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INTRODUCTION

1. A major debate on development has been gqtharing
momentums on an international scale over the last few years,
questioning both ends and means. Technology figures prominently
in all the discussions. Preparations for the forthcoming Unitsd
Nations Conference on Science and Technology (UNCSTD) have
intensified the debate and focused attention on msany important
issues. Discussion of the role of technology in development,
while proceeding in a variety of directions, ssems to have taken
place mainly on two levels. The first, which is essentially
socio-economic, with political overtones, addresses itself to
the formulation of development policies (including by definition
technology policies). The second drops rather prscipitately to
considera‘ion of programmes o an almost pur~ly 'toohnical'
level and in a fragmented manner. Discussion now !lbulal on
specific practical problems, while remedies are sometimes
proposed without proper consideration of the context within
which the proposed action will take place. It is not surpris-
ing that programmes ars not always successful. Their impaot
on ths isolated problems they address themsslves to has Ddeen
minimal., The multitude of such "micro" actions - concsived and
implsmented within a narrow perspective - has failed to produce

significant changes.

2. This report is a preliminary attempt at ordering the

*technology" problesatique within a clear conceptual frasswork




ard to reveal some of the "srey" arcas considered responsible
for the lack of contiuu.,ty 1n thought and actioan, It is hoped
that such a framewoirk wiil be recognised and apgreed upon.
Frogrammes - both at the nat:onal ang international levels -
wenla then be crnsiceral Jiib.n it, I'riorities would be estab-
lished 0. a more solid and real(stic basis, and prerequisites
for actions will not he overlooked., Action would, hopefully,
hecume more coherent and cftcctive. Furthermore, it would be
possible to check the multitude of actions against this model
ani to identi1fy wheve emphasis has been laid so far, and where

Laps have bheen left without appropriate action,

TECHNOLOGY SYSTEMS

3. It is generally ~onceded that "iechnology" is the
augine of "development™ and thatl industrlal development is a
hey element n overiall developme t, However, ¢ ch rather glib
statlements have been of late the subject of close analysis and
scrutiny., This has been brought about by the disappointing
results ¢f developmental efifo-t in the "Third World"™ on the
one hand, and the growing dissatisfaction with its outcome in
the "Advanced World", on the other. Gradually, the social
values, ohjectives, stiructure and dynamics are hecoming more
prominent in discussions of what used to be "technical" issues,
The emphasis in the past has heen on growth and on increasing
the gross national product (GNP), mainly through establishing
a strong industrial Lasc with ius concommitant paraphernalia

ot research institutions and trained manpower in scientific-




technological research. Experience has revealed, however,

the failure of this approach, inspite some commendable
achievements in certain sectors in some developing countries,
We now speak of the "double gap", of the persistence of wide-
spread poverty in developing countries, of disaffection of the
young gengration in the developed world, of "limits to growth"

"outer limits"” and of "global" problems,

4, The developing countries now realise that their efforts
te create an "indigenous base", an "autonomous capacity" in
technological matters, or any of the terms used to refer to'u
national technology system, have on the whole not been successful.,
In many developing countries, technology choices are still being
made by alien expertise, They still lack the ability, or the
opportunity, to make their own choices, The "appropriateness®
of technology is now being closely examined in relation to
economic, social and environmental ob)ectiveu(l). This is, of
course, a sweeping generalisation that applies with varying
degrees of accuracy to the situations in Mexico, Burundi, India
or Papua-New Guinea. The purpose‘of this part of the report is
to try to clarity some fundamental issues relating to the struc-
ture and functioning of a technology system, particularly in

the social and economic environment of a devoloping country.

(1) e.g. The International Forum an Appropriate Industrial
Technology Organised by UNIDO in Delhi/Anand, Indis,
20-30, November, 1978,




5. The word "technology" is u«ed here io mear the sum
total of acquired knowledge and experience thal is used for
the production of goods and services, within a specific socio-
economic system, to meet a social demand that defines the
volume and types of tLhese goods and services, Certain concepts

implied in this simple and inclusive definition are worth under-

lining :-

5.1. We speak here of the sum total of knowledge and
experience (information and know-how), rather than of the
products (goods and services) of the application of this know-
how, The latter are the products of technology and not the
technology itself. The know=how of producing large steel
castings could he used (o produce a tank turret or a turbine

impelier,

5.2, 1t is the social dewmnand which decides the end
product, and indirectly the choice, of a technology. This end

product, could he fertilisers or cosmetics, buses or armoured

jpersonnel carriers, The firsi question to be asked is not

"what technology?", but rather "technology for what 2",

5.3. This occurs within a socio-economic framework
which fixes the human and material resources available for the
application of a technology to produce the goods and services
for which there is a social demand, 'This framework could well
be a serious constraint on such operations in ways other than
the limitation of resources, Social values and attitudes,

estahlished norms of hehaviour and the education system are




some examples of the ways in w'ich the socio-~conomic frame-

work affects the application of technology in a socliety.

6. Technological activity is thus seen as a social
operation which invelves several elements linked together in
what we might call a "technology system" operating as part of
a larger social system which imposes certain constraints on it,
Fig.(1) is a eraphical attempt at clarifying the mannper in
which the basic elements of the system are linked together,
and interact with one another. fthe diagram eliminates a number
of "secondary" components in an attempt to focus attention on
some ideas considered essential to the argument, rather than

denying their existence or relevance in other contexts,

7. There are at the commanding heights of the social
pyramid the organs of nationn! decision-muking(l) that formu-
late the policics and strateeics of developme..t in society,
These policies are in fact answers to questions such as
"development for whom 2" and "by whom?", Such policies will
clearly reflect the hasic orientations of society as regards
its internal social structure, stratification and relations,
as well as its foreign relations both on the regional and
international levels., The deveiopment policies define the
overall objectives of development and the chosen paths for

achieving them. A national development policy implies, by

(1) Including, hopefully, organs of popular participation
in poltey decisions,




definition, tie exiateoce of a t« chnology policy which is an
integral part of the national development policy. The difficulty,
so far, in most developin? countries has been that such a policy
has been "imnlicit" rather than "explicit " - a phenomenon we

shall address ourselves to later on.

