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INTRODUCTION 

Technological development in any country is the result of a series of interactions of science, 
government and industry. On this magic number of three many different establishments as diverse as reli-
gions and empires have organized themselves and prospered. It is impossible to talk about one of the 
three sides of the triangle without taking the other two into account. Primarily I shall try to deal with the 
science element of technological or industrial development. 
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accordingly We shall see, however, that it will not be possible to isolate 
science from political and commercial considerations. 

Another note should also be made from the outset. This seminar is to be seen, I 
understand, from the particular angle of developing countries. We should bear in mind 
that the great majority of member states of the United Nations possess virtually one side 
of our symbolic triangle, namely a government. The other two sides, i . e . ,  science and 
industry are often hardly existent. 

We all know the UNESCO estimates according to which some 95% of the 
world's scientists live in the relatively few developed countries and the proportion of 
money spent on research and development by this group of countries is even higher. To 
a lesser extent, but highly out of proportion is the concentration of industrial activities in 
the world. 

Of course, the situation varies from country to country. The Latin American 
countries themselves seem to be a good example of this. 

To compensate for the insufficiencies in their capacity to put science and 
technology to commercial use as well as for the insufficiencies in indigenous technology 
in developing countries, these countries have no choice but to rely to a large extent on the 
scientific community of the advanced countries as well as on private enterprises in the 
industrialized countries with their greater experience in the generation, production and 
management of technology. 

There is little consolation for these countries in the fact that the advanced 
countries are dependent to the same extent or even more on developing countries for their 
supply of natural resources and energy. Here again, a high percentage of members of the 
United Nations do not have such natural resources of their own and are as well dependent 
on foreign nations for their supply. 

ORIGIN OF SCIENTIFIC AND TECHNOLOGICAL KNOWLEDGE 

In our attempt to come to a new vision for development through the process of 
industrialization of developing countries, we have also to analyze the origin of scientific 
and technological knowledge in the world. 
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We tend to forget that the present unsatisfactory distribution of wealth in the 
world is not a phenomenon of the 19th and 20th century, i . e .  of the age of industry. 
Science and technology are today, and have always been, dependent on the cultural, social 
and political environment in which they are performed. It is impossible to isolate science 
and technology from socio-economic conditions. 

As we observe life cycles of countries as military powers, we can observe life 
cycles of countries as intellectual leaders during a certain time or others as economic 
powers. Probably in most of the cases, the three components of power went together. 
We have accepted the rise and fall of nations during all history almost as natural laws. 

I am referring to the Maya, the Indian, the Chinese cultures, the Egyptian and 
Persian cultures to quote only some. Their influence and impact on others was always 
limited to a certain region in the world. In Europe we know the "power cycles" of, for 
instance, all countries bordering the Mediterranean: the Greeks, the Romans, the Turks, 
the Spanish, the Portuguese, the French. They all have had once "their" time, when they 
have been able to invade their neighbors with their military power, their economic force 
and their culture. In fact, some even went so far as to explore this country.  The Central, 
North and East European countries also have had, or still maintain today, their fair share 
of leadership or in other words, domination of others. The Swedes, Danes, Norwegians 
have exercised once great military and economic influence over others. England has 
been able to rule almost the entire world for centuries; Germany has shaken the world 
during a short period and still others in Europe - no names -seem to do very well even 
today in exercising their own discipline over others. The influence of this country over 
parts of the world is well known to you. 

I am mentioning all this because of the similarities in the cycle of science and 
technology performances cf countries. There has been a strong concentration of scientific 
efforts in Italy from the 15th to the early 17th century, followed by England in the 17th 
century, France in the 18th century up to the early 19th century, Germany from the mid of 
the 19th century into the 20th century and the USA, say, in these last 50 years. But these 
centers of "scientific gravity" 
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have been relatively isolated from the rest of the world.  For many centuries, mainly due to 
the lack of mobility and non-existing information channels, there has been no automatic transfer 
of scientific discoveries. Scientific results have not been applied elsewhere, they have 
very often been forgotten; in other words the wheel had to be invented more than once. 

