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INTRODUCTION: 

Although economists have long maintained that technology 1s one of 

the b?,s1c  rou" factors of production ( Labor, capital, land, enterpre- 

r.eurship),  its exact nature, measurement and relative contribution 

to the production process have been made vague by incorporating them into another 

factor of production; namely enterpreneurship.   Unlike, labor, capital 

r-nd land, whoso ex*ct roles 1n production were well-defined, and 

quantitatively determined, technology became so elusive that it was 

assured constant by the vast majority of economists.   So ,for more 

than 200 years since Adam Smith's publication of his treaties on the 

Health of Nations    in 1776, substantial theoretical and empirical 

progress h?s been made on the other three factors of production except 

technology.    In fret, Abrer^Ht* in hi* 1956 pioneering »¿search on 

the relative contribution of technology to output growth in the US 

called it the " measure of our ignorance".   Today, Technology as an 

input to the production process 1s still in a fluid state. 

Recently, and specifically during the last two years since the 

1976 UN resolution to convene    a global conference on the application 

of S & T for development, much his been written by economists and 

non-economists alike on technological needs, dependency, self-reliance, 

planning,monitori rai, cu-ûper.tlcn, ite   Mirile t nui.iLcr of specific 

courser, of ^.cticsi h^ve asarqed fron these conference, meetings, national 

and regional papers and independent research by non-governmental 
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organizations, the subject matter remains elusive due in parts to 

Its complexity and in part to " our ignorance". 

This pape suggests a tentative outline of a technological strategy 

for a developing country.    Therefore, it will  look into the subject of 

this meeting, " Planning for Technological Development and Self-Reliance 

1n Oevelopping Countries", through a step-wise plan of action.    It also 

looks at it from the national view point, not the regional or the 

international.    Our technology strategy, which consists of 4 steps,is at 

best suggestive.    But, it represents an initial step in this direction. 

In step 1, it is argued that each developing country must start by 

Identifying and then prioritizing its development goals.    In step 2, 

identification of technological needs in view of the results obtained 

in step 1 -.hould be undertaken, fr'lowed by a subseq ,ent process of 

prioritization of the country's technological needs in both the short 

•nd long term.   The third step will be to develop a well-articulated, 

flexible technology plan along the lines of the country's national 

economic and social plan.     This Involves a detailed and thorough 

assessment of the available domestic scientific and technological capabilities 

in order to determine how much of the technology plan objectives can 

be met through local efforts, foreign technologies, or • combination 

thereof.    Realizing the importance of reducing the country's dependency 

on   foreign technologies, step 4 calls for an examination of the most 

appropriate and realistic policies required to strengthen indigenous 

scientific and technological capabilities in view of the outcome of the 

preceding three steps.    Included in step 4 1s an evaluation of the alternative 
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:rodos of co-operation ac ine regional ana international levels.    We shall 

new take up each of the steps for further elaboration. 

,;tnp 1.    Identifiçationjnd_Prigr1tiz^ . 

Th3 first sUp necessary to achieve technological self-reliance is to 

¿.ivslop a list of the mejor objectives of development.    In the past, develop- 

ing countries determinad their development goals in terms of certain 

percentage increase in PDP or psr capita Income over a given period of 

tii,.e.   This however is not sufficient for the determination of technological 

needs.   A more detailed delineation of specific objectives should be 

given.Perhaps, goals can bi defined for each sector, where a sector 1s 

broadly ¿efinsd to include sucli problem areas as outm1grat1on from the 

rural areas, dessrtification of arable l*nd, national internal security, 

•¡improvements in .*»r*:*in «;f>»,"'ir?s ( 2.«. ..awage, electricity, Mater, 

telephones), etc.    In other words, sectors should not be limited to the 

:cnventional economic classification of mining .industry, banking, trade, 

:.:•:.   Throurh a national d'.hatc where the nasses can contribute to the 

-vcrall objectives of dov3lopn?nt, a listing of short-term and long-term 

-J:1S for each "sector" cen bn drawn up. 

Obviously, 1t will be Incossi bit to r.eet all the sectoral objectives it 

..ta sarc? time in view of the 11 mi ted resources available.   Hence, i process 

j.v onoriti za ;.;o.i r.u,''- <m  ', At^tiá, j,->d ts.-'s too must be a subject of 

-,Clonal c;.->!)£ e.    !!n no'jd no: j.rau.e thin orocìss in detail  for it lies 

outside the scope of this parar.    Sufvicy to say that a detailed temporal 
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delineation of each sector's objectives along with its ranking among 

the other national priorities should emerge from this step. 