5. 1t might be worthwhiie here to draw attention to a
~eculiar gap, halfway between this level and the next ones and
which seems to have received little attention so far. We refsr
here to technological strategies., This field - as the late
Maximo Helty Carrere so aptly noted - has mel in developing
countriss with "reactions varying from indifference, to
incredulity, to benign neglecti, Indifference from those who
concentrate on economic policy and instruments; incredulity
from those who dispose of the issue by establishing national
research councils or institutes; and benign neglect from those
who are content with deovling in the aiesu Gf "science and
technology policy"(l). Failure to examine carefully this
crucial 1ink betwes=n policies and plans in technological
development is helieved by the writer to be responsible for

the failure of many technology plans in developing countries,

(1) Maximo Halty Carrcre: "Technolqﬁlcal Strategies for
Developing Countries’, IDRC Latin American Regional 0ffice
monograph, undated. The untimely death of Carrere last
year has interrupted a very promising line of research.




. 9. Next comes the planniny organs which draw up detalled
plans for the fulfiliment of national objectives as defined
by development policies, 1t should he emphasised here that,
in the present context, we do not refer only to the plans
drawn up by tve ministries, councils or committees of planning,
We should also be concerved here with all the other plans drawn
up outside these state organs, Every investor, no matter how
small his investment is, and each entrepreneur (or group of
entrepreneurs within any of the approved forms of association),
ull these are in some way or the other, planners of their own

activities, They react, with enthusiasm or reluctance, to the

development policy of their society and its gencral orientations,
They all participate in satisfying the social demand for the
goods and services that technology can provide, spur the techno-
logy system to create new technologies to satisfy new soclal
demand, or - regrettably - to reate demand, '‘hat is very often

unnecessary or harmful, for the products of a technology.

10, The sum totul of all this is a group of plans, "public"
and "private", for the multitude of activities in a society,
We are particularly concerned here with the activities of the

three "operational" components of the technology system, viz :-

10,1, Scientific institutions: including esearch in

universities and scientific research establishments or learned
societies, They produce new knowledge about the world around us,
This knowledge is, by definition, universal and free. It is

the common heritage of mankind and is transferred, on the whole,

freely and at no cost,
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10.2. Technological institutions: such as R & D

centres, pilot plants and test tields, consulting services,
design centres, technological information systems, standard-
isation, testing and calibration facilities..etc. These
could be said to "transform" scientific knowledge into
technological "know how" capable of application in realistic
situations with all the problems and constraints these situa-

tions bring about,

10.3. Production facilities: that apply technological

"know how" (which is basically information), in combination
with other material and human resources and within a particular
organisational and managerial framework (a plant or a factory),

to produce goods and services,

11. These three components are - or should be - closely
linked in a viable technology sy3item by strong *eedback linkages
that form cloced loops for the effective exchange of experiences
gained, the transmission of new demands for better performance
and innovation, as well as the provision of better facilities
for meeting these new demands. Such effective interaction,
spurred by social demand, is the source of technological break-

throughs., Three specific points need to be underlined here:-

11.1. The three components (S,T,P) on which most
arguments are usually concentrated are directly affected and
completely under the control of the development policies and
plans, It is these policies and plans which define, a priori,
the role-of each component and the magnitude of its contribution

to the overall development effort.




11.2, It is not out of place here to emphasise once
more the decisive role social demand for certain goods and
services piays in defining the outputs of the nationa)l
technology system, leaving that portion which it could not
satisfy to be imported so as to reach full satisfaction of

social demand.

11.3. 1t is generally recognised that the linkages
between tLhese three components in most developing societies
are weak, ineffective, and somctimes non-existent,a point we

shall dwell upon at length later on,

12, We finally add two more components of special signi-~

ficance in this context :

12.1. A major one, nemely public and private sources
of investments needed by social activities from national
savings representing the difference between total output and

consumption.

12,2, A sub-component of the services sector, namely
the education and training estahl ishments resnonsible for
supplying society, and particularly the three operational

components (S,T,P), with iheir needs of trained manpower,

13. The whole system operates within an overall constraining
frame of an intelleclual "climate”, a nystem of social values,
atlitudes and norms of behaviour, as well es current legislation,
The direct impact of thiz on policies, strategies and plans and

in defining the composition of social demand as a result of a
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chosen life style is obvious, What is sowmetimes overlooked

is the indirect impact on the science and technology components
of the system. For example, taxation laws, import controls

(or their absence), customs duties (high or low), restrictions
(or facilities) for the influx of foreign capital and labour,
affect profoundly the performance of the S & T components,

They constitute, in fact, an "implicit" science and technology

policy.(l)

14. Ali societies interact with the outside world and
receive a certain amount of foreign inputs. The magnitude of
such inputs depends on the kind of national control exercised
on these inputs and the "effectiveness" of the operational
mechanisms exercising this control. Wwe distinguish between
two basic types of such inputs, viz, information and resources,

Information flows in as one of .wo inputs -

14.1. Ideas, values and litfe styles: Facing these and
exercising control on their inflow and effects are the prevail-~
ing value system of society. This is not necessarily the
nofficial" set expounded by state or political organs. We need
not emphasise here the essential and decisive difterence which
could exist between these and the expltcity, or implicitly,
prevailing set of values, This is, in many cases, too flagrant

to be ignored.

