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INTRODUCTORY STATEMENT AND REMARKS

1. We assume that it is recognized that scientific and technological 
development has become one of the most determining factors of 
economic growth, industrial stability, international competitiveness, 
social and human progress and the main basis for the future f̂
the mankind. There is nothing specific to be added as far as 
developing countries are concerned, except that their chances to 
solve the existing and, particularly, future problems must be 
fully based on the acceleration of their technological development.

2. Technological advance in any country is a function of: (a) national 
technological potential, (b) appropriateness of its allocation
for the resolution of national economic, social and technological 
problems, and (c) effectiveness and efficiency of the utilization 
and development of technological potential. All three mentioned 
factors are dependent on the quality of structures, institutions 
and policies.

3. The :entral subject of this paper are the structural problems 
which are in strict connection with technological advances. An 
attempt will be made in the paper to answer a rather difficult 
question: which structures (and only partially whicv institutional 
arrangements and which policies and measures) are the most 
appropriate for developing countries in connection with 
technological advances.



J». In order to answer the above question we have at disposal two alterna

tive ways. The f i r s t  is to construct a complete and reliable theory which 

can give a certain answer for any set of specific propositions. The se

cond approach is the investigation, elaboration and evaluation of real 

cases in order to reach conclusions which are then generalized and pro

posed as guidelines for the resolution of the problems in a simila'  s i tu 

ation. This approach is very frequently used but, nevertheless, there 

are a lot of doubts in its r e l i a b i l i t y .

5- The ideal would be i f  we had the appropriate end sound theory of techno

logical development. However, the main characteristic of present situa

tion is the existence of many alternative theories (none being val id  for 

the whole v a r i a b i l i t y  of r e a l - l i f e  problems) and an eclectic  approach 

in attempting to integrate them. But we recognize that there is a very 

rich body of knowledge which can be used in any serious approach to the 

resolution of the structural problems in connection with technical change

6. To many the case study approach seems to be more re a l i s t ic ,  theory-free 

and thus less scholastic and there are preferences towards i t J  However, 

it is a fact and a universal truth that behind any practical approach 

there is some theory, reliable and sound, or wrong and misleading; so 

there is no str ic tu  sensu theory -  free approach. Having that in mird, 

we consider it  better to have some kind of a paradigm, defined clearly 

ar.d completely, and then to investigate any real case under the guidel i 

nes comming out of such a paradigm. Following these lines, we shall de

fine the eler^ents of the paradigm and aftewards discuss the structural 

and some other problems of technological advances on the Yugoslav case 

with the intention of performing some generalisation.



ELEMENTS OF THE PARADIGM AND SOME IMPORTANT FACTS

7. Technological advance is generated by market forces ("demand p u l l" )  and 

by some other mechanisms ("technology push"). Continuous but rather 

small technical change is mostly determined by market forces, while ra

dical and discontinuous progress is negligibly demand pulled, except in 

a very general meaning of the term demand. The implication of this sta

tement is that technological advances should be left  to a proper market 

mechanism and directed by appropriate public and governmental policies.

8. Technological development is not f u l ly  deterministic because its nature 

is uncertainty. The uncertainty is higher the more radical the Innova

tion chased is. Positive result of research and development efforts 

are more probable the more organized sc ient if ic  and technological a c t i 

v i t ies  are, the more appropriate structures and the favorable values

of institutional variables are. The main implication of this statement 

is that technological aavance is to a large extent dependent on the beha

viour of all  actors.

9- Scienti f ic  and technological potential (STP) is the a b i l i t y  (of a firm, 

industrial sector, state, region e tc . )  to solve ( s t r i c t l y  speaking, to 

increase the probability of solving) scientif ic  and technological prob

lems. STP is a function of science and technology development level (STD) 

and science and technology capacity (STC). For each aspiration point on 

a trajectory of technological development there is a corresponding level 

of minimum necessary STD. For each number of sectors aimed to achieve 

desired technological advances it is necessary to have some minimum of 

technological capacity, STC.

10. The slowdown of technical innovation in one industry is a very good in

dicator that the industry matures. In order to be competitive in such 

industry, standardization of parts, processes and products is necessary 

so that automation can come to the fore. However, automation Is capita! 

intensive and human knowledge intensive so that a profitable rate of 

return on investment must be based on large scale highly productive and 

cost-effective production and thus on large markets.



Continuous but smaller technical changes can be performed in industrial  

structures characterized by small or medium size firms, oriented to 

local market and without particular governmental policies and measures. 

Such technological innovations however, are not sufficient to gain ad

vances able to yield international competitiveness through non-price fa

ctor and thus to some closer to technologically developed countries. 

Radical technical advances are mostly performed through o l ig o p i1is t i c  

market structure and so for ambitious technological development i t  is 

necessary to establish indigenous large productive firms.