Technological know-how based on industrial activities has a shorter history 
than the world of science. It is customary to determine the birthday of industry with the 
invention of the steam engine by James Watts in the end of the 18th century. One can 
also say that Sir Isaac Newton has laid the basis for what one calls today the "system 
approach." It was Newton's vision of the universe as a giant clockwork mechanism that 
radically affected man's way of looking at hi s  world and laid the ideological 
underpinning for the industrial revolution. Going back even more to the middle ages, the 
historian, Lynn White, observes that "the Latin Middle Ages developed an almost 
entirely affirmative view of technological improvement. This new attitude is clearly de-
tectable in the early ninth century, and by 1450 engineering advance had become 
explicitly connected with the virtues: it was integral to the ethics of the West . . .  

Medieval Europe came to believe that technological progress was part of God's 
w i l l  for man. The result was an increasing thrust that has been extrapolated, without 
interruption by a downward curve, into our present society."2 

I am making this long "excuse" in order to demonstrate the roots of our present 
science and technology which originated from a very special constellation of cultural, 
religious, social, economic and political factors combined with favorable climatic 
conditions. 

As long as man lives, he has accepted - because he had no other choice - sheer 
power as the governing rule of the world. People have 

1 F. Ben-David, Fundamental Research and the Universities, Paris: 
OECD, 1968, p. 80. 

2 Lynn White, J r . ,  "Technology Assessment from the Stance of a 
Medieval Historian," Technological Forecasting and Social Change, 
Vol. 6, No. 4, 1974, p. 359. 
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always been exploited by people. It is only in the last generation that mankind has had 
some hope of success to introduce democratic rules into the functioning of the family of 
nations. Both industry and science, our theme today, are next to military resource, the most 
powerful instruments to govern and take the world into this or the other direction. But in 
order to mobilize these powers in a positive way we must analyze the underlying reasons 
for the functioning of science and technology. 

DESIRED RESULTS OF INDUSTRIALIZATION 

The desired results of industrialization are multiple. Ultimately, and generally 
speaking, there is the hope to improve the general living standards through growing 
opportunities for the people. 

In other words, 1t is hoped that in following the pattern of the developed 
countries in the field of industrialization that the tempo of economic and social 
development would be accelerated. 

There would be more employment possibilities, there would be a tremendous 
educational exercise - learning by doing - there would be a higher productivity rate because 
industry usually provides productivity at a much faster rate than the traditional agriculture, 
thus resulting in an increasing diversification of the whole economy. 

For the last 200 years since Adam Smith wrote his Enquiry into the Wealth of 
Nations industrialization seemed to be the ultimate target of all countries. The fact that 
most of the economically advanced nations of the contemporary world scene reached their 
high standards of living through successful thrusts of industrialization is accepted and 
granted as the model which the developing countries need to follow. 

"Industrialized countries" in this context means almost synonymously 
"advanced countries." 

Developing countries are in most of the cases characterized by a high degree of 
both unutilized and underutilized labor. The choice of technology is particularly for those 
countries not only an economic question but rather a social and political problem which is 
almost un-solvable. Labor intensive technology may be effective in promoting 
employment but will only do so at the expense of the economic growth rate as expressed in 
terms of GNP. 
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RELATION OF SCIENCE AND TECHNOLOGY 

It seems to be widely accepted that the relation science and technology can be 
illustrated by the classical "left-to-right" flow from research to development to 
industrial use of technology. The organizers of this conference followed obviously the 
same pattern when suggesting to undertake "A review of . . .  instances of productive inter-
action between the industrial sector, which generates the demand for technology, and the 
research institutions which operate on the supply s i d e . "  In this cliché the basic scientist 
creates scientific advances leading to major development efforts, which in turn produce 
whole new industries. As Herbert Fusfeld, the past President of the Industrial Research 
Institute rightly points out, "There is in part a 'right-to-left1 flow in which development 
follows an industrial base and basic research follows development." This i s ,  says 
Fusfeld, "The view seen by the economy.  Once an industrial system is in place, 
increased efforts in research and development are demanded by the system, and they are 
identified because there is a place for results to go." 

