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The way in which man has come to understand celestial
matters appears to me hardly less wonderful than the

nature of the celestial events themselves.
--Johannes Kepler
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Foreword

Development is b’ th urgent and difficult, a situation which has under-
standably led tc much frustration. One of the causes of disappointment
has been the failure of "science and technology" to sharply raise stan-
dards of 1iving in most developing countries. The magic machine which
has produced such dazzling results in advanced couatries has too often
malfunctioned when assembled in a developing country, and its output
has seldom been dazzling. The reasons range from problems encountered
by the individual scientist to shortcomings of the entire international
scientific comnunity. They involve the nonscientific community as
well--governments in developing countries, donor agencies in advanced
countries, and society as a whole. The fostering of science and its
applications in a developing country is a subtle and complex process.

Is science necessary to development? Is it possible to improve
the standard of 1iving in a developing country without establishing a
formal scientific community? The second question differs from the
first, and there is no simple answer to either. It is obviously possible
to achieve some economic improvement in a developing country in the
absence of a domestic science capability, for a number of countries have
done so. But can a developing country achieve the status of an advanced
country without the participation of its own scientists?

There is much disagreement, frequently involving a distinction
between basic science and applied science. (Basic science is done for
its own sake, with the intended result a scientific paper. Applied sci-
ence is done with a view to specific technical application, on a problem
imposed "from the outside.") Some who concede the necessity of indi-
genous applied science in development maintain that basic science is a
luxury which developing countries cannot afford. Others argue that an
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effective applied science capability cannot be developed in the absence
of a basic science capacity--that applied scientists must have thorougn
backyrounds in basic science if they are to do competent work--and must
be able to interact with lasic scientists in the course of their work.

The problem is made ylore difficult by the long-range nature of
science development. BetLeen the initial stage, when students are sent
abroad for advanced educition. and the final stage, when a self-sustaining
scientific community can appiy itself to problems of national development,
there is a lapse of seeral decades (about fifty years, for example, in
the case of Japan). A government trying to rope with widespread famine
is understandably uninterested in an activity whose dimly perceived
benefits will orly materialize in a future which may never arrive. Sci-
ence development often requires a long-term investment at a time of
sliort-term crisis.

Can't a developing country import the scientific knowledge which
it needs without having to conduct its own research? Experience seems
to indicate that it cannot. A vast amount of scientific knowledge is
continually being generated by the world's scientists; the only per-
sons capable of selecting from the flood of information what is use-
ful for local purposes are practicing scientists. They alone can com-
prehend what is being done and keep abreast of scientific advances.
However, they can perform that service only if they are familiar with
local needs and conditions. Scientists isolated from their society,
however competent they may be, can contribute little to the develop-
ment effort.

The same is true in importing technology. The bewildering array
of possible solutions to any technical problem requires both technical
expertise and extensive knowledge of local canditions if the recipient
is to make a satisfactory choice. Technologies devised in an advanced
country to deal with problems there must usually be adapted to local
conditions if they are to function at all in a developing country.
Differences of scale, infrastructure, labor, and management must be
taken 1nto/account. The necessary adjustments are frequently so funda-
mental thyt applied scientists must be involved. And those scientists
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must be familiar with the local conditions to which the imported tech-
nology is to be adapted.

It therefore appears that a developing country must have indigencus
applied scientists even if it intends only to import the scientific and
technical knowledge necessary for development. Whether the applied
scientists must be jinked with an indigenous community of basic scien-
tists is a matter of some dispute. At any rate, it is clear that applied
scientists do better work when they have strong backgrounds in basic
science and can consult basic scientists.

Expenditures on research and development vary considerably. Among
advanced countries the average figure is 2-3% of the ¢ross national pro-
duct (GNP). For most developing countries the averags is about 0.2% of
GNP, though there are notable exceptions (such as Brazil). The latter
figure is small, but in the context of a developing country it is sig-
nificant. The magnitude of these sums justifies efforts to improve the
policy-making process which determines how they are spent.

This book is concerned with the d21liberate and systematic develop-
ment of scientific capability in developing countries. Some science
development probably occurs under other names in the context of various
development efforts. For example, attempts to increase agricultural
productivity involve research of a very specific nature--research for
which support can be obtained without having to establish the intrinsic
importance of all science. However, it is still necessary to produce
the scientists who will do the research, and that entails problems of
the sort discussed in this volume.

The author, a physicist, has been much involved in the processes
of science development. Since his personal experience has been rainly
independent of "official" programs, he is free to express his views.