In order to develop large indigenious firms to perform effective trans

fer of technology it is necessary to have large market, effective trans

port medium, modern technology of information gathering, processing and 

transmission and a positive policy for the development of science and 

technology.

The past decades have witnessed remarkable internationalization of pro

duction, d istr ibution and markets. Al l  sciences have become international 

much ear l ier  and the process of technology internationalisation is under 

way.

It is the empirical fact which can be used for forecasting that R+D a c t i 

v it ies  of multinational companies MNC are world-oriented but very rarely 

world-based. MNC c'an leave a part of R+D a c t iv i t ie s  to home country only 

1 f i t  has already developed sc ient i f ic  and technological infrastructure 

and very competent research personnel. In al l  other'cases, which are 

typical for developing countries, multinational companies base their 

research and development in home country leaving eventually to the host 

countries only ;a small part of appl ied research mostly for the purpose 

of product adaptation to the requirements of local market. The lecture 

to be learned is that transfer of technologies to developing countries 

through multinationals can eventually be done only i f  host countries 

have an adequate s c ie n t i f ic  and technological potential and active tech

nological policy on national level.



-  5 -

15* The way followed by some of the countries (usually named as late- industr i  

a l iz ing)  with the objective to converge to technologically developed co

untries is shortly the following: (a) selection of the product rar.ge 

or industries where radical technological innovation ( i . e .  new basic tech 

nology) has been achieved somewhere, (b) selection of the appropriate me

thod for import of the technology, (c) preparation of domestic s c ie n t i f ic  

and technological potential through an adequate form of concentration for 

acceptance, application and improvement of imported technology, (d)  esta

blishment of su f f ic ie n t ly  large domestic firm or firms for cost-effective 

production run and eff ic ie n t  marketing, (e) modification, improvement and 

even radical innovation of imported technology to cut the production 

cost and improve product function and thus achieve competitiveness on 

international market and ( f )  export of technology to less developed co

untries.

16. In order to be e ff ic ie n t  and effective in accepting the challenges of 

new technologies i t  is necessary to have adequate structures, e ff ic ie n t  

institutions and appropriate policies and measures. F i r s t ly  we shall 

examine in some detail the problem of industrial  structure, organizatio 

nal structure of the firm and the structure of s c ie n t i f ic  and technologi

cal potential. Secondly, we shall deal with some problems of s c ie n t i f ic  

and technological insti tutions and the mechanism of their coordination. 

Th ird ly ,  tie shall specify some elements of polic ies and measures which 

can be considered as effective, appropriate and val id  for typical develo

ping countries cases.

17* In order to minimize ambiguities we state:

(a) industrial structure is determined by

*  Size and number of the firms in each industrial  sector

* Size and location of the markets for buying and sel ling

* Type of competition on domestic and international markets and 

barriers to entry and exist

* Level of production specialization and product d i f fe re n t1 at ion

* Type and number of intrasectoral,  intersectoral and. international 

connections and degree of independence in production factors pro

curement.



(b) Organizational structure of the firm, is z means to implement firm 

policy and it  is defined by

* Resource allocation

* Distribution of management authority

* Decision rules

* Procedures for appraisal.

(c) Structure of s c i e n t i f ic  and technological potential is described 

by

* Level of s c i e n t i f ic  and technological development and capacity

* Functional d istr ibut io n  of scientif ic  and technological potential 

among fundamental research, applied research, development, transfer 

of technology

* Organizational d istr ibution  of sc ient if ic  and technological a c t i v i 

ties among university  research units laboratories, public, or p r i 

vate research in st i tutes,  R+D units inside business enterprise 

sector

* Outside relationships i .e .  the degree of openness vs closeness.

18 . Institutional variables such as public agencies, defence programs, na t i 

onal development plans etc.  play decisive role even in development of 

new technologies, not to mention the acceleration of development inside 

existing technologies. We shall elaborate in some detail three in s t i tu 

tional variables on Yugoslav case. The variables are:

* Type of in st i tut io nal ized relationship between users and producers 

of s c ie n t i f ic  and technological results,

* Nationalwide p o l i t i c a l  approach to the incorporation of technological 

development objectives in overall social and economic development path,

* Institutionalized approach to the formulicion of the national strategy 

of s c ie n t i f ic  and technological development.



INDUSTRIAL STRUCTURE -  STATE AND NECESSARY CHANGES

19- Yugoslav industry has following structural characteristics:

(a) In each industrial sector there is a rather great number of firms, 

somewhere between o l ig o p o l ist ic  and perfect competition structure, 

lower level of concentration and production runs usually bellow 

world standards of economic lot size;

(b) Domestic market of buyers overwhelms international market, but in 

many industrial sectors and branches import of materials is necessary 

for a normal production run,

(c)  Competition on domestic market is prevai l ing ly  o l ig c p o l i s t ic  one. 

