of technological knowledge 
in different countries and by different types of 
enterprises. The international patent system thus 

1 0 See Saga~ti. foe. cit., p. 28. 



exerts considerable intluen.:e on who gets indus­
trialized. and the method . .:onditinns and .:o~t. 

Patents .:onfer on the owner a monopoly of 
proJu.:tion and distribution of produ.:ts in a spe.:ified 
teiritory for a given period of time. Of the .:urrent 
35 million patents. only approxima:ely ~00.000 
(6 per .:ent) have been granted by de\·eloping 
countries. Of these. morem·er. five out of six are held 
by foreigners I table 3) and only one sixth f I per .:ent 
of the world total) are held by nationals of the 
developing countries. Most of the de, eloping countr) 
patents held by foreigners are held by large 
corporations headquartered in five developed mar~et 
economy countries: the Federal Republic of 
Germany. France. Switzerland. the United Kirgdom. 
and the l!nited States. Approximately 90 to 95 per 
cent of the patents granted by developi11g countries 
to foreigners are not actually used in production 
processes in those countries: instead. the over­
whelming majority are used to secure import 
monopolies. In some cases. utilization rates fall below 
I per cent of the registered patents_ Ir. Peru in 1975. 
the patent utilization rate was below 05 per cer. •. 1 1 

It is thus evident that international patent practices 
have come to represent a reverse system of 
preferences granted to foreign patent holders in the 
markets of developing countries. 

TABLF 3. SHARE OI- PATENTS REGISTFRED BY !llON­
RESIDFl\IS I~ SELECTED DFVFLOFING (Qli!llTRIES 

Country 1965 1970 1975 7~ 

ArJ,!eniina 77.7 69.2 
Bolivia 89.5 86.7 
Chile 91.5 93.8 89.5 
Colombia 93.4 80.8 78.6 
Ecuador 96.3 86.7 
Ghana lOO.O 100.0 100.0 
Hon~ Kong 98.~ 9&.8 
India 90.2 83.I 82.6 
Iran 93.1 92.7 96.8 
Kenya 100.0 100.0 100.0 
Korea, Republic of 38.7 25.I 32.5 
Morocco 93.5 94.5 93.5 
Philippines 96.0 96.5 87.6 
Tanzania. United Repuhlic of 100.0 100.0 100.0 
Tunisia 95.6 99.3 91.6 
Venezuela 94.5 92.0 84.5 
Zaire 100.0 100.0 92.5 
Zambia 99.4 98.0 

Sn11rce. Ba~d on Industrial Prnperty (Geneva, WIPO. 
1977). 

Even when foreign-held patents are actually used 
in production processes, the agreements entered into 
by developing countries concerning patent use 
through foreign investment or licensing arrangements 

' 'M. A. Zevallos y Muniz, Antilisis f:sradistico de las 
Paten res en el Perri (Lima, (on~jo Nacional de lnvestigaciOn, 
1976). 

fre4uently contain high royalty p:iyments and dllrges 
for the technology_ restri.:tive practices and in some 
instances abuses of patent monopolies. either 
explicitly embod>d in the contractual agreements o: 
impli.:itl) followed hy suhsidiari.:s and affiliates of 
transnational corporations. whi.:h impose heavy 
indire.:t or .. hidden.. .:osts h~· O\·er.:harging for 
imported inputs. The forei)?n exd1ange hurden of 
these .:osts. whi.:h are mud1 larger than dire.:t .:nsts. 
applies to all dewloping .:ountries regardless of 
whether the) ha\e national patent laws. 1 2 

The extensive patenting a.:tiYity of Western 
transnational corporations has unduuhtedl} sup­
pressed the develo~ment of local innmative a.:tivit} 
and bs contributed to a .: ... ntim: .,us dedine in the 
share of locally owned patents. This trend is 
demonstrated in the example of Chile (table 4 ). 
which is characteristi.: for most d'!veloping countries 
for the past decades. The insignificantly low share 
and economic importance of locally held patents tend 
to demonstrate that the present industrial property 
system has h:impered the development of indigen,ms 
technological capabil'ties. 

TABLE 4. SHARF OF PATE!'<IS RFGISTERFD BY 
FORFIG!liERS IS CHILF 

l'"ear Pert:en ta~e 

1937 65.5 
1947 80.0 
1958 89.0 
1967 94.5 
1976 90.0 

Sources: C. V. Va1tsos ... Parent~ revisited: their function 
in developin1 countries'". Journcl nf Dnt'/apment Studies. 
vol. 9. No. I (Ocloher 1972); Industrial Prop,.ty (Geneva, 
WIPO. 1977). 

Summary 

The suppliers a;1d purchasers of te.:hnolo~y have 
different motivations and hence obey different 
criteria. 

The suppliers seek lucrative. free and diverse 
markets in which they can generate revenues on their 
investments in R and D. In carrying out :heir 
activities they exploit international financing con­
tracts, and become involved in measures against 
competitors and in countering national pressures over 
ecological and working conditions. The purchaser of 
technology. on the other hand, wan:s to master the 
imported technology. exploit it to develop his 
country and remain competitive domestically and 
internationally. 

In this conflict of interests, the weake; partner. 
which is often the developing country, is destined to 
lose. The technology supplier is able to take 

· '"The role of the r.-•tent system in the transfer of 
technology" ITD/8/ AC l I /19/Rev. I), p. 64. 
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advantage of a wide range of weaknesses of the 
recipient country. including a IJck of capi:.il and of 
appropriate skills and information. 

The transfer of technology from the indus­
trialized countries has enabled some developiri:; 
wuntries. particularly the more privileged group:; 
within them. to benefit from some of the advances 
made in the field of science anc technology in the 
past two centuries. The transfer has allowed these 
countries to use this technology without !~emselves 
having to go through the difficult and .:-ostly process 
of developing it. Technology transfer has intwduced 
high-productivity techniques. and also. in many cases. 
inspired the desire for techni.:-al chaage. Whereas 
there are some benefits from the present system of 
transfer. there are n0ne from the dependence that the 
process of technology transfer. development and 
concentration has created. 

Technological dependence hi.'.S many dimensions: 
at its .1mplest. it results from the fact t'1~t a handful 
of rich countries are the source of almost all the 

industrial technologies that are ,·urrently heing 
applied. and that the virtually sole supplier of 
technologies has been transnational enterprises. which 
are moti..-ated by l:usiness (prnfit-ma:,imi7-ation) 
rather tha" ,.!;:,·elopment (social welfare) considera­
uon~. 

At ano:her (e,·el. te..:hnologi.-al dependence is one 
aspect of the general pattern of d.!pendence resulting 
from :he operation of the international economi..: 
system and the institt.:tions and mechanisms that 
govern the relations between rich and poor countries. 
The international economic system is a stratified 
system of power relations. Be..:auY- it has a structure 
that helps !o determine who decides and who 
control~. it is a system of domination. 

Rather than reducing the techn0Iogical depend· 
ence of the d:vf'!0ping countries. tite interna!iona: 
system ~ctively and persistently reinforces •'- Th,. 
transf<"r of technology may facilitatt. the expansion of 
industrial output in the devele"ing countries: it does 
not. however. nec~ssarily furt:1er the abi1ity of these 

Figure I. The "vicious circlen <>f cechnological dependence 

Enter here 

W~k sat 
ind1genou> capacity 

1.,.,ffective 
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1ttJil'?:'K>' sat 

~ 

Snuru: "Tht struclure and functionin1 nf 1echnolo1y syslem• in 
developin1 counlries" (IOfWG.lC 1 /l). p. 43. 

Nntr. s &. I " science and techn,.ln1y. 
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countries to produce that outpur. or. more precisely. 
does nor give them the capacity to adap and ntl>o.!ify 
existing technoiogy or to evolve nc:w 1echnologies. 

Te..:hnolog!cal dependence can be seen as both 
cause and effecl of general d:pcndencv relation· 
ships. 1 3 It l.:ads to foreign invest.nent. los; of control 
and the introductio~ of alien patterns of consump· 
tion and product:on. This creates an enclave 
economy. dependent on the advanced countries for 
inputs. markeg. mamgement. finance and tech· 
nology. This creates. in its t:!m. a society in the image 
of the advanced countries, requiring further imports 
of technology to satisfy new demands and to enable 
the inJusiries to survive and expand. There is a 
vicious circle in which a weal.: technology system 
reinforces dependence. and dependence perpetuates 
weakness. Some of the elements of this vicious circle 
are shown schematically in figure I. 

The international system a11d the channels 
through which technology is transferred to the 

' 'Frances Ste111·,u!. Technology and l.'nderdeve/opme."ft 
I London. Macmillan. 1977), p. 138. 

Technolo.~ca/ u/{re/iance of the de1·e/oping countries 

de;·eloping countries thus contain many dement· that 
are incompatible with the attainment o:· rmny of tne 
objectives o~· the '.'ew lntematit>nal E.:onomic Order. 
including the industrialization target contained in th~ 
Declaration and Plan of Action of :he Secund General 
Conference of UNIOO held al Lima in 1975. The use 
d erjsting chann::b for the attJimnent of this 
target -an inerease in the third world share of 
industrial outp·Jt from its present level of unde; 
I 0 per cent to 25 per cent by the year 2000 could. 
according to some e<t1mates. iacrease by fivefold to 
eightfold the . JSts t'f technol..¥ical dependence. As 
noted earlie-. th.·se aopr..iximate :osts may :.:ready be 
from s-J billion to S50 t>•!lion a year. 1 4 

The pre::;er.t technology systl':n thus lll.lintains 
the leveloping countries in a situation of dependence 
and fru~trates efforts that might be made to <.levelop 
an indiger.ous :e:hnological capability. It is clea• that 
there is a need for a new appro<tch based upon revised 
premises ar.d l•hjectives. 

14 See Surt·ndra J. Patel, "Plugging into the system". 
Development Fm.•mr. October 1978. 
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II. Towards technological self-reliance: 
~ues and implications 

A. Towards technological self-reliance 

Tne new approach to the technolog:cal trans­
formation of the third world must aim at reducing 
the technological derendence of the developing 
countries by strengthening their autonomous capacit}' 
for technological change and innovation. This 
approach, a movement away from a .. flow" concept 
to a "stock" concept, must necessarily be supported 
by determined efforts to restructure the prevailing 
legal and juridical environment with the aim of 
developing new sets of internatienally agreed norrru 
for the benefits that arise from the !ntem2tional 
transfer of technology. Such restructuring should 
focus on the formulation of appropriate codes that 
can be used to control transfers and the activities of 
transnational corporations a11d on the reform of the 
inuustrial property system in order to create the 
necessary conditions for strengthening the endo­
genous technok>gical capabilitie~ of the developing 
countries and ior reducing their dependence. 

Technoi<Jgical autonomy, although a particularly 
important component of self-reliant development, 
cannot, under the present global circumstances, mean 
technological independence. Just as national self­
reliance may require s:lective participation in the 
international system, enhanced technological auto­
nomy r.13}' necc:~sitate selectivr technological delink­
ing from the world market, however diffir.ult this 
might prove. Some scientists in the third world argue 
that the poor countries should cut themselves off 
from Western ~cience and technology. that traditional 
cultures "must be protected from the onslaught of 
Western patterns of consumption and those consumer 
goods that represent the omnipresence of tech­
nologies". By the same token, the developing 
countries "should rej('ct all Western offers of 
technological assistarce"} 5 

Whereas structural disengagement could m some 
instances have an unexpectedly stimulating effect on 
the development of local technological capabilities, it 
appears to be an option open to only large developing 
countries. Even for these, however, it will be difficult 
to ignore the fact that th<' international economic 
system is the dominant system that governs the 

' '"Separate development for ,;cicnce", Narurr. 
vol. 277. May 197!1. 

:iehaviour of subsystems. Tne Union of Soviet 
Socialist R:publics has been seeking wa}'s in which it 
can strengthen its links with t11e market er.onomies. 
and China is also carefully e'{ploring such possibili­
ties. Clearly then, disengagement is bound to be 
difficult for most developing countries. Besides. 
autonomous capacity for technological development 
does not mean that a country must reinvent the 
wheel. Rather, it means that it should have the 
cai:Jacity to do so if it had to. possibly in 
circumstances beyond its control, and have the 
capability to improve upon wheels invented else­
where. 

Technological self-reliance is defined as the 
autonomous capacity to make and to implement 
decisions and thus to exercise choice and control over 
areas of partial technological dependence or over a 
nation's relations with other nations. It follov:s that 
technological self-reliance can be effectively pursued 
only when a nation understands the nature and 
extent of its technological dependence and possesses 
the will and self-confidence to seek to overcome it 
and to maintain its cultural identity. Technological 
self-reliance must thus be conceived in terms of the 
capacity to identify nat;onal technological needs and 
to select and apply both foreign and domestic 
t1:.chnclogy under conditions that enhance the growth 
of national technological capability. Fnhanced 
technological capacity appears to be an essential 
precondition for devehping countries to deal with 
their economic and social problems. 

B. Dimensions of techr.ological self-reliance 

There is an enormous variety of technological 
situations in the third world and generalizations 
concerning strategies may have little releva .. 1ce. The 
decisions that must be taken by developing countries 
will be determined by such considerations as factor 
endowments, cultural patterns, nation al aspirations. 
present levels of development ancl industrialization 
(sectors, products, processes, functions performed in 
productive ope,·ation5), geograr;hic location, size of 
markets, and so 0.1. 

In seeking 10 exercise their limited choices, 
developing countries will be constantly confronted 
with complex problem~ that defy quick solutions. A 
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majnr pnihkm will almost in.:vitably conam the 
scien.:e and uchnology system. The behaviour Llf this 
system is wnditioned by the !Jrger social system of 
which it forms part. .-\ science and technology system 
has various cllmponents such as institutions (scientifk 
and technological) an:! production facilities. sup· 
ported by infrastructure comp~ising finance. physical 
facilities and human skills all of which are embedded 
in. and which :iffect. a pattern of values. The 
technology system performs several functions sta;ting 
with a :,pecification of its .. outputs .. ( oroducts and 
services) and proceeding to choice of technologies in 
the ::sual sequence of prefeasibility. feasibility 
studies. engineering design. implementation. rranage­
ment. marketing and R and D. As the components 
in the technology systems of some nations an: more 
develooed than those in others. there are diffe~ences 
in the ~bility to perform various functions. 

There appears to be fundamental differences in 
the science and :echnology systems in industrialized 
and developing countries. In the industrialized 
world -whether as a result of an internal cumulativP 
process. as in the case of Western Europe. or of ;; 
transplant that grew its own roots. as in the case of 
the United States and Japan-the '!vnlution of 
scientific activity has led directly to. or :s clearly 
linked with. advances in production techniques. In 
the developing countries. knowledge generating 
activity is often. for various reasons. no• related in 
any significant ·.;1ay to proc. ,ctive activities. Indus­
trialized countries might thus be described as 
possessing an endogenous scientific and technolqgical 
base. and developing countries as having an 
exogenous scientific and technological base .1 6 The 

1 'See I· ranci"o Sag:asti. "Towards endogenous science 
and technology "'lr another development". Development 
Diolnxue. No. ! . l 979. pp. 15-17. 

process nf interacti,in between science and pni­
duction 1s complex Jnd took place am,1ng C•'rl· 

siderabk social uphe.ivals. and concurrently with the 
emerg1:n..:e ui capitalism as the dLl!ninant moue of 
production.1 7 

Th: technology systems in rr.ost de\·eloping 
countries are characteriled by ··dualism .. : the 
existence of a modern. urban endave linked tu the 
international market place. u,;ually producing for and 
adaptir.g to the needs of the indus:rialized rnuntries. 
within a tr;:dit!onal. rural setting that contains 
know-how accumulate•! over centuries. The modem 
sector frequently operates independently of the 
traditional sector. Moreover. the modern sector has 
traditionally been associated with tedrnulogical 
progress while the traditional sector has be:; 
undervalued and underdeveloped. 

The modem sector generally employs imported 
technologies that bring with them skill requirements. 
use of materials. organizational styles. and technical 
traditions that are alien to the local environment a11d 
tlie traditional sector. furthermore. the technological 
capabilities associated with modem production are 
expanded primarily through new technology imports. 
which :near.s that the technological lraditions. 
developed slowly and cumulatively. become in­
creasingly neglected and even eliminated. This has 
inevitably led tu a redJction in 1he variery of 
indigenous technological responses. The situation 
described is preS'!nted graphically in figur.: II. Science 
and technology systems in d~veloping countries are 
thus freq'-"ently underd1!veloped. The existence of 
individual components. sometimes. li!.:e scien.:e and 

' - For a dnailed discus.•ion of the pro.:esses dcs.:ribed. 
see Francisco 5.lgasti, Technoloxy Pll1nning an<1 SelfReliant 
!>evelopmenr: A IAtin American Vie..- IN~" York. <"BS 
International. 1979). chap 1 :l. 

Figure II. The relations between science, technology and production in industrialized and third world 
counrries 

Countriei with an endogenous 
scientific and technological base 
findustrialiud countries) 

Countries with an exogenous 
scientific and technological base 
f third world countries) 

S Scir.nce 

T Technol09Y 

P Production 

- Strong links 

--Weak links 

·······Very weak links 

,f:,ourr,· Franci~cn R. Sa;la~t1, ··Toward~ endogtno1n ~ience and rechnology for another 
d"velopmenl". T>rvr/npmr'll fJiolof(ur. No. I. 1979, p. 16. 



,--·-
r,, ..... .rd! u_·hr.a{<>.'(irol srlf-rrliance· issues and implfrruinnr 

technol<l!!Y institutions. artificially created_ does not 
constitute a system. There can be ;i viable system 
only when the components ;ire linked through 
feedb:ick effe.::s that form dosed loops for the 
effective exch;ingc of experience gained_ the trans­
mission of new demands for better performance ;ind 
inno\·ation. as well as the provision of hetter facilities 
for meeting these new demands. The effective 
fun.:tioning of feedback loops and linbge arrange­
ments im;ilies the existence of a de.:ision-making 
capability that can mobilize the system and harness it 
for the purposes of national development. This. in 
tum. requires the existen.:e of politi.:al ieadership 
convinced of the importance of the technology 
system. In some developing cour.tries all the 
components of the technoloi;:,· ~:,~.em do not yet 
exist. in others the linkages are weak. ineffective and. 
som~times. non~xistent. Furthermore. in some 
countries, decision-making capabilities need to be 
strengthened and pol:tical leadership cor.vinced of the 
role that the science and technology system can play 
i!' the attainment of development goals. 

The success achieved by some developing 
countri:s in the development of their technological 
capacities is difficult to generalize. It is interesting to 
co:npare. for example. the .. models'" of. say. India 
and the Republic of Korea. two countries that have 
developed an indigenous base. The rationalt of the 
Korean model is export orientation. foreign invest­
r ~nt. foreign technology and foreign management 
kr lw-how transfer in th~ firs! ohase. leadin!l to '."\'h:>! 
mi. ht be called ou.ward-or.::nteJ dependence. 
For.:ign investment and control together with 
selective delinking take place. In the second phase. on 
the basis of the expertise gained during the first 
phase. the model becomes more international and 
delinking takes place. The rationale of the lnclian 
model is to block rather than to promote the foreign 
ownership of productive activities and foreign control 
and domination of the econowy. The emphasis has 
been on the internalization of skills and institutional 
structures aad the acquisition of the self-confidence 
required to meet the nation's needs. The development 
of such seif-confidence was a basis for the subsequent 
entry into the world market through nationally 
owned companies. 1 8 

There is no simple method for defining the best 
course of acti<1n for the development of indigenous 
technological capabilities. Too much emphasis. for 
example. on meeting rhe hasic needs of the poor 
masses through small-scale village technologies may 
result in a nation being permanently relegated to 
second-class ~ocial. economic ar i technological 
status. On the other hand. over~mphasis on so-called 
industriali1ing industries comhined with the aggres-

'
1 Sec ,\'hok P:irtha<;arath1, "Jr,dia'' effort' to huild an 

~uronomou' capaclly in «·1er.ce and tedmolo,:y for 
de~rlopmenr-. /kvelnpment DiafnKJJt', No. I. 1979, 
pp. 58-59. 
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sive acqu1s1t10n of modem .. high .. t~chr.okll!\ ma-. 
r.:sult in gro::i:er depei1d<:nce JI a q:ialitatively highe~ 
level. Clear!~·. th..:re are no magic formulae or qui.:k 
solutions. Rather. t!1en: is a need for a planned S<'ries 
of 11ade-offs .hrough the introcuction of a 
technologi1·:zl component in the national devc>lor ::~ ... 
stmegy. and thus. for the gradual building-u;. <' 1 the 
institutil'OS that make this approach feasible. fhis 
iml!lies the inculca;i~n of what might be tem1eJ a 
technological ct!lture. 