He believes strongly that science is important in its own right (an
attitude which colors his presentation). His purpose is to convince
his readers that science development has been neglected and "to suggest
very specific ideas which, if implemented, would help to remedy this
neglect.” The book is a “"cummary of the state of the art in science
development,” a collection, distillation, and generalization of an
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accumulated body of experience. It appears to be the first book on
the subject, though the literature on science development has become
quite extensive. A valuable feature is the list of £00 publications
on various aspects of science development, many of them summarized in
the text,

Moravcsik argres that science must be developed in developing
countries if the desirable goals of a higher standard of living, an
independent economy, political and military power, and liberation from
a subsistence existence are to be achieved. Domestic science education
is, in his opinion, the best way to produce the needed scientists, with
strong emphasis on quality as well as quantity. Special attention must
be given to retaining competent scientific manpower--"brain drain" can-
not be tolerated. He asserts that scientific communication is perhaps
the most important tool of science, and that che international scien-
tific communication system is strongly biased against developing coun-
tries. There are internal problems of communication as well: while
many developing countries have the correct ratio of basic to applied
research, connections between the two are not developed. Hence the
effectiveness of each, particularly of applied research, is greatly
lessened. He maintains that improvement of quality in applied research
and the establishaent of 1inks between basic and applied should be the
primary targets of attention. The best method of allocating funds, he
says, is a mixture of individual grants based on merit and institutional
grants distributed equally.

According to Moravcsik, international scientific assistance is
"insufficient in quantity, not catalytic enough to have a sufficiently
large muitiplying power, and not close enough to the international sci-
entific comunity (either at the criginating or at the receiving end)
to be sufficiently effective. Much of what is being done has value,
but in the face of the enormity of the probiem, the response so far has
been altogether inadequate." He believes that "the scientific community
in the advanced countries has been ignorant, negligent, and nonchalant
about active measures it could take to assist developing countries in
the development of science." In his view, a much larger fraction of
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that community must take an active interest ir science development
before anything significant can be achieved.

Moravcsik does not claim to have exhausted the subject of science
development. The book is intended to stimulate and provoke as well as
to inform. It deals primarily with immediate problems of establishing
and maintaining a scientific comunity in any developing country,
leaving unexamined many larger questions of undisputed importance. Some
of his implicit assumptions raise questions as well. There is much work
yet to be done, as Moravcsik himself emphasizes. For example, an im-
portant aspect of science development js the economics of science. What
is the relationship between cost and scale? Which expenses will be the
same no matter what area of science is involved? What are the hidden
costs of science development?

Moravcsik examines only problems which are common to all devel-
oping countries, and his recommendations are necessarily general. How
can the specific science needs of a particular country be determined?
what factors are important in determining a strategy for science devel-
opment in a particular country? Can developing countries be categorized
with regard to differing procedures for science development? Is it pos-
sible to discuss procedures for science development withudt examining
separately the various specific sciences of which "science" is composed?

Are there alternative models for science development? The expe-
riences of, say, the People's Republic of China, USSR, UK, and USA were
not identical. To what extent do they provide alternative procedures from
‘hich developing couniries could select?

Can science development be successfully undertaken in any country?
A certain level of economic development must be attained before science
development can be support:d. Very small countries may have to under-
take a joint effort at sc.ence development instead of separate national
efforts. How can that be done?

Are there societal prerequisites for science? While scientific
communities have been established in many non-Western societies, the
problem of integrating the scientists with the larger society remains
generally unsolved. If the scientific community is isolated, it cannot

xiii



make a significant contribution to the country's general development .,

In developing countries much applied research is poorly done.
However, some applied research is well done but has no effect: the
linkages between the research and production sectors are so poor that
research results never reach the places where they are needed. What
are the institutional requisites of science? How can the linkages be
established which will enable scientists to participate effectively in
their country's development?

Would it be casier to obtain indirect support for science develop-
ment? If building capability in biological and medical sciences were a
suppor-ting component of specific development projects in agriculture and
public health, for example, without being conspicuously labeled as such,
the development of those sciences might proceed more rapidly than if
funding w.re sought in an academi{. context.

These questions and others of considerable interest have not been
dealt with in this book. Presented here are a great deal of information
on science development, a set of recommendations, and an enthusiastic
call for involvement.

Hal S. Kibbey
PASITAM/MUCIA
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Preface

! generally hold in léw esteem books that promise to teach you to sinp,
in 10 easy lessons while you are reading in your armchair. finging 1is
something one does, and most of it comes from practice, not from some-
one else's verbalization of his own experience. 1 think of science
development in the same manner. It is a very new field in a recog-
nizable form less than 20 years old which aims at creating conditions
which allow the natural sciences to be established, practiced, and
strengthened in less-developed countries. (Throughout this book, the
word "science" will refer to the natural sciences.) It is an Bctivity
rather than a discipline, and those engaged in it work with the help of
experimentation, improvisation, intuition, and deduction from the
practical experience of themselves and their colleagues.

Why, then, did I decide to write a book on science development?
Science development has now reached the stage when some collection,
distillation, and perhaps generalization of this common body of expe-
rience will prove useful. For one thing, the literature on science
development has become quite extensive, even though, to the best of my
knowledge, this effort is the first book written on the subject. Pre-
sent literaturc consists mainly of articles, reports, and talks and is
widely dispersed in terms of source and location. Until recently,
there was not even a bibliography of this materizl. In contrast, other
aspects of development (including technology development which is some-
what related to that of science) have received more systematic attention
in books and bibliographies.