Competition on foreign market has been for a long period of time 

backed by some measures so that products of many industrial  sectors 

are not suff ic iently  competitive on international markets. Thar  i s 

part icularly  the case with high technology products. Some of the in

dustrial  sectors which have had rather strong domestic competition 

( text i les ,  machine tool industry,  e le c t r ic  equipment industry etc . )  

have gained the competitivenes on international markets but prevai

l ingly  through cost and price -factors,

(d) Due to the very l iberal import of technology and very many incenti

ves for capital investments for a long period, barriers to entry in 

many industries have been rather low,

(e) Vertical integration is a rather rare case so that the transfer of 

basic technologies is less quick than i t  could haye been. A very 

interesting example is machine tool industry, for which Yugoslavia 

has labor, knowledge and experience comparative advantages. If this 

industry had been integrated with some electronic industry,  as is 

the case with very productive and competitive Japanese machine tool 

industry, much bigger technological and economic results would have 

been achieved,

( f )  The relationships between end-producer and subcontractors or com

ponent manufacturers are characterized by lower responsib il i ty  for 

quality ,  prices and timing,
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(g) Yugoslav industrial  structure has been growing very rapidly so that 

th? sole rate of growth has been the generator of some of the struc 

tural deficiencies- To this factor one should add deficiency in 

coordination, absence of tight international competition and rather 

high protectionism on domestic market.

20. The a b i l i t y  of one national industry to accept the technological advan

ces is not its a b i l i t y  to develop or import technology but to apply and 

exploit i t  cost -effectively  and competitively on domes t ic  and internati 

onal markets. To achieve such a b i l i t y ,  the industry should have a suf

fic ient  level of some basic factors (human capital ,  fixed capita l ,  s c i 

e n t i f i c  and technological potential,  qual itative organization e tc . )

and their appropriate combination. One measure of the appropriateness 

of industrial  structure is the closeness of industrial  a c t iv i t i e s  i . e .  

the existence of tight  connections among leading sectors, basic indu

s tr ia l  sectors,  banking and contnercial organizations.

The main deficiency of the contemporary structure of Yugoslav industry 

the lack of tight  vert ical  interconnection. Such a structure has been 

able to buy and import technology embodied in machine and know-how but 

not s u ff ic ie n t ly  able to exploit it mostly because of the lack of 

technological support in raw materia 1s , and so additional import of 

technology (in materials and components) was induced. The conclusion is 

v e r t ic a l l y  interconnected industrial  structure is a necessary structur 

ral condition for domestically and internationally coa^etitive techno

logical development. Outride of such an industrial structure, there is 

a great probabil i ty  that technological achievements, part icu la r ly  in 

developing countries, can be performed only in the short run end at the 

cost of low wages.

21. Some of the above mentioned features are the same for many countries 

whose level of development is close to that of Yugoslav industry.  So we 

can make some generalizations and suggest the following necessary and 

desirable change in industrial  structure in order to accept new techno

logies:

(1) Interconnection of adjancent industrial and other sectors'so as to 

get a qualiatative combination of basic factors.
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(2) Development of large industrial  firms in leading industries able 

to perform independent technological research r id  eff ic ient  trans

fer of technology at the stage when the rate of technological re

turn is s t i l l  high,

(3) Selective development of industrial  sector and very s tr ic t  id enti

fication of attainable technological level for different industrial  

sectors whenever the market forces are either not at hand or are 

insufficient to direct  the technological development, part icular ly  

in case of transfer of technology.

ORGANIZATIONAL STRUCTURE OF THE BUSINESS FIRM 

-  STATE AND DESIRABLE CHANGES

22. The contemporary structure of a typical Yugoslav business firm is as

follows:

(1) Productive part of the firm consists of a number of practically  

independent units (called Basic Organization of Associated Labor

-  BOAL) which are associated in Working Organization, WO, i . e .  firm. 

More complex associations are Compound Organizations of Associated 

Labor (COAL). There are also some other forms of association such 

as for planning, for business co-operation etc.

(2) The source of decision power and labor managed authority are BOALs 

where the productive resources are allocated. All  decisions on 

production, development, investment, etc. are brought on BOAL level 

and cooordinated on "higher" levels.

(3) BOALs can allocate some of their decision authority to WO or to 

COAL management bodies. Nonproductive nits such as marketing, plan

ning, finance, bookkeeping, personnel planning and recruitment and 

even research and development are origanized as services to BOALs 

with s t r i c t l y  defined and limited decision power.

(4) The evaluation of firm's a c t iv i t ie s  is done through the comparative 

analysis of rather traditional economic and other indicators. Each



BOAL pays its employees depending on economic result it has achi

eved as a nearly independent economic unit in the short run.

(5) Plans of any range for the whole firm are reached through the pro

cess of planning which, in st i tut io nal ly ,  should start at BOAL level 

and then through negotiation and coordination fixed for each BOAL 

and for the firm as a whole.