There wi'l also be man~· problems of a more 
specific nature. Some of the situations that typicaliy 
confront a developing country as it embarks upon the 
pro.:ess of strengtaening its technological autonomy 
are listed below: 

(a) Many production decisions incorporate 
··, -Jog'" types of products. for example. through the 
imit.uion of foreign consumption patterns; 

(b) Much technology development has been left 
t0 ,he personal inclinations of researchers. develope<l 
:luring training courses frequently reflecting Westero­
oriented curricula ::nd programmes: 

(c) MU1:.h imported t.:chnology is not under· 
stood and there is little tradition of taking imported 
tc· :hnology apart as a first step in its 2dapta:ion and 
alsorption. and its subsequent substitution by local 
technology; 

(d) Then· are contractual ohstacles to the 
development of such understanding. for example. 
prohibitions on further use an<' patent systems tliat 
obstruct local adaptation; 

(e) There are contractual limitations on the 
expansion of the use of acquired technologies. for 
example. export prohibition clauses: 

(f) There are cases of unnecessary purchases of 
goods or technical processes tied to the necessary 
acquisition of knowlrdge and know-how; 

(g) There is a lack of criteria for the effective 
selection of technology and confusion concerning the 
goals to be employed in evaluation such as efficiency, 
glohal output, development of initial skills, employ­
ment generation, inrome red;stribution; 

(h) The development of national technological 
institutions is ur.related to the development of 
productive units and processes; 

(i) Purchasing policies in the public and private 
sectors are either ill-defined or non-existent; 

(j) There is a lack of consultancy, extension, 
inform:ition and other link-up facilities. 

The types of proolcms will obvious!} differ from 
country to country. which emphasizes the need for 
specificity in approaches aimed at strengtt>ening 
national technological capacities. 
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C. Elements of technological self-reliance 

The core problerr, 0f a strategy aimed at 
promoting technological s~lf-reliance ;s twofold. !t 
involves. on the one tand. the selection and 
management oi foreign inputs. and on the other. the 
stimulation of indigenous supplies of technology. The 
first task requires the existence of a well-developed 
capacity to select and acquire technology from a 
\<lriety of sources and. s:nce none will usually have 
been tailored to local ne·~ds and co:tditions. to adapt 
the imported technology and its products to ensure 
that they can be absorbed by and can operate 
effectively in their new environment. The second task 
;.; to initiate an autonomous process of technological 
inno;,ration and development. which requires the 
mobilization of the technology system. 

Selection and acquisition 

The technoiogies chosen by developing countries 
should obviously be appropriate. that is. they shouid 
C'Jntribute r:to.it to the economic and social objectives 
of development. In general. three sets of factors 
should be considered in determining whether a 
technology is appropriate. namely. develupment 
goals. resource endowments and conditi;ms of 
application. Development goals can include growth of 
employmert and output through more effective use 
of local resources; formation of skills; reduction in 
inequalities m income distribution; meeting the basic 
needs of the ..,cor: improvement of the quality of life 
in general; and promotion of self-reliance. Resource 
endowments can include the availability and costs of 
local manpower; the lever of skills and local 
management capabilities; availability and costs of 
wat1" and energy: and natural resources. Some of 
these are mere or less fixed while others can be 
influenced in the short· or long-term. The conditions 
of <1pplicaticn include a number of economic and 
non-, .:onomic factors. such as the level of infra­
structure. climate. natural environment, the social 
Str'JCture of the population, traditions, cultural anc 
educational background as -well as the location of 
industry, the size ~nd demand of the foreign and 
domestic markets and the foreign exchange situa­
tion.1 9 It follow> that appropriate technology is not 
synonyr.1ous with traditional village technologies. 
with labour-intensive and small-scale production. 
Depending upon the circumstances, the most 
arpropriate technology could be capital-intensive 
inv,1lving l:.rge-scale production. The appropriateness 
of a technology can he defined only in the "conomic, 

1 'See "Draft report", Second Consultative (;roi.p on 
Appro;>riate Industrial Technology, Vienna, 26-30 June 1978 
(ID(WG.279/12). p. 5. Sec abo "Report of the Ministerial 
Lncl Meetin~". International Forum on Appropriate 
Industrial Technology (ll)(Wr;.282/123) and Conceptw;I and 
Policy PramLwr.-Jr, for Appropriate Industrial Technoloxy. 
Monograph on Appropriate Industrial Technology No. I 
(ID/232/I ). 
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social and e.:ologic1l co:1text. It is meaningless to try 
to devise a set of appropriate technologies as such. 
although certain basic generali1.ations cunc.:ming 
appropriaten..:ss of sets of resource endo•\·ments and 
of conditions of applicatiun appear possible. 

The scope for choosing a technology that is 
appropriate in the sense describe1i above \'ar; ~s 
according to sectors. Agriculture. construction. and 
the service industries are often considered to offer 
more opportunities for exercising choice than so .. 1e 
manufactu1ing sectors. Within the industrial sector. 
alternative technologies in some branches might be 
abunciant; in 1Jther branches. especially those with 
sop'.1isticated. modem technologies. they may be \·ery 
limited and available 0nly i;; the form of a "package". 
The choice of sectors depends upon a number of 
factors ihat are not influenced by the choice of 
technology. such as tfte n.itural resources available 
and the size and growth of ;narkcts. and in many cases 
can only be marle if the sectors ;.re descrit>ed by the 
technology used. Once the sectors hav<! been selecti:d. 
the choice of technology can only be operationalized 
at the product or process level. and sometimes even at 
a more disaggregated level. If a product is specified in 
great technical detail. there may be little scope for 
the application of alternative technology or inputs. 
The choice of technology is thus not a simple choice 
of a capital-labour ratio ::>r between labour- and 
capital-intensive production. but much more 
complex. 

Policies aimed at promoting self-reliance in 
manufacturing industries should thus be based upon a 
systematic review of sectors and branches and an 
identification of product specific patterns of 
dependence. The forms and growth patterns. 
quantitative and qualitative. of technological depend­
ence should be differentiated accordingly. Only 
through the application of branch and product 
specific criteria will a developing country be able to 
identify "frontier technologies" and those areas in 
which selective technological delinking appears 
possible. 

Whatever choice~ developing countries make. 
they cannot afford to isolate themselves from fiercely 
competitive international markets nor can ihey cut 
themselves off from the mainstream of industrial and 
technological innovation and development. Many of 
the "industrializing" industries ler.d themselves to 
large-scale production and the manufacture of many 
product! often needs to be undertaken through 
large-scale units basec on the most modern 
technolo11v. Developing countries will require a mix 
of technologies with different degrees of sophisti· 
cation and a modern sector to increase their 
productivity, enhance their competitive position in 
international markzts. and serve as an important 
source of technological innov~tion. As :.oted above. 
the problem will he of expanding the modern sector 
without increasing technological dependence. 
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\\-h1le the :echnolozy introduced int0 a de\-el­
oping country must recognize the prevailing factor 
proportions. it is not necessary thJt it slavishly 
correspond to the resources available. If it were to. 
the mix of factors would be frozen and the 
deficiencies reproduced indefinitely. For instance. in 
China the guiding principle has been the introduction 
of the pioneer technology that entails the highest 
organic composition in as ltl.lny units as possible, 
regardle:;s of the fact that the st.ortage of capital 
prevents its immediate spread over the rest of the 
branch.20 

Development requires both industry and agricul­
ture. Industry normaily grows faster than agriculture 
and the development of the agricultural sector 
requires an increasing number of industrial inputs. 
Development also requires the production of a range 
of consumer goods to meet the? basic needs of the 
people and a range of capital goods. without which an 
economy cannot expand. There are 1-,rious reasons 
why a country should seek to produce capital goods 
at an early stage in the development process. Some 
capital goods, for example, are required to produce 
industrial and agricultural consumer goods. The 
capacity to import, however much it can be 
increased, will frequently be limited in the face of 
increasing needs; and the developin~ countries cannot 
always import the kind of capital goods they most 
need-and where they can, they frequenily must do 
so on onerous terms. The production of capital goods 
also promotes learning-by-doing and it is usually in 
the capital goods sector that innovatior. and 
technological development most rapidly gather force. 

The effective selectio11 of technology requires 
both information and evaluation.21 Enterprises in 
developing .:ountries, with the exception of a very 
f Pw large enterprises, do not generally possess 
technological information. and more import11nt, they 
often do not know where it can be obtained. As a 
result, industrial and technological decisions are taken 
on the basis of inadequate information. Where 
information does become available, the ?.bility to 
evaluate such information for purposes of decision­
making is often lacking. 

Information centres have been established in 
many developing countries, in sev.:ral cases with the 
assistance of UNIDO or UNESC0.11 These informa­
tion centres are either independent institutions or 
part of research institutes of other institutions. They 

'
0 See A. Emmanuel. "The multh.aticnal corporations 

and inequality nf development", International Social Sc;ence 
hurnt:I, vol. 211, No. 4 (1976), pp. 751-772. 

'
1 l!NIDO has initialed several efforts designed 10 

overcnme some of the existing gaps in the area of 
informalinn. Such inili ·tives include the Industrial and 
Technolngical Information Bank (INTIB) and varinus 
puhlications in the "D~velc1pmcnt and Transfer of Tech· 
nology" series. 

''For example, UNIDO has estahlished over 40 mch 
centres in developing countries. 

are sometimes part of sectoral centres. The extent tu 
which information available to all such institutions is 
fed into the decision-making processes varies 
significantly from country to country. The institu­
tions vary in ti' ir organization and structure from a 
library or a mere collection of books to extension and 
consultancy facilities. Technological in1vrmation is 
often a rel:itively undeveloped component of their 
activities. Processed technological information of 
practical value in decision-making reGuires trained 
personnel with access to information from all over 
the world. They will often need to be not only 
information specialists. but also persvns with 
techno-economic backgrounds. 

In developing countries. the evaluation of a 
project from an economic and technological point of 
view suffers not only from want of mrormation but 
a~o from lack of capabilities and adoption of the 
rele\'ant criteria. 2 3 Entrepreneurs make private 
cost-benefit lnalyses of their own. The banks and 
financial institutions also make such analyses of a 
project's economic viability. Se.-eral developing 
countries have attempted to upgrade their capabilities 
tluough institutions where evaluation is a major 
function. In some countries, UNIDO has a55isted in 
establishing industrial studies, development centres or 
investment production centres that facilitate the 
building-up of evaluation capabilities. Such evalua­
tion. however, does not always deal directly with the 
choice between alternative technologies. Technology 
is often viewed a~ a constant and not as a variable. 
Many developing countries do not appear to have 
made a systematic examination of the implications of 
the choice of technology and the criteria to be 
applied in such a choice. 

For the acquisitioH of technology, the capa­
bilities required are to specify the technologicai 
services required and to negotiate the terms and 
conditions. Entrepreneurs have not, with notable 
exceptions in the more advanced of the developing 
countrie$, significantly built up such capabilities. This 
com1--,rnnds their weak bargaining positior.. Guide­
lines for negotiation, model contracts, and in.-estment 
promotion institutions serve to assist the entre­
preneurs in this regard.14 In addition, government 
regulations on the import of technology help not 
only governmental authorities but alw enterprises. 

Such regulations exist, however. in only about 20 
developing countries.15 The reasons for this are 

''Sec (,uidelines for Proiect Evaluation (United Nation< 
puhlication, Sales No E.72.11.8.) and Guide to Practical 
Project Appraisal (United Nations puhlication, Sales 
No. F. 711.11.8.3.). 

'
4 Se~ UNIOO, Guidelines for f:valuarion of Transfer of 

Technolnf(y AJ(Tt'l'ml'nts, Development and Transfer of 
Technology Serie< No. 12 !iD/233). 

''The countries include the Andean c;roup countrie.<, 
Argentina, India, Malaysia, Mexico, the Philippine<. Portugal 
and the Repuhlic of Korea. The nature and extent of 
regulation< vary from country to country. 

--1 
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many. Some countries have not been aware of the 
\-;ilue of regulations ar.d others have perhaps made a 
conscious decision not to have such regulations at 
present_ .\mong the latter category are countries that 
regard themselves as not having reached a stage of 
development at which such regulations are necessary. 
Yet others are faced with financial and managerial 
resource constraints. and they belie\·e the climate for 
foreign investment would be upset by the regulations 
on technology imports. 

Even where the capability for acquisition is built 
up through regulatory institutions. the direction of 
such regulations varies considerably. With .-ew 
exceptions. government regulations were in•roduced 
only in the 1970s_ Such regulations have. however. 
generally been concerned with limiting the size of 
;:iayments and avoiding restrictive clauses. They have 
also helped to build l!p indigenous technological 
capabilities by not allowing restrictive clauses that 
might have an adverse effect on such capabiF~ies, and. 
more importantly, by not allowing the import of 
technology when technology is indigenously avail­
able_ However, monitoring and follow-up of imported 
technology have not yet become the strong points of 
the regulatory agencies. Nor do they appear to have 
contributed significantly to disaggregating the tech­
nology packages offered for import or developing 
sectorwise technology policies based on an assessment 
of the state of the art in the respec;ive industrial 
sectors. 

Adaptation 

All countries import technology. Most import 
more than they export_ An industrialized country is 
generally able to import the technology it requires 
from another industriaf;zed country and, because :1 
has its own technological infrastructure. to 3dapt it to 
its own requirements. As domestic infrastructure is 
often weak and sometimes totally lacking in 
developing countries. they are generally less able to 
adapt technology imports to their own needs. 

The technologies traditionally imported by 
Jeveloping countries are optimally suited to the 
factor endowments of the rich exporting countries. 
Adaptation is the process of matching alien 
technologies to local factor endowments, social 
customs and values and national development 
objectives. It may nec~ssitate, for example, the 
scaling down of the technology to the size of the 
local market or matching it to the local skills available 
which, in scme cases, may require increasing the 
unskilled labour force. Adaptation is also the means 
of linkiniz imported technology with domestic R 
and D. 

Adaptation is therefore in that it is consonant 
with the strengthening of the capacity for effective 
acquisition and mastery of foreign technology as well 
as the building-up of an effective research and 
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development system-an essential element of 
attempts to foster technological self-reliance. 

Effective adaptation rtquires skilled manpower. 
which has had at least several years· experience in 
related production. This condition is not generally 
met in all but the more advanced developing 
countries. The adaptation of technology c.m. 
however. be undertaken by engineers and technicians 
within an enterprise. by industrial research institutes. 
and by consulting engineers. 

Developing countries generally do not appear to 
have initiated incentives designed to promote 
adaptation. However. the environment of a proteckd 
market does not encourage the process of adaptation. 

In (!Illy a fe-:1 developing countries, such as 
Brazil. India, the Republic of Korea and Yugoslavia. 
have consultancy engineering capabilities been 
creat~d in any significant measure. :n several other 
countries consultancy engineering firms have come 
into being but their experience and versatility are 
limited. often confined to local consultants of 
equipment suppliers or other consultants from 
abroad. 

In general. most developing countries are found 
to lack technological sen·ice capabilities. Such 
services range from macro-level industrial planning to 
micro-level project identification. feasibility studies. 
plant specifications. detailed engineering designs civil 
construction and machinery installation. and the 
commissioning. start-up and operation of plants. The 
most significant gap. even in fairly industrialized 
developing co:mtries. is in detailed engineering and 
design and in sectoral consultancy services through 
nationally owned units. Th:s makes the disaggregation 
of imported tec~nology packages extremely difficult 
and creates a critical lack of infrastructure. resulting 
in an undue dependence on foreign design and 
engineering services. This, in turn, has a negative 
impact on the p;;t!~rn of investment for particular 
projects. on the requirements for capital gooc!s and 
equipment, and on subsequent plant operations and 
management. In other developing countries. the raps 
in consultancy services are even more marked and 
extend to almost the entire range of services indicated 
above.16 

Absorption 

The process of selecting and adapting tech­
nologic.; requires careful thought as to their 
subsequent absorption and diffusion. which in turn 
requires consideration of who is to use the 
technology and of the constraints on its application. 

As noted in chapter one, technologies incor­
porate and reflect value systems and e-nbody social 
and cognitive structures. They contain intrinsic 

''"The role and function~ of technology regulatory 
agenciei in technological de•elopment" (ID/W<;.272/7). 
p. 11. 
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characteri5lics that cannot be altered by narrowly 
defined processes of adaptation. Some of these 
characteristics (such as the degree of .:omplexity of 
the technology. its s~-ale. spatial extension. energy. 
mat~rial requirements. transformation. and skill. 
manpower and knowledge content) hav~ the greatest 
possible bearing on the possibilities for diffusing and 
absorbing the technology. 

The concept of social carriers of technology. 
developed by Edquist and Edqvist. is useful for 
ir'rntifying some of the problems associated with 
technology absorption.1 7 They suggest that effective 
absorption and diffusion is dependent upon the 
existence of a sccial entity or category. a '"social 
carrier". which has an interest in applying that 
technology. A social carrier could be an individual 
farmer who changes his pattern of production as a 
result of the introduction of an improved plough. The 
Indian "mistri" is another example of a social carrier 
who plays an important role in the adaptation as well 
as absorption and diffusion of technologies. The 
carrier can also be an institution. It might be, for 
example. an enterprise or agricultural co-operative 
that can develop and promote the u~e of new 
machinery and agro-technologies. 

A developing country might choose to initiate a 
domestic network of air services using modem jet 
airer J ft. These will need to be im;x>rted and there is 
nothing that can be done in the way of adaptation. 
The use of the aircraft is dependent upon the 
existence of airports and a complex system of air 
traffic control. A nation cannot have aircraft v:ithout 
a wide range of supporting and often very expensive 
infrastructure and services. Similarly. if a new 
agricultural technology is to be i:itroduced. there 
must be peasants or peasant organizations that can 
acquire the ir.puts needed iseeds. impleMents, 
fertilizers. pesticides etc.). organize the labour (own 
or hireJ) and distribute the products. If these 
requirements cannot be met, there will be little point 
in attempting to introduce the technolC'gy. 

A social carrier must have ari objective interest in 
choosing and applying a specific technology. This 
objective interest must coincide with " subjective 
interest, i.e. the ohjective interest must be cor1-
sciously felt or perceived as an adequate goal by the 
carrier. In order to function as a carrier, the social 
entity must further have some degree of social, 
economic or political power to be able to materialize 
its objective and subjective interests. 

Every technology must thus have a social rarrier 
in order to be absorbed and diffused. For a large-scale 
industrial technology in a developing country, the 
social carrier might be the government and its 
planning authorities, an international organization 

' 'Charle. l·.dqui•t and Olle Edqvi•t. Social Ca"iers of 
Science and Technoloxy for Development, Di•cu••ion Paper 
123 (Lund llniver•ity, Re.earch Policy Program, Sweden, 
Octohcr 197!1). 

and a transnational corporation. alone or in different 
combinations. An agricultural technology may be 
.. carried'" by individual farmers or by the leadership 
of agricultural co-operatives and associati.rns. 