(1) IDRC's project on science and technology policy instruments
provides ample and interesting examples of "implicit" -
science and technolugy policies from several countries in
Latin America, the Middle East, southern Europe and Asia,

See F.Sapasti's Main Comparative Report, 1DRC-109e, 19786,

A .




14.2. Scientific knowledge and technological “know-
how": While the first usually flowvs freely without significant
difficulties, the case with the latter is basically diffsrsnt,
It is a commodity on the world market for which there is a
booming market. Transfer of technology occurs, as has bdsen
aibly dsmonstrated, within a framewvork of flagrant "agymmetry"
between the buyers and sellers in this markst(!). National
control on technology transfer is exercised tkrough legislation
and ionitoring systems,

The two main kind of resource inputs ars @

14.3. Financing: This can drastically influence
development planning, regardless of the nature of the source
(intsrnational, multi-latsrla, bi-lateral, governmental or
privats), through the conditions stipulatsd for, or conducive
to, the inflow of such resources. This is an issus relating
also to technology trensfer, which is often considsred an
acceptable reason for forsign financial participation. The
state exsrcises control on thess resources through foreign

investment laws and international agreements.

(1) UNIDO's Technological Information Exchange System (TIRS)
and ths Industrial and Technological Information Bank
(INTIB) are commendable examplss of international effort
to redrsss this asymmetry.




14.4. Goods and services: which include raw materials,
semifinished products, capital and consumer goods and all forms
of "software”, National control on these inputs is exercised

through import control jegislation, custams duties, ,.etc,

15. Technolcgy systems in developing countries have proved
8o far to lack viability. We distinguish here three charaucter-

istics of a viable technology system :-

15.1. Ability to effect scientific and intellectual

advances, as distinet from technological application,

15,2, Effective responre to stimulation and programming
of its activities, In recent decades, directed technological
development on a large scale has become familiar, There exists
a large degree of correlation between inputs of resources to a
viuble téchnology system and its output in the form of applicable

new technologies,

15.3. Active participation in the international market
for technology, whether as huyer or seller, and from a position
of equality and relative strength, Its transactions are cost-

effective and profitable,

16, 1t would be useful to look a 1ittle more closely at
the manner in which the dynamism of ‘a technology systen makes
it viable, This is saen(l) as the consequence of two muiually

reinforcing spirals of change :-

(1) H.Cleveland and 1.M. Abdel Rahman: Science, Technology and
the Future, as yet unpublished study prepared for UNES$5.
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16.1. A "micro loop", (Fig.2), links together "know-
how" with relodrceu'(clpital, labour, productive facilities
~and marketing) to provide consumers with products they are
recdi to pay for., Reinvestment in more capital, benefits
to wdfﬁeru, and especially R & D, generates innovation,
_300131 of(iﬁilntionl, linking these functibno together
Hbontrollin; their operation, and safeguarding the interests
of the various actors (entrepreneurl, workers, consumers),

clooi the loop and keep it spinning peacefully.

16.2, At the macro level, there are hundrede and
thousande of theee micro loops, some spinning at a eteady ;nto,
some running down and some gathering momentum, Together,
they fors a certain level of technology, a value syetem udd a
8¢t of sncial organisation snd authority (public or private),
Changee in level of technology, in valuses or in authority may
‘well disturb the system. When a new state of equilibrium is
achieved in an "advanced" society, it has so far been on a
more eophisticated and complex level of technology. Development

has besn spiral, rather than circular.

17. Technology systems in developing countries do not
¢xhibit such behaviour, neither on the "micro®, nor on the
"macro® levels. They usually suffer from some, or all, of the

following basic ehortcomings: -

17.1. Absence of some of the components of the system,

or their ineffective op@ration. In developing countriee emphaeis
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is usually placed first on building-up production facilities

. with varying degrees of success, At the other end of the scalse,
it has been common practice, for reasons we need not go into
here, to build up a so-called "scientific research" capability
quite removed from the production facilities. Technological
institutions seem to come last and are perhaps the most difficult

to establish and to man effectively.

17.2. Absence of & well-defined technology policy
that is an integral part of development policies. As noted
earlier, (para.13), this does not mean that there are no

"implicit"” policies that have a direct effect on the operation

of the technology system.

17.3. Weak or misguided control on foreign inputs,
which have a profouni zffect or the performance of the technology
system. Of particular significance here is the flood of publica-
tions, radio and television broadcasts and recordings pouring
from foreign mass media into a country. Drastic changes in the
value system and life style (and hence the nature of social
demand) are brought about by this overwhelming influx. Such
changes are - to say the least - not always desirable or properly
tilod.(l) 0f more concern to us here is the inadequate cuntrol

and monitoring of technology transfer transactions.

(1) The debate in the last General Assembly of UNESCO on freedom
of communication is closely related to this issue,
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This should not be interpreted as a plea for "isolationism"
or "autarky". It is simply a call for level-headed, well-
inforwed formulation of policies and properly-guided and
sure-footed implementation of a policy. There is obviously
no place for haphzard and hesitant handling of matters of
vital importance, in a situation in which we are all groping

for the establishment of a new international economic order.