To produce science and technology, there seem to be three main generators of 
research: 

1. Intellectual curiosity 
2. Economic expectations 
3. Public demand 

The first group can be partly summarized under basic research or fundamental 
research. This type of research is usually carried out by universities or research institutes 
of a "Max-Planck-Institute" type, i . e . ,  financed by public funds but self-governed by a 
Research Council. Similar to this is the French Centre National pour la Recherche 
Scientifique (CNRS) and the Academies of Science in many other countries. 

The research results are published and are available free of charge, usually, to 
everybody who is interested. 

The second group of research activity, motivated by economic expectations, is 
usually undertaken by industry itself. Not all its 

3  H. I. Fusfeld, Editorial in Physics Today, November, 1974, p. 104. 
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results are published but when done the publication goes together with f i l i n g  of patents. 
In many instances companies are not readily able to share the results of their research with 
others at a l l .  Some have an "easy" license policy. The conditions on which license 
arrangements can be made are usually determined by the investor: they are often coupled 
with a number of other concessions or conditions. Fortunately it is not the theme of this 
presentation to enter into the eternal debate on the "fair price" for license agreements. For 
industry investment in Research and Development is as commercial an investment as in 
any asset, i . e . ,  it is governed by return-on-investment considerations. The main difference 
i s ,  compared with other investments, the high degree of risk involved. 

The third group of research activity follows public demand, i . e . ,  return-on-
investment considerations do not play the decisive role. (Government-financed research 
includes also the basic research for the general advancement of science which I have listed 
separately as group one.) This research, financed by governments, is determined by 
national objectives: National Security and Big Science, Economic Development, 
Community Services and other activities. Here for instance appear expenditure items for 
Research and Development for Developing countries, items in which private industry 
generally has as little interest as in basic research. 

SPECIAL RESEARCH INSTITUTES 

In the absence of any adequate industrial or academic infrastructure of their own 
in the field of science and technology many developing countries have created special 
research institutes with the aim of providing indigenous knowledge which is country-
specified. 

The Denver Research Institute has undertaken a comparative 
analysis of selected research centers in a number of developing 

4 countries.  This research has identified some of the major problems 
of these institutes: 

F. P. Blackledge, "The Role of the Research Institute in Industrial Growth," 
Appropriate Technologies for International Development, September, 1972. 
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1. Shortage of modern research institute management sk i l l s ;  
2. Lack of monetary incentives for technical personnel; 
3. Lack of programs of planning for the future; 
4. Lack of program development and promotion; 
5. Lack of internal project evaluation and fiscal controls; 
6. Little experience in acquisition and diffusion of avail 

able foreign technology; 
7. Need to develop appropriate mechanisms for technical 

assistance to medicine and small industry. 
In addition to these internal problems, the study indicates that the research 

institutes encounter the external problems of exclusion by the government planning 
agencies and enterprises, the development banks and the industrial sectors from the 
planning processes. Nor do governments develop incentive programs to stimulate 
partnership between the industrial sector and the research institute. The multinational 
companies in the developing countries seldom seek research assistance, preferring to send 
these problems to home-based laboratories. Industry usually lacks confidence in the 
ability of the research institute. Both industry and government believe they should not pay 
fees for institute services* since they are largely subsidized by government funds derived 
from taxes on industry. Industry also fears the disclosure of proprietary knowledge 
through the research institute-government relationship. Industry is often not interested in 
research results until they have been carried through a demonstrative plant phase and 
questions of production, economic and marketing feasibility have been resolved. 

There is little incentive for most research institutes to seek contract research 
support actively, as the institute income usually reverts to the government treasury and is 
not under the control and management of the institute director. The institutes thus tend to 
engage in programs with little relevance to industrial needs or to the national plan. The 
research institute staff has limited or infrequent interaction with industry or government 
enterprises. 

It is felt in the study by the Denver Research Institute that the creation of 
institutional linkages around specific objectives and carefully designed programs is the 
most effective means of transferring 
the management and technical skills so desperately needed in the  

5 developing countries. 

