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While recognizing that the relations between science, technology and
development are far more complex than we thought 30 years aga and that
neither science nor technology is a shortcut to development, it is argued
that the building up of a national research capacity should be considered
as a priority for every nation in the world. After a brief historical reviewof
the development of science in the developing world this article discusses
the professional and social status of scientists, the conditions under
which research is conducted and characterizes the scientific production
in developing countries (Des). Recent changes of the foreign aid policies
and institutions are also reviewed. In the conclusion, it is stressed that
better concerted cooperation between foreign aid managers and national
policy-makers is needed to find innovative ways to back the emergence and
the reproduction of endogenous scientific communities in the developing
world. More and more problems, e.g. environmental deterioration, are
becoming a growing concern for ail nations of the world. The solution to
these problems will require mobilization of the world around reinforced
collaborative efforts.

SCIENCE IN THE SERVICE OF
DEVELOPMENT: UTOPIA OR
REALITV?

The importance of science and technology
in combatting underdevelopment was recognized rather late. It wasn't until the end
of the 1940s and the beginning of the 1950s
that we first heard about the concept of
"underdevelopment" (1) and documents
first mentioned the possible role of science
and technology (S&T) in fighting it. The
concepts underdevelopment and Third
World appeared within a year or two of
the creation of UNESCO which was almost established without the "S". Science
was added to its mandate almost per
chance at the very last moment (2). The
euphoria of the 1950s and 1960s and the
hope implied in the prospect of science in
the service of development was soon replaced by disillusion which grew stronger
and stronger as the economic crisis and
unemployment struck the industrialized
countries (ICs) in the 1970s and many developing countries (DCs) were gradually
relegated to the wings of the international
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economic scene. It wasn't until the beginning of the 1980s that a new wave of optimism and mystifying utopia emanated
from new scientific developments in the
fields of micro-electronics, new materials,
and biotechnology.
Research on the "science of science"
over the last 20 years enables us to better
understand factors that contribute to technical change and technological innovation.
We now recognize that there is no more of
a direct linear relationship between basic
research, applied research, technological
development and, finally, economic
growth, than between the quantity of research a country conducts and the efficiency of its research system. In other words,
investing in research and development
(R&D) activities, forming research teams,
building universities and laboratories with
sophisticated equipment and libraries will
not guarantee miraculous scientific discoveries or activate a development
machine. Relations between science, technology and development are complicated,
and neither science nor technology is a

shortcut to development. Further, developing science is a lengthy undertaking.
Even under conditions more favorable
than those currently prevailing in most of
the developing countries, it took more
than 50 years for countries like the USA
and Japan to be able to compete with the
European countries.
The last decades have also made it increasingly clear how risky it was to attempt
to reduce the DCs to an integrated entity.
The formation of the world economic system has widened the gap between the
"least-developed countries" (LDCs), the
"intermediary countries" (Int.Cs), and the
"newly industrialized countries" (NICs).
The promise borne by the new technologies, especially biotechnologies, may
widen this gap. The NICs have reached a
fair level of scientific research, industrial
capacity and domestic sales which justifies
their hope to better capitalize on new scientific development and technology (4, 5)
while the LDCs have unproductive, inadequate, scientific research systems and lack
an industrial base, qualified personnel and
capital. The opportunities and powers that
science bestows on those who know "how
and why" widens the gulf, not only between the developed countries and the
DCs, but also between the DCs themselves.
Should we conclude that most LDCs do
not have the conditions required for building up a national research capacity? It is
true that because of their size and available resources, there are very few LDCs
that will be able to contribute to the production of scientific knowledge and of new
technologies. This inspired Salomon (6) to
make a distinction between controlling
production and controlling the use of scientific knowledge and technological
change. Even people who do not see the
need for each country to have its own scientific community recognize the vital importance for each country to have access to
technology. But the question is whether
technology can be successfully transferred
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without a minimum of scientific expertise
at the receiving end. The answer is obviously no. Much of the knowledge and
technology conceived in the ICs cannot be
applied directly in the DCs. There are always problems connected to knowledge
appropriation and technology transfer,
which can only be solved through on-site
science, in other words, on-site scientists.
Another justification that seems of prime
importance is related to the fact that aH
modern nations need to have their own
higher education system, and it is impossible to conceive of higher education without teachers who are actively involved in
research. We couId find a whole series of
arguments to justify promoting science
and technology in the DCs, but this is not
the subject at hand. We feel that we are
going far enough by concluding simply that
the nations which staunchly chose to embark on experimental science now number
among the richest, and the DCs have every
right to seek their share; they do not want
to be left in the wings of the scientific
revolution that is now being acted on the
scene before them.
SCIENCE DEVELOPMENT IN THE DCs:
VERY YOUNG NATIONAL RESEARCH
SYSTEMS