23. The main characteristics of this structure are:

0 )  Very high decision making independence of BOAL for short run prob

lems and very great coordinative effort in order to reach decisions 

on firm level,  part icula rly  for those which need financial effort 

of BOALS.

(2) Increase of economic motivation for eff ic ient  production which in 

case of tight competition leads to cost-effective production.

(3) Increase of relative importance of short run and local goals and 

objectives in comparison to long run firm, sectoral and any other 

overall ones.

(*0 Prevailing influence of .market demand in shaping the behaviour- to

wards innovation which prefers to buy technology in contrast to 

develop i t ,  to slowup technological development wbeneyer there is 

some sort of just if ica t io n  for that,  to employ capital or labor 

intensive contrary to knowledge intensive technologies.

2k. The organizational structure of Yugoslav business firm is not necessari 

ly similar to a typical firm in developing or late - in dustr ia l iz ing  

countries. However, seme common features exist so that one can propose 

the following improvements in organizational structure of the firm, in 

order to accept succesfully the challenges of new technologies:

(1) Democratization of management process in the firm is a necessary 

condition tor considering all  main consequences of new technologies 

on firm and other le v e ls , I f  one technology is not acceptable for 

employees value system it  cannot be considered as a good technology
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Thus the system of complete information on technologies challengs 

should be developed and should operate.

(2) Decentralized organizational structure is adequate for production 

and cost eff iciency in the short run and thus for ripe technologies. 

For the development or transfer of new technologies in early stage 

i t  is necessary to concentrate R+D efforts not only on a firm level 

but on sectorial one.

(3) In order to be prepared to meet d irect ly  or indirectly  the challen

ges of new technologies any non-sraal1 industrial firm should esta

blish the consulting body for technological development and be ob

liged to plan technological development simultaneously with produc

tion planning

(k) In order to be innovative the structure of management personnel in 

many cases should be improved. It is a sc ient i f ic  fact that one typ” 

of managers is appropriate for conservative and positional firms 

(industry where technical change is slow) and quite different for 

innovative ones (for instance in electronics).  The worst possible 

but not a rare case is the positional manager in innovative industry 

and innovative manager in slow changing branch of industry.

(5) The last but most' important change is necessity to introduce and 

develop an innovative climate into the firm through a sophisticated 

system of economic and other incentives for innovational results 

and efforts and through opening of the firm to the influences from 

envi ronment.
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STRUCTURE OF S C IE N T IF IC  AND TECHNOLOGICAL POTENTIAL

25- Up to now very much has been written and said about sc ient i f ic  and tech

nological potential.  In this paper i t  is also very d i f f i c u l t  to avoid 

consideration of the matter due to the conviction that some of r e l a t i 

vely new ideas are to be exposed.

technological potential.  This is due to the conviction that right under-

and development of this potential.

The level of national s c ie n t i f ic  and technological development, STD, 

is by its very nature cumulative, dependent on the S+T development path, 

then on the amount of gross domestic product devoted to R+D and on the 

proportion of population working i;i R+D. I have found that the aggregate 

indicator of thiì level of national STD, denoted by P , is

The greater Ps indicates the higher a b i l i t y  to solve the problem on 

higher level of s c ie n t i f ic  and technological trajectories. To solve the

The national (or some other)  sc ient if ic  and technological oapacity, STC, 

is indicated by P = N x where N stands for the population. The higher 

P the greater the number of technological problems that can be solved.

P» P_/P_. and P/EP, where P stands for average P , for 1A countries 5 sc sa s
for 1979- and for 7 world regions for 1978. Two different data sources 

have been used for calculations.

26. F i rs t ly  I shall introduce a somewhat different concept of s c ie n t i f ic  and

standing of this concept leads to the minimization of noneffective use

% of GDP number of sci en. and eng. 
for R+D per 105 of population

ktechnological problem of level T it  is necessary to have some minimum 

level of S+T development, P^.

27 . To i l lustra te  end even ju s t i f y  above statement I have calculated P ,



Region Ps P
Ps
Psa

75- 100 £P

-  Africa* 1,**8 *♦17 M 5*10"3 0,G5
-  Arab States 7,2** 1072 2**-10"3 0,12
-  Asia* 53,5 73190 175-10'3 8,35
-  Northern Americs 1835 1*1*01*00 6,02 50,1
-  Latin America 12,2 *♦100 **0-10*3 0,1*7
-  Europe 73*» 35012C 2,**1 1*0,2
-  Oceania 333 7326 1,10 0,81»

P -305 sa £-876625 1=100

TABLE 1: Regional S+T level of development and 
S+T capacity in 1978.