Step 2.     ÍÍÍD^líÍ£§$Í2Q.í!riíl-?rl2rÍí!?iíÍ9D-2f-IC£t!í!9]29Íí§!-í!?§^5 

Just as national economic plans develop models for resource allocation 

( resource availabilities and requirements) especially in regard to 

labor and capital   the same should be done in regards to technology.    Before 

proceeding any further, it is worth our while   at this point to define 

Sil. 

By science, we mean the software aspect of S 4 T.   Here the emphasis 

1s on the need to apply scientific methods for problems solving.   These 

problems ne d not necessarily be 11  Ited to the ^try    )Wp1ex and technologi- 

cally sophisticated areas such as 1n nuclear energy.    In fact, scientific 

techniques can be much more useful and less expensive when applied to such 

daily problems as traffic congestions, bureacratic tangles 1n specific 

government agencies, mail distribution, transit systems» hospital administ- 

ration, management of passport office, etc.     Not only 1s the cost incurred 

in Improving these services relatively small but also the benefit is substan- 

tial In that it reaches a large number of the people directly.    Furthermore, 

these organi rational improvements tend to have a far-reaching Influence 

on the management of other public services through what the economists call 

the demonstration effect. 

Technology, on the other hand, represents the hard ware component 
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of S 4 T.    It r lates to the manner In   'lien labor, capit?' and land will 

be combined to meet certain specific sectoral noals.    Technology in essence 

régulâtes the relationship between man and the machine.   Ir, this sense, the 

man/machine relation differs from one sector to another within each sector, 

for instance, certain production processes within the manufacturing 

sector'are universally.similar;   The same goes for telecommunication 

facilities.    However, the technology required in the education sector 

differs widely from one country to another.   Here, the options available 

are more numerous than they are when, say, the country aims at establishing 

a cement factory.   Hence, it is important to examine the available 

technological alternatives for each sector so that the selection of the 

most appropriate alternative can be made rationally. 

Technological needs differ from one country to another   depending 

on their respective stages of industrial development.   The more advanced 

the stage, the ii.jre complex and costly   ¿chnological need* «till be and 

vice-versa.   Also, the degree of dependency on foreign technology tends 

to be an increasing function of the step   of development.   Technological 

needs, on the other hand, are linked to the sectoral goals and their 

national priorities as developed in   'age (1) above.    In fact, technological 

needs ought to dove tall with the priorities assigned to sectoral goals. 

Sectors with relatively high priorities should be given a team of 

scientists and technologist whose task will be to speci fly the alternative 

technological process available, their sources, costs, Impact in the 

environments, requirements o* c^plerou'icvy fjr^or. of ptciuction, etc. 

A temporal plan of action ..^oulcl the-r be de "eloped i'¡ which specific 

technologies are matched with avaialble resources with the objective 

of achieving the production targets speficied  in step 1.    It Is only in 
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this manner that an organic integration between national development 

goals and technological development can be attained. 

Two related issues need to be examined at this juncture.   The first 

deals with the need to develop a sufficient data base from which alternative 

technologies can be identified.    This task may prove to be time consuming 

and financially burdensome, both of which developing countries can ill 

afford.    However, there are several approaches that can be utilized to 

mitigate against the time and the cost required.    First.of all, only the 

few high priority sectors would require a broad data base as the one 

envisaged here.    Second, if the team of scientists and technologist is 

selected on the basis of expertise and ability and not political 

connections, greater strides can be accomplised faster and at a lower 

cost.    Third, regional cooperation among countries with similar problems 

and prior.ties can reduce the cos   siqnificantly.    i .nally, developing 

countries may utilize the UN system through a loan of technically competent 

experts for short durations In order to assist them in the identification 

process. 

The second Issue relates to the determinabllUy of "appropriate" 

technologies*. The technology developed 1n the Industrial world by 

virtue of being developed in a sophisticated-technology economy is 1n 

» Tnis segment relating to "selectivity" was previously reported In a piper 
by K. Behbehani and M.S. Marzouk, titled "Transfer of Technology and tht 
Selectivity of Appropriate S & T", presented to the International Symposium 
on Science and Technology for Development, Singapore, January 1979. 
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rr.ost cases capital intensivo á*d MG¡V¡7 intensi":.-.    These traits ir* 

not consistent with riu;iy of the r. ,.i[.írr.¿ devolc^ins countries' natural 

factor endov.'nnvwt.s.    Furthermore,  chu technology developed in the exporting 

country is often d^oirme! to r.cct. a demand p-,U:.rn typical of a nigh 

censurati on society, an attribute that c.oc.3 r.ot meet with the needs of the 

developing economy.    In .'.¿diti on. ':!Tî tccíinolo^y - by being capital and 

energy intensive - usur.lly IKS adverse environmental and ecological impacts 

a price that DOS'C develr;->rd economic, aro paying for being highly industriellen. 