While modern science was born in Italy at
the turn of the 16th century, the first tangible signs of its penetration only appeared
in the 18th and even more so in the 19th
century in Latin America and in Asia, and
at the turn of the 20th century in Africa.
Its birth is often co-related with that of the
universities, e.g. in Latin America where
there were 23 universities by the end of the
18th century (7, 8). The British colonizers
opened the first universities of Asia in
1857 in Calcutta, Madras and Bombay (9).
The University of Cairo was founded in
1908 (10). The first universities of Black
Africa are much younger. It was only in
1948 that the first courses were given at
University College in Ibadan, Nigeria, and
the first graduates received their science
degrees in 1950 (11). OfficiaIly, the University of Dakar, the oldest university in
French-speaking Black Africa, was established in 1957.
A comparative study recently conducted
in three countries (Costa Rica, Senegal
and Thailand) showed the various steps in
the development process (12, 13). The
primary conclusion that can be drawn from
the study is that the systems are very

young. The first embryonic research institutes only date back to the end of the 19th
century and, most of them were created
during the first half of the 20th. It was only
in the 1960s and especially in the 1970s
that national scientific communities truly
developed and the institution-building
process took root. The national research
systems experienced exceptionally acute
growing pains that they were able to control, more or less, during the 1970s. Referring to the European models, these countries designed various services to mold scientific policy as institutions were being developed until finaIly, sorne time between
1979 and 1986 they created ministries specifically for scientific and technical research
(14).

(12) and just over 5000 in Thailand (16).
Furthermore, the number of fuIltime equivalent (PTE) research scientists as a percentage of the population as a whole is
very small (Thailand 0.06', Senegal 0.08,
and Costa Rica 0.17) compared to the industrialized countries (ICs). Thus, there
are approximately 20 times fewer PTE researchers per 1000 inhabitants in Costa
Rica than in France, and 30 times fewer
than in the USA.
More than half of the PTE scientific potential is to be found in the universities
(56 % in Senegal, 58 % in Costa Rica)
(Fig. 2). University scientists are also the
best trained and have the most and highest
degrees. The distribution within the different type of institutions also illustrated the
weakness of private research in Costa Rica
and in Thailand, and its virtual nonexistence in Senegal. The demand for highly
qualified scientific personnel in the private
sector is very limited. A clear understanding of the gap between Costa Rica, Senegal and Thailand on the one hand and the
ICs on the other can be found in a figure
for the OECD countries where, on the
whole, 50 % of the R&D resources are
used in the private sector, mainly for industrial research, (60% in sorne NICs of
Asia).
A breakdown of scientists available in
the main fields of research (Fig. 3) shows
concentration in three major fields: agriculture, social sciences and health. Agriculture is by far the leading field (from
33 % of the PTE scientists in Thailand to
40% in Senegal). The social sciences are in
second place in aIl three countries (between 20-25 %) followed not far behind by
health in Costa Rica and in Thailand (17).

The Student Population Boom of the 1970s
Regardless of when the universities in the
three countries studied were established,
the student body was small and graduates
few in number until the end of the 1960s;
growth was considerable during the decade thereafter particularly in Costa Rica
and in Thailand where many new establishments of higher learning were started
(Fig. 1). The student boom and the large
graduation classes combined with the economic crisis and the short budget led to a
new phenomenon: intellectuais without
jobs.
A Scientific Potential Concentrated in
Universities and Focussed on Agriculture,
Social Sciences and Health
Let us not forget that we are dealing with
small scientific communities that were estimated, in the early 1980s, at 800-1000 scientists in Costa Rica (15) and in Senegal