17.4. "lnappropriate" value systems and norss of

social behaviour and relations. We mention here as examples the
attitude to manual (and intellectual?) labour, the predomin-
ance of family ~ar tribal bonds, standards of discipline at
work, the adoption of irrational and obscurantist attitudee

in dealing with complex situations in real 1ife, individualism
(dictatorship ?) in decision-making, diluted public awvareness
of targets and of the responcibility of ind!viduals or groups

in their achievement.

17.5. lnadequale financing of the technology system,
Advanced countries spend something like 2-4% of their GDP on
science and technology. Developing countries spend 0.2-0.3 %,
of their GDP, or about one tenth, in relative terms. This

may come up to 100 times less, in absolute terms,

18, It is common practice these days to couple science with
technology, even in common parlance, Although we realise that
technology is as old as civilisation itself, yet we are keonly

awvare of the strong relation that now exists bhetween the two,
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We, quite rightly, appreciat: the role scie're plays in
technological innovation and of the continuously decreaiing
time lag between scientific discovery and technological
application of such discoveries. This reiation has taken a
new turn of late in the industrialised countriel. A report
of the U.S. National Academy of Sciences referu to tho fact
that

"The most important invention in the pursuit
of modern (as opposed to older) upplied science
‘4% the big mission-oriented industrial or
_governmental laboratory. In fact modern
pcience can hardly be discussed without
reference to these homes of applicable science,
‘These institutions derive their power from
three sources: (1) their interdisciplinarity
and the close interaction between basic research
and application; (2) their methodology for
prec )itating and organi ing coherent e’fort
around big problems; (3) their abliity to adapt

their goals to the requirements of their
sponsors 1 .

19, It is, however, & fact of life that such is certainly
not the case in the developing world., The use of the phrase
"ocf;nce and technology" in such situations is in the writer's
view responsible for a good deal of confused thinking and
suddled action in developing countries, "Scientific" instit-

utions mainly staffed by people with 1little experience in

(1) Hammond, K.P,: "Applied Science and Technological Progress”
A Report the Committee on Science and Astronautics by the
National Academy of Science, 1967.
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technological practices, and ‘n search for *e~nues of active
participation in the nafibnal dévelopment effort,.a;é bocoiing
more and more involved in "practical" problems with very‘iittigg
- if any - scientific content, and not proving particularly
successful at solving them, Technological education, under

the influence of developments taking:place in the developed
countries as well as certain internal social presaurés,;is
becoming more concerned with theory, analysis and basic’' and
applied science, rather than with technological practices and
professional expertise. The term R & D is often used to describe
activities or institutions in developing countries which could
not possibly be classified as such in an industrialised socliety,
The application of these terms and classifications developed for
use in other environments is misleading and often leads to

incogruaus results(l).

20, As against the stroug hond and interaction between
S & T in an industrialised society and the massive flows of
'know-h6w” from these two components to production, we find a

situation in developing countries, fig., (3), characterised by :

20,1, A dichotomy (or at least absence of active

interaction)(z) hetween the national scientific effort and the

(1) Z.Nasr, economic adviser of the kuwait Fund of Arab

Economic Development gives an interesting analysis of the
problems of applying the classifications of UNESCO (based
mainly on the OECD famous "Frascati Manual") on developing
countries. "A Proposal for KEstablishing an 'Arab

A _Proposal for Kstablishing an 'Ayab Fynd for
Scientific and Technological Development'", unpublished report
of EFAEE, April, 1978,

(2) We refer here to relations that are cost-effective for the
national economy and ignore formal tenuous relations based on
rare examples of producing "achievements" that are not worth
a fraction of the money spent on them,
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technological base. Against this there are usually strong
relations with foreign science, Part of this is healthy,
necessary and inherent in the nature of science., However,
it also means concern with the scientific problems of the
"rich", imitation of foreign institutional organisation of
science, recourse to training of scientists abroad, etc.
This isolation of the national science community leads

directly to "brain drain®,

20,2, A small-sized national technology base, This
is split into two almost separate parts. One is "modern" and
the other "traditional". The modern segment (if it eximts at
all) is usually the weakest component in the whole technology
system. In contrast with the national science hase, it has
minimal relations with foreign technological institutions.
The tradi ional sector, reprecienting the heritage of "know-how"
acquired over centuries of activity in local conditions, is
fast dwindling. Little effort is made to develop it through
Infusions of research to reveal the scientific core of the

wisdom of generations of practitioners,

20.3. Finally, a rift hetween the technology and
production components. The latter(l) relies almost entirely

on the importation of technological "know-how" (technology

(1) We refer here to "modern" production facilities, "Traditional®
production seems to have disappeared almost completely in the
industrial sector in most developing countries,
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transfer , either as informa ion (software) >r embodied in
the form of hardware and semi-finished products., It is
worthwhile to note here that sometimes the achievements of
the indigenous S&T effort flow "up” to industrial society,
only to return - as economically viable technologies - to

their country of origin(l); but at a price,

21, The sum total of all this is a situation in which
the micro loops of technological development are not spinning,
while the cycle of development, on the macro level, is "circular"
rather than "spiral® (para.16). Behind this failure to achieve
self-reliance, eguity and growth, lies the absence of an

autonomous capacity to :

21.1. Formulate policies, draft and implement national
plans (ordering national priorities - mobi ising resources

consensu and conviction),.

21,2, Make appropriate technological choices (exercise

well-informaed social control over technology).

21.3. Change and adapt imported technology (based on

systematic analysis of national as well as foreign experioncen).

21.4. Exploit effectively (judged by socio-economic

criteria) the imported technologies,

21.5. Innovate and deal effectively, whether as buyer
or seller, in the world technology market to the economic

advantage of the country.