Summary quoted from "Survey of Selected Studies and Research on Technology 
Transfer to Developing Countries," Denver Research Institute, June 1973, pp. 25 
and 26. 
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These remarks are certainly not only relevant for the relationship^ between 
special research institutes and industry but-they are-largely true for any interaction of the 
academic community and industry. 

INDUSTRY-UNIVERSITY RELATIONS 

Nobody w i l l  dispute that closer working relations throughout the technical 
community will strengthen science and technology. The university and industrial 
communities meet one another on many different interfaces. Although their relationships 
are often close, harmonious and fruitful, there are st i l l  formidable barriers between industry 
and university. It appears that in many instances, good opportunities for their further 
development remain largely unexploited. 

The interaction between industry and science has usually been analyzed by 
university institutes, governmental agencies or international organizations l i ke  UNESCO 
and OECD. Relatively little is known on the attitude of industry towards this problem. 
One of the few systematic industrial studies in this field has been undertaken by the 
European Industrial Research Management Association in Paris. The findings of this 
study are not only relevant for Europe, but have a rather universal character. 

This report is devoted to a consideration of ways in which industry/university 
collaboration can be increased. The justification for seeking such an increase is to be found 
in the very real benefits which the study has shown to accrue to both parties from fruitful 
collaboration, such as: 

a) for industry, in mobilizing the scientific and 
intellectual potential of universities to help 
increase its effectiveness and productivity; 

b) for the universities, by the stimulation of 
having to relate their work to real-life 
activities, by contact with applications 
and people problems; 

c) for society as a whole, by the enhanced levels 
of effectiveness and responsibility of the 
industrial and educational worlds in their 
services to the community. 

T. Mental Attitudes. A mental gap often appears to exist between the university 
and industrial communities, which is reflected 
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in mutual criticism and lack of trust and comprehension. Thus industrial research directors 
may view professors as theoreticians with little appreciation of practical problems, and so 
may underestimate the achievements and capabilities of university research. Similarly, 
professors may find it difficult to reconcile a desire for basic research with an interest in 
industrial problems, or may regard industrial staff as inferior scientists. Finally, the 
students, who understand little of industry and its real role in society, tend to be influenced 
by an anti-capitalist minority and to adopt a hostile attitude towards industry as a whole. 

One of the best means of overcoming these problems is the encouragement of 
personal contacts between the two communities at all levels. This could be aided by the 
appointment of liaison officers in both universities and large industrial companies. There 
is a clear need for unbiased and reasoned instruction on the current role of industry in 
society, to be given from the secondary school stage onwards. 

2. Joint and Sponsored Research. Collaborative research projects can be very 
fruitful, both in forwarding a particular project and in the wider sphere of improving 
industry/university relations. Shared facilities can reduce the capital and current expenses 
of both parties, while any resulting patents are of mutual benefit. Such collaboration can 
overcome inevitable gaps in the know-how and facilities of any particular company's 
Research and Development, while enabling a university department to tackle work of 
broader scope. It is misleading to differentiate rigidly between joint and sponsored 
projects, since the firm should have staff who can actively contribute ideas in either case. 
The distinction should lie in financial arrangements rather than the method of pursuit of the 
scientific objective. 

If joint work is to succeed, mutual respect is essential. The first-class university 
scientist will only collaborate harmoniously with a first-class man in industry. A professor 
may find it difficult to accept projects which appear to have a purely economic motivation, 
and will correctly insist on the basic and educational aspects of research in his department. 

Industry must also avoid giving a university team a vague objective, 
coupled with an overly ambitious time schedule. Projects must be selected as carefully 
as the industrial scientists who will 
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take part in the collaboration, with a view towards engendering spontaneous enthusiasm 
amongst university staff. 

3. Exchange Schemes. There can be no doubt that exchange of personnel at 
all levels between industry and the universities, i_f properly organized, can make an 
immense contribution to the improvement of relations between the two communities. 
Conversely, badly organized exchanges can be deleterious. Six forms of exchange 
scheme have been investigated. 

a) University Consultants. The employment of university 
staff as consultants in industry is a long-established practice which 
has proven of value to both large and small companies in many fields. 
A consultant appointment is a personal one, the university scientist 
undertaking to give advice in a specified field (on the basis of exclu 
sivity) to an industrial firm. The arrangement may be temporary (to 
aid in the solution of a specified problem) or semi-permanent (covering 
a continuing consultancy in a specified area of knowledge). 