Figure 1. Students as a percentage of the total population between 1960 and
1986.
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The number of scientists in engineering is
low in ail three countries. Industrial research is virtually nonexistent in Senegal
and plays a very minor role in Thailand
and Costa Rica.
Let us look at the DC scientists who
compose the emerging national scientific
communities to better understand their
professional and social status and their
working conditions.
SCIENTISTS AND THEIR
ENVIRONMENT IN DEVELOPING
COUNTRIES (18-20)

The scientists of the DC national communities find themselves at the heart of a
dilemma between their decision to participate in solving local problems and their
attraction to models and reference systems
more or less imposed by the international
scientific community. They are highly dependent on countries in the center and on
the international scientific community.
Outside sources are often relied upon for
education and training, institution building, research financing, etc. To a large extent, DC scientists use international seientific literature as their reference, choose
research topics on the basis of essentially
the same criteria as their colleagues in the
center, and tend to select the same equipment that they grew accustomed to during
their PhD studies in the IC laboratories.
But importing equipment manufactured
in the north into the DCs of the south even
with clear instruction manuals, is not
enough to ensure equal quality service
(21). Similarly, scientists who studied in
the north often discover that the subject of
their thesis, their course curricula, knowledge and experience are not directly applicable upon return to their home country. It is becoming increasingly clear that
placing major international criteria on scientific communities of the periphery, especially in the DCs, will not guarantee the
latter's integration into the international
scientific community. It may, to the contrary, detract from the relevance of research to local needs and problems.
Education: At Home or Abroad?
Although the proportion of doctorate degrees conferred in the DCs has been constantly increasing since the beginning of
the 1970s, research scientists, especially
the most active ones, still rely heavily on
foreign education (22). A student who has
the choice between studying at home or
abroad will generally choose the latter.
Besides the economic benefits that accompany a stay in an IC, a diploma obtained
there is usually rated higher than a diploma from a De. Among the countries that
train DC students to the doctorate level,
three stand out on the international scene:
the United States, Great Britain and
France (23).
Research training is too heavily reliant
on foreign facilities and countries, and
training abroad does not satisfy the needs
of the DC scientists. It would be more
realistic, efficient and, in time, productive
to allocate the considerable sums of money
now being used to train DC scentists (24)
to reinforce and establish doctorate programs leading to a PhD in priority fields
350

within the national universities. Doctorate
programs could also be organized on a regional basis. Strengthening national
academia wouId contribute to improving
the structure of DC scientific communities
thanks to added input from both the national scientific potential and the student
body. This implies that the countries in the
Northern Hemisphere would have to remodel their education aid policy, but obviously does not mean cancelling all opportunities for doctoral or post-doctoral education abroad in certain very highly
specialized or marginal fields.