UNIDO has suggested that in seeking to 
strengthen endogenous capacities for te..:hnology 
adaptation and absorption. developing countries 
should pay particular attention to: 

Industrial sectors and manufacturing processes 

The assimilation of design know-how and related 
Rand D efforts 

The further development of technology and its 
incorporation into the production process 

The development of special skills2 8 

Human resource development is a partirnlarly 
important aspect of technology absorption. The base 
for adaptatior: and :.bsorption. as indeed of 
technological iievelopment. is provided by qualified 
engineers and scientists. middle-level technicians and 
skilled labour. As regards engineers and scientists. the 
situation in most developing countries is marked by 
both paucity in numbers and less than full utilization 
of their capabilities. Educational facilities for this 
purpose are generally iaL:Cing and the university 
traditions and curricula are not such as to promote 
their capabilities in, or association with. applied 
research and production activities. Several relatively 
small developing countries also lack the necessary 
scale of requirements to have fully nedged technical 
institutions of various types. Another p; enomenon in 
certain developing countries is that of '"brain drain" 
involving the export of much needed technological 
manpower. Generally speaking. requisite educational 
policies and manpvwer plans for projected require­
ments are still at an initial stage in developing 
countries. 

As regards middle-lev.:l technicians and skilled 
workers, training facilities have been created in some 
developing countries for a variety of basic industrial 
skills such as fitting, turning and welding. Such 
capabilities can, however, thrive only where there are 
opportunities for application in production. More­
over, horizontal mobility of such skills within the 
country could substantially promote the absorption 
of technologies. There are no systematic data. 
however, which indicate that such mobility is 
prominent in developing countries. 

The process of both adaptation and absorption 
would be greatly facilitated should technology 
contracts specify in detail the number of persons to 
be trained and the nature of training to be provided 
by the transferer of technology. The number of 
persons trained as part of technology contracts varies 
not only with the nature of technology and type of 

''See "Survey on the impa.:t of foreign technology in 
.elected countric• and priority .>ectou" (ID/WG.275/4/ 
kev.I), May 1978. 
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contract (including whether foreign investment is 
associated or not). but also with the c0untries l'f 

origin of the t~~hnology suppliers. 

De~Y!lopmenr 

The process of technological innovation is not 
well bnderstood. It involves very much more than the 
creation of national technology centres. improved 
access to foreign patents and know-how or ever. the 
availability of capital to exploic :hem. The appropria­
tion of knowledge appears to be the mainspring of 
innovation and this requires scarce resources of skill 
that have a high opportunity cost. 

A capacity to innovate is the result of complex 
relationships betwe<>n available capital. skills. infor­
mation, communic:ition and scientific infrastructure. 
It is not an autonomous process but rather a 
consequence of patterns of social. economic and 
cultural interactions. :t requires, for example. high 
levels of co-operation betweer. governme1t and 
industry: that capacity for science and technology be 
linked with the productive and educational systems: 
integration of fiscal and trade policies: and 
mobilization of the creative energies and problem­
solving capacities of a nation's population. It also 
requires the existence of social carriers that have an 
interest in, and possibilities for. introducing and 
spreading technologies thereby engenciering inno­
vation; and conscious policies desi6ned to trace the 
unexploited knowledge and technolog:es in lo.:al 
communities, for example, of small farmers a&ld 
women. All this implies national self-confidence and 
the exercise of political will. Against this background. 
it may prove impossible for some developing 
countries to embark upon their technological 
transformation without a corresponding and parallel 
social and political transformation. 

One of the keys to innovation and to the 
mobilization of the national technology system is 
linkage, i.e., the creation of institutional devices that 
facilitate continuous intercommunication and mutual 
assistance between representatives of the educational 
system, enterprises, employers' associations, organ­
i:led labour, and development agencies. The intention 
to communicate and co-operate must be inculcated at 
national, regional and local levels and permeate 
everyday thinking. Attitudes and motivation through­
out society will determine the climate for innovation. 

It is doubt:UI whether all countries in the third 
world can bring about and maintain the process of 
technological innovation. More than 50 developing 
countries, many island states among them, have very 
small populations. These countries lack technicians 
and exoerience. Because their markets are small, and 
because it is difficult to create necessary industrial 
complexes, they lack the capacity to produce 
industnal goods. The solution to such a problem is 
gem.rally assumed to lie in specialization through 
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international trJde and the promotion uf regional 
co-operation to enhance ..:olle..:tive sdf-reliance. 
Howe\·er. free trade does not alwJys work to the 
advantage of small developing countries. ~torenver. 11 

implies a comm;tment to le\·els of Cll-l>peration never 
achieved by the industrialized countries. 

Technology development calls for well-directed 
programmes designed to promote research activity. 
At present. in only a few developing countries do 
industrial establishments ha\·e resear..:h and develop­
m<'nt units of their own. and even these have a 
limited record and with very little horizontal transfer. 
In general. whatever resear..:h takes place in 
developinf countrie• is by and large government 
funded through industrial research institutes or 
universities. This expendi:ure. which does not exceed 
0.4 per cent of the g1oss national produ•:t 1c;~p1 of 
the developing countrie~. is often spent on basic 
rather than applied research. invohing programmes 
not necessarily drawn up as a resul~ of dearly defined 
industry-related priorities. In some developing coun­
tries. voluntary agencies and institutions are attempt· 
ing to promote appro!Jriate technology in on~ or 
more specific sector;,. But they tend to be sm:..11. 
lacking in government support aPd isolated from the 
mainstream of indus(rial activities. They have thus 
not generally been able to make any significant 
impact on the technological development of the 
countries concerned. The number of developing 
countries that have activities for invention promotion 
or patent registration is also small. thus hardly 
providing any impetus :o the innovative capabilities 
of the local population. The approach to industrial 
research is itself generally more Western-oriented than 
inward looking, contrit>uting very little tc> the 
technJlogical advancement of locally used technol­
ogies and to the solution of the problems of the rural 
areas. 

Manpower and financial constraints affect the 
prm:ess of technological innovation and development 
in a large number of other, more detailed. ways. The 
commerci:..lization of research findings. for example, 
is dependent upon the existence of such services as 
product and process r!evelopment. pilot plant. plant 
design and installation. process adjustment. advice on 
manufacturing operations. quality control, product 
and process improvement. With a few exceptions. 
such skills and services are lacking in developing 
countries. The number of processes commercialized 
by industrial research institutes in cieveloping 
countries is not significant. Except for the least 
developed countries. most developing countries have 
one, and often more. research institutes. Some 
countries even appe<sr to ha"e too many research 
instit1Jtes to function in an effective and co-ordinated 
manner. The research institutes established have been 
of various types but, hy and large. they belong to the 
categories of government controllrd, autonomous. 
stdte-aided or quasi-governmental institutes. There are 
both single purpuse and multi-p11rpose institutes and 
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single sector and multi-sector ones. At one erd of the 
spectrum are institutes providing quality control and 
testing servi•·es in a single sector vf iildustry and. at 
the other tnd. are multi-secto~ ir:stitutes with services 
extending to appli;d research. pilot plants :md 
extension and consultancy. 

The limitations of such in5titutes in developing 
countries have been well documented.i 9 Principal 
among the causes of their ineffectiveness appeJr 
to be: 

(q) A structure that is too ambitious. and 
executive officers with inadequate t~aining and 
experience: 

(b) Failure to assess the applied research and 
devel0pment needs of the nation and 1a1dustry prior 
to formulating programmes. building infrastructure 
and equipping laboratories: 

(c) Operational shortcoraings, including inept 
management. wrong type of staff, poor staff 
remuneration, and lack of business orientation. staff 
mobility, priority-based research. commerciali1.ation 
efforts, package of services to industry. guarantees for 
technology development. and motivation to under­
take contract research; 

(d) Weak contacts and co-0rdination with 
industry and government. lack of Jdequate funding 
and the indiscriminate importation of technology. 

Even if these constraints were removed. some of 
the more general problems involved in encouraging 
the process of technological innovation and technol­
ogy development. thosP. rooted in social and 
economic structures. might still remain. Improve­
ments in organizational design. for example, provide 
no guarantees that technological developme .. t will be 
transmitted to rural areas. to the vast majority of :he 
population or lead tr an improvement in the general 
level of technologir.al awareness and capability of the 
population (as distinct from a r Jmber of scientists 
and engineer~). These and sim;'.,u problems have yet 
to be adequately considered by eithPr the developing 
countries or international bodies. 

D. Technology policy and technology planning 

The above considerations indicate that while 
developing countries are becoming increasingly aware 
of the challenge of developing technological capahii­
ities, their responses have varied. The elements of 
such capabilities and the factors that influence them 
are so numerous and varied that policies and actions 

''Sec. for example. FSCAP, riuidelinel fnr lJeve/n~ 
ment of Industrial Technnlol{y in Asia and the Pacific 
(Bangkok, 1976 ), chap. IV and V. See also "Joint 
UNDP/Ur~IDO evaluation of industrial rcsearc 1 and service 
institute .• ; Addendum I" (ID/ll/C.3/86/ Add. I). 
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h:no:: generally been compartmentali1.ed and unco­
ordinated. A<leqUJte meth•Jdologies for the tormula­
tion of tedmL'iogy policies and plans have yet to 
.:merge. 

Technolog) policies and pl;;ns. howen:r. are :i 

matter of high priority. It will no doubt prove 
impo;.;ible to prom::ite technologiL':ll self-reliance 
without recourse to planning and 1 he prt:paration of 
policies that are linked to str:itegies of national 
development. Indeed. given th;: p~rvasive i:-.:~uence of 
technology and its motive force planniug in the area 
of technology may. in many cases. prove mvr~ 

important than plmning for investment. 

Technology policy is not synonymous with 
technology planning but is a basic function of 
government aimed at creating a framework in which 
decisions concerning technological choice can be 
made and implemented. Technology planning implies 
the existence of a formally constituted and internally 
consistent set of goals. objectives and instruments. 
Whereas all developing countries should seek to 
formulate technology policy within which b:isic 
choices can be made. the preparation of com­
prehensive technology plans may be both lieyond the 
scope of. and unnecessary for. countries wi!h limited 
regulatory and supervisory capabilities and where 
institutional continuity is a problem. Past experience 
with both technology poli9 formulation and 
technology plann;ng show that the state of the art is 
at J rather elementary stage. 

For the 111ajority of t'evelcping countries. the 
netd to develop a technology planning capabilit~ will 
no doubt become increasingly urgent but experience 
has so far been disappointing. It was only in the early 
1970s that such countries a~ Argentina. Brazil. lndi,1. 
Mex:co. the Philippines. :he Republic of Korea and 
those of the Andean Group sel out to control 
technology im~rts. 

In the mid 1970s. the first technol()gy plans. 
prepared by Brazil. India, Mexico. Pakistan anJ 
Venezuela, appea;ed. The importance afforded 
technology by the developing countries is evidenced 
by the fact that by 1977 the number of countri~s 
exercrsmg governmental control of technolvgy 
imports had, according to UNIDO estimates, 
increased to approximately 30. 

As suggested earlier, tl1e experience !Zained so far 
indicates that while regdations and programmes h:ive 
helped to liuild up technology institutions and io 
strengthen the bargaining P':lSltion of the developing 
countries as technology importers, they have gone 
little further than the review and appr0val of 
technology suppl) arrangements .Jt the enterprise 
level, and that the linkage~ l:etwecn technology 
imports and the promotion of national capabilities 
are generally ineffective. Problem~ as:;oci.ited with 
technology absorption and aJapiation have so f:;r 
generally received little attentitJn. Even where 
technology plans have been prepared. tlie relationship 
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between rhese plans and national development 
strategies is weak. 3 0 

In dis.:ussing te.:hnology planning. it must be 
acknowkdged that there has been. in many respects. a 
growir.g disenchantment with the idea of .:om­
prehemive planning as advocated and des.:ribed in 
tralfiti•'nal textbooks. Indeed. the truth is that few 
people today have the same sort of blind faith in 
planning that was prevalent at the end of the 1950s 
a'ld the begin:iing of the 1960s. Even in centrally 
planned economies. such as China and the Union of 
S:niet Socialist Republics. attempts are being made 
to correct apparent rigidities in planning and to 
in•;reasingly libi:ralize the operation of the economy. 
In non-centrally planned economies there are only a 
handful of countries that have medium-term plan~ 
that play a role in the process of allocatior. of 
rescurces. The trend of de-emphasizing ti1.: import­
ance of comprehensive plans has continued because 
of the many difficulties encountered, not so much in 
the formulation phase of such plans, but rather in 
their imph:mentation. Discrepancies between planned 
and actual figures are all too common. Planning is 
difficult because. in spite of the calls for increased 
self-reliance. the economies of most countries have 
become more instead of less open to the world 
economy. Also. there have been consider.tble 
increases in the flow of financial resources. as shown 
by the growth of the extt'rnal debt of developing 
countries, and p? tments for the transfer of 
technology account for an ever-expanding portion of 
trade in services. Further, sudden fluctuatiom in the 
prices of basic inputs and commoclities have meant 
the transfer of inflationary pressures from cue 
country to another. 

In setting out to plan its technological future, a 
nation is seeking to control and manage something 
that is pervasive and th2t does not recognize sectoral 
distinctions and ministerial responsibilities. Of all the 
things that man might set o•lt to plan, technology is 
undoubtedly one of the most elusive and difficult. 
Nowhere has a nation yet demonstrated a rea: 
capacity t0 control its technoiogical future. Even :n 
the motherland of pla ·ning, the Union of Soviet 
Socialist Republics, the .)i:ector of the Institute of 
Economics of the Academy of Science has heen 
quoted as s;.ying that "the planning of scientific and 
technical progress ... is the weakest link in the whole 
complex of economic planning dnd in the w!iole 
system of national incentives for production". 3 1 

Yet without technology planning a country will 
find it difficult to decide whether the technological 
inputs into national develcpment efforts ought to be 
imported or ohtai1.crl from domestic sources. Also, it 
wil: not be possible tu ensure tnat the technological 

'•See, for example, "Technology planning in develop­
ing countrie.~" (TD/23K/Sunr , ). May 1979. 

'' R. Williams. Tec11r.doxy Investment and Growl' 
(London. Chapman and Hall, 1967), p. 149 . 

inputs are appropriate from the viewpoints of 
resource use. employment creation. in.:ome redis­
tribution. needs satisfaction and environmental 
effects. In general. systematic progress towards the 
strengthening of endogenous capabilities and rhe 
substitution of appropriate domestic technologies for 
imported ones will be impossible without the 
existence of a broadly planned framework over a long 
period within which individual development projects 
can be fitted. 

In formulating a technology plan. developing 
countries should seek to create a framework for 
effective interaction between government. private 
enterprise and institutior.s for science and technol­
ogy. They will need to give careful consideration to 
such matters as the needs. resources and socio­
economic objectives of the country: the promotion of 
a social climate that encourages the applica:ion of 
technology in different sectors and at different levels: 
the formulation of measures designed to stimulate 
local technological capabilities: the setting-up of 
machinery for the selection and assessment of 
technologies and techniques: the selective import of 
know-how and its adaptation to local reql!irement~: 
the development of te.;hnology packages involving 
f.-ontier technologies and sets of technologies: and the 
developmenc of manpower for the management of 
technology. Above all. the environment created 
should, at one level, inspire the confidence of 
industry and research, of engineers. technologists and 
scientists and. at another. seek to mobilize the 
creative problem-solving capacities of ordinary people 
at the local level. 

The effective exercise of a technology function 
and of a technology planning capability implies the 
existence of scientific and technological intelligence, 
or the capacity to appropriate and utili7e knowledge. 
Technological intelligence is an essential component 
of an anticipatory intelligence, or the capacity of a 
nation to identify its relevant strengths and 
weaknesses, to understan<i and analyse threat• and 
opportunities of different kinds and to translate the 
rest:lting knowledge into policy and action. It is 
doubtful whether any of the world's nations, 
developed or developing, have yet developed J real 
social intelligence, although several countries, notably 
Japan, have demonstrated a technology intelligence 
capa!:ility. 

E. Constraints on technological self-reliance 
at the international level 

It has been stressed that the technological 
dependence of the third world is but one aspect, 
though a crucial one, of the general pattern of 
depend..:nce into which the third world is locked. It is 
the institutions and mechnisms that underlie the 
functioning of the international economic system 
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that generate dependence. Many of the system's 
mechanisms are not the result of conscious design. 
They work automatically. but once in operation the~· 
persistently aggravate the fundamental inequalities 
between rich and poor nations. 

The international economic system is a complex 
mixture of dynamic forces. of active and poteritial 
conflict. It is characterized by unequal specialization 
and exchange reflected in an inequitable international 
division of labour. The system. with its tendencies 
towards the internationalization of capital and the 
transnationalization of production, has inherent 
forces that tend towards the marginalization and 
fragmentation of the developing countries. Within 
tJ-j~ system. modern science and tc:cl-.nology are 
becoming ever more hierarchical. centralized and 
specialization oriented. Sci.!ntific i.1novation and 
technology development are dominated by trans­
national structures, military industrial complex,., a 
ne1r global network of agro-business. and a network 
of universities and research institutions. all of which 
are highly intc:rpenetrated and mutually reinforcing. 

Against this background, strategies designed to 
enhance national self-reliance are imperative. lt must 
be questioned. however, whether they are really 
feasible for all but a handful of developing countries. 
Such strategies inevitably impinge on the profits and 
perceived interests of the rich nations and are thus 
unlikely to receive their support. Radical circles have 
warned that self-reliance will only have real meaning 
for the developing countries when they have freed 
themselves from the system that maintains their 
underdevelopment. 3 2 

Even if possible for some developing countries, 
technological self-reliance may prove beyond the 
reach of many small and economically :ind politically 
vulnerable developing countries. This quest;ons the 
validity of theory. especially classicul economic 
theory: whether, for example, the techn0logical 
transformation of the third world based upon 
strategies of national and collective self-reliance is 
wholly compatible with the attainment of an 
international division of labour based upon industrial 
and agricultural comparative advantage. 

F. Constraints on technological self-reliance 
at the national level 

The concept of technological self-rrliance is, like 
other concepts before it, in danger of becoming 
co-opted by vested interests within the existing 
international order. Some Jf the arguments under­
lying self-reliance tend to become distorted and used 
to reinforce the power of entrenched interests in the 
developing countries. Some elites in developing 

''See, for example, Samir Amin, "Self-reliance and the 
new international order", Monthly Ri>view. July-Augu~t 

1977; and Harry Magdoff, "The limit~ of international 
reform", Mn11thly Review, May 1978. 

countries hav£ a tendency to use such arguments to 
increase their independence from rich country 
interests without demonstrating a readiness to share 
any of the advantages that might result from 
increased self-reliance. 

So far only a handful of countries have been able 
to incorporate in a meaningful way the concept of 
self-reliance in their r.ational development strategies. 
Not many countries have found it easy. or an 
absolute necessity. to disentangle themselves from the 
complex webs of commercial. financial and technol­
ogical relations that link them to the outside world in 
a sort of "e:aemal-reliance'' and that, in many cases. 
maintain and feed their dependence. 

Movements to organize labour. to mobilize 
peasants and to create conditions at the local le;el 
conducive to increased self-;eliance are sometimes 
systematically suppressed in developing countries. In 
such situations it is difficult :o see how a 
redistribution of Western science and technology and 
the strengthening of domestic t!chnological capa­
bilities would serv;': to ir.iprove the conditions of the 
poor and under-privileged masses. A central r;uesticn. 
already raised in this paper, is whether it is possible 
for all developing countries to embark upon their 
technological transformation wi:hout a corresponding 
and parallel social anJ political trans1or.nati<1n. This 
raises q 11estions c-oncerning the co,,di<;ons required 
for, and the nature of the social tran,forn1ation n.osc 
conct•civ: to, self-reliJnt development and sele.:tive 
technological deli'.'lcmg. 