To be successful, the consultant should have access, as necessary, to the firm's 
internal data. He should be available to the firm for at least one or two days a month, but 
should be capable of devoting further time to study and preparatory work. The 
consultant should receive direct financial recompense or at least some form of indirect 
material benefit. 

Such personal commitments on the part of university staff are sometimes 
criticized or even forbidden by law. It is recommended that any formal obstacles to 
these appointments should be removed. Provided an adviser does not accept more than 
one or two consultancies, his university responsibilities are unlikely to be impaired, 
while the industrial contact should be beneficial to his work. Staff below professorial 
level is too rarely appointed, and there is every reason to encourage the appointment of 
capable advisers below professorial level. 5emi-permanent consultancies provide the 
best opportunity for an increasingly fruitful relationship to develop. However, a consul-
tancy should never be allowed to outlive the mutual enthusiasm, trust and interest upon 
which it is based. 

b) Visiting Professors. The industrial scientist who 
spends a period working in a university forms a valuable bridgehead 
between the two types of institution. The flow of ideas is stimulated 
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in both directions, while the curriculum spectrum of university is broadened to include 
specialized industrial knowledge. The scientist involved may be appointed to a continuing 
part-time university post, or may be lent full-time to the university for a limited period. 
The same advantages accrue with either method. 

As a prerequisite for the success of such schemes, the man appointed should 
neither be too old to adapt to the new situation, nor in so senior a position in his firm that he 
will have too l i t t l e  time for his university work, which demands proper preparation if it is 
to be satisfactorily discharged. The ideal man appears to be a senior scientist in his mid 
to late forties, who no longer wishes to compete in the race for administrative seniority, but 
is s t i l l  developing as a creative scientist and has didactic qualities. It is believed im-
portant that the visiting professor should be properly reimbursed for his university work 
and accorded the same rights and privileges as other university staff at the same level. 

Finally, the need is stressed for both industry and universities to seek 
opportunities to make such visiting appointments, particularly in those countries where the 
tradition has not yet been established. Appointments too often result from chance contacts 
and incidental developments. 

c) Staff Exchanges. During the working group investigation, 
it was stated repeatedly that the man who has spent part of his career 
in industry and part in the university world, preferably alternating between the two, can 
make a most valuable contribution to industry/ university contacts. Although only a small 
number of individuals is likely to choose such a career pattern, it is recommended that 
those factors limiting such mobility should be removed wherever possible. Two particular 
obstacles have been noted. Firstly, pension schemes are too often tied to employment with 
a particular firm or institution and make no allowance for such desirable mobility. 
Secondly, differences in conditions of employment between universities and industry tend 
to inhibit the two-way flow of staff. These differences are likely to diminish in the course 
of time, since both employers are essentially competing for the same type of individual. 

d) Industrial Training for Students. For a scientist to 
develop his abilities optimally in an industrial career, it is 
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important that his education involve more than a technological training. In particular, it is 
desirable that, either during his university studies or immediately after appointment to his 
first industrial post, he should be given the opportunity to study conditions in industry 
more widely. 

The working group has no entirely new procedures to recommend. Existing 
methods appear adequate, though not widely enough employed. Valuable schemes for 
undergraduates include vacation stages spent in industry and the utilization of sandwich 
courses, which given one to two years of industrial experience during a university degree 
course. It is recommended that the practice of allowing postgraduate students to 
undertake at least part of their research in industry should be expanded as far as possible. 
Finally, individual companies should provide comprehensive training courses for new 
recruits. 

e) Recruitment of Graduates by Industry. Maintaining 
good relationships between industry and the universities is important 
for the recruitment by the former of the types of graduate most needed. 
Several methods of establishing contact with potential employees are 
in operation, although the use of university appointment boards appears to establish initial 
contact with maximum efficiency. Two further recommendations appearing from the 
working group analysis are: a) the provision of truly informative brochures on the 
activities of an industrial research department and career prospects within the company, 
and b) the improvement of arrangements for in-depth visits to industry by groups of 
students. 

f) Post-Experience Courses and Joint Conference. 
Universities can provide a valuable service to industry and the  
community by provision of post-experience courses designed both to update and to 
reorient industrial personnel. 
At the same time, such courses have the additional benefit of bringing 
the two communities together. 
The publication of a comprehensive list of courses available throughout 
Europe is recommended. 