(1) e.g. The BMA Cane Diffusion, Egyptian Process.




21.6. Maintain the national cultural identity
while dealing with the outside world,

We are concerned here with huilding up an autonomous
capacity in technological matters, since this is funda-optll
to the fulfilmwent of self-reliance in any sense we choosé

for the tor!.

T g TN
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TECHNOLOGICAL -~TRATEGIES FOR

DEVELOPING COUNTRIES

22, The issue we now address ourselves to is how do we
go about the task of creating, or enchancing, an autonomous
technological capacity ?, i.e. end up with a viahle technology
system as characterised bcefore (para.lS). We assume here that
questions relating to policy, i.e, the definition of goals and
objectives have heen answered and that our concern now is to
define a strategy for implementation. The argument now proceeds
whatever the goals set, the life style chosen, or the prevailing
value system, even though the practical outcome will be pre-
éondltioned by them, We are now searching for a definition of
major options and directions of action for bringing about the
desired technological change. The questions we are now seeking
to answer are of the type: wiere to act ? {direction), what
actions to take ? (type), and to what expent ? (intensity), in
order that self-reliant technological development is brought
about. We are dealing now with the dynamics of transforming
the weak, dismembered and ineffective tecbnology system into a
viable one. This involves balancing various conflicting
requirements and taking decisions on the choice of a major
option in compliance with the soci-economic criteria adopted

for overall development,

23, It is important to underline here the fact that
decisions of this nature are not taken at the level of the

operational technology components (S.T.P. in Fig.1) themselves,

o e I !
e B
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nor is this ‘onc at the higher ’=:vel of the planning organs,
Such strategic decisions are the prerogrative and responsibility
of the top level authority in development planning, hopefully
close to the policy decision-makers, It is the author's

belief - based mainly on his knowledge and experience of
developing countries in the Arab Region and Africa - that this
vital 1ink is missing - both on the level of professional
expertise and the acquisition of knowledge, as well as oﬁ the
organisational level and providing the decision-maker at the
very top with any form of analysis or tentative answers as pre-

requisites for a well-informed policy decision,

24, It is a fact of contemporary life in developing countries
that development has to rely on substantial imports of technology.
Most attempts at grappling with the problem of technology transfer
seem to go through a stereotyped sequence of "implicit"(l)
strategies, each stage being - more or less - a reaction to the

previous one :-

24.1. There is usually a preliminary phase of haphzard
importation of foreian technology reflecting an almost non-existent
capacity for technological choice, coupled with a strong drive

for development,

24,2, Next comes a more ordered, but still not-too-

selective phase, reflecting the acquisition of limited experience

(1) In the sense that they reflect hindsight rather than a
premeditated line of action,
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in techno.ogy transactions, as well as explo.tation of the

imported technp}ogy.

24.3, Accumulation of bitter experiences and failures
leads, in many cases, to a third phase of protectionism and
restrictions, which are usually carried to extremes that are

self-defeating,

24.4, Thie 1is usually followed - again by way of
extreme reaction - by a relaxation of controls and an ;ncrealed

flow 'of foreign inputs,

25. This "wobbly" path in dealing with foreign technology
is mainly due to the failure of the indigenous technological
capacity to participate in the process of technological develop-

ment, as can be seen in Fig.(4) :-

$5.1. 1nitially, at che early stages of industrialisa-
tion, the need for substantial foreign inputs (software, hard-
ware and even resources) leads to low (or no) demand for the
services of the emb:yonic (or non-existent) S & T system, to

its neglect and marginalisation,

25.2. As industrialisation picks up momentum, the

need for foreign inputs continues to increases,

25.3. This leads, in turn, to further weakening and
marginalisation of the S & T components in the indigenous

technology ayste-(l) and again to more foreign inputs. The

—
g

(1) By now, some attempt is usually made at building up these
components, but their isolation from the P-component
remains due to weak social demand.
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"clircular" path of technological change I8 thus closed,

In this way, the two nex( phases of healthy development,
namely that of orderly selective control of foreign inputs,
and finally that of technological "diplomacy" are never

reached,

26, The core problem of a technolopgy strategy for self-
reliance is Lo strike a halance hetween foreign inputs and
inputs from the indigenous S & T components in a viahle
technology system that hreaks this vicious circle of increasing
technological dependence and replaces it hy a development
"spiral™ ou the macro level (pnra 14,2). This is a task that

involves :-

26.1., Hegulating the flow of technological foreign
inputs which pour mainly into the P-component. This includes
hetter information on availahle alternative sources and
supplies, adequate criteria for the selection of appropriate

technologles and improved negotiating and contractual procedures,

26,2, "Unpackaging" foreign technology and gradually
Increasing the share of the indigenous system, i.e. strengzthening
the T-component and increasing the share of the P-component in
the total packapge., 1t Is also likely, at least In some cases,
that the S-component might bhecome involved. I{ should be
mentioned here, however, that analysis of the strategies adopted
by some countries in the "imitative" phase of technological
development shows that significant changes can be brought about

with very little national R & D,
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26.%. Increasing demand for the services of the S&T
components of the system, i.e. removing the barrier between

them and the P-component (Fig. 3.

Thé basic problem is clearly two-fold and involves linking the
system components effectively and regulating foreign inputs wisely.
The question now is how does any strategy bring about these desir-

able changdl.