Eve:t where favourable CTJnd1tion• exist, h is 
questionable- whether soc>cthin,; as pervasive as 
technology can be planned and -.vhether nations can 
choose their technological future. Planning reqLtires 
consensus on the goa!s and objectiv~s of develop­
ment, a commodity frequ~n•ly in very short supply. 
And without clarity on the r.ature of the internal 
de\.!lopment to b..: pursued, it will be ··rncult to 
answer questions concerning technology development 
and innovation. 

When the conditions are fight. a good deal may 
be achieveu in technology pla .. ning in a compara­
tively short period. Ma11y developing coun•ries are 
already involved in the process of strengtnening their 
science and technology instituiions and there is 
evidence that. many developing countries may be able 
to increase their self-re:iance in J wide range ~f 
consumer ar-1 capital goocl industries in the near 
future. 

This will be an important start. However. 
self-reliance, if it is to have real meaning. m•Jst be 
defined to include more than the produ~ion of goods 
and services and more than the buii<ling-up of science 
and te• ,Jogy institutions. It must v.Itimately be 
seen as a strategy that builds d.~ve'opment around 
individuals and groups through the mobilization and 
deployment of local resourr.es, mate rial and non­
material, and indigenous effort. In this sense, 



self-reliance transcends the application of techniques. 
Rather, it contribute! directly to tlae formation of 
new value systems and to a direct attack on poverty, 
alienation and frustration as well as to the more 
creative utilization of productive factors. Self-reliant 
development. with its emphasis on local rather than 
imported institutions and technologies. is thus 2 

means whereby a nation can mlucc its vulnerability 
to events and decisions that fall outside its control. 

All oeveloping nations should be able to 
strengthen their technological capabilities, especially 
their capacities to control the inflow of foreign 

technology. Not an de¥eloping countries may be able 
to do so. howeftr. wi!hin the framework of 
meaningful strategies of nat1011al self-reliance. with 
their emphasis on the mobilization of indigenous 
resources and knowledge. 

It follows that a diftrsity of starting points 
ne~ssarily implies a di\'efsity of responses. In 
fa...Jtioning their strategies for national self-reliance. 
deftfoping countries will no doubt experience a 
greater nud for the systematic exchange of relevant 
information and experience than for a generalized. 
uniYmally valid approach. 



III. Towards operational strategies 
A. Objectives of technology policy 

Technology policy can only be formulated on 
the basis of clearly defined development gw.ls and 
objectives and in terms of decisions concerning the 
type :md volJme of goods and services that need to 
!le produced and the resources to be mobilized and 
deployed. In this context, the production of the 
".-ight" goods with the "wrong" technology could in 
some respects be considered preferable to the 
procuction of the "wrong" goods with the "right" 
technology. 

The technology policies of the developing 
count;iel are likely to be guided by a common goal, 
namely, the desire to exercise gre<tter control over 
:heir social, economic and industrial Jevelopment 
through the promotion of technological self-reliance, 
a precondition for meeting the basic material needs of 
their poor and under-privileged masses. Policies 
should address the problem of controlling and 
managing foreign technology inputs on the one hand 
and of s~imulating the development of indigenous 
supplies of technology on the other. This implie~ the 
effective integration of two main streams: the "flow 
stream", with its emphasis on the selection and 
acquisition of foreign technology and its subsequent 
adaptation, absorption and diffusion; and the "stock 
stream'', with its emphasis on the development of 
endogenou~ technological strengths and the pro­
motion of the ~apacity to innovate. 

The empt-uis in the past ha~ been firmly on 
questions relating to the transfer or flow of 
tech~olC'gy, tne development of stocks having 
received only scant attention. It will be the task of 
technology policy to harmonize flows and stocks. 
Attempts at harmonization will need to recognize, 
howeYer, that the two streams are not independent or 
mutually exclusive, but rather interactive at different 
levels. It may also be necessary to tackle the problems 
associated with e~-;h stream within different time­
frames. The development of the capacity to control 
foreign technology inflow might be afforded 
short-term importance. Without such a capacity, 
policies aimed at fostering endogenous technology 
development and the capacity to innovate are likely 
to be continuously undermined. 

The exercise of a national technology function 
obviously requires that the national science and 
t~chnology system must function properly. However, 
these systems are, for a variety of reasons, frequently 

underdeveloped in developing countries. Typically. 
technological capacities are not strongly linked to 
industrial production, and the moder.1 sector, u~ually 
export-Oriented, frequently operates independently 
of the traditional sector. It will be one of thl' key 
tasks of policy to come to terms with these problems: 
to link the cunduct of technological activities and the 
de.-:lopment of technologies with the growth of 
production; and to systematically and selectively 
recover the traditional technological base, weaving 
modem methods into the traditional tapestry of a 
developing society. If this is achieved, the technology 
system will be better able to react to stimulation and 
a revision of input. within realistic periods. 

Experience gained in developing countries 
indicates that these and similar problems can best be 
tackled wht"n science and technology policies are 
formula:.!d and implemented separately. These 
cannot be categorically differenti:.ted with any clarity 
since they overlap to a great extent, 3 3 yet there is a 
difference in emphasis, which is of great importance 
to developing societies. Science is essentially atti­
tudinal and science policy has the objective of 
encouraging the acquisitir,n of scientific and technol­
ogical understanding that may, or may not, be of use 
in the development of knowledge directly applicable 
to the pursuit of economic and social goals. The 
objective of technology policy, on the other hand, is 
to stimulate the generation of the scientific and 
technological knowledge to be applied in the solution 
of well-defined problems in certain areas of 
production and in social welfare. Although both 
science and technology policies are concerned with 
the generation of scientific and technological 
knowledge. there is a basic difference in that with 
technology policy the knowledge concerned is 
organized, promoted, financed etc. hy policy-making 
institutions with the explicit purpose of using it to 
serve specific social and economic neetls. In other 
words, technology policy is defined by objectives 
external to the scientific world as such. Technology 
policy is oriented towards the find;.ng of acc~pt.:ble 
solutions within a given social context and time­
frame; since its objectives are essentially production 
and social welfare and it is not developed in the 
abstract, it is subject to decisions of a. scope much 
wider than merely solving technical problems. 

''See Junta de Acuerdo de Cartagena, Technoloxy 
Policy and Economic Development (Ottawa, IDRC, 1975). 
pp. 7-8. 
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\foreover. as is well known. scientific knowledge 
usually flows freely without signifi1.-ant ~-onstraints 

whereas technok>gical know-how is a commodity that 
is traded ::m the world market and is vigorously 
protected. 

Sel>:\rate. but inl!rlinked. POiicies for :cience and 
technology shuula make it possible to deal more 
-!(fectively with technology prolllems and problems 
with the development of ir.digenous technological 
capabilities. 

B. A framework for national action 

A framework for national action in technology 
consists of four interrelated steps: 

"(a) A broad consensus on the desired mix of 
appropriate technology and the pattern of national 
technological capabilities: 

"'(b) An assessment of the present status of 
technological capabilities and identification of gaps 
and shortcomings: 

"(c) Strategy formulation in terms of policies, 
programmes and institutions. together with the 
financial and manpower resources needed for its 
implementation: 

"(d) A re-assessment of the coherence of ends 
and means as well as arrangements for co-ordination 
and monitoring. " 34 

The purpose oft he framework given below is not 
to present a step-by-step approach to the formulation 
of policy but to list what might be termed indicative 
issues. Its purpose is to foster the awareness that 
technology is a resource and that there is a 
continuous need for clarity in the relationship 
'>etween ends and means in technology policy. 

The framework is based upon the three essential 
pillars of policies, pr'>grammes and institutions. 
Policies by themselves can only act like levers or 
valves that can be used to channel or to cut off the 
flow of national resources or energies. The specific 
orientation of resources and energies is conditioned 
by programmes of action. Institutions are the 
ins1ruments that formulate and implement policies 
and programmes. Excessive reliance on any one of 
these three pillars at the expense of the other two 
should be avoided. 

Technology mix 

The first step toward an effective technology 
policy requires a broad agreement on the mix of 
approprL•te technology and then on the pattern of 

14 See, in thi~ connection. "Strengthening the tech­
nological capahilitie~ of developing counlrie~: a framework 
for national action" (A/CONF.81/BP/UNIDOJ. pp. 19 and 
20. 

Tech.'tofo~ical relf~rdian<t' of che Jaelopin.~ '"uncrier 

national te.:hnologi.:-.11 ~"Jpahilities. Though in 3 
~eneral sense technological .:3p3bilities will he 
required whatever the technology mix. clarity is 
essential for the generation of particular types of 
capabilities. The latter will in turn be drrived from 
national development objectives. If the benefits of 
technology are to be spread throughout the 
population. then its application and the capabilities 
required should cover a very wide field of national 
activity. Hence. it can be said for all developing 
countries that the basic common skills should be 
generated abundantly and existing technological skills 
should be upgraded rather than uprooted. Subject to 
this. the technology mix. and therefore the desired 
pattern of technological capabilities. may vary for 
each country. In a labour surplus economy the 
tmphasis may be on labour-intensive industries while 
in developing countries with a shortage of manpower. 
labour-saving technologies and skills to operate 
sophisticated machines may require special attention. 
In the case of export-led gro·.vth. the technological 
capabilities of th-: export industry sector should 
re.:.:ive priority. Wr1erever possible, the desired levels 
of particular technological skills should be quantified. 
Broad norms should be adopted bearing in mind that 
technological skills should be created as an 
infrastructure ahead of demand rather than as a 
response to demands as they merge at a particular 
time. 

The selection of the most appropriate techno­
logical mix requires the identification of techno­
logical needs at both the macro level, in terms of 
sectoral priorities and the technological inputs for 
each priority and critical manufacturing sector, and 
the micro level of individual industrial enterprises. At 
the macro level, sectoral priorities can normally be 
identified through national plans and growth 
strategies. At the technological level, such priorities 
have to be broken down in terms of requirement~ of 
process or production know-how, the .-upply of 
technical inputs, provision for technological services. 
specialized manpower training for management and 
plant operatior.s and the like. These, in turn, ne 
determinants of, and closely dependent on. the 
choice of technology from among the various 
alternatives that may be available. At the micro level, 
principal technological needs include improvement of 
productivity, quality control and institutional tech· 
nical support to industry, including information 
linkages, which have to be tackled on a national or 
even regional basis but which relate primarily to the 
working of individual enterprises. 

Sector :echnological demand should also be 
identified at the regional level in the case of 
developing countries. Several regions, particularly in 
Latin America and in parts of Africa, lend themselves 
to an effective regional approach to several priority 
industrial sectors such as fertilizers, petrochemicals 
and capital goods production. Such identification 



could be a prr.•requisite for strer.gthening the 
barg;?inir1g position of regional industrial units in 
respect of technology acquisition and the develop­
ment of regional technological capability. 

Assessment of the present situation 

An assessment of the present status of 
technological capabilities and of the effectiveness of 
national technology systems. aimed at identifying 
gaps. limitations and deficiencies. has not yet been 
carried out by many developing countries. It is. 
however. ;: prerequisite for the proper formulation of 
a strategy. 

Reviews of existing situations are notoriously 
static undertakings. It is essential that an assessme:lt 
of technological capabilities take place in a dynamic 
and development oriented framework. being cog­
nizant of global and regional technological trends and 
developments on the one hand and national 
development aims and ambitions on the other. 

An assessment of technological capabilities may 
include the items listed below. 

Technological manpower 

The strength of the existing technical and 
scientific manpower should be evaluated quanti­
tativ.:ly and qualitatively, as should likely develop­
ments in patterns of deployment and utilization. The 
extent of brain drain, if any, may need to be assessed. 
The evaluation of manpower resources should be 
undertaken keeping reallocation possibilities in mind, 
since additions to manpower may require from three 
to five years, short of reversing the brain drain or of 
bringing in expatriate manpower. The categories of 
manpower to be assessed include scientists, science 
graduates, research and development personnel. 
teachers ;.nd engineers (civil, mec!lanical, electrical, 
chemical, metallurgical, elech,mic etc.) who are 
engaged in production, teaching, consultancy, design 
and other occupations; middle-level technicians of 
various types; trained artisans; traditional artisans etc. 

Indigenous technologies 

Many developing countries hdve yet to obtain a 
clear picture of the traditional technologies available 
to them. Such technologies, developed over centuries 
and representing accumulated experience, are likely 
to be appropriate to local conditions and particularly 
relevant to the problems of rural areas and to the 
development in these areas of such activities as 
agro-processing and building materials and construe· 
tion. The inventory and evaluation of indigenous 
technologies should take place with a view to 
identifyi1·i; the possibilities for their systematic 
upgrading Jnd improvement through the application 
of modern science and technology. Research and 

development institutes in developing countries have 
an important role to play in the assessment of 
indigenous technologies. 

Sectoral de~·elopments 

An assessment of the status of technological 
advance and manpower in specific sectors will need to 
be made. The sectors should indude not only 
individual industrial sectors. but also technological 
service capability areas such as consultancy. design 
and construction. High priority industrial sectors are 
likely to include food proce::ing and engineering 
industries as well as the industrializing industries. 
which allow for the optimal utili22tion of local 
natural resources and for the longer-term accumula­
tion of technological capabilities. The assessment of 
sectoral developments should cover not only 
large-scale industrial units and technologies, but also 
small-scale and traditional technologies. 

Impact of policy 

The effective exercise of a technology function 
requires a careful assessment of the scope for 
implementing policy and for government intervention 
and regulation in the technology market. In making 
such an assessment. it must be recognized that there 
is a range of contextual considerations involving 
social, political and economic structures that 
constrain policy formclation and implementation and 
that policies can have an indirect as well as a direct 
effect on the development of technological capa­
bilities. The technology system operates within the 
frame of an intellectual climate, a system of values, 
attitudes and modes ofbeh:;viour as well as of current 
legislation. The direct impact of this or. strategies, 
policies and plans and on the definition of the 
composition of social demand may be olJvious, 
although difficult to generalize. Less obvious is the 
indirect impact on the components of the science and 
technology system of policies governing such areas as 
taxation laws, import controls, customs duties, the 
influx of foreign capital and labour. All these will 
have a profound effect on the operation of the 
technology system and together constitute what 
might be termed an implicit science and technology 
policy. 35 In many areas, implicit technological 
policies are able to run directly against the explicit 
technological policies contained in science and 
technology plans. It is this contradiction that 

''The International Development Re~arch Centre's 
project on science and technology policy imtruments 
provides ample and interesting examples of "implicit" science 
and technology policies from ~veral count .. es in Latin 
America, the Middle but, southern Europe and Asia. See 
Francisco Sagasti, Science and Technolcxy for Development: 
Main Comparative Report of the Science and Technoloxy 
Policy Instruments Projects (Ottawa, IDRC, 1979). 
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frequently lies behind failures in policy implemen­
tation. 

Another area requiring careful investigation is the 
identification of relevant ir.struments for influencing 
the palterns of demand for tech.1ology. In the past. 
emph;;sis has been clearly placed on the suppl~ side 
with an im~icit belief that demand would be 
eene:-ated almost automatically. In reviewing possi­
bilities for influendng technology demand. allention 
should be given to such instruments as industrial 
programming and priority-setting. industrial finandng 
and si::!~ purchasing arrangements. 

/.1ternal diffusion of technology 

The state of diffusion of technology within the 
country ::md the existence of wnditions to pmmote 
such diffusion should be assessed. Internal mobility 
of technical perst'nnel promotes transfer and 
diffmion and enables the training and transfer of 
skills to a much larger number of persons than would 
otherwise be possible. T'1e economic relationships 
between the urban and rural areas have to be 
examined to see how their strengthening could 
contribute to the growth of technological skills in the 
rural areas. The facilities and instruments available for 
the promotion of innovation should also be 
examined. 

Technological institutions 

An assessment of the capacities of ex1stmg 
institutional infrastructure is essential. This should 
identify the function performed by institutions, the 
means at their disposal and their potential for change 
and development. Technological institutions cannot 
be construed in the narrow sense of industrial 
research organizations and the like. The assessment 
sh1>Uld also cover such institutions as information 
centres, project formulation and evaluation centres, 
investment promotion agencies, investment boards, 
technology regulating agencies, productivity councils, 
design institutions, consultancy and other techno­
logical service agencies, extension centres for small 
industries, institutions for technological educat'.on 
and research institutes. In other words, the review 
should include promotional, regulatory and ~.ervice 

institutions since their activities will involve implicit 
policy and impinge in a variety of ways on the 
process of technological development. In this sense, it 
may be more appropriate to think in terms of 
functions and services to be performed rather than in 
terms of institutions per se. since, ultimately, it is 
there that the major interest lies. This approach 
require; the specification of such functions and 
services and its correlation with the potential offered 
by available institutions. 

In assessing existing institution.ii capabilities, it is 
essential to go beyond "numbers" (of technical 
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pe~onnel. expenditure incurred and so on) t,l a 
qualitati,·e evaluation of the output of the institu­
tions. The possibilities of strengthening the institu­
tions. extending the S<."Ope of their acti,itie~ to 
include more functions and services. avoiding 
duplic:!tion in their work and ensuring co-0rdination 
should he identified. The place of the respective 
institutions in the government hierarchy. their 
inmlvement in decision-making for industrial and 
technological development. and the contacts they 
have v.ith industry and the public are critical factors 
in assessing their effectiveness. With respect to 
research institutes, their role in essential technological 
functions such as extension. pilot plant and 
commen·ialization of technologies should also be 
assessed. 

Summary 

The above assessment should provide the 
following: (a) sufficient information and insights to 
unde~tand ongoing processes at different levels and 
to identify future possibilities; (b} an understanding 
of the scope for technology policy and the 
possibilities for government iritervention and regufa­
tion in the development of technological capabilities; 
(c} the possibility of identifying sertor and branch 
specific patterns of dependence. sector and branch 
priorities and important intersectoral relationships 
with significant linkages and backward and forward 
multiplier effects; (d} an understanding of available 
and needed institutional infrastructure and mani)Ower 
requirements; (e) an extensive basis for idenlifying 
priorities in a range of interrelated areas and of 
evalualing the advantages and disadvantages associ­
ated with technology alternatives at different levels; 
and (fj the linking of technology policy with national 
economic, social and industrial development objec­
tives. 

Po/ides and policy imrrumems 

The practical formulation of the strategy in 
t.:rms of policies, programmes and ins1itutions will 
vary from country to country in accordance with 
conditions, requirements and priorities. While specific 
actions are suggested illustratively in what follows. 
the emphasis is on providing a framework fr r action. 

Developing countries are able to apply a large 
number of policy instruments in seeking :o attain 
their technological objectives and to act ieve the 
technology mix deemed most desirable. The ef1ective 
application of such instruments, however. will require 
the identification of !he structural forces and 
deficiencies that are likely to invalidate their 
utili1.ation. o.1e of the themes of this report is that 
contextual factors may be equally or even more 
important than individual policy instruments in 
determining the success of technology policy-making. 

l 



Poli.:y iristruments can take \"Jrious forms and be 
of the exi>licit or implicit type. They indude nati0nal 
laws and regulations for licensing 0f producti0n 
capacity of industrial enterprises 1as in India) or the 
defining cf new and necessary industries las in 
Mexico). controls over majority foreign equity 
holdings. employment of expatriates. controls over 
irnoorts. incentives for exports and import substitu· 
lion. regulatory control over foreig.ri tr .:hnology. 
regulations for use of domestic consultancy agencies 
and technical sen.ices. various forms of financial 
assistance and incentives for small-scale and rural 
industries and the like. In most developing countries. 
several fiscal and regulatory instruments are utilized 
in combination with one another. A number of 
gu¥Ci1.11hC1ii.ai •tu.I :Kaiii-6vw·.:riir.i<.r.i4: 45.:u~~~ 4;\: 

consequently involved in dealing with one or another 
policy instrument. One of the crit;.;isms often levelled 
is the multiplicity of governmental regulations and 
agencies with which domestic industry has to deal. 
While adequate co-ordination is undoubtedly 
necessary and bureaucratic delays need to be 
minimized, the complex and rr:anifold issues of 
industr;aJ and technological growth in most devel­
oping countries necessitate that governmental 
agencies play a critical and determinant role in several 
policy areas. The nature and extent of such a role 
obviously depends on the circumstances and objec­
tives of each developing country but the nature and 
magnitude of the problems are such that the free play 
of market forces may o:tly accentuate existing gaps 
and problem areas. 