4. The Role of Government. The government has a clear responsibility to 
ensure optimal utili2ation of a country's creative scientific potential. The government can 
improve industry/university relations in its general educational policy, starting with the 
encouragement of interest in the sciences in the schools, in its 
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influence on the curricula in schools and universities, and in the provision of postgraduate 
educational facilities and programs. Government can also be instrumental in removing 
legal and technical barriers to staff exchange where they exist. Government research 
contracts can also promote university/industry cooperation. 

5. The Special Situation of the Small Firm. Small companies having little or 
no true research may look to universities for the solution of incidental problems or for 
basic research on new products and processes. This can create the impression that a l l  
industrial research consists of minor mundane studies or that there is little true scientific 
work in industry. The small firm must also avoid establishing university contacts which 
have only prestige value, are expensive to maintain, or are unsatisfactory for either party. 

One solution to this problem is the establishment of research associations to 
serve the needs of small companies in a particular field. However, the most satisfactory 
solution is probably to be found in those countries where special industrial research units 
have been established by universities (or, with university collaboration, by governments) 
to meet this particular need. 

The investigation has emphasized that every company, however small, having a 
need for new technology, should maintain its own nucleus of Research and Development 
expertise. However much work is contracted out, scientific policy must always originate 
within the company. 

UNDERSTANDING AND APPLICATION PROBLEMS 

The complex of science and technology and the processes of research and 
development it generates are not always well understood in the developed countries 
themselves in spite of the fact that they have gained experience with the subject for a long 
time. 

Let me mention a number of obstacles to their understanding. 
-The long-time effect. 
Very seldom can immediate results be expected. Often research and 
development are among the first items to be cut back when economic 
difficulties absorb the company's or country's financial capacity. 
-The lack of information. 
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Even very l i t t l e  organized companies are 
victims of the Not-Invented-Here (NIH) 
syndrome and have the tendency to re-invent 
the wheel. Information and documentation 
services are very difficult to institute 1n an 
efficient manner. 
-The difficulty in application. 
It is most difficult and almost the result of pro-
fessional gambling to achieve successes in Research 
and Development.  It is the successful application of 
Research and Development results which determines 
the ultimate success. The "know-how" to apply re-
sults of research and development successfully is an 
art for which no patents do exist. It is the work of 
the often forgotten blue-collar-worker and not of the 
Nobel prize scientist, to use the other extreme. 
-The shortening l ife cycle of Research and Develop-
ment results. 
The fantastically high investment in the form of re-
searchers, i . e . ,  in people, and in money, results in 
high competition and shortens the life cycle of in-
ventions. Companies try therefore to get their in-
vestment money back as fast as possible under the 
threat that the competition may come out with an 
even better product. The result is often a 
"gadgetization" of improvements. Products become 
commercially obsolete before they are technically 
obsolete. All this results in a deplorable qaspillaqe 
(wastage) of brains and of money at the expense of 
the most important research targets related to the 
survival problems of people who made this 
mechanism but which are not regarded as more 
worthy "markets." 
The next special session of the UN General Assembly in 

September of this year will be devoted to the "New Economic Order." It 
could well be that at the same time a special effort will be made to define 
also a "New Science and Technology Order" for the world. After the 
wide ranging debate during the past two years over energy --and 
especially over the role of oil —and over natural resources, the still 
missing element to l i n k  these resources and energy together and to make 
them economically valuable, is science and technology. Let us hope that 
this time we can reduce the unavoidable confrontation to a minimum and 
come instead, in the interest of a l l  countries, rich and poor, to a new 
dialogue. 
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