search institutes, although American researchers again spend more time (77 %)
doing research in these institutions than do
their Third World colleagues. As for the
size of their research budget, the differences are of another magnitude. While
American researchers in government research institutes have an average annual
budget of USD 209000 and their university colleagues have USD 68000, we found
that researchers in DCs on the average
only dispose of USD 5600 plus. Even if we
deal with estimates given by researchers,
who very often do not know the precise
total of their budgets, the differences obResearch Scientists in Search of Statutes
served are such that they require no furandStatus
ther comment.
Other disparities also bring out the fact
Research scientists in DCs strive for proper professional status; draft texts have of- that DC scientists are at a significant disadten been prepared and stored away in anti- vantage compared to their colleagues in
cipation of better times prestige. Doctors scientifically more-advanced countries.
and lawyers and other professionais of that Lack of equipment, vehicles, technicians,
level with at most the same amount of and scientific documentation are among
education as the research scientists are not the most frequently observed and deonly better paid but also enjoy a much scribed. Another disadvantage which is, to
higher social status. The low wages explain my mind, even more critical and at the
why many of them supplement their in- very center of the scientific enterprise is
come by working overtime on side jobs communication. Many DC scientists suffer
that include anything and everything, e.g. from a feeling of isolation especially when
working as a consultant, a teacher or even they just return from studying abroad and
a taxi driver, etc.
are trying to fit into the scientific communThus, the strategies adopted by the sci- ity at home. Moravcik (27) describes how
entists are the result of negotiations difficult, and in sorne cases impossible, it is
carried out in a socioeconomic, cultural, for DC scientists to communicate with
and political environment that is not al- their peers and col1eagues by drawing a
ways very conducive to scientific perspec- comparison with birds whose wings have
tives and societal recognition of research been clipped. The feeling of isolation is
science as a profession. Up to the present, probably heightened by the fact that these
science in the DCs, especially in Africa, scientists have been trained in a large varihas been essentially controlled by govern- ety of universities located throughout the
ment. The first step for the newly indepen- ICs. Furthermore, during this early period
dent countries was to build up the state when the young national scientific comand its institutions. Education was given munities are just "taking off', the scientop priority in order to train civil servants. tists often have to cope with being the only
Careers have however often been con- specialists in their field within their institustructed without considering diploma qual- tion, or even within their country. All the
ifications. Success in the power struggle authors, however, agree that science
has been given more importance than pro- cannot exist without communication, and
that a colleague's criticism is vital to progfessional specialization.
Because of this situation it has often ress in any scientific endeavor. Here again
been difficult to develop research science the DC scientists are enduring a handicap
as a profession, or even as a vocation. As a little known to their colleagues in the ICs.
career, it is not very appealing, and ur- Other handicaps relate to visibility and the
gently needs status. But isn't the problem recognition of their scientific production.
being viewed backwards? The absence of
status is an indication that the profession
has not really distinguished itself in socie- SCIENTIFIC PRODUCTION: NOT VERY
ty, and that professional standards and VISIBLE
Given the abovementioned handicaps, it is
representations do not "gel" properly.
not surprising that the DC scientific proPracticing Research
duction and its impacts are slight. The DCs
The conditions described above affect the are credited with approximately 5 % of the
way research is practiced. Time devoted to world's scientific production. But DC sciresearch depends on a number of factors. ence is seldom reflected in the internationOne of them is the nature of the resear- al databases and is kept off the internacher's home institution. Obviously, the re- tional science scene (28). International
searchers with the heaviest teaching load databases, and particularly that of the Inwork in universities. This is the case for stitute for Scientific Information (ISI), are
the majority of DC scientists. In a com- very selective and only screen the world's
parison of our DC-scientist population most popular scientific journals, the ones
with their American colleagues (25,26) we that publish the most frequently cited artifound that American university resear- cles. Thus, the Science Citation Index
chers on average spent less time teaching (SCI), developed by ISI, focuses on what
(27 % as against 37 %) than their collea- has become known as "mainstream sigues in the Third World, and, above all, ence", the most international1y visible scimore time doing research (57 % as against ence published in sorne 4000 scientific
34%). The differences are much less sig- journals. Since we know that there are
nificant for researchers working in re- about 70000 scientific journals in the
AMBIO VOL. 19 NO. 8, DEC. 1990

world, we see how selective the ISI database is; less that 2 % of the scientific journais selected come from the DCs.
Refering to ISI and other international
databases, recent studies have provided interesting information on the position of
the various countries on the mainstream
science supplier list and their impact on
world science, but the description of how
science is constructed in these countries,
the researchers' scientific strategy, and
their participation in national and international science is incomplete and often inaccurate (29,30).
India, the uncontested DC science
leader, produces five times more mainstream scientific publications than the People's Republic of China (31). Table 2 lists
the top 15 producers of mainstream scientific literature in the DCs for 1973 and for
the 1981-1985 period. This list changed
notably during the reference period. Production in certain 1973 leading countries
like Brazil and Nigeria rose sharply. Sorne
countries with small, even very small, scientific output in 1973 started climbing,
e.g., Hong Kong, Saudi Arabia, South
Korea. Other countries like Iran and
Lebanon, in the throes of political and military unrest, lost their standing (32). Most
of the countries on the list produced substantially more in the years following 1973
(33), but the per country mainstream scientific production remained small, even in
countries at the top of the list like Egypt,
Mexico and Nigeria. A comparison with
the production of scientific institutions in
the OECD countries shows, for example,
that a country such as Egypt produces less
than the Harvard University Medical
School (35).
Studies referring to international databases, moreover, tend either implicity or
explicitly, to assign research scientists of
the peripheral scientific communities to
two distinct categories: scientists who "really count", in other words are known to
the international scientific community
since they publish overseas in influential
international journals and, "the others",
whose local science lacks originality and,
at best, is published in low circulation local
journals. But quality is not the only reason
for excluding DC scientific journals from
international databases. The citation criterion, which is the basis of the system,
works against scientific communities at the
periphery, because much of the work is
published in local journals that are only
circulated within the country. The DC scientists are caught in an especially vicious
circle, because even when their findings
are published in highly influential, prestigious scientific journals in the center,
they are far less often cited than are writings by their colleagues in the center (36).
Recent work in referencing within the
Brazilian scientific community showed
that, "citation patterns are significantly influenced by factors 'external' to the scientific realm and thus reflect neither simply
the quality, influence, nor even the impact
of the research work referred to" (34).
The place of publication strongly influences the number of times a publication is
cited (38). We also found out that DC
scientists often cite colleagues in ICs, but
more rarely cite DC scientists, even when
AMBIO VOL. 19 NO. 8. DEC. 1990