As noted above. policies and instruments relating 
directly to technology have to be viewed within the 
framework of overall economic and industrial 
policies. By and large, however. such policies and 
mechanisms need to be defined in respect of (a) the 
role of private foreign investment, both existing and 
new; (h) fields in which foreign technology is 
considered particularly necessary, including measures 
designec to ensure adequat.: flows, such as tax 
benefits; (c) production and service vctors in which 
fore'gn technology should not be encouraged. 
including technical and management services, 
merchandising, and internal sales and sectors where 
domestic capability is either adequate or should be 
developed; (d) the establishment and development of 
a regulatory mechanism to regulate such inflow in 
accordance with prescribed and well-defined guide­
lines; (e) incentives and measures to encourage 
dom1:ttic technological growth, including tax rebates 
for R and D expenditure. limited duration of foreign 
technology agreements etc.; (f) incentives and 
measures to promote domestic technological services, 
particularly consultancy and engineering services. 
including tax relief and regulatory action such as 
insistence on local consultancy agencies being 
appointed as prime consultants in selected fields; and 
(g) financial assistance and support to domestic 

technology agen1..ies. Such a list of policy measures 
and instruments relating directly 10 technology .:an 
only be illustrative and not exhausti\·e and must he 
f0rmulated in the ... -ontext of each ._.,_ .. 1ntry 0r region. 

General poli(:i· guidelines 

In every developing 1.."0untry. technology policy 
v.-ill need to rake into consideration selective action. 
As noted above. the definition of the technology mix 
that is socially optimized requires the systematic 
identificition of sector· and produ.:t-spe.:ific alter­
natives and the cireful analysis of the \·arious 
constraints associated with each ,,f the options. 
Despite the enormous differences anong developing 
countries. five general guidelines appea1 ~·-' possess a 
particular relevance in the identittcatton oi me most 
appropriate technology mix: 

Effectil'e control of key sectors. Without this 
there will be little progress in the direction of 
autonomous decision-making and little influence over 
the process of accumulation lei alone development. 
Such control is a precondition for the establishment 
of dynamic inter-industry linkages. It involves control 
of the market. of essential inputs. of forward and 
backward linkages as well as of research and 
development of technologies. The control of key 
sectors may call for policies of selective nationali­
zation. Such policies should recognize. however, that 
ownership should not be confused with control and 
that it is control that counts. 

Converging needs with effective demand. In 
many developing countr~~. tn.: gap between the 
needs of society, or more specifically, the needs of 
the underprivileged majority. and effective demand. 
i.e .• the demand that can enter monetary exchange 
relations. is dramatically increasing. Decreasing 
fulfilment of basic needs and overconsumption in 
some urban growth poles are the familiar symptoms 
of this trend. A conscious policy to reconcile needs 
with effective demand thus becomes of utmost 
importance. This implies three interrelated priori!/ 
activir•- ;: the identification of social needs; the 
-;c:1inition of criteria for the adjustment of effective 
demand to social needs (such as maximizing the basic 
needs satisfaction of the poor. the productive 
integration of the labour force. the use of local 
natural resources and the use of local scientific, 
technological capabilities and traditional skills); and 
restructuring the supply side and solving the problem 
of the choi~ of produc..1. 

Support for agriculture. Especially important is 
the promotion of self-sufficiency in basic foodstuffs. 
Support for agriculture. which would help guarantee 
self·sufficiency in food, is one of the main priorities 
for development strategies and especially for 
industrialization strategies. This applies to sectors 
producing agricultural inputs (implements. fertilizers. 
pesticides. irrigation equipment etc.), to sectors 
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sel'\ing transport and distribution requirements. and 
to those pro1..-essing agricultural goods. Possibilities for 
the appli.::ition of science and technology to increase 
agricultural productivity. improve post-hal'\·est tech­
nology. and introduce innovations into plantation 
industries. fisheries and forestry are considerable. 

Social optimi=ation of using and processing 
resources. including energy resources. Some devel­
oping countries still have to develop the precon­
ditions for effective control over the natural resources 
located within their frontiers, i.e. national capacities 
to detect. exploit and process such resources. Thus. 
the utmost importance should be given to activities in 
this field. which should include a systematic search 
for areas in which co-operation between developing 
countries appears feasible. Availability of natural and 
energy resources should have a determining eF.ect on 
the contents of industrialization strategy as regards 
choice of sectors, choice of process and techniques. 

The identification and strengthening of indus­
trializing industries. Priority should be given to the 
identification and promotion of the so-called 
industrializing industries, i.e. industries that allow for 
the optimal use of local natural resources. guarantee 
the fulfilment of basic needs and allow for the 
long-term optimization of accumulation and scien­
tific-technological capacities. Such a strategy in­
cludes, among other things, the development of the 
engineering machine tool industry. the production of 
textile and agricultural machinery, and a reorien­
tation of basic industries, processing locally available 
resources that aim to increase the share of 
down-stream activities and to foster the integration of 
the country's industrial and agricultural production. 
This strategy should include attempts to strengthen 
local engineering capacities, especially with regard to 
pre-investment studies, chemical engineering and 
equipment design and attempts to control tech­
nological building blocks and technology life-cycles. 

The development of industrializing industries 
should be related to the growth and development of 
physical infrastructure, another prerequisite for the 
process of industrial develc;pment. The planning and 
provision of such physical infrastructure as electric 
power, transport and communication systems, in­
cluding railways, roads and shipping, should ensure 
that such facilities would effectively meet the 
projected needs of at least those industries that form 
the spearhead of industrialization efforts. 

Acceptance of the general guidelines outlined 
abovr may well call for the transformation of the 
productive system. The transformation suggested 
would invCllve the reorientation of production away 
from mimetic patterns of consumption that favour a 
diversity of goods for higher-income groups. to a 
productive structure based on the satisfaction of basic 
needs and with greater emphasis on collective rather 
than individual consumption. This revised pattern 
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could substantially redu1..-e the need for imported 
t,.chnologies J11d kad to an i11..Teased demJJld for 
local s.:ientific and technoloeical acti~ities The 
selection o~ the most appropriate policy instr~ments 
for promoting the development of indigenous 
technological .::ipabilities will need to take ac1.."0unt of 
the above guidelines. 

T echnolugy policy should address problems and 
outline options at different levels. National strategies 
for technological development should be based upon 
the recognition that the international technology 
situation and the international division of iabour ;;re 
not static but dynamic. National strategies should 
thus reflect an appreciation of global and regional 
trends and developments. a cc.nsideration that will 
become increasingly import~nt as efforts in the 
direction of collective self-reliance and Technical 
Co-operation among Developing Countries (TCOC) 
and Economic Co-operation among Developing 
Countries (ECDC) are intensified. 

As noted above. an essential ingredient of 
technology policy is decisions concerning sector and 
branch specific r:roduct and process technologies. 
Such decisions can be articulated only at the 
enterprise level. The enterpris~ level is thus of critical 
importance. Technology choices at this level. 
however, cannot be left to the discretion of individual 
entrepreneurs and to market mechanisms. The 
interest of the nation will not necessarily be 
compa.ible with that of an individual or of groups of 
entrepreneurs. Individual enterprises may well be 
motivated by profit rather than social welfare 
considerations. Profit maximization may well en­
courage them to import foreign technologies under 
conditions that perpetuate national techr.ological 
dependence. One of the essential functions of 
technology policy is thus to guide the actions of 
entrepreneurs in socially desirable directions. In 
most cases this will necessitate a system of incentives 
as well as of regulation and control. 

Policies for selected areas 

In chapter II, technological self-reliance was 
defined in terms of the capacity to select, acquire. 
adapt and absorb foreign technology inputs (regulat­
ing the flow stream) and of developing an indigenous 
base and the capacity to innovate (the development 
of stocks). We now consider some of the policy 
options under each of these main headings. 

Selection and acquisition of technologies 

As regards the t~chnology mix, developing 
countries appear to 'lave a special need for 
technologies that meet the following criteria: 

l 



.. (J) High employment potential. induJing 
inJirect employment through bJckwarJ linkages with 
nJtional suppliers Jnd fol"\\·ard linkages with national 
processors. Jistributors and users: 

.. (b) High productivity per unit of c:ipital and 
other sc:irce resources: 

.. ( c) Higher l:ibour proJuctivity in the context 
of in.:reased employment. that is. the maximization 
of the productivity of labour in the economy as a 
whole: 

.. (d) The utilization of domestic materials. 
especially of raw materials previously considered of 
little value: 

.. (e) A scale of production that is suitable for 
the loca! markets to be served (unless exports are 
involved). with special consideration being given to 
small. fragmented markets in rural areas: 

"(f) Low running costs and cheap and easy 
maintenance: 

"(g) Maximum opportunity for the develop­
ment. as well as use. of national skills and national 
management experienc~: 

.. (h) Dynamic opportunities for the further 
improvement of technologies and feedback effrct on 
the n<?tional capacity to develop new tech­
nologies."3 6 

Instruments that can be employed by developing 
countries to promote the selection of appropriate 
technology could include, for example: 

"(a) Differential direct and indirect taxauon 
(e.g. tax exemption or lower taxation for products/ 
enterprises in the small-scale sector or utilizing newly 
developed or indigenous kchnologies): 

'·(b) Differential financial and credit policies 
(e.g. lower rates of interest and liberal credit for 
products/enterprises in the small-scale sector or 
utilizing newly developed or indigenous tech 
nologies); 

"( c) Industrial policies concerning size of units 
of criteria for expansion (e.g. certain products could 
he reserved for manufacture in the small-scale sector; 
policies discouraging more assembly industries based 
on imported components); 

"(d) Trade policies on import of capital goods 
or raw materials (e.g. import control; not permitting 
import of equipment of too large a capacity; phased 
programmes for the reduction of import content of 
raw materials and components); 

"(c) Policies on foreign investment and import 
of technology (e.g. discouraging turnkey contracts: 
not allowing foreign investment or import of 

'•Sec H.rn• Sinit(f, Technnlol(ies fnr Basic Needs 
r<;cncva. ILO. 1977), p. 32. 

technology in specified areas: assoc1atmg lo~-;il 
consultants or research and development institutions 
in selection)."' 7 

Policies aimed at regulating the acqu1S1tion of 
foreign technology should not only cover technology 
per se. but also equipment (which embodies 
technology) and foreign investment (which is a 
vehide of technology and invariably predetermines 
it). A mechanism for screening technology contracts 
will be necessary. Such scree'ling could ensure that 
the technological services required are clearly 
specified: technology packages are "unpackaged .. 
wherever possible to admit contributions from 
indigenous technological capabilities; adequate pro­
vision should be made for the training of local 
technicians; there should be no unwarranted restric­
tions on the further dissemination of the technologies 
and the technologi~l capabilities involved. Although 
each developing country may have its own approach 
towards the extent of production or regulation of 
foreign technology, the establishment of a screening 
mechanism will enable the continuous and systematic 
monitoring of foreign technology inflows, which does 
not exist in many developing countries at present. 

The above suggests that methodologies will need 
to be developed to evaluate a:ternative technologies 
in terms of overall costs and benefits. This could 
necessitate the defining of numerical values for 
critical parameters such as labour costs and shadow 
wage rates, foreign exchange costs and shadow prices 
and thereafter the application of a discounted 
cash-flow approach. While the information network 
should provide the basic information regarding 
alternative production techniques, the evaluation of 
alternatives would need to be done by developing 
country enterprises and the national agency with 
responsibilities for reviewing arrangements. 

Adaptation and absorption of technologies 

Policies of technology ad ,tion and absorption 
should focus on the process of riddir.g iJTl'JOrted 
technologies of their rich country "ethnocentricity" 
and of stamping them with the societal imprint of the 
importing country. No Jess important will be the 
process of upgrading local technologies to improve 
their productivity. 

The adaptation of imported technology may 
necessitate, for examp!t", the scaling down of the 
technology to the size of the local market, a process 
that has already been satisfactorily demonstrated in 
several fields, i.11cluding bricks and cement, paper, 
textiles, packaging, sugar and a wide variety of 
agricultural equipment. Adaptation will also neces­
sitate the matching of the technology to available 

''Sec reporl of the Second Comultative Group on 
Appropriate lndu<lrial TcchnoloitY and al<o report< of lhc 
International Forurn on Appropriate lndu<trial Technology. 
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local skills wh;ch. in some cases. may require 
maximizing its labour intensity and opital savings. 

Since technology adaptation is the means of 
linking im::iorted technolegy to national R and D. 
policies designed to enhance capacities for adaptation 
and absorption will need to give due consideration to 
the building-up or enhancement of national R and D 
capabilities. TechnolGgy policy will be required to 
forge closer links between R and D institutions and 
industries. 

Adaptation to the satisfaction of a technical 
authority could be imposed as a condition in 
contracts for the acquisition of foreign technology. 
Tr.e costs of adaptati:>n could receive preferential 
treatment in taxation. Adaptation to local raw 
materials and components could be secured through a 
phased programme of reduction of imported 
materials and components. 

Te.-hn<>l•>~<"ttl ulfreliance of rhtt de•·ttlvping munrries 

The sequence of main act1nt1es invo!,·ed in the 
processes of technology sele.:tion and adaptatilln is 
outlined in figure Ill. The illustration sugg-sts that 
there are three decisive inputs mto these processes: 
information. the criteria for selectien. and legal and 
contractual practices. each of which has heen 
discussed abo\"C. 

Absorpti:.n of technology in :: narrow sense 
could be fadh•ated by policies which insist t!ut 
foreign tech•1olo!\y ·1m-estment inflows be accom­
panied by adequate training of local personnel both 
in terms of the number of persons trained and the 
extent of their training. The passing of a National 
Apprenticeship Act whereby each industrial unit is 
required to take a certain number of apprentices for 
tr .. ining would a'w enlarge the pool of trained 
personnel. Free horizontal occupational mobility has 
also to be ensured. although there are no known 

Figurr Ill. Thr i>r~ of rrchnology selection and adaprarion 
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developing countrie•" (IO/WG.30 I /2). 
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direct policy instruments for this purpose. However. 
general policies that do not unduly restrict the 
setting-up of new units in the same industry may help 
incidentally. Policies for attracting the country's 
technical personnel resident abroad either for 
permaner t se•tlement or for short-term guu.iance 
should also be fv<mulated and implemented. as is 
already being attempted by a few developing collntries. 

Long-term policies for the absorption of 
technology should concentrate on human resource 
development. Policies that promote a greater 
involvement of scientists and technicians in the 
development problems of the ;;;;;mtry will be needed. 
including, where necessary. the restructuring of their 
salarie~ and responsibilities. This calls for serious 
reappraisals of educational policies, particularly in 
respect of the following: 

(a) Introduction o~ a vocational content in the 
school educational curricula and making su:h courses 
available to as large a number of students as possible; 

(b) Reorienting the technical courses at the 
university level so that the awareness of the students 
of the technological problems in the country, 
particularly with reference to rural areas, is enhanced; 

( c) Educational curricula should include associa­
tion with industry and practical training. 

Development of technologies 

The development of the capacity to innovate 
requires much more than the building-up of Rand D 
institutions. In countries where development has been 
decentralized and community development pro­
grammes initiated, experience has shown that loc:il 
governments, local organizations, agricultural co­
operatives and the like, as well as motivated 
individuals, can be technological innovators. Tech­
nological innovation is a bottom-up as well as a 
top-down process: innovation comes from the users 
of technology as well as scientists and engineers. 

In :nany cases, however, the technology system is 
incapable of bridging the gaps between the 
laboratory, the factory and the market pla:e. This 
deficiency is due to the lack of integration between 
scientific and technological activities and the process 
of industrial production (figure IV). The crucial stage 
in the process of innovation is the engineering 
treatment of a new idea. Past experience, coupled 
with economic study and market research, transforms 
the scientific idea into a techno-economic reality that 
can be put through the mill of industrial exploitation 
and pr<Yiuction. This type of activity requires skills 
that are neither those of the scientist nor of the 
production engineer, the two proi'essional types most 
likely to exist in a developing co•Jntry. 

Innovation is not the prerogative of the scientist. 
The practitioner at any level, particularly at the 
shop-floor level, as well as the end user are sources of 
significant innovative ideas of considerable ootential. 

Figure I\". The process of innm·31ion 

R..urch 

Ubor•torv 
testing 

Engineering 
(prelimi~ry 
specifications) 

Design 

Development 
t'5ting 

Industrial exploitation 

Economic and 
markl!t research 

JI 

Source: "Th• structure and functioning of technology 
systems in developing countries" (ID/WG.301 /2). 

The great advantage of these ideas is that they often 
reflect first-hand experience and deep insight into the 
actual needs of the user. They are often capable of 
producing working models; but considerable engi­
neering effort is needed to transform the basically 
sound concepts into an economic reality. It is another 
task of policy to promote the application of such 
first-hand experience and to facilitate the process of 
the commercialization of new technologies. 

R and D can be promoted through levying a tax 
on industry and utilizing the proceeds for promo­
tional expenditure. Tax rr.bates could be allowed on 
the R and D expenditures of enterprises to encourage 
them to set up such facilities. In India, it is part of 
the condition of approval for the import cf 
technologies that the importing organization should 
set up R and D facilities within the period of the 
contract so that the need for continuing the import 
beyond that period is obviated. 

To preserve traditional technologies and capa· 
bilities, protection could be provided by way of the 
reservation of lines of manufacture, policies of 
government purchases etc. The adoption of tech· 
nologies developed locally (e.g. by research institutes 



or industrial enterpris.:s) could be encouraged by tax 
or interest .:oncessions or by liberal conditions of 
industrial apprm-:ils. 

For widespread dissemination of technology and 
for ~ncouraging innovative capabilities. the pro­
motion of self-employment and techno-entrepreneurs 
should be encouraged as a matter of policy. 
Concessional financial assistance through financial 
institutions are important in this respect. Policies of 
worl.::er participation in production and technology 
rf ,ions are of help. Patent laws and financial 
er couragement for innovations and their application 
are necessary. Special incentive schemes aimed at 
universities and academic institutions designed to 
promote innovative activities may also need to be 
devised. 

In the section on technology programmes. a 
number of special instruments for promoting 
technology adaptation, absorption and development 
will be discussed. 

Policies concerning transnational corporations 

A substantial increase in the flow of technology 
to developing countries must take p:ace if an 
adequate pace of industrial growth is to be achieved. 
Since, in a large number of manufacturing and service 
sectors, transnational corporations retain oligopolistic 
control over technology, a considerable proportion of 
technology acquisition may need to take place 
through their operation. Technology plans and 
policies should thus channel the operation of 
transnationals according to national objectives and 
priorities. 

Policies aimed at regulating the activities of 
transnational corporations should recognize the 
conflict between the profit-maximization objective of 
transnationals on the one hand and the development 
of national scientific and technological capacities on 
the other. These conflicting interests can only be 
harmonized and the negative impact for developing 
countries reduced by the introduction of a regulatory 
anu 1110nitoring sys:em. Element; of this control 
function should focus on the extent of the local 
integration of the foreign subsidiary. including the 
utilization of technologies appropriate to the 
country's needs and conditions. the extent of the 
utilization of local resources, anci the extent to which 
it is involved in the building-up of indigenous 
capacities. The exercise of the control function 
should be guided by the need to secure decision­
making autonomy in the host country. 