* Not including the USSR, China, Mongolia, Viet Nam and the 
Democratic People's Republic of Korea, for which comparable 
data for 1978. are not available

State Ps p
p

s
Psa Ì f ,0°

-  United States 2375 521*011* 1,53 55,8
-  Japan 11*71* 171019 0,95 18,2
-  FR Germany 1801* 110750 1,16 12,0
-  France 806 1*3117 0,52 M
-  United Kingdom 1*95 277i*2 0,32 3,0
-  Netherlands 753 1051*0 0,1*8 1,1
-  Sweden 1532 12716 0,99 1,3
-  Switzerland 3138 19771 2,02 2,1
-  Belgium 507 k m 0,33 0,5
-  Canada 302 7165 0,20 0,8
-  Denmark 532 2666 0,34 0,3
-  Finland 1*25 2038 0,27 0,2
-  Ireland 70 238 0,05 0,03
-  Yugoslavia 5k 1203 0,03 0,13

p -1550 1*937952 £-100

TABLE 2: National S+T level of development and 
S+T capacity in 1979-
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26. Contries or regions can be classified according to the level of STD

(in absolute sense) and STD ( in  relative sense). Position of each coun

try  according to these two parameters determines the theoretical a b i l i t y  

of national or regional sicences and technologies as is suggested in 

Table 3- and Table k.

Ps

(8.3) 1*000

(7-1) 1200

(5.9) 360

(*♦.7) 100

(3,5) 30

(2.3) 10

(1,0) 0

A: Sicence and technology (S+T) so developed that the 
future can rely mostly on S+T (at present not a 
single country)

B: S+T very developed but s t i l l  the future cannot rely 
mostly on S+T (United States, Switzerland, Sweden, 
Federal Republic of Germany, Japan, Northem_America)

C: S+T level of development able to reduce signif icantly  
dependence on natural resources (France, United King
dom, Netherlands, Belgium, Denmark, Europe etc . )

D: S+T able to solve technological problems which are 
not close to basic technologies, so there is very 
high dependence on natural resources (Canada, Ocea
nia e tc . )

E: S+T on the level of development able to accept and 
apply developed technologies, so there is very high 
dependence on old technologies and natural resources 
(Ireland,  Yugoslavia, Asia* e tc . )

F: S+T at the very early stage of development, ful l  de
pendence on natural resources (Latin America, e .g . )

G: S+T does not exist as a systematic a c t iv i t y ,  fu?' 
. dependence on nature (e.g.  Arab States, Afric*

TABLE 3: Classes of S+T level of development

* See TABLE 1.
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p / z r
it)

35

15

3

0,**

0,02

0,001

0.0

1: S+T capacity (STC) which determines the worldwide develo
pment beiiaviour in a very wide range of technologies, 
part icu la r ly  in basic ones

2: STC able to exploit e f f ic ie n t ly  most of technologies 
and to develop.some of basic ones

3: STC able to perform very quick technical change and 
many technological refinements and to participate in 
development of basic technologies

ki STC able to exploit cost -effectively  basic technologies, 
to e f f ic i e n t l y  develop and use technological innovations 
but careful allocation of S+T efforts in order to gain 
internationally  competitive results is necessary

5: STC able to accept technological development in a very 
narrow range of technologies and sectors i f  i t  is to 
gain competitiveness, thus the risk of ünapropriate plan
ning technology policy is very high

6: STC very small and able to accept new technologies in 
very few sectors so usually deals with old and noncom- 
peti.tive technologies

7: STC is negligible and unable to survive without outside 
aid

TABLE 1»: Classes of S+T capacity

29- National s c ie n t i f ic  and technological potential (NSTP) can be globalized, 

or (widely distributed)  or specialized. To be globalised means.to.under

take sc ient if ic  and technological act iv i t ies  on the whole range of nati

onal development and for all  levels of possible technological aspiration. 

To specialize means to devote S+T potential to selected sectors and for 

appropriate (maximal possible) level of technological aspirations. NSTP 

of developing countries cannot be effectively  globalized. However, many 

developing countries attempt to distribute s c ie n t i f ic  and technological 

potential to a l l  sectors. The immediate consequence is low efficiency of 

such globalization and loss of confidence in national s c ie n t i f ic  and tech 

nological potentials.  This pattern of behaviour is generated by low NSTP.

30. In Yugoslavia one can identify globalisation on federal level ,  on the 

level of federal units (republic)  and on firm level.  The pattern of
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recognized behaviour has been the following:

*
(a) Up to the mid-sixties the greatest amount of s c ie n t i f ic  and technolo

gical potential has been concentrated in larger industrial  organiza

tions and independent research institutes, some of them .being "fede

ra l"  some very local,

(b) Research and development potential located in business enterprise was 

reallocated to the production units with the idea that "science and 

technology should come to the workshop floor".