27. This is not the place for a review of the state of the
art of formulating technological strategies. Suffice it to
state here that analysis of experiences from a variety of
political and social systems seems to indicate that similar
strategies can be adopted by different socio-political lYltlll(l).
The appropriate strategy, as might have been expected, is mainly
related t the stage of tech: :logical develc 'ment reached by the
country rather than to the political orientation and social

organisation. The choice of a technological strategy for

developing countries is governed by three rets of constraints:-

27.1. Internatiosal: and inherent in the prevailing
international economic system and the resulting world trade
pattern and international division of labour, as well as the
crucial role played by foreign investments (particularly TNC's)

and international financing practices,

(1) M.H, Carrere: op.cit.
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27.¢. National: resulving {rom the "duulism" of the
economy and ine precominance Af Lh:o madarn cantnyr which usually
adopts an import substitution strategy in industrialisation

tavouring foreign technological inputs,

27.3., Structural: due to the weakness and isolation

of the S & T components discussed shove (paras.17 and 20).

28, Since a technology strategy depends on the stage of
development, we would expect that strategies will change
continuously as a country dcvelops, Furthermore, considerations
0of the size of the unational economy and the resource endowment
(both material and human) are bound to affect the choice of
strategy. lovever, we may present here some very general guide-
lines indicating main courses of action within the framework of

the constraints outline? :-

28.1. The iniernat.onal :onstraints ca 1l for some fors
of protectionist action, In fact, ihe control of foreign
technological inputs is a crucial elewent in any strategy under
the conditions now prevelling on the international scene, Need-
less to say that this "dangerous" tool (para. 24,3) has to be
handled selectively with the final aim of achieving liberalisa~
tion under conditions of a suitable blend between foreign and

indigenous technologies,

28,2, The national constraints call for action in two

directions. The modern and traditional sectors in the T & P

components should be linked together technoiogically, economically

and socially, by active exchange of semi-finished and finished
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products., On the other hand, industrial cdevclopment strategies’

have to be reviewed and harmonised with technological strategies,

28.3. The structural constraints should be attacked
directly through deliberate action, such as greatly increased
nponding aimed at effecting the missing linkages, stimulation
of the capabilities and the demand for the services of the

indigenous technology system,

29, Through combinations of dolibcrlie stimulation and
sensible protectionism, and acting selectively (concentrating
on certain sectors or conponents) an evolutionary process would
be set in motion. A dynamic approach involves a series of
actions suited to the stage of development reached, in a sequence
that would lead the country through the " imitative" and "dé-
fensive" stages to that of parity and symmetry on the interna-

tional level,

30. To sum up, technological strategies should ensure the
establishment of a dynamic integrated technology system, both
at the micro - and macro-levels,that ensures the effective
contribution of technology to development., Technology will be
1iving, growing and effective in a country when the components
of the technology system gencrate dynamic, integrated and
cyclic micro loops in harmony with the cultural identity, develop-
ment objectives, value system, structures of public and private
authority and characteristics of the productive sector, 1.e.
in macro dynamic equilibrium (para. 16.2). In each case,

locally~-generated, as well as imported technology will be needed
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in a hlend that stimulates developmeut, Diverse technologies
will have Lo be used simultaneously, ronging from revived
traditional techniqgues to the most modern and sophlsticated
technologies, according to the type of production and market
conditions, The phased sirategy for hringing ahout the

desired pattern of development will have to take into considera=-
tion the constraints of on ever-changing national, regional,

and internationnl scene,

31. the field of analysis and formulation of appropriate
technological stratepies for developing countries is one that
merits a concentrated effort so that the gap hetween policies
and plans is bhridged and in order thaot national iarpets stand
a hetter chance of being achieved, There are still many ont-
standing prohlems seeking a solution, We have alluded in
pu.aaing (par... 28) to conslderati.ons relating t, the size of
the economy and the resource endowment and might add here also
the role regional action conld play iu certain cases. The
author hopes that UNIDO will iake up this issue and initiate

a comprehensive nction programme in this vital field,
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SELECTION, ADAPTATION AND INNOVATION

32. It was stated before (para, 26) that the core
problem of a technology strategy for self-reliance is
two-fold. It involves, on the one hand, managing foreign
inputs, and stimulating indigenous supplies of technology,
on the other. The first task implies a well-developed
capacity to choose from a variety of available inputs
and - since none would have been usually tailored to the
needs and conditions in the country - to adapt the
imported technology and its products to ensure that it
operates effectively in its new environment. The second
task, viz. the stimulation of indigenous technology
supplies, means a capacity to innovate. Innovation
here implies a good deal more than the bright idea and
the working wmodel on the scale of the "scientific toy"
or show piece. It implies the ability to complete in
the market place (national or international) with
existing technologies and products and be economically
atiractive. It involves all three operational components
of the technology system and involves also the two func-

tions of selection and adaptation,

33. Fig. (5) is a rough outline of the sequence of

main nctivi%ic- involved in the process of technology




-0 -

selection and adaptation., 1Trere are three decisive inputs
in this sequence, viz, information, criteria for éelection
and legal and coniracvuval practices, Eich one of these

has been the suhject of cuncern, discussicn and action on
the national, regicnal and inteyrnationa: levels. There is,
however, a growing feeling among most developing countries
that the total impact of aciivity at the various levels on
the actual praciice and outcome of technology transfer has
so far been undecisive, While recognising that the main
cause for this unsatisfactory stote of affairs is the
prevailing international economic crder, it is still true

to say that a good deal hag yet Lo he done to ensure that
optimum use and maximum benefit Jis mode of available know-
ledge and resources. ‘lhere is, gencrally speaking a
failure in delivery systems which lcuaves .lie final benefice
iary of such activities, especiallvy on the national level,
and who is responsible for techrology selection and adapta-
tion, either uninformed, unimpressed, or even hostile, This
is a situation which is not unrelated tuv the warginalisation
and dismecmberment of some components of the technology
system and its vu!nerability tc the onslaught of well-co-
ordinatei compaigns of introducing particular foregin techno-