Once technological needs have been defined and 
the most a:ipropriate technology mix identified, the 
specific role and the possible pattern of corporate 
relatbmhii;. with transnational corporations in 
various sectors of the economy can be established. In 
certain hranches, particularly high-technology indus­
tries, it may be necessary to utilize transnationals 
both as sources of investment and as suppliers of 
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proprietary te~~no!ogy. In sectors where the 
domestic industry !us the necessary entrepreneuri:il 
cap:ibility and technological b:ise. technological needs 
may be served by licensing :ind other contractual 
arrangements without foreign capital parti.:ip:ition. In 
.:ertain fields. in order to utilize and enhance 
domestii: innovative capability. ii may not be 
desirable to encourage for, ign technology flows. for 
instance. in sectors where appropriate domesti.: 
technology is .. vailable or where foreign technology 
has been adequately absorbed by domestic industrial 
enterprises. 

The technological requirements of linkage 
industries constitute an important element of 
negotia!ions with transnationals. In the case of 
mineral industries. for example. technology for 
down-stream processing stages is an important aspe:< 
to consider and the interests of both the host col'11try 
and the enterprise should be harmonized. SiITularly. 
the extent and nature of domestic integration and the 
increase in value-added over a specific period should 
be established in the course of negotiations. The 
development of domestic marketing and managerial 
expertise. as well as operation.ii skills. should also be 
identified as an important responsibility of trans­
nationals in various sectors. 

An important aspect of negotiations with 
transnational corporations is the disaggregation of the 
technology package. Transnationals tend to aggregate 
the investment function with the various technology 
elements. including project engineering. production 
technology, management and marketing. From the 
viewpoint of the host de'< ~loping country, it is 
important that the package should be unbundled and 
evaluated in terms of its various elements. Of even 
greater importance is the possibility of the partici­
pation of domestic industry in the supply of inputs 
and project engin~ering services. Even if the cost of 
domestic goods and services tends to be above world 
market prices in the earlier stages of industrialization. 
this may be justified in the long-term interests of the 
development of domestic capabilities. The extent of 
unpackaging may, however, be limited in certain 
sectors where transnationals can ensure that the 
technology is used only by a subsidiary or affiliate 
under its control or sold only as a complete system 
and not as separate components. Similarly, where 
foreign engineering contractors with the skills to 
combine various inputs are themselves dependent on 
the technology supplier. the incentive to unpackage 
may be weak or lacking. Ir such cases, a great deal 
may depend on the technical and managerial 
ex;iertise and contracting skills available in the host 
country. Some countries have. a.:corc'ingly, placed 
great emphasis on the development of domestic 
capabilities in consultancy services. 

Efforts in the direction of unpa .aging should 
obviomly aim at maximizing the use of local inputs. 
especially technological services. Policy guidelines can 
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be pn:s..:rib.:J ..:or11:eming restri..:tillOS in the use: ,,f 
foreign personnel. training progr:immes for Jomesti..: 
personnel .it v:irilluS levels. :ind enterprise-kvel R :inJ 
D. Import n~stri..:tions and ..:ontrols ..::in signifi..:antly 
:1ffect gre:iter technology flow for linkage industries 
:ind adaptive use of local materials and parts Export 
incenti,·-::s and insistence on export ..:ommitments by 
the seosidiaries of transnationals can. on the other 
hand. improve the bal;ince of payments perform:-nce 
of transn:itionals and achieve better quality produ..:­
tion. 

It is important that the impact of operations of 
the subsidiaries and affiliates of tr:insnation:il 
corporations on domestic technological develop­
ment be monitored continuously. The review process 
should monitor the path of technological develop­
ment. the R and D undertaken by the foreign 
affiliate. and the adaptations performed to suit iocal 
conditions and requirements. This review should 
cover existing subsidiaries and affiliates and also new 
enterprises in which transnationals are involved. 

Special attention may also need to be given to 
the high costs resulting from the extensive use of 
foreign brand names and trademarks by transnational 
corporations. Measures that can be 11se:.:! in this 
respect include the compulsory use of dom~stic brand 
names which. after a certain pericd. obviat.:s the need 
for foreign brand names. The diffusion of foreign 
technology can be facilitated by restrictions on the 
duration of licensing agreements (usually from 5 to 
IO years). The shortening of tt.e period of patent 
validity below the norms of the international patent 
system can also be introduced, as has been done by 
such countries as Brazil and Mexico, and the 
possibilities for introducing patents in vital sectors 
can be severely restricted. 

Technology programmes 

Technology policy will have to be translated into 
programmes and, eventually, subprogrammes, pro­
jects and specilic activities. 

Dei-e/opment of the engineering 
c.nd machine tool industry 

One of the most important c' ~11 industrializing 
industries is the engineering and machine tool 
industry. It is the basis for much industrialization, 
and experience in devdoping countries has shown 
that a broad-based industrial structure cannot be 
sustained without the existence of a growth-oriented 
engineering sector. The engineering industry is 
traditionally an important source for the growth and 
development of technical manpower and a focus for 
the process or techn0logical innovation; it is thus 
advisable for all devrloping countries to assign high 
priority to its development, and especially to the 
production of machine tools. 
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The J.:wk1pment of the engineering se..:tcH ma} 
.:all for the setting-up of fa..:ilities for the proJu..:tion 
of ferrous J.IHi non-ferrous ..:asting~. forgings. ma..:hine 
tool and rnad1ine shop equipment. fabrication 
(including weldments and stampings). rolling. bending 
and pressing fa..:ilities. heat treatment and plating and 
steel rolling mills. 

Raw material supplies will be of decisive 
importan..:e. especially steels. castings and forgings. 
With respect to steel. construction steel (mild steel). 
alloy steel and sheet steel are the raw materials 
essential for engineering products. Whether a 
devrloping country shouid develop its own iron and 
steel industry depends upon a complex of factors. not 
the least important of which is the availability of 
necessary mineral resources. Developing countries 
that have no supplies of iron ore Jr ..:oal. do not have 
abundant power and have not re:ched a high level of 
industrial developrr.~nt should import whatever steels 
are required to develo) their engineering industry. 

The availability of ferrous and non-ferrous 
castings depends upon the existence of fmmdries and 
forge shops. whose developmi:nt should thus. where 
necessary, be afforded high p~iority. Since i:asts and 
forged components are to be 1nade specifically to 
drawings. they can be more advantageously produced 
in the country itself. 

The decision to develor ~ national machine t0'JI 
capabili!y should not be made dependent upon the 
size of market. Virtually every artefact is mAe un 
machines that are themselves made on machine tools. 
Even in the least developed countries a machine tool 
industry can and should be developed. It might, for 
example, be o~ganized as a cottage industry and 
involve the production of essential spare parts. 

Small and medium-sized ent~rprises 

Special programmes may be required to promote 
the technJlogical development of small and medium­
sized enterprises. An environment that encourages 
small firm initiative is likely to be more competitive 
and able to promote an active search for more 
appropriate technologies. A small firm is usually less 
inclined towards vertical integration so that it is more 
likely to rely on small, relatively labour-intensive 
local producers and suppliers than is a large 
enterprise. Small-scale industries also have a critical 
role to play in integrating the agncultural and 
industrial sectors, a key aspect of development 
policy. 

In some developing countries, transnational 
corporations receive more privileged treatment than 
local small and medium-sized enterprises that 
typically receive little support in dealing with the 
prJblems they face. They generally lack, for example, 
the necessary resources to maintJin specialized 
personnel for technolugical ma11agement and do not 
even have enough technicians to a<lequate!y maintain 
and surrvise ongoing production processes. 

-1 
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l h~ effectiveness of small and medium-sizrd 
enterprises could be improved through support 
programmes involving R and D institutions. industrial 
extension servi.:es J.nd technological service organiza­
tions. Governments might seek to develop entre· 
preneurial slcii!~ in small and medium-sized enterprises 
through progr:immes aimed at reducing the risks 
incurred by groups of entrepreneurs in the develop­
ment of their te,~hnological capacities. 

De~·elopmer.t of a technologiaII service aipability 

Inadequate technological service capability is a 
major constraint in most de .. el0ping countries. Such 
servicrs range from macro-level projec1 identification. 
feasibility studies. plant specifications, detailed 
engineering desig11s. civil constructions and machinery 
installation, and plan~ commissioning. start-up and 
operations. While the extent of the gap varies from 
country to country, the most significant gap, even in 
fairly industrialized de1·eloping countries. is in respect 
to detailed engineering and designing and sectoral 
consultancy services through nationally owned units. 
Thi~ makes disaggregation of foreign technology 
packages extremely difficult and also creates a critical 
gaµ in infrastructure, which result in undue 
dependen.:e on foreign design and engineering services 
.vhich affects the pattern of in>'estment for particular 
projects, the requirements of capital goods and 
equipment, and subsequent plant operations and 
management. In the less developed economies, the 
gaps in consultancy services are even more marked 
and extend to almost the entire range of service 
activities indicated above. The identification of gaps 
in service capability has to be done on a country-wide 
basis and for critical and priority sect:>rs in each 
economy. An appropri<:te policy package also needs 
to be prescribed and the extent to which preferential 
treatment is necessary for national or regional 
consultancy services, including engineering and 
designing capability, needs to be defined and 
necessary norms and guidelines identified regarding 
the use of such domestic capability in a progressive 
manner at successive stages of industrial growth. It 
rnay also be necessary to provide technical and 
financial support to national consultancy firms 
undertaking detailed engineering and other tech­
nological services, particularly in priority production 
sectors. Fairly effective steps have been taken by 
certain developing countries, notably India, in this 
field and similar action can be emulated in other 
developing countries, with appropriate adjustments to 
suit national or regional considerations. 

Technological services include the promotion of 
standardization, quality control. common testing 
facilities, productivity, metrology and other such 
gem:ral service functions. There are a number of 
institutions in developing countries in several of these 
fields. ~,uch institutional astivities are usually 
supported by governments or are financed through 
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uni.,ersmes or research organizations. In many 
countries. standardization and quality control have 
made effective progress and have constituted an 
essential feature of export promotion of non-tradi­
tional products. Productivity organizations have also 
prm·ed useful in identifying specific production 
problems at the micro-level m s.!Veral industries 
though. by and large. there has been limited 
communication and linkage with production sectors 
and enterprises. 

Industrial extension services 

The processe5 of technology adaptation. absorp­
tion and development would no doubt be facilitated 
by the creation of industrial extension services. s'.;~h 
services. which would parallel those applied in 
agriculture, could serve to accelerate the growth of 
manufacturing industry. especially in small and 
medium-sized enterprises. and, in time. provide an 
importa!"lt input into the strengtliening of national 
research and development achvitie~. 

Industrial extension services could be used: 

"(a) To identify and resolve. to the extent 
possible, problems faced in manufacturing. It may be 
necessary, however, to refer the more complex 
problems to R and D institutions for advice or 
resolution; 

"(b) To identify new areas for the adaptation 
and development of appropriate technologies. Such 
area$ might include leather, processed food, metal­
lurgy, forest products and building materials. The 
work would be undertaken either in the extension 
centres themselves, or in indigenous R and D 
institutions, according to needs and resources: 

"(c) To familiarize industries within the country 
with development and improvements in related 
techniques; 

"(d) To train local professionals; 

"(e) To provide essential support for future 
expansion into R and D institutions and assist in the 
growth of other institutions." 38 

Information networks 

Special programmes in the field of information 
may need to be initiated. There wil' be a need for an 
adequate information network that can ensure a flow 
of fairly detailed data and material on production and 
technical requirements projected both for the 
economy as a whole and at the micro·level with 
specific growth projections and technical require· 
ments of significant production sectors and enter­
prises. Once the nature and magnitude of sectoral 
growth projections and technological requirements 

'•Sec Cooprration for Accrleratinx lndu.irrilllization: 
Final Report hv a Commonweaith Team of lnd11.rtrilll 
Specialist• (London, 1978). pp. 30-31. 
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are defined. the information system should also be 
able to provide possii.Jle technological sources. both 
indigenous and external and for specific projects and 
enterprises. At the micro- or enterprise-level. the 
information median;'\m should provide for detailed 
data flow regarding e:.i~ting industry in terms of (a) 
production capacity in various or selected sectors. 
production techniques employed. utilization of 
capacity and technological problems encountered: 
and (b) the nature of the expansion proposed. with 
its technological implications. The flow of informa­
tion should also cover the need for new enterprises 
th.it may have to be set up to cover critical 
production gaps in various sectors. 

Technical education and training programmes 

Technological self-reliance is linked to education 
an:! training, which is linked to the process of 
confidence building. The promotion of technological 
self-reliance should thus be seen as a learning process 
in which the emphasis is on thinking in terms of 
independence and the need for autonomous decisio.t­
making. 

Education is a basic element of the scientific and 
technological infrastructure of the country. Because 
of the complexity and overridL'lg importance of the 
educational system, however, the design of this 
system should be left to institutions that deal 
specifically with it. Education should fulfil the dual 
function of instilling appropriate values and attitudes 
and upgrading and developing necessary ~kills. 

Technology and education plans should thus be 
closely interlinked. Training at the production 
level-that is, in its actual operation in the factory 
and the agricultural sector that directly influences the 
adaptation, absorption and diffusion of technology­
falls within the framework of technology policy. 

The strl!ngthening of technological capacity 
requires: 

(a) Making science education more responsive to 
the needs of the country and using science and 
technology effectively in the achievement of national 
goals; 

(b) Stimulating the choice of scientific and 
technology education and careers to increase the 
number of scientists, engineers and technicians; 

(c) Reinforcing the social status and prestige of 
technical and technological work; 

(d) Emphasizing and stimulating imaginative 
inquiry and independent learning. 

Well-defined training programmes for the devel­
opment of special skills in specific industrial 
operations and technological services will be neces· 
sary. Short-term training programmes may include, 
for example, processing technological information; 
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tr:1ining of managers. entrepreneurs :1nd government 
officials in the ev-.ilPation. negotiation and a.:quisition 
of technology: tr.tining of research and development 
personnel in the management of rese:m.:h and 
development. evaluatio.: ··'" . .:search and development 
projects. commercializati1.'n. extension work. liai~on 
with industry and other related matters. Training 
pro;rammes and sensitization courses may he 
necessary for policy-makers i:i r ;oJect and technology 
evaluation and 1he implications of choice of 
technology. Special courses may be ne~-essary for 
technical personnel in such aspects as design. 
production engineering and productivity. In-plant 
training programmes for engineers and skilled workers 
will be essential. While some of the programmes 
referred to could be organized within the country 
itself with. where necessary. the help of outside 
experts, there are others where training may need to 
take place in an industrialized country or be 
organized within the framework of TCOC efforts. 

Special programmes might also be launched to 
deal with the problems of brain drain. The aim of 
such programmes should be to enable experts. 
technologists and managerial/supervisory personnel to 
return home, even if for only a limited period, so that 
their knowledge and expertise can be adequately 
utilized. 

The need for action programmes 

The development of national technological 
capabilities requires concerted action in a wide range 
of interrelated fields. However, it will not genl!rally 
be possible for developing countries to do everything 
at once, even if this v•ere considered desirable. There 
is thus, as noted earlier, an overriding need for 
s.;lective action in areas that will lead to an immediate 
ar.d demonstrable improvement in technological 
capacities. 

One area in which such an action programme 
could yield substantial results is in bringing 
technology and production into a relationship of 
co-operative association and mutual reinforcement 
after, in many developing countries, decades or even 
centuries of separation. The main elements of such an 
action programme could include: 

(a) The selection of a small number of sectors or 
areas of production in which there is considerable 
scope for the introduction of frontier technologies 
that could be used to spearhead the process of 
industrial development. These sectors are generally in 
the industrializing industries. In other sectors, 
technology would still play an important role as one 
of I.he major factors of growth and production but 
these would not be afforded such strategic import· 
ance. In a third group of sectors or areas of 
production, there would be no determined efforts to 
stimulate technology development much beyond 
current and available levels; 
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( b J In the high priority sectors and production 

areJs. spe.:ial efforts shl)uld be made to .:reate 
.. integrated technology de\·elopment. Hpgrading and 
application systems... both at the !e\·eJ of the 
enterprise and of broad poli.:y: 

(c) For 1his purpose. expenditure on technology 
selection. a.:quisition. adaptation. absorption. de~e!­
opment and application in the selected sectors may 
need to be expanded to perhaps IO times the current 
average level of expenditure for the rest of the 
economy. National policies and other public and 
private institutional programmes ar1 instruments 
should be developed and applied to ensure the desired 
results: 

(dj The supporting services. skills. legislation 
and regulations required should be gradually ex­
panded to se;ve as an indigenous basis for promoting 
the de·;elopment of other sectors. thus ensuring that 
there is a general advance not only in technology. but 
also of social ;md economic development. 

In this manner. real progress could be made in a 
number of high priority sectors that would facilitate 
the process of development-centred industrialization. 
A stronger technological basis could be established 
and closely integrated with production. management 
and investment in the country concerned. The 
process would be inevitably long-term and it could 
take five years or more before it started to bear real 
fruit: it is a dynamic process and this dynamism could 
serve to give real expression to the concept of 
technological self-reliance. Although the te,:hnology 
used may be imported or traditional. or both, it 
would always be the result of decisions taken by 
qualified technologists and technicians who would 
seek to choose the optimum technology and 
technology mix within a dynamic and development 
oriented framework. 

The action programme outlined could also utilize 
the idea of industrial development complexes that 
could serve as a focus for the implementation of 
mutually reinforcing sets of proposals. Such com­
plexes might aim at bringing together a group of 
related enterprises and technologies to form a 
co-ordinated vertical system with an enhanced 
capacity for innovation and technology develop­
ment. 39 

lnstitutiom 

Poli~ics and programmes are formulated and 
implemented by institutions. Their value resides in 
the fact that they prnvide a measure of continuity 
and experience and in due course become the 
repositories of technological capabilitie•. Although 

''The development value of ~uch complexe~ i~ 
di~cuned in "'Ille effectivene~' of induHrial e~!ate~ in 
developing countrie~" (UNIDO/ICIS.321. May 1977. 
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they ha\-e a decisive role to play in the promotion of 
te.:hnological self·reliance. institutions .:an only be as 
good as the policies and programmes that they 
impkmeni and as effective as the means that they 
ha\-e at their disposal. 

l'nfortunately. a good deal of the literature on 
technology policy has given the impression that the 
implementation of poli.:y calls for the creation of 
new institutions. or even oi a single omnipresent 
institution in which the "technology function .. is 
L"entralized. Yet there can be no watertight 
boundaries for definiflg all the elements of tech­
nology policy and. in its implementation. there is a 
wide range of .. implicit" instruments that. although 
not usually applied by technology institutions. are 
able to influence technological development in crucial 
ways. 

Conceivably. if a nation were to set out to build 
an administration from scratch. all the areas affecting 
technology developmer.t could be separated and 
grouped together for institutional purposes. But no 
country does start from scratch and mo~t already 
have a range of institutions that deal. in various ways. 
with aspects of technological policy. Developing 
countries typically possess ministries of science and 
technology. technology transfer L"entres. sectoral 
industry development centres. research institutions of 
various types. :nformation centres. technology 
regulation agencies etc .. each performing one or more 
technological functions. The difficulty of attempting 
to disentangle technol0g}' as a separate policy area is 
not surprising given that the area encompassed by 
technology is virtually co-extensive with that of 
economic progress, since technology in part deter­
mines productivity and productivity influences 
incomes. Because one of the principal aims of all 
policies implemented by all government institutions is 
the fostering of economic progress, few governments 
think it productive to separate such policies and to 
consolidate them institutionally. The same applies to 
technology poPcy. 