(c) The immediate consequences of such globalization have been: ( i )  lack 

of c r i t i c a l  R+D potential both on workshop level and firm level,

( i i )  diminishing of the a b i l i t y  to perform research and development 

tasks, ( i  i i )  loss of confidence in own research and development po

tential which led to reduction of funds for research and development.

(d) The independent research institutes have become selffinaheing what is 

defin ite ly  a good and healthy idea that oriented them to the actual 

problems of technological innovation in industrial  firms. However, 

very soon they have faced short-run innovation policies of many indu

str ial  firms, very heavy impact of imported technology which was in

ternationally oriented but not internationally based (one should have 

expected that) .  Besides that they faced lack of bridging i n s t i t u t i 

ons, i .e .  research and development centers inside industrial  firms 

able to identify long run innovational programs and to accept the 

a b i l i t i e s  of independent research organizations, which in Yugoslav 

case are very s ignif icant .  The immediate consequence has been the 

globalisation of the research and development potential of indepen

dent institutes through very rich diversif ication of research a c t i v i 

ties and orientation towards short run a c t iv i t ie s .

\

31- Conclusions which stem from the above are:

(a) Lower level of STD and smaller amount of STC, what is typical for

developing countries, practica l ly  forbids the globalization of scien

t i f i c  and technological potentials.
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(b) Thus, the sped al t zat ior. of this potential is a necessary condition 

for its development and effective u t i l i z a t io n .  Specialization requires 

a very careful search for attainable level of technological goals, 

sectors and technologies. The concept of market, product and techno

logy niches should be accepted regardless of any p o l i t ica l  objection 

to i t .

(c) The only promising way to globalize effectively  sc ient if ic  and tech

nological potentials in developing countries is to integrate this po

tential on regional or any other level i . e .  to establish the system 

of international co-operation in science and technology.

STRUCTURE OF THE SOURCES FOR FINANCING R+D

32. One of the s t i l l  controversial aspects of sc ient i f ic  and technological 

development is:  which structure of R+D financial resources should be 

considered as optimal? There is no definite answer to this question. 

Research and development organizations always claim the scarcity of f i 

nancial resources.

33* For the purpose of reliable judgments we can use two norms but only to 

a limited extent. The f i r s t  norm comes from known R_ Kel 1y's definit ion 

of technological intensity which is simply: the product group is techno

logically  intensive i f  "the percentage of R+D expenditure in value sales 

of the United States industries exceeds 2.36 percent". Balassa uses two 

c r i te r ia  for defining high technology products: that are industries for 

which R+D expenditure exceeds 3*5 percent of sales and the number of 

sc ient i f ic  and engineering personnel exceeds 3.5 percent of total employed. 

The second norm can be derived from the statist ical  data on research and 

development funding for different countries. In countries with c e n tra l i 

zed economic planning, sc ient if ic  and technological a c t iv i t ie s  are nearly 

100% government funded. Researchers in basic sciences usually consider 

this as the best solution, but the number and competitiveness of technolo

gical innovations are not in accordance with that. On the other pole the

re are the cases of some technology very developing countries where govern

ment participates with modest 2-5% of total R+D outlays and that can be
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taken as an argument for quite an apposite claim. Thus we cannot derive 

any rel iable proof that a certain structure of financing is the best one 

Financial structure is frequently te l l in g  us something of plans and wis

hes and maybe' of some misleading concepts.

3*». In Yugoslavia financial structure of s c ie n t i f ic  and technological a c t i 

v i t ies  for the last fifteen years has continuously been changing towards 

the relative decrease of the government funds and later of communities 

for selfroanageroent interest in science (SMCS) being now about 101 of the 

total earning of all  research and development organizations. I t  is d i f f i  

cult to judge on the quality  of such a pattern of financing due to the 

fact that the main thing is policy and program of sc ient if ic  and techno

logy research. Nevertheless we can establish the following:

(a) Orientation towards increase of business enterprise sector p a r t i c i 

pation in R+D financing is cértainly  a good solution i f  there are 

appropriate R+D plans for each sector, branch and at least larger 

firm.

(b) However it  is very d i f f i c u l t  to reach the concensus of all  firms 

so that some sectors or firms give financial support for research 

and development to other firms and sectors for a longer period. The 

prevailing behaviour is that each firm spends its R+D financial re

sources and tries to participate in spending common funds. For the 

case of nonconcentrated industrial  structure each firm has a small 

amount of R+D resources and thus it is not able to reach the tresh- 

old (see paragraph.3*0 •

(c)  However, the scarcity and déconcentration of financial R+D resour

ces is f i r s t l y  a consequence and afterwards a factor of the lack or 

sound R+D plans. There is empirical evidence that in some firms 

financial resources for R+D have not been the constraint but clear 

objectives plans and programs of R+D a c t iv i t ie s .  A similar situation 

can be met in the communities for selfmanagement interest in science 

This type of social approach to science, research and development is 

promising but in the absence of adequate (right  objectives long run, 

selective, feasible) policies there is the lack of adequate research



programmes besides the enorroou? number of proposals subjected Tor 

financing.