It has further bcrn ar.ji::d that developed countries carry out technology 

transfer to serve their intrinsic cLjcctives nt.her than the technological 

needs of the develoninc cour.vrics.    Ue c!\j.ctives include a wider 

monopolistic base, expanMon of V:eAr orofi*: making operations, exploitation 

of cheap labor in the ¿r;i-»lriinj 'cor.xy, r;vl rost cf all to escape rigid 

environmental legislcfi'r •'••-, t'^'.r '••, '•'"'"';-i"?. 

I'hen such tsch.iolory i? i icos Hi <\-, '"ifferrnt melo-economie bate, 

1t (-"'s to some edver:e contcqucncrs.    It remits in accentuation of social 

end economic Inrqoilitics, breite;1 ¡i.iV.ll^cftiois end more concentration 

of economic power.    ?y viKi"* of h^ino r.cfitol intensive, 1t will tend to 

Intensify the resourc-i misiKccñtirr f.-o'jlr.:,; rather than alleviate it. 

It will tend to be c:»vircr.T.-:.ntally harmfi-l to the developing economy. 

Due to the roncpolic.tic i-ractis'; cf the S-^r^^ionals, the developing 

economy Incurs a heav" foreign exr^.onre burden to pay for the direct and 

particularly the -n':•.--.:• -   M '; c      '.^••r->"2¿ v; ¡r.s.'ci .    Tiiially, there 

is the subtle >*c:.?'-  y-v.-.t if •   '. :::;.,.:('. ¡¡rs-n; ; fr le»;-n and perform in 

eveloping     counties r'-s'il civ, f:-?;:. 'h1 .^e with which unpackaged 
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technology can sometimes be acquired. 

It is in view of t.hi, inherent conflict of interest that the Issue 

of selectivity is brought into focus.    The choice of technology should 

be made with a view to enhencing thier resource base; to suit their 

socio-economic rettine; to be consistent with their natural  factor 

endowments ( capital  versus labor intensive).    It should   also meet 

certain environmental constraints, pronote self-reliant development, 

promote indigenous research capability and lessen technological 

dependency.    Developing countries hould be selective not only in the 

choice of the type of technology, but also its mode of implementation 

( joint ventures, licensing contracts, turn-key plant, etc.) with 

a view to the national development objectives and their prioritlei 

determined in step   1. 

Step 3     Technglogj¿_PJannin3 

Subsequent to identifying and prioritizing both the sectoral 

development goals and technological needs attendant upon them, there 

1s a need   or a national comprehensive technology plan.   Clot unlike 

the national 5-year plans, a technology plan specifies the over-riding 

objectives, annual  targets, quality and quantity of available research 

capabilities at home, ;he economy's technological absorptive capacity, 

criteria for selecting suitable technologies, and the critical 

permissible level of jependency on foreign technologies.    The latter 

incidentally does not refer to the place of Its origin but to whether 
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ft must be purchased from abroad or -t can bt developer internally and 

adapttd to the local socio-economic conditions. 

Having determinad the national economic goals at the sectoral level 

in step (1) and accordingly identified the technological needs in 

step (2), step (3) has the dual task of taking stock of the indigenous 

research capabilities and specifying in more or less a broad way the 

twin criteria for selecting appropriate technoloo1'^       Sy so doing 

a plan can be drawn up which will specify the relative contribution of 

local RID institutions ( private as well as public) vis-a-vis foreign 

technology suppliers.    In addition, the plan will also include certain 

recommendetions as to how the former's targeted contribution can be 

enhanced wnile that of the latter be minimized. 

In surveving the local scientific and technological capabilities, 

«n in-depth examination *i>oulU be undertaken regarding the educational 

system,    vocational training centers, size and quality of research 

institution, scientific and technological infrastructure ( such as 

Information centers, engineering and economic consultancies 

number of scientists and engineers, RID funds, and the existing triangular 

nodes of cooperation among the business sector, the government and applied 

research institutions.   An assessment of the viability, potential and 

obstacles of the scientific community should then gentrate specific 

rficotmendations to strengthen the local capabilities in accordance with 

the nation's technological targets.    We snould emphasize however that, 

as 1s the case with any segment of the proposed technological strategy, 



short of the Involvement of policy makers at the highest political 

level,  these efforts will have limited usefulness and, indeed, may 

end up ¡T.ure or "»eis cosm.ief'c. 