logy inpats at a particular time,

34, UNIDO has beecn particulaerly concerned with problems of
industrial information, in theory and in practice. Its on-going

activities have been developing continuously., The "Development
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and Transter of Technology seiies", heralding the establishment
of INTIB as an on-going activity, and even the system of con-
sultations, are two recent and welcome additions to its other
activities in this field. 7Tt is generally conceded that the
best means of dissemination of information is by national
technological information services, These must be demand-
oriented and effectively coordinated in some form of network
involving the sources of information, It is the author's view
that we are still searching for a model of a "poor man's"
information service that will prove to be adequale, as well as
cost-effective in the environment of most developing countries.
The role of the communicator of information is a crucial one
and should - if carrviel out in an active mode that seeks
contaclt with the end user rather than respond to his queries -~

he far more critical to the efficacy of the information

service than the huge and suphisticaluec data banks In *advanced"

countries and in international organisations, The demand for
information in a developing environment is most likely to
change fairly rapidly and lo be very diffuse in its scope,

The information supplied should be digested and available at a
level matching the expertise of the user. Only an experienced
information officer who is a professional technologist and a
good communicator can face this challenge., This is a very Ware

breed that will take time and effort to develop.

35. As regards selection, one should mention here the
important role "UNIDO Guideslines for Project Evaluation®

has played in most developing countries, It has established
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itself as a basic und wiuely-used manual, Ili.s is now ﬁtréngly
supported by the outcome of the "International Forum on '
Appropriate Industrial Technology". The final report of the
Forum specifies in detail uction programmes, at the national

and international levels, in a number of key sectors, We may

now look forward to a consolidated appro.ch to the problems of
evaluation and selection based on a clear definition of
"appropriateness", workable methodologies for sclection and
sufficient information on local conditieons and the outside world,
It is felt, however, that environmental considerations have yet
to he integrated in the methodologies and practices of selection
and that they will not he simply equated with pollution to the
exclusion of other vital factors in the environmental package.
One might also add that the selection technique should take fully
into consideretion the technology strategy pursu d by the
country, since this could have a considerahle impact on technology
choice, specially in a long-term perspective, Finally, the
organisational problem of fitting the technology selection
activity in the system has yet be solved satisfactorily in

many cases, particularly in iransactions involving the private
sector, Experience should be analysed and the lessons learnt

disseminated as widely as possible,

36. The issues involved in negotiating technology deals :
have also been the subject of considerable action,‘particularly
by UNCTAD, and should now be clear to negotiators from developing
countries., A code of conduct will hopefully be agreed upon in

one form or the other., However, the acqu&aition of skill and



- 33 -

experience in negotiations tak .s time and is ‘ritically
dependent on supplying the negotiator with reliable and
up-to-date information. UNIDO's Technological Iniormation
Exchange System (PIES) is most welcome here and it is

gratifying to note that it is expanding rapidly.

37. We shall delay discussion of the problem of adaptation
and address ourselves to innovation (Fig.6). Scientific
research 1nqt1tutionl in developing countries are quite capable -
inspite of all the problems they face - of producing scientific
ideas that are potentially of value if properly developed and
exploited., In most cases, the technology system is incapable of
bridging the gaps hetween the laboratory, the factory and
the market place., The main reason for this is the weakness -
or absence - of the T-component in the system and the perennial
problem of marginalisation, ™he crucial stare here is that of
ongineeiing treatment of a new idea. Here past experience,
coupled with economic study and market research, transforms
the scientific idea or discovery into a techno-economic reality
that can be put through the mill of industrial exploitation
and production, This type of activity requires skills that
are neither those of the scientist, nor the production engineer-
the two breads likely to exist in a developing society. This
situation is also related to ability to adapt imported techno-
logy and products to local conditions, since ths skills and
activities involved are basically the same. In fact, ghe
author believes that national participation in the adaptation
of imported technology 1:?§est way of building aa indigenous

capacity for linking up the S - and T-components in the technology
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system, 11 shonld, nowever, hbe c¢menbered that innovation

is not the prerogative af the scientist. The practitioner

iy any level (pariicularly at thke sheny i 1ovel) 18 well

as Lthe end nser a,ce seucees ot vipnificant ibsnovative ideas

of considerahle potentiail, The giraat advantare of these ideas
iz that they aoften reflect first hand exuverience and deep
yasight into the actoal needs of Lhe nser, They are often
inneble of producing working mode's: hut considerable
engineering eifort is necded to treunsform the basically-

sounu concepts inta an econoriic reality,

38, Our attention is now focused nn the Indigenous
capehbilities in the sngineering and decign Field within the
f -component, It is¢ worthwhiile noting here that while
coveloping covntries have ha? no great difficuvlty In fostering
setentitic rescorch estahitsiunents oo0d in aajoecating funds for
Lhem, they have been rauaier lagewar.: i .., L supporting
technologrical institetiong, end thic «t a tine whoen they were
setively ciogaged in internst ~ ‘peugtriadisalion progremmes,
tntil quiice ceeerly, Lavy spolie of science nolicies and plans
md addressed themselves Lo tur foreirn ant international organ:s
sasponsible for s2ience, rather than technology., The word
teehnology bas erept in almosty surreptitiously and Is - in many
caseg = no mnre than a fashionnbhie addiiion. In the few cases
shere the propress of tudustijeliration bas brought about some
interest in building teahnolyistenal institutions, these - in
comron with taelr sisters in scicnee - have not left much impact .

nor have thay heen cost-effectlive, Aparl from the gercral




- 35 -

diagnosis offered in this report for such symptoms, it should
be remembered here that design and engineering organisations
usually specialise in certain sectors of industry, while the
majority of efforts in institution-building in countries at a
rather early stage of industrilisation have been addressed to
the setting up of general purpose design and engineering instit-
utions which were unable to give specialised advice in s‘;pecific
sectors., In the meantime, and almost independently of government
action, most developing countries have now national private
consultancy and design offices 1in architecturé and structural
engineering work that are actively involved in the construction

industry,

39. The functions of consultancy services in industry have

been claaaified(l) as !