their works are published in well-read international journals. This behavior seems
to be the result of a rather widespread,
although difficult to prove, conviction
among DC scientists that quoting works
published by colleagues in ICs brings more
credit to their own work.
To sum up, the international databases
need better coverage of science produced
in the DCs, and local databases need to be
created, and consulted. Databases at this
level, accompanied by periodical production and dissemination of documented
analytical bulletins would not only serve to
improve scientific output in the DCs but
would also, in time, enhance south-south
and north-south documentation exchange
and both the visibility and accessibility of
DC scientific production. Ali these recommendations solicit national research
policies and foreign research aid policies,
which must fit into a jointly redefined,
well-coordinated policy frame. Attention
should be given to the main types of foreign policies for scientific cooperation, and
how they have changed during the last decade.
FOREIGN AID: FROM ASSISTANCE TO
SCIENTIFIC COOPERATION .

The main ICs of the north created a wide
variety of institutions and mechanisms to
handle collaborative undertakings. History and national tradition had a strong
influence (39). Certain countries such as
France, United Kingdom, the Netherlands, Belgium and Portugal, which have a
long history of scientific and technical
assistance to DCs, created specialized scientific research institutes for the tropics
(40) and have specialized teams of research scientists, differing in size, that
have acquired unique field experience.
Other countries such as Canada, Sweden
and Australia, which do not have a colonial past, set up mainly during the 1970s
central institutions specialized in scientific
and technical cooperation with the DCs
(41). And then sorne countries such as the
US and Germany created an essentially
decentralized system in line with their respective political and administrative organization. In other words, depending on

the country the system is more or less centralized, favors supporting or implementing research, emphasizes the creation of
institutes for tropical research or for assistance to national scientific communities in
general, or prefers bi- or multilateral activities, etc.
Many new initiatives have been started
since the beginning of the 1970s. These
initiatives have been expressed mainly
through the creation of new organizations,
and an increase in the number of donors
and their overall financial contributors.
External funding agencies have been paying for increasing parts of DC research
budgets. In sorne countries, the number of
donors involved in research financing is
such that it is practically impossible to determine the share that cornes from the national budget. This erratic growth of foreign aid and the lack of coordination
caused serious problems, e.g., the capacity
to absorb thisaid, the excessive numbers
of task forces and individual visits for a
variety of aid programs and sorne small
projects, and the impossibility of integrating aid programs into national, technical
and financial administrative structures.
The more diversified the financing and the
greater the number of potential funders,
the more time that has to be devoted to
receiving and touring representatives of
the donor organizations, filling funding applications, organizing fund management
along the lines set out in the specific requirement forms and criteria papers of
each of the donors, drafting mid-term or
final progress reports, participating in
evaluation groups, etc. Furthermore, externally funded projects and programs run
the potential risk of having to change size,
objective, or duration. The donor has the
unilateral power to bring them to a hait,
through a decision that may be the result
of a change of government, governmental
policy or economic conditions in the donor
country.
Donor organizations providing research
aid in DCs only started working on coordinating their efforts in the mid-1970s,
partly as a reaction to the economic crisis.
The follow-through was that in 1982 a
group of donors (BOSTID, USA; GATE,
Fed. Rep. of Germany; IFS; NUFFIC,
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Netherlands; and SAREC, Sweden) upon
the initiative of Canada, created IDRIS,
the Inter-Agency Development Research
Information System, which serves as a
database for the group members by compiling descriptions of their respective DCrelated activities. In the start-up phase,
IDRIS sought to bring together a smail
number of organizations, but now it is
open to new members, and its system is
available to outside users, including the
DCs. Similar initiatives have been taken
by the World Bank, e.g., CGIAR created
a donors' club called SPAAR, The Special
Program for African Agricultural Research.
ln addition to the recent attempts to
better coordinate S&T activities, both at
the national and international level, and
hence to greater internationalization of the
policies, we can observe an emerging consensus of the aims and goals of S&T cooperation with the DCs. Until the 1960s, the
"north" countries mainly used their own
human and financial resources to solve
problems in the south without seeking agreement on the choice of countries to help,
the target populations or the type of science. Since that era, the priority has
shifted to recognition of the development
of endogenous scientific and technological
capabilities that are in harmony with the
social and cultural traditions and the conditions specific to each DC ail the while
emphasizing the importance of satisfying
basic needs (42). Gradually, S&T assistance that more often than not (and this
still applies in certain cases) meant "substitution research", is changing into
genuine S&T cooperation through a partnership with the national scientific communities of countries of the south.
CONCLUSION