Step 4.    Measures ^g_btrenyth£Q_]iidigenous_Teçhn 

On the basis of the results obtained in the preceding task, 

« list of reasonable and realistic recommendations will be made 

to enhance the local scientific and technological capabilities. 

This list must be comprehensive and must embody tentative annual 

targets.    From en administrative point o* view, we suggest the 

tstjblishment of a technology development and transfer   center which 

will be responsible,inter aMa,  for the drawing-up of the proposed 

lonq-term technology piar as wnll AS the Implementa*"m and follow-up 

procedures.    Though the establishment of such a center may represent a 

financial and human-resource burden on the economy, there is little doubt 

that its expected pay-offs to the cormiunicty by and large will be appreciable. 

Numerous recommendations hive already emerged from previous 

conferences regarding technological self-reliance in developing countries. 

To avoid repetition, only a ptrtial list of some measures which, 

in our opinion, havs not red»ved sufficient attention in the past 

is given below. 

First, it is very important that T clear line of demarcation   be 

drawn between the private and public sector's relative financial 

*Jk 
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-.id manpower contribution.- to ti»e tuition':, technological needs and targets. 

Not only wculrî tVI; h:-2 ine benefit of fringing into focus the role of 

the private sector, which has  long been overlooked  in many developing 

countries, but also it eventually results    in increasing the private 

sector'i, awa-eness and involvement in this vital endeavor. 

Second, in order to further the diffusion of technological know-how 

in the society at large and to the extent that the private sector is 

typically more cost-conscious than the public sector, developing countries 

she-lid provide financial incentives to the «rivate sector's research centers. 

Such a practise has been pursued rather effectively in the developed 

countries, notably USA. 

Third, according tc the already-determined short- and long-term 

technological ns ds, an allocation of th. tasks with the n .uirtd resources 

should be made to the nation's different research Institutions.   Onci the 

task is specified and the responsible Institutions selected, a periodical 

progress report   should bs tronitored by the proposed technology center in 

en effort to help it reach its objectives .   An essential ingredient however 

•¡n the process of developing local technologies and encouraging indigenous 

institution   1s the    introduction of an equitable incentive scheme.   Another 

ingredient rests on the government's efforts 1n Improving the scientific 

and technological  infrastructure. 

Forth, much offert h.ir tr:on evpçruled recen My to establish regional 

.ransfer of technology  center«.    Thes-i centers are charged with just about 

•»very element that falls under the transfer of technology umberalla.    The 

l-M. 
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usefulness of st.cn a "jack-of-all-trade' set-up at a time when 

spécialisation in cvoiy J'sa ii> nnivj full-steam abound us. is indeed 

questionable.    Instead, we propose the establishment of specialized 

regional  technology center*.    This proposition is supported by the fact 

that each econome rtg-vh normal".y has certain factor endowments,  development 

goals and national  problems that ere common tc most of its member nations. 

If two or more of the member nations assign high priorities to certain 

problem areas, especially as they relate to the exploitation of abundant 

raw materials in the regicn, a specialized research institution in one of 

these areas has a ¡w/ch hicher probability of producing tangible results. 

Tor instance, the Arabian Gulf countries, of which the State of Kuwait is a 

member, show relative abund?ncy of petroleum, natural gas, solar energy and 

fisheries.   Meartime,  they are all constrained by a small agricultural 

sector, water desal'nailon, and shortage of manpower.   Under these conditions, 

regional tect  ological centers in an) of those areas, 1    they are collectively 

financed »né manned by   the member states,    are likely to be of substantial benefit 

to all parties concerned ?t a fraction of the cost to each State. 

Fifth, it Is incumbent on the governments of the developing countries 

to make more and better use cf their own scientists and technologists before 

Inviting foreign consultants in to do what,  in many cases, can be done at 

home. 

CONCLUDING REMARKS: 

It was not our Intention to develop a comprehensible technological 
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r,tegy.    Rather, wc wer ted tj drew the attention to the need to 

¿ystemlze a technological strategy for developing countries, which 

..ust be integrated with their national development plans.   Naturally, 

yjr efforts represents one of the initial steps taken in that direction. 

•.'-• "ope that part of the following debate and research on the transfer 

'-f technology will  be channelled towards this particular area so that 

this concept can be refined, perfected and eventually applied. 
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