(')early, then, the process of developing tech­
nological capabilities is far too complex to become 
the exclusive domain of a single institution. and the 
development of appropriate institutional infra· 
structure lies in the strengthening of existing 
institutions rather than in the creation of new 
institutions. There may of course be both the scope 
and need for new institutional ini111tives but. as a 
general rule, the creation of new in.>titutions only 
appears justified where there is a role for them that is 
demonstrably different from the fun..:tions of existing 
institutions. 

A balanced approach to institution building will 
have to start from the functions, capabilities and 
services required and a review of how these can be 
most effectively made available or linked to 
entrepreneurs on the one hand and government 
officials and policy-makers on the other. Apart from 
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institutions for technical education and training. at 
least three basic types of institutional functions may 
be required. One type relates to technology policy 
formulation and monitoring at the macro-level and 
technology screeni:1g and eYaluation at the micro­
level. These functions will generally have to be 
fulfilled by a government department or agency. 
suitably located in the governmental hierarchy so that 
it is able to influence decision-making. Ar.other type 
of institutional function relates to technological 
information. evaluation and consultancy assistance to 
entrepreneurs. This may have to be performed by an 
agency. go\-ernmental or quasi-governmental. which 
maintains effective relations with government. finan­
cial institutions and industry. The third type of 
function relates to technology development. adapta­
tion and commercialization with facilities for 
consultancy and extensi )Il work. Such a function 
needs to be exercist>d by research institutions or 
technology development centres, which may be single 
or multi-sectoral, depending on requirements. 

Several of these functions will need to be 
injected into o~tensibly non-tecl>nological institu­
tions, such as ministries of industry. planning. trade 
and finance. and financial and banking institutions. 
Sectoral industry centres should function as tech­
nology adaptation and development centres. Tech· 
nological diffusion, particularly in the rural areas, 
may require institutional innovations such as those 
adopted in India, including the creation of small 
industry centres. district industry centres and 
polytechnology clinics (i.e. extension and consult­
ancy outposts of research institutes). 

Some of th~ more important steps that a 
developing country may need to take in the develop­
ment of its technological institutions are summarized 
as follows: 

(a) Examining whether adequate institutional 
arrangements exist for the exercise of technological 
functions; 

(b) Strengthening existing institutions or net· 
works of institutions, to ensure that they are able to 
exercise such functions; 

(c) Creating new institu!ions where existing 
institutic."s are unable to effectively exercise their 
required fur1c.tions; 

(d) Ensuring adequate linkages and co-<:>rdina· 
lion between the institutions, government and 
industry; 

(e) Providing the im.1·tutions with adequate 
manpower. material and financial resources; 

(f) Developing institutions for technical educa· 
lion and manpower training; 

(g) Reorienting the programmes of the institu· 
lions towards problems of national development, 
es~cially those associated with strategies of (tech· 
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nological) self-relian~-e and aimeJ at meeting the basic 
needs of the poor and underpriYileged masses; 

(h) Instilling an awareness of possible tech­
nological impacts into the operations of relevant 
non-technological institutions; 

(i) Creating organic linkages between tech­
nology institutions and decision-making for soc;ai and 
economic development; 

(j) Providing aporopriate encouragemeJ1t to 
voluntary al. es and universities so that they can 
become cat;. . tic agents in the promotion of 
technological self-reliance. 

There is likely to be considerable scope in most 
developing countries for experimentation in the field 
of institution building. In countries with a weak 
technological base, it may be necessary to create 
national technology centres vested with a bread range 
of responsibilities. Because of the enormous variety 
of technological situations in the third world. no 
single blueprint for such a centre can be hypo­
thesized. Its core functions might. however. be to: 

·•(a) Assist, within the framework of national. 
social. economic and political constraints, in the 
identification of technological needs for a variety of 
economic activities; 

.. (b) Assist in the acquisition and analysis of 
information required on ' mative sources of 
technology from all available •- urces. domestic and 
foreign, and its delivery to users: 

"(c) Assist in the evaluation and selection of 
technologies appropriate for the different jobs to be 
done, with the emphasis on decision-making: 

.. (d) Assist in the unpackaging of imported 
technology, including assessment of suitability, the 
direct and indirect costs and the conditions attached; 

"(e) Assist in the negotiation of the best possible 
terms and conditions for the technology to be 
imported, including arrangements for the registration, 
evaluation and approval of ag;eements for its transfer; 

"(f) Promote and assist absorption and adapta­
tion of foreign technol<.'gy and generation of 
indigenous technology, linked specificaUy to design/ 
engineering, research and development; 

"(g) Promote the diffusion among users of 
technology already assimilated, whether indigenous 
or foreign; 

.. (h) Co-<>rdinate policies in general and evaluate 
their internal consistency in relation to the transfer 
and development of technology."40 

In view of the observations made above. it would 
be <1ppropriate to determine whether such functions 

40 $ee Jlandboolc on the Arqui:rition nf Tuhnolnxy hy 
!Hv.-lnpinx Countries (United Nation~ publiation, Sales No. 
UUl.D.15). p. 41. 
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.:ould best be met by a network of ;xisting 
government agencies and private institutions imple­
menting an interrelated set of policies and pro­
grammes at different le\·els (figure V). 

Some dewloping countries might also find it 
useful to establish a n;1tional centre for development 
alternatives for the purpose of conducting multi­
disciplinary and multi-institutional studies into 
alternative de,·elopment systems tha, are man­
centreJ. need-based. endogenous and self-reliant and 
into the possibilities for change in and development 
of the national science and technolog} system.41 

Jlonitoring of technological strateg_. 

Developing countries should continually review 
;:nd evaluate the process of technological change and 
the efforts made to strengthen technological capa-

• 
1 Sc:.: ""Scien.:e and techno!O)!~· for developm.:nt -

indigenous rnmpetenc.: building·· I ID:'\\'( ;.JO I/ 3 ). Jun.: 
1979. pp. l~-17. 

Technol<>.cical self-reliance of the de•·elopi"l( countries 

bilities. This evaluation should seek to clarify the 
relationships between ends and means in tech­
nological policy and to assess the effectivenes5 of the 
programmes and projects initiated. The evaluation of 
technology policy and of efforts in the direction of 
technology planning should be made in the light of 
national development aims and aspirations and of 
economic. social and industrial de,·elopment objec· 
ti,·es. If the development of tedmological capabilities 
ar.d the promotion of technological sell-reliance are 
to be treated as more than mechanical exercises in 
manpower projections. then it is essential that the 
monitoring and evaluation system developed shliuld 
he a derivative of development strategy and focus on 
problems related to human resource development and 
the mobilization of national problem-solving: capa­
cities. 

Especially important is the monitoring of foreign 
tecnnology flows and their impact on domestic 
technological progress in specific sectors as well as on 
changing technological needs. The absorption and 
diffusion of foreign technology following its adapta-

Figure \". Pomble netvrnrk of linkages or a national centre 
for technological development 

Ttthnologv Planning and 
Policies 01v1s1on 

Ttthnology Evaluation. 
Atg1str at ion and I nformat1on 
Division 

T echnol09Y Development 
01v1s1on 

M1n1stry of Planning 

~ntral Statistical Office 

Committee for approving 
1nv~tment proposals 

Finance M1n1strv (respcnsible 
fer invtstment incentives) 

Customs Off ice 

Sectoral M1n1 .. rrr~. 1n particular 
their d1v1sion. responsible for 
preparing anc./or evaluating pro1ects 

M1n1stry of Foreign Trade 

M1n1stry of Education 

M1n1stry of Labour. responsible 
for tra1n1ng programmies 

lr.dustrial PrOP'!rtY Office 

Standards Body 

Research •nd Development System. 
including 1ppl1ed sc1ent1f1c research. 
design. engineering 1nd consultancy: 
1nd m1npower tr aon1ng through 
un1vers1t1es and technical training 

Enterprises. public and private 

Soura: T~chnoloxicol Tron1/ormation of l:wv<'lopinK Countrin. 
lliscusaoon Paper No. I IS (Lund University. Research Policy Pro11ram, 
Sweden, I 97R), p. 26. 
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TowtTds operational svaugies 

tion is also an area that should be subject to continual 
re\iew. 

The institutional arrangements ir monitoring 
and evaluation will vary from wuntry to country. It 
is essential. however. that the institution or group of 
institutions \-ested with monitoring responsibilities 
should be in the mainstream of technology policy 
formulation and implementation. II should have 
sufficient authority to speak instead of being merely 
represented at. for example. interdepartmental 
consultations on technology policy. The monitoring 

]CJ 

authority should have its own budget and be in a 
position to allocate funds to differen! bodies !or the 
purposes of policy evaluation and review. It should 
make and publish periodic reviews of progress in the 
direction of strengthened technological capabilities 
and be able to relate such reviews to progress in the 
direction of development goals. It is essential that the 
monitoring and review body. irr~spective of its exact 
compositio~ er structure. does not become another 
department lost in a bureaucracy or in routine :rnd 
administrative tasks. 

l 



IV. Role of internation~ technological 
co-operation 

A. lsme of international technologial co-operation 

The countries of the third world will be unable 
to strengthen their technological capacities unless 
they themselves become the active agents of their 
own trznsformation through their own efforts and 
the application of their own resourc:s and know­
ledge. The pursuit of increased self-reliance. howe'<-er. 
even when aimed at more selective participation in 
the international economic system. in no way 
excludes technical co-operation with other nations. 
both developing and developed. 

Since the technology needs and experience of 
m1ny developing countries bear dose affinity and 
follow similar patterns, co-operation between devel­
oping countries will be invaluable in the process of 
collectively strengthening technological capabilities 
Equally, the industrialized countries will remain the 
predominant suppliers of much modem technology. 
Co-operation with the govem:nents of and enterprises 
in these countries will be required to emure !h~t rhe 
transfers that take place contribute to, rather than 
undermine. national development efforts. In both 
these areas-technical co-operation between devel­
oping countries and between developing and indus­
trialized cour.tries-there is considerable scope for 
new approaches and fresh initiatives. 

B. ~peration between dndoping countries 

A great deal of attention has been focused in 
recent years on the potential offered by ECOC and 
TCOC. It is recognized that they constitute an 
important frameworl.. for the forging of bilateral links 
of co-operation at the subregional, regional and 
interregional levels. The Buenos Aires Plan of Action 
lists the objectives of TCOC as follows: 

"(a) To foster the self-reliance of developing 
countries through the enhancement of their creative 
capacity to find solutions to their development 
problems i:i keeping with their own aspirations. 
values and special needs; 

"(h) To promote and strengthen collective 
self-reliance among developing countries and through 
exchanges of experiences, the pooling. sharing and 

40 

utilization of their technical resour~-es. and the 
development of their complementary capacities: 

"fc) To strengthen the capacity of developing 
countries to identifr and analvse t~ether the main 
issues of their dev"etopment ;nd t~ formulate the 
requisite strategies in the conduct of their inter­
national economic relations. through pooling of 
knowledge available in those countries through joint 
studies by their existing institutions. with a view to 
establishing the new international economic order: 

"fd) To increase the quantum and enhance the 
quality of international c•.>-operation as well as to 
improve the effectiveness of the resources devoted to 
over-all technical co-operation through the pooling of 
capacities: 

"(e) To strengthen existing technological capa­
cities in the developing countries. including the 
traditional sector. to improve the effectiveness with 
which such capacities are used and to create new 
capacities and capabilities and in this context to 
promote the transier of technology and skills 
appropriate to their resource endowfllents and the 
development potential of the developing countries so 
as to strengthen their individual and colleccive 
self-reliance: 

"(f) To increase and improve ~ommunications 
among developing countries, lclding to a greater 
awareness of common problems and wider access to 
available knowledge and experience as well as the 
creation of new knowledge in tackling problems of 
development: 

"(g) To improve the capacity of developing 
countries for the absorption and adaptation of 
technology and skill to meet their specific develop­
mental needs: 

"(h) To recognize and respond to the problems 
and requirements of the least develnpcJ. land-locked. 
island developing ancl mn~r seriously :iffc;;tcd 
countries; 

"(i) To enahle developing countries to attain a 
greater degree of participation in international 
economic activities and to expand interr.-1tional 
co-operation.''41 

''Report of the Uniud Nations Confer_•na on 
Technicol Co-o~ration amnnf( TN~dopinf( Countries lllnitcd 
Nations publication, Sales No. 78.11.A. I I). vP- 5 and 6. 
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Role of inrent1Zrional rechnoloriazl ro-ol1Cflrion 

TCOC sheu!d thus he v1c-"'·~·i JS a multi­
dimensional prol.-ess that should pro\·e of decisi\·e 
1mponance in enabling the third world to free itself 
from some of the wont forms of technologi.:al 
dependence and domination. 

The need for intensified TCDC arises not only 
from the recognition that the de.eloping oountries 
cannot rely solely on the goodwi...1 and panicipation 
of enterprises from the industrialized oountries but 
also from the awareness that the technological needs 
and experience of the de\·eloping countries ha\-e. by 
and large. common elements. The technological 
capabilities of se\-cral de\eloping count~ies have 
achieved a lc\-cl where their know-how. expenise and 
services. supponed by supplies of machinery and 
equipment. can be effecti\-cly transfe~d to other 
developing countries at both the govemment-to­
govemment and firm-to-firm level. The sectors in 
which such capabilities have been developed extend 
over the production of a wide range of consumer 
durables. inter'TICdiate products. light and medium 
engineering goods. and machinery and equipment. In 
all these areas. developing countries are effectively 
competing in international markets. Technological 
service capability. for example in consultancy and 
engineering services. has also grown considerably in 
many of these countries and could be extended to 
othe~ rlPveloping countries. Most of the process and 
production know-how in these countries have been 
acquired through foreign affiliates. joint ventures and 
former licensing arrangements. though a large number 
of locally developed processes and techniques have 
also been ucveloped. Both these categories of 
technical know-how can be effectively and appropri­
ately transmitted between developing countries. 

Most prospective developing country licensees 
continue to seek assista:tce from Western trans­
national corporations, even for relatively unsophis­
ticated production processes for which there is a 
fairly wide range of technological choice available in 
other developing countries. This is partly due to a 
lack of knowledge of the availability of appropriate 
technology and technological expertise and know­
how in other developing countries and partly to a 
continuing pr<-ference for more sophisticated pro­
duction techniques used in highly industrialized 
countries. Clo:;er contacts and greater sharing of 
knowledge ar,d experience between developing 
countries would improve this situation. 

An impo;laiit pie1c<J<.1isite to greater technology 
flow between developing countries is the compilation 
of a new ~t of guidelines and principles in respec1 to 
technology transfer arrangements between enter­
prises. Licensor enterprises from developing countries 
should not impose unduly restrictive contractual 
conditions on licl'nsces in other developing countries 
as was often done hy technology licensors from 
indusrriali1.ed countries. On all critical negotiable 
issues, such as the extent of foreign holding. duration 
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of agreement. technology remuneration. technical 
servil.-e suppon and other contractual conditions. new 
standards and principles should be set and agreed 
upon. based on a ma..~imum degree of co-tjperative 
partnership. A set of model guidelines should be 
prepared and developing countries should ensure that 
the guidelines are applied by Jicensor-licenset 
enterprises. With the. greater degree of control 
exercised in most developing countries over the 
production sector. it should be both feasible and 
practicable that such guidelines. agreed upon at the 
intergovernment le\-cl. should be universally applied 
in technology and investment cum technology 
transactions between developing country enterprises. 

Other areas in which there is considerable scope 
for technological co-operation between developing 
countries include: fa) exchange of information and 
experience regarding technology licensing and con­
tracts: (b) collective adoption of guidelines governing 
foreign technology inflow and regulation: ( c) joint 
action in the selection of appropriate know-how in 
certain sectors: (d) collective bargaining for the 
licensing of a particular technology for similar 
projects in more than one developing country: 
(e) development of joint R and D facilities for 
select~d production sectors: and (f) joint manpower 
traii1ing programmes in selected branches. 

An exchange of information and experience on 
the terms and operation of technology contracts 
would greatly strengthen the bargaining power of the 
developing countries because of the greater know­
ledge and information they would have at their 
disposal and the extension of the area of tech­
nological choice. 

UNIOO has suggested that the information that 
could be shared to great advantage between 
developing countries could be broadly categorized as 
follows: 

.. (a) Available alternative sources of technology: 

.. (b) Terms and conditions of acquisition of 
specific technologies: 

·'(c) Terms and conditions of supplies of raw 
materials and intermediates: 

"( d) Sectora! trends in terms of applicable 
royalty rates. technological developments etc.: 

"( e) Corporate ownership and structures of 
various suppliers of technology etc.; 

'"(I) The availability of skilled manpower and 
expertise in various countries."4 3 

Of parth:ular importance is specific information 
on prices of know-how, engineering, technical services 
etc.; applicable rcyalty rates; methods of calculation 
of running and fixed payments; prices and terms of 
delivery of raw materials, components and inter-

•'See "Technological cooperation hetween developing 
countrle~ . .. ". 



mediate products: S<..-Ope of sales and manufacturing 
rights: limitations of volume of production/sales: 
duration of agreements: and parties to agreements. 

In respect of policy guid~lines governing foreign 
technolo1n· contracts. a similar pattern and apprllach 
has alre-;;dy been adopted in most developing 
<..-ountries where such contracts require to be r~viewed 
by regulatory institutions. As pointed out earlier. 
however. model guidelines should be prepared for 
other developing countries where such institutional 
arr.mgements still need to be established. These could 
be considered and adopted in the light of each 
country's specific situation and objectives. 

An important field of technological co-0peration 
relates to the joint acquisition of techn'"llogy and 
know-how for use in several countries through a 
process of collective bargaining. Though seemingly 
difficult, this has considerable possibilities, both for 
technology suppliers and for recipients and licensees. 
There is considerable commonality in industrial 
programming in countries in comparable stages of 
development and projects in the same field could be 
undertaken in more than one country about the same 
time. Such projects could include large-scale indus­
tries, such as steel, petroleum, fertilizers and 
chemicals, and ll14Chine building; medium-size plants 
fur textiles, sugar, cement and agro-industries; and 
small-scale units covering a wide range of inter­
mediate and consumer products. In a number of these 
cases, the acquisition of foreign know-how on a 
collective basis for more than one projec< could be 
considered. This would enable more detailed 
evaluation and consideration of technological alter­
natives and would reduce technology costs in 
addition to securing better contractual terms. Such an 
approach towards collective bargaining would have 
particular significance in contiguous countries, as in 
the case of the Andean Group or regional 
country-groups in Africa and Asia. It would also have 
relevance for countries at a similar stage of industrial 
growth, sw.:h as Brazil, India and Mexico. Significant 
collective action has not so far been initiated in the 
acquisition of technology primarily because this issue 
has been viewed in national terms and left to the 
initiativ~ of individual enterprises. With the increasing 
reali1,ation of the interrelationships in technological 
growth. a joint or collective approach to technology 
acquisition appears particularly important. 

The institutional arrangements for the joint 
acquisition of technology should also be considered. 
They can take either the form of joint negotiations 
by a group of developing countries for identified 
sectors in which the country-groups are interested or 
the establishment of an international mechanism 
through which technology can be acquired and 
transferred to projects in more than one country. The 
former approach ncessitates close collaboration and 
co-ordination between country-groups and the 
identification of common technological needs in 
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specific industrial sectors. after which a joint body 
can be constituted for evaluating. neg()tiating and 
acquiring selected technology in the fields identified. 
The second alternative requires the creation of an 
appropriate international mechanism through which 
such joint technology transactions can be channelled. 
UNIOO could function as such a mechanism. 