35- The main recommendation concerning the structure of financing R+D is 

as follows: (a) it  is necessary to concentrate financial resources on 

national or on sectorial level to the relative amount which is proport i -  

onal to the non-market generation of R+D a c t iv i t ie s ,  (b) policies and 

plans for s c ie n t i f ic  and technological development are the only norrto 

to judge the appropriataness of concentration of financial resources 

for R+D, (c)  user-oriented financing increases the responsibili ty  for 

resources u t i l i z a t io n  and thiis cne should always prefer such financing, 

in case of developing countries.

STRUCTURE ACCORDING TO DISCIPLINES, TYPE OF RESEARCH 

ORGANIZATIONS AND TYPE OF RESEARCH ACTIVITIES

36. A realiable judgment requires a somewhat deeper analysis to be perfor

med. Therefore we present in Table 5» 6. and 7- some data on detailed 

structure for Yugoslav s c ie n t i f ic ,  research and development community 

for 1980.
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37- The immediate statist ical  observations are:

(a) The concentration of researchers is the highest in IRI (23,6 rese

archers per organization) , lower in RUE (15,5) and the lowest in 

ROU (13,6),

(b) The above level of concentration is in ah absolute sense very low 

and inappropriate for undertaking signif icant objectives in new 

technologies, without very high coordinative efforts,

\c) Low level of concentration in RUE is a consequence of already esta

blished low level of concentration in industrial  structure,

(d) There is preference towars basic research so that in IRI on 3 project 

in basic research there are only 3-5 projects in applied and 1.1» 

projects in developmental research. Research at ROU is very basic 

oriented, what is t radit ional ly  expected but what does not seem to

be jus t if ia b le  for the county of that level of technological develo

pment,

(e) The number of the accomplished projects per researcher is s l ig h t ly  

over 1 in IRI, s l ig h t ly  less than 1 in ROU and 1.3 in ROU. That is 

the sign that small projects prevailed in 1980.

33. For analytical reference one should mention that in most industrialized 

countries more than a half of national R+D effort  is done by private 

firms, public enterprises and research institutes serying industry. This 

concentration is the greatest in Switzerland, where more than 3/1* of 

Gross Expenditures for Research and Development (GERD) are spent by 

business enterprise sector. This figure seems to be the most appropriate 

for developing countries.

39- Having in mind given statist ics  and with the help of some experience

with the empirical cases, one can recommend the concentration of person

nel,  financial resources and organizational efforts  in industrial  sector 

or s t r i c t l y  for selected industrial  sectors i f  any noninferiour feasible 

objective in accepting new technologies is to be achieved.
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INSTITUTIONAL VARIABLES

^0. Institutional variables may play a very important role in generating 

or at least stimulating the development and application of new techno

logies. The more the science and technology are a determining factor, 

the greater the meaning of these variables. We shall consider in some 

detail three institutional variables which are supposed to influence 

decisevely the acceptance of new technologies in Yugoslavia.

A l . The f i r s t  institutional variable are the se'f-managing communities of 

interest in science. The basis of this variable is the principle of the 

Yugoslav society according to which workers have an ¡nil¡enable right 

to decide on allocation of the income they real ize.  The immediate con

sequence of this pr inciple is the abolishment.of any government fund 

for research and development and the establishment of seIf-managing 

communities of interest in science (SMCIS). The main objective of these 

communities is to establish direct relation between those who use the 

results of research and development ( industrial  and other organizations) 

and those who produce them (R+D organizations).  Producers and users of 

R+D results can establish SMCIS for republic, province or region and 

for a particular branch sector or group of industrial  organizations. 

Bodies of these communities decide on R+D plans, projects for implemen

ting the plans, financial and otheh resources formation and allocation. 

Besides this system through which i t  is financed about 20% of total 

outlay for R+D, there exists a system of direct commisioning a system 

of jo in t  ventures between user and producer called the system of direct 

exchange of labor. The last system is expected to be most powerful be

cause its idea is to put together very t ig h t ly  users and producers of 

R+D results so that both sides lake the risk and advantages of sc ient i 

f ic  and technological development. Presently over 70 percent of the 

total R+D work is done through direct commissioning of the research and 

development projects.