Of the many advantages of having foreignaid managers and DC policy makers work
together, we need only mention greater
transparency, better understanding of
priorities and prerequisites, and improved
functioning. Lack of concertation is detrimental to both the donors, and even more
the DCs which would greatly benefit from
meeting together to share their attitudes to
and uses of aid, to assess advantages and
drawbacks and to discuss mechanisms that
could be used nationally to obtain the most
favorable aid conditions. Among other
things, we believe that more coordination
in research financing would help maximize
and control foreign aid and minimize the
risk of national scientists undertaking research of low priority to their home
country.
Dependency is not a matter of ail or
nothing. The Immediate solution for DCs
is not to attain scientific and technological
autonomy comparable to the ICs, but
rather to use a certain degree of freedom
to determine national R&D priorities in
accordance with national socioeconomic
goals, to develop a capacity to take autonomous decisions and to master their environment. The implementation of a national science policy is unthinkable without a
genuine professional status for the scientists and greater autonomy for their institutions. This will mean, inter alia, rede352

fining higher education policies. Concerning higher education, dependency is incompatible with the creation of an independent scientific tradition and the emergence of a truly autonomous scientific
community. It is becoming increasingly urgent to shift the center of gravity of doctorate-Ievel education from the countries of
the north to the south. This will require
cooperation between the traditional northern host countries (which offer scholarships) and the DCs to establish or strengthen doctorate courses in DC universities
(at a national or regional level) in disciplines of national (or regional) priority.
The appropriateness of foreign-aid research priorities agenda also needs to be
reviewed. While the strongest emphasis is
traditionaily put on agricultural and to a
lesser extent on medical sciences one can
observe that agriculture is playing a decreasing role in successful development
strategies. Recently observed growth is
due in most cases to industrialization and
to the development of services. Accelerated urbanization and environmental deterioration are of growing concern. As science and technology evolve, the pace of
resource exploitation speeds up causing
the so-called "Environment-Development
Crisis". This is a joint DC-IC problem that
has to be solved by the DCs and ICs together.
Another activity that requires cooperation is scientific communication. Collaborative efforts are needed to better balance scientific communications in the DCs
and to help develop a scientific nucleus
with international ramifications. This
could include establishing formai and informai networks (based on interpersonal
relations between scientists in DCs and
ICs), and convening national and regional
conferences in the DCs followed by the
publication and wide distribution of conference proceedings. Considering how
poorly scientific information is circulated
in the DCs, seminars and conferences are
at present the most effective tool for establishing durable scientific contacts.
Other measures might include encouraging researchers from various institutions in
DCs and ICs to work together on joint
projects, encouraging exchanges of scientists between various types of institutes in
DCs and ICs, making national journals
more visible, and unpublished documents
more readily available by creating a centrai index system for reference materials.
ln most DCs, the first steps of institution
building have been completed and significant, although insufficient, human and financial resources are available. Innovative
ways should now be found to support the
emergence and reproduction of endogenous scientific communities. The International Foundation for Science (IFS) with
its program of well-targeted grants for individual scientists has already made a significant contribution. But the issue is also
one of institutional and organizational
structures. What research system should
be adopted and supported, and what organizational procedures should be applied? The main focus should be on the
system's functional qualities rather than on
quantitative expansion, on indicators of
efficiency rather than on resources.
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