TCDC should be ir.tensified in respect to 
._-onsultancy and engineering services and the 
development of manpower skills. including mana­
gerial expertise. Hitherto. linkages in these fields have 
been established primarily at the enterprise level 
between licensees and foreign parent organizations 
and technology licensors from industriali;.ed nations. 
though some joint training programmes have been 
undertaken in some developing countries. There is 
considerable scope for the setting-up of joint 
consultancy and engineering services, either nri a 
regional basis or between country-groups at a similar 
stage of industrial growth. The first step in this 
direction is the greater use of consultancy and 
engineering services available in certain developing 
countries by other developing countries. followed by 
the creation of appropriate national consultancy 
services in each country or in regional groups. 

Co-Operation in research and development 
programmes is another promising field. Such 
co-operation would help to ensure that R and C is 
better geared to meeting the developmental needs of 
the developing countries. Experience of industrial R 
and D in the institutions set up in developing 
countries has, at best, been fairly mixed, which 
emphasizes the need for the systematic sharing of 
experience and the implementation of joint research 
activities. Electronics, drugs and pharmaceuticals and 
non-conventional sources of energy are high priority 
research areas. They could be followed by joint Rand 
D programmes in agro-industries, leather, chemicals. 
engineering products and several other sectors of 
interest to a number of developing countries. It is 
essential, however, that R and D programmes are 
directly related to the needs of the production sector 
and, though the results of industrial research can only 
be assessed over a relatively long period of, say, from 
three to five years, such an assessment has to be made 
in terms of changing costs and benefits. Cost-benefit 
analyses in terms of utilization of research results by 
industry are all the more necessary and significant for 
joint programmes. 

While the part played in TCDC by institutions 
and enterprises is important, governments also have a 
crucial role to play in defining the nature and extent 
of TCDC programmes and in monitoring and 
evaluating their effectivenes.~. It will be necessary, 
therefore, for developing countries to arrive at 
intergovernmental framework agreements that specify 
the nature, extent and modalities of TCDC and 
provide a framework within which to conclude 
bilateral and multilateral agreements in different 
fields and at different levels. 

l 
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Roi~ ofinteT11J1ri01111l ruhndo~cal CO-O!J"afion 

The Round Table Ministerial Meeting on 
Industrial and Technical Co-operation among Devel­
oping Countries, organizea by UNIDO and held at 
New Delhi in January 1977. detailed specific areas of 
technological c0-0peration as follows: 

"'(a) Co-operation in the field of industrial 
technology with a view to improving the identifi­
catian and use of technologies already available in the 
developing countries. including technical know-how 
and skills. machinery and equ•pment. design. 
consulting and construction c;: _ Jbilities; 

"(b) Collaboration in respect of the proposal for 
a technology bank, which would also include 
consideration of joint purchase of technology and 
examination oi contracts and agreements already 
concluded, to provide guidance to others so as to 
avoid the mistakes and problems re1ating to the 
experience of particular technologies in any of these 
countries; 

"(c) Promotion of collective action for nego­
tiating and bargaining for more equitable economic 
relationships and for acquisition of technology; 

"( d) Development of concrete programmes for 
using engineering and consultancy capabilities avail­
able in the developing countries; 

"( e) Co-ordination of industrial training pro­
grammes to augment the skills considered basic to 
industrial development programmes; 

"(f) Co-operation in the establishment and 
strengthening of national and regional institutions 
concerned with industrial and technolopcal develop­
ment; 

"(g) Co-operation in applied research and 
development in specific sectors, drawing upon 
machinery and capabilities already available in the 
developing countries and concentrating specifically 
on engineering industries, electronics, fertilizers and 
agro-chemicals, pharmaceuticals, chemical industries 
and energy." 44 

C. Co-operaL ,..., between industrialized and 
developi1.~ co1111tries 

Bilateral and multilateral technical co-operation 
between industrialized and deve!oping countries has 
increased considerably in the past decade or so. 
Evidence indicates, however, that past patterns of 
co-operation have not only strongly reflected but also 
tended to reproduce the disparities in the techno­
logical capabilities of the rich and poor countries. 
Certain types of well-meaning co-operation have 
tended to be wasteful in their use of resources, 

••See "lndu~trial and technical cooperation among 
developing countrie~" (UNID0/100.133), October 1977. 

ineffective in terms of their contributi•.rn and. when 
they have involved the transfer of ··ready-made .. 
solutions and the Cl)nsciou~ and deliberate trans­
mission of value systems. cor:sumption patterns and 
,;ays of thinking in the Western industrialized 
countries. may have contributed to the problems of 
developing countries. 

The efforts of the third world to strengthen its 
technological autonomy ,;.'1ould be underpinned by 
well-conceived international, multilateral and bilateral 
programmes of technical co-operation. The reports of 
many of the conferences held in recent years by 
United Nations bodies reflect this belief and refer to 
the importance of science and technology in the 
development process and to the valuable role that can 
be played by programmes of technical co-operation. 

A study made of the results of such conferences 
points to areas in which the industrialized and the 
developing countries have reached a large measure of 
agreement.45 These covered balancing of the "flow" 
and "stock" streams of science and technology, 
emphasis on "appropriate" technologies, stopping the 
"brain drain", participation of the developed 
countries in solving problems of concern to the 
developing countries, more technical co-operation 
between the developing countries and the satisfaction 
of basic human needs. 

The consensus implied is stated in general terms 
and has yet to be put to the test; also the listing 
takes a predominantly instrumental view of science, 
technology and co-operation. However, there is 
evidence of a foundation upon which to construct 
new approaches to scientific and technical co-opera­
tion. 

It is not the validity of technological co-opera­
tion that should be questioned, but rather the 
relevance of past approaches. There appears to be 
scope for new initiatives which, stripped of 
ethnocentric prejudices, preoccupations and predilec­
tions and free of parochial interests, seek to support 
the third world ir. its struggle to free itself from some 
of the worst forms of technological dependence. If 
mobilized in the right ways, the technological 
expertise accumulated in the industrialized countries 
could stimulate a conscious process of technological 
change in the developing countries. 

For some time to come, enterprises and insti­
tutions in the industrialized nations will continue to 
function as the major source of much industrial 
technology. With the exception of the centrally 
planned economies, ownership and knowledge 
relating to industrial technology will be concentrated 
in individual enterprises in the developed countries 

• 'J. M. Logsdon and Mary M. Allen, Science and 
TtchnoloKY in the United Nations Conftrtnces: A Rtporr for 
tht US. Office of Scitnct and TtchnoloJ<y (Washington, 
D.C., George Washington l!nivenity, Graduate Programme in 
Science, Technology and Public Policy, January 1978). 



and technology flow will continue to take pla~-e 

through various mechanisms. ranging from the supply 
of capital goods and licensing arrangements to joint 
ventures and foreign affiliates with varying degrees of 
foreign ownership. In almost all cases. teclmology 
transfer takes place through contractual arrangements 
between enterprises in these countries and in 
developing countries and it is the nature and conter.t 
of the contract that should take the legitimate doubts 
and aspirations of the devdoping countries into full 
account. Given the screening arrangements already 
operating in mmy developing countries and those 
likely to be established, it would be impracticable to 
expect that unreasonable restrictive provisions should 
continue to form part and parcel of such contracts, 
particularly provisions that may not even be legal in 
the country of the licensor. Representative bodies of 
teclmology suppliers and licensors should prescribe 
and adopt guidelines in technology supply and 
contracting that are consistent with the requirements 
of developing countries and licensees from these 
countries. It is only then that the present mood of 
confrontation will be satisfactorily resolved and a 
more appropriate climate created for investment cum 
technological collaboration at the enterprise level. 

There is also a need for a greater flow of 
technology from a larger number of industrial 
enterprises in the industrialized countries. The 
majority of technology transactions between indus­
trialized and developing countries have, in the past, 
involved Western transnational corporations and large 
industrial establishmtnts. As noted in chapter I, 
however, transnationals have not always proved 
satisfactory agents of transfer. Because they are 
concerned with world-wide operations they tend to 
standardize their orocedures and processes. As a 
result, they often become too dominating and 
inflexible for the development process, especially in 
small developing countries. There appears to be 
considerable scope for a range of public-supported 
initiatives aimed at involving small and medium-sized 
enterprises in the process of international techno­
logical co-operation. Small industries may well prove 
a more appropriate instrumen~ for the transfer of 
technology. The smaller scale of operations lends 
itself to an efficient use of labour-intensive 
techniques. Capital-labour ratios also tend to be lower 
in smail industries, which suggests that a given 
amount of investment would P~nerate greater 
employment if it were allocated to .nall instead of 
large industries. Thus, the experience of small and 
medium-sized enterprises in the industrialized coun­
tries is likely to be more relevant to the factor 
endowments (relative abundance of labour and 
scarcity of physical capital and skills) of the 
developing economies.• 6 

••See A. S. Bhalla, "Small industry, technology transfer 
and labour absorption", Transfer of TechnoloKY for Small 
Industries (Paris, OECD, 1974 ), pp. 107-120. 

Technological selfreliance of the developing countries 

Small and medium-sized enterprises have not yet 
been adequately involYed in formal transfer pro­
grammes because they lack the capacity to enter into 
negotiations and co-operative arrangements. This 
suggests a potential area for new initiatives: the 
governments of the industrialized countries might 
consider such measures as the coverage of investment 
risks. the promotion of contacts through the 
dissemination of information, and financial support 
to bring interested partie:; together. Small and 
mt"iium-sized enterprises may well have a special role 
to play in the process of technology adaptation, 
conceivably within the framework of basic needs 
scrategies.• 7 

Research co-operation is typically an area in 
which several ideas. old and new, still have to be fully 
tested. Special attention could be given to the 
promotion of twinning arrangements that lead to 
direct channels of communication between research 
institutes in industrialized and devt>loping countries 
and that facilitate the transfer of know-how and 
provide a framework for various types of training 
arrangements. longer-term collaboration and more 
effective involvement of universities in the indus­
trialized countries in technological transfo1 mat ion 
activities. Efforts might also be made to launch 
co-operative research programmes aimed at devel­
oping new technologies from which both indus­
trialized and developing countries could benefit, such 
as small-scale energy modules based on "soft" 
sources. small-scale electrification systems. low 
energy housing and transport technologies. and 
rediffusion systems. Similarly, the governments of the 
industrialized countries, which are generally able to 
exert considerable! direct and indirect influence over 
national R and D budgets, could seek to promote 
research into technologies of special interest to the 
third world. Whatever the institutional framework 
selected, however, the resulting programmes should 
involve the active participation of research workers 
and institutions from the developing countries so that 
they can benefit from the experience of working on 
the solution to some of their own problems. 

The governments of the industrialized countries 
might establish programmes aimed at subsidizing the 
sale of technological knowledge and product and 
process know·how.0 Governments are not generally 
in a position to force their industries to part with 
their tech110logical property which, in some cases, 
may have involved exceedingly high R and D costs 
and which determines their competitive position in 
both domestic and international markets. Govern­
ments of the industrialized countries could possibly 

• 
7 See Antony 1. Doman, The Like-Minded Countries 

and the Industrial and Tt!chnoloKical Transformation of the 
Third World (R.,tterdam, Foundation Reshaping the 
International Order (RIO), 1979), pp. 76-78. 

• 
1 See Jan Tinbergen, c<rordinator, Reshapif!K the 

lnterMtioMI Order: A Report to the Qub of Rome (New 
York, Dutton, 1976), chap. 14 and annex 6. 



seek to overcome some 0f the constraints involved by 
agreeing on ;:ireferential terms for the sale of various 
categories of patents and know-how to third world 
countries. the difference between such terms and 
those between the industrialized countries being 
borne by the governments. In this way. the 
competitiveness of the firms mvolved would not be 
disturbed on world markets. 

Another approach would be lo establish in the 
donor countries policies that would enable them, as 
part of their aid policy, to subsidize the sale of 
technological property to the third world on an ad 
hoc basis. Such policies could focus on the 
technologies that are controlled by Western trans­
nationals and that would contribute to strengthening 
the technof;>gical research and development capa­
bilities of the recipient countries. Arrangements 
might a:so be made for the joint purchase of 
technology use rights for several firms in a number of 
developing countries. This could be organized within 
the framework of support for TCDC. 

Technology is embodied b people. Industrialized 
countries could consider ways in which their 
specialists could more effective:y contribute to the 
process of strengthening the technological capacities 
of the developing countries. In this respect, 
industrialized countries could establish programmes 
whereby voluntary technical advisers could assist 
developing countries in such areas as negotiations 
with Western transnational enterprises, the creation 
of industrial extension services, and the setting-up or 
strengthening of local design and engineering 
consulting services. Assistance could be organized on 
a government-to-government or firm-to-firm basis. 

The exercise of this responsibility may call for 
the introduction of such measures as codes of 
conduct, incentives and sanctions. Support for the 
effort~ being made by developing countries to 
develop their technological capabilities must also be 
reflected in support for measures designed to protect 
infant science and technology in the third world at 
national and regional levels, for automatic financing 
mechanisms aimed at promoting human resource 
development and technological innovation in the 
third world, and for intergovernmental programmes, 
especially those launched under the auspices of the 
United Nations, that are aimed at strengthening the 
technological capacities of the developing countries. 

D. Role of UNIOO 

In assisting developing countries in their quest 
for technological self-reliance, UNIDO could continue: 

(a) To assist developing countries in a practical 
manner in developing and implementing a framework 
for national action towards self-reliance; 

(b) To generate an extensive movement for 
creation of awareness, sensitization and mobilization 
of interest and effort; 
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(c) To develop human resources. thereby 
strengthening technological capabilities in the widest 
sense: 

(d) To develop technology. both processes and 
equipment. suitable for use by developing countrie~: 

(e) To promote technological co-operation 
among developing countries: 

(f) To develop and promote the concept of 
technological self-reliance towards operational strat­
egies. 

A large number of developing countries have not 
yet taken effective and systematic measures for 
technological development. The urgent need at the 
national level is to create a framework for national 
action for technological development in the place of 
aJi hoc and unco-ordinated efforts. Such a framework 
has been developed by UNIDO whose technical 
assistance and technological advisory services will be 
available to developing countries in elaborating that 
framework and in implementing several programmes 
arising therefrom. 

The creation of awareness, sensitization of issues 
and mobilization of interest and efforts is of primary 
importance. The third meeting of the Consultative 
Group on Appropriate Industrial Technology felt that 
UNIOO could perform a major service to developing 
countries by generati J a sustained process in this 
regard.49 The International Forum on Appropriate 
Industrial Technology, including the preparations 
leading to it, was a major sensitizing factor at the 
international level. It resulted on the one hand in the 
evolution of a conceptual and policy framework for 
appropriate industrial technology, endorsed by the 
Ministerial Level Meeting; and on the other in a 
detailed expert examination of technology options 
and issues in a dozen industrial sectors. The 
conceptual, analytical and empirical basis for a major 
effort in appropriate industrial technology will have 
to be further built upon so as to create a movement 
for technological development between as large a 
number of developing countries as possible. 

The process of sensitization should include the 
presentation of technological options available to 
developing countries in specific industrial sectors. The 
work of the UNIOO Industrial and Technological 
Information Bank (INTIB) will need to be enlarged 
and supported by adequate resources. Special 
attention should be paid to the collection and 
dissemination of information on technology available 
from developing countries and also to the possibilities 
of co-operation in small and medium-sized industry 
between developed and developing countries as well 
as between developing countries themselves. Since 
INTIB by its very nature has to draw upon a large 

•'"Draft report", Third Con,ultative Group on 
Appropriate lndu,trial Technology (ID/WG. 309/6 ), Septem­
ber 1979. 

l 
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number of sources of information and serve users in 
all developing countries. its work presents great 
potentialities for developing international co-opera­
tion and could well form the nucleus of a technology 
bank with wider objectives and functions. 

,\ concept of human resource development that 
would act as a framework for strengthening the 
technological capabilitie~ of developing countries 
should be elaborated through specific programmes of 
action. Within such a framework the training 
activities of UNIDO in the industrial and techno­
logical fields will have to be intensified. Training 
programmes for upgrading specialized skills should 
cater to a variety of personnel such as skilled workers, 
industrial engineers, production engineers and 
managers. The skills to be upgraded include those 
pertaining to the production process and aiso to other 
technological functions including information, tech­
nology acquisition, technology planning and policy 
co-ordination, innovation, Rand D. and all aspects of 
policy-making in relation to technology, in other 
words, the whole spectrum of the process of 
development and transfer cf technology. Special 
attention should be paid to the promotio'l of 
engineering and consultancy services, technological 
delivery systems, industrial extension services etc. 

Efforts to develop new technologies shoulri 
concentrate 0n certain areas that will make the 
maximum contribution to the achi.:·.-~ment of 
technological self-reliance in critical sectors. For 
certain developing countries this will mean the 
upgrading of technologies in the processing of 
materials for export and in adding further value to 
them. A measure of contribution to industrial output 
could be obtained from the rural areas if technologi.:s 
suitable to them are identified or developed and 
applied. This will also have the effect of industrial 
dispersal and the expansion of the market. The 
development of technologies stiould be based on the 
application of the results of modern science and 
technology. For this purpose technological advances 
should be continually monitored. Attention should 
also be paid to the identification and development of 
alternative technologies in the field of energy, in view 
of the close interrelationship between energy and 
industrialization and the energy constraints that 
several developing countries may face. 

The role that UNIOO could play in the 
promotion of technological co-operation among 
developing countries can best be summarized liy the 
recommendations of the Round Table Ministerial 
Meeting of Industrial and Technical Co-operation 
among Developing Countries, referred to earlier. 

"I. An information system should be set up that 
would concentrate on the kinds of information that 
could broaden the possibilities of co-<lperation among 
the developing countries, i.e. information on: (a) the 
availability of appropriate technologies; (b) the terms 
of licence or collaboration agreements concluded by 

Teo:hnologicu! selfreliance of rhe developing «vuntries 

developing 1."Cu:itries: 3Ild (;:) the availability of 
skiiled 1113I1power and ~xpertise m various .:ountr;es. 

.. 2. In consultation with Governments. LINIDO 
should explore the possibility of expanding and 
strengthening already established R and D inst it ut ions 
in developing countries to make them ·centres of 
excellence· in specific technical fields and prepare a 
detailed study of the subject. 

.. 3. LINIDO should review possible constraints. 
both internal and external. that may affect the setting 
up of joint industrial projects and market-sharing 
arrangements. 

"4. UNIDO should initiate studies to identify 
ways of co-<Jperation in the followin~ sectors of 
industry: 

Chemicals 
Engineering 
Electronics 
Energy 
Fertilizers and agro-chemicals 
Pharmaceuticals 

.. 5. Under the auspices of UNIDO, concrete 
programmes through which the relatively more 
developed f'f the developing countries could assist the 
least c!;;veloped countries should be formulated and 
implemented. 

"6. UNIDO should convene round-table minis­
terial meetings periodically, to be held in developing 
countries in different regions i;i co-operation with the 
host country. 

"7. UNIDO should outline projects of co-opera­
tion and submit them for consideration to the 
developing countries. A committee of experts should 
work out guidelines for collective action" (UNIDO/ 
IOD.133). 

The Declaration of the Istanbul Round-Table 
Ministerial Meeting on the Promotio:i of Industrial 
Co-operation among Developing Countries, held in 
October 1979, reiterated those tasks of UNIDO, 
including examination by UNIOO of the possibilities 
of developing INTIB as the nucleus of a "technology 
bank" (ID/WG.308/4, p. 21 (q)). 

Finally, the technological self-reliance of devel­
oping countries can be achieved rapidly only through 
the promotion of major concepts on which action 
could be based. The first major concept in this 
connection is that of technological self-reliance itself. 
What has been presented in this report is a 
preliminary view of this concept that will have to be 
complemented by assessments, at the field level, of 
the actual experience of developing countries and by 
promotional me;isures for the adoption of operational 
strategies by individual developing countries. UNIDO 
will endeavour to carry forward this concept to the 
point of integrated and sustained action at the 
country level. 
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