A2. The main features of the f i r s t  institutional variable are: ( J )  increase 

of interests in science and technology through demetropolisation of the 

concentration of R+D resources, (b) more s t r i c t  control of the resource 

u t i l i z a t io n ,  (c) increase of stimulus for the establishment of research
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units inside business enterprise sector to serve as bridging i n s t i t u t i 

ons or to perform the R+D a ct iv i t ie s  by themselves and (d) increase of 

interest of R+D organizations outside industrial  firm; dealing with 

applied and developmerral research contrary to the inclination towards 

basic sciences and larpourlart ist ic  behaviour. However, there are very 

high barriers to be overcome in order to benefit fu l ly  all  of the pro

mising features of this institutional variable.  F irst  of all  the prob

lem of coordination has become very heavy, secondly, informational as

pects have become very decisive, necessity for a s t r ic t  methdology may 

lead towards seme kind of organizational dogmatism and as was expected 

there are tendencies for bureaucracy of a special sort to develop.

**3-- Present world and national problems haye caused the formation of Federal 

Commision for Stabilization of Economy which is designing a long-range 

stabilization programme. One working group of this Commission has pre

pared a document entitled The Grounds for the Strategy of Technological 

Development. The document appeared three months ago with the following 

results to be mentioned here: ( l )  Recognition that technological deve

lopment is the necessary condition for economic stabilization and deve

lopment, (2) Description of the main characteristics of future sc ie n t i 

f ic  and technological trends and the general actions which have to be 

undertaken in order to deal with this development, (3) Recognition that 

some of the technological development probliems have necessarily to be 

resolved on the federal and some on lower levels,  (4) Very great stimu

lus to the very wide public,  to many organizatTons and insti tutions,  to 

polit ical  and governmental bodies to take participation in nationalwide 

discossion on many problems of technological developments. The document 

has already given the main y ie ld :  the high awareness of all shortcomings 

in past technological developments and of significance that the future 

technological development should be very carefully shaped and bacxed 

with appropriate structural and inst itutional features.

kk. Tb? third variable we want to consider is the insti tutionalized creation 

of the strategy of sc ient if ic  and technological development. It is reco

gnized that the strategy for s c ie n t i f ic  and technological development in 

Yugoslavia should be formulated but in the process of interplay and in 

teractions with the formulation of strategies for S+T development of
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republics,  provinces, industrial  sectors, large industrial firms etc.

At present the programme for formulation of the Strategy of S+T Develo

pment in the Social ist  Republic of Serbia is f u l l y  completed. The menti

oned Strategy of S+T Development is to be formulated under the guidance 

of Council of the Project and under the auspices of the Assembly of the 

SR of Serbia, Chamber of Commerce of the SR of Serbia and the Self-ma

nagement Community of Interest in Science of SR of Serbia. The Project 

should formulate the S+T Strategy for the next twenty years and esta

blish the system and institutional arrangements for adaptive reformula

tion of the Strategy. The Project is to be realized during the next two 

years involving more than ten research institutes and over 250 sc ient i 

sts and researchers. The main parts of the projects are (diagnosis and 

development programne): microelectronics, telecommunications, robotics,  

genetic engineering and biotechnology, chemical industry; material tech

nology, energotechnologies, metalworking industry, food production. 

Besides that,  the following four important coimran problems are to be 

resolved in the Project:  (1) Formulation of the methodology for the 

design of S+T Strategy, (2) Investigation of the main cultural ,  ecolo

gical , educational and other aspects of new technologies, (3) Design 

of appropriate structures, institutional conditions and behaviour for 

succesfull implementation of the Strategy and (4) Long-range programme 

of basic science for the purpose of technological development. The re

search a c t iv i t ie s  in the Projects are coordinated by Science and Techno

logy Policy Research Center.

**5- In parallel with the Project mentioned above, three complement projects 

are under way: ( J ) Strategy of Production and Technology Development 

of Car Manufacture "Zavodi Crvena Zastava" up to 2000 (investigated 

by Science and Technology Policy Research Center), Development Strategy 

for Machine-tool Industry (Faculty of Mechanical Engineering, Belgrade) 

and Development Strategy of Chemical Industry ( inst itute  for Chemistry, 

Technology and Metallurgy, Belgrade). In due course are negotiations 

on similar projects for electronic industry,  agriculture and, food indu

stry .  We consider this to be a very meaningful way to in stitut ionalize  

technological development on all  appropriate levels.

146. F in a l ly ,  I would like to expose one statement which seems to be of high 

interest and importance for the acceptance of new technologies in deve-
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loping countries. The level of technology in noneconomic sectors in 

government and administration ;s an important macro element while a con

temporary worker is opposed to technological development whenever out

side factory walls he is to meet old,  conservâti ve, nonefficient way 

of doing things.Technological development is not only cumulative but 

also a complementary process. In the same line is the influence of in

novative climate in micro area. Anybody concerned with technological 

development needs the adequate qual ity  of all  factors in order to ac

cept the technology. Thus, new production methods and new products can 

be introduced i f  there already exists a new commercial behaviour, appro

priate methods of planning, new management behaviour, and adequate 

attitudes towards all  peculiar it ie s of new technology. In short,  what 

is mostly needed is the innovative climate in all  sectors and segments 

of the society.
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