39.1. Design and enginecering services: in the planning

and implementation of projects, i.,e. from concept to commissioning.

39.2. Adaptation services: comprising process and product

changes, the utilisation of local raw materials ...etc,

39.3. Economic services: involving economic planning,

market studies and financial analysis ...etc.

39.4. Management services: coverinr, the multitude of
controls for administration production, finance, marketing and
personnel, ,,etc.

39.5. Training and manpower development,

(1) UNIDO: Manual on_the Use of Consultants in Developing
Countrjes.
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Experienc : with foreign cons .tants has rev iled - apart '
from its negative effect on building an indigenous capability -
certain hasic problems, e,g. their unfamiliarity with local
conditions, insensitivity to national aspirations and objectives
and the difficulties of retrieving vital information which exists
but is not systematically classified and stored. The sutcome
has been the choice of inappropriate technologies, low utilisa=~
tion of local resources and skills, higher investments and
increased running costs, as well as little, or no transfer, of

"know«<how" to the country.

40. Since this is basically a transfer of skills, it has
to be admitted that the existence of an indigenous technological
base 0of a minimum size and level of expertise is esaentiai it
transfer of "know-how" is to take place. Developing countries

fall into th 2e distinct groups 'n this respect :

40,1 That in which this base does not exist as yet
and where foreign consultants (contractors and even operators
and managers) carry out all the processes involved, Such
countries lack also an indigenous capability of keeping track
of the activities of the consultants, let alone evaluating or

influencing their actions,

40.2 A second group still relies heavily on foreign
consultants; but possesses a "nucleus" of indigenous expertise
capable of defining objectives and assessing performance -~
usually with the help of expertise from other states who are
a l1ittle further ahead in their development, or from regional

or internationali specialised agencies,
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40,3 Finally, comes the group of countries possessing
sizable, but incomplete, consultation potential. This is
either a publicly - owned organisation, or government department,

or an independent private firm,

41, National involvement in consulting work naturally
depehds on the size and capabhilities of this base, Careful
fostering and development of the existing potential is reflected
almost immediately in the extent of "unpackaging” of imported
technology and the idenfific.tion of an ever-increasing role
for the indigenous technology system in the various stages of
study, design, fabrication, erection, commissioning, management
and adaptation - without, of course, jeopardising the safety
or economics of the project. It should be a major consideration
in technology strategies and might perhaps take preccdence on
efforts excrted so far in buil.ing a so-calle. R&D capability
(para. 19). It will also result - if local consultants are kept
well informed of developments on the internatjional arena -
in improved selection procedures, based on better knowledge of

local conditions,

42, Of course, this is all much easier said than done,
for it runs up against considerahle ohstacles, There is the
lack of credibility, the fierce competition from féreign well-
established consulting firms, the shortage of suitable personnel,
9! information and the long gestation period needed to attain
an effective and reliable level of performance, Various methods
can he tried to overcome these difficulties, The main courses

of action are :~
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42.1 Joint ventures with foreign consultants., This
could be a very effective method of rapid development,
provided that the national elements are actively involved
and that the final aim is to have an independent national
consultancy service. Cooperation with foreign partners from
the newly industrialised countries (NIC's) should have priority
as they will be more sensitive to local conditions, material

and soclal,

42.2 In certain sectors, where considerable expérience
in project design and implementation has accumulated in the
govérnnent departments concerned, these have heen developed by
the active support of the state into independent consulting
firme of considerable size and ability.(]) The economicsof
such organisations could, however, he a problem if a continuous

demand on their services cannot be guaranteed,

42.3 A recent trend has been the creation of regional,
rather than national, consulting firms, This ensures the
attainment of a "critical" size of expertise and multidisciplin-
arity, better knowledge of local conditions and more secure work
loads that provide a good opportunity for consolidation and

rapid expansion,

Whatever the method we choose for fostering indigenous consult-
ancy services, the effort should be selective and directed to
specific services in consultancy or in specific sectors according

to the demand of the economy.

(1) In Egypt today there is - apart from a large architectural
stute-owned firm- publicly-owned consulting firms in most
public services, in the iron and steel and cement industries,
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43. A strong consultancy capability has important
economic advantages. In the short-run, it would reduce the
cost of foreign technological inputs (know-how and hardware),
improve negotiating skills and position and initiate work on
adaptation of imported technclogies. In the long-rum it
ensures, through better linkage' between the S,T,P components
of the technology system, an increasing capacity to unpackage
and alter the"technology-mix" in favour of ind;genouu technology.
The author hopes that this will be considered as a plea for
giving th;s.cdpability more attention and for redressing the
balance between it and the "R & D" establishments which have
so far had to lion's share in efforts to create an autonoibul
capacity in science and technology. It should figure proilnontly
in technology strategies aimed at crsating a viable technoio;y
system in which micro loops are spinning and the macro spiral
of harmonious development leads to increasing technological

complexity, sophistication and self-reliance.
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