A surmary of the state of the art in science development might,
therefore, te of interest to the builders of science in less-developed
countries to stimulate and strengthen their thinking on these matters
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and to lend credibility and respectability to ideas they work for. It
is peculiar how ideas can be made more influential and palatable in the
eyes of local decision-makers by demonstrating (%hrough iaferences to
books or visiting lecturers) that they are alss held in some faraway
corner of the world. Clearly, the well-known proverb, "Nobody is a
prophet in his own country," has a corollary: "Even a fool can become

a prophet if he travels far enough." Having often been such a fool, I
have had the opportunity to observe that experience acquired in science
policy, organization, and management in one less-developed cou:itry is
seldom transmitted to other countries where similar problems ex!st
(unless perhaps bv a person who happened to visit both countries). 1
hope this book will help to bridge such an information gap.

I also hope the book will be of interest to those in tka scien-
tifically more advanced countries and in international oruanizations
who are involved (or should be) in scientific assistance progroas. 1
hope to convince the» that science has been much neglected in develop-
mental activities in favor of flashy short-range projects. At the same
time, I shall suggest to them specific ideas which, if implemented,
would help to remedy this neglect.

Finally, this book is also directed toward the scientific commu-
nity without whose participation science development cannot achieve
significant success. 1 have found that in spite of the basically
international character of the natural sciences, awareness, knowledge,
and concern about problems of building science in less-develcped coun-
tries are very slight indeed among scientists in advanced countries.

I have always thought this regrettable, since science development
appears to be one of the most suitable activities for a scientist who
wishes to apply his expertise to a broad area of immediate and strong
“yicial concern. From this point of view, I would be particularly
gratified if the book were read by young scientists either within or
outside the framework of a university course. The book is, however,
not an academic study in the social sciences. Inasmuch as some social
scientists may find it i1luminating, it will probably be as an illus-
tration of a strongly interdisciplinary problem viewed by an active
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practitioner of the natural sciences who has gained his expertise in
the subject matter mainly through personal experience.

These are, in fact, my credentials for writing this book. My
interest in science development was aroused in 1962 when I spent a year
assigned to Pakistan as a temporary “"expert" of the International Atomic
Energy Agency. Since then, 1 have been constantly involved in one or
ancther aspect of science development activities, though always parallel
with my work as a research scientist in theoretical physics. Thus, I
could always communicate with scientists in other countries as a col-
league rather than as a "mere" administrator. My involvement has been
through the writing of articles and through committees as well as
through individual, personal projects, and contacts. Except for the
IAEA assignment aiready mentioned, I have never worked full-time for a
development organizatica of any sort. This has allowed me (together
with whataver drawbacks it might also entail) a versatility, flexibil-
ity, independence, and freedom in choosing programs to create or to
join. It has also enabled me to offer my views and services with a
minimum of constraint.

That element of personal experience and involvement was impartant
in the writing of this book. There are two types of information avail-
able about science development. One is formal and consists of written
reports, "factual" articles, proceedings of solemn and conspicuous con-
ferences, and similar respectable documents. The other consists of per-
sonal accounts, informal opinions, results of visits, conversations with
fellow scientists and science organizers around the world, etc. The re-
lationship between the two is similar to information about Oregon's beau-
tiful Cascade Mountains through maps and Forest Service Pamphlets on the
one hand and photographs and memories of personal hiking trips on the
other. Without maps and descriptions one would get lost in the woods
and would not have an overall picture of the Cascades. Yet without the
aid of personal and necessarily more anecdotal information, one's know-
ledge of the Cascades would lack vitality. The map does not tell whether
a forest consists of scrubby broken trees or beautiful pines or whether
a rocky formation is just anothe: piece of lava or a fascinating view.
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Similarly, much of the formal documental information on science
development lacks those elements which enable one to feel whether a
certain program, institution, or group represents a dead paper-entity
or a dynamic, productive force. Numbers and purely factual descriptions
cannot reveal this difference. What is needed is direct personal eval-
uation by uncommitted, institutionally (and ideologically) free, but
expert individuals, and such an evaluation is available primarily
through informal, personal channels of communication. It was my in-
tention, therefore, to include in this book, in contrast to some books
dealing with other aspects of development, the crucial element of per-
sonal evaluation (together with the necessary elements of factuality
and balance), even though the rormer will 1ikely make the book less
"objective" and more controversial.

On the other hand, this book is not an exposé. It has become
fashionable to write tracts denouncing this or that us obviously evil,
mismanaged, and corspiratorial. I have not joined that movement. I
have always believed that problems in the world remain unsolved mainly
because our know-how at any time is slightly less than that demanded,
and there are always more unsolved problems than people to work on
them. This book is simply an amalgamation of facts, other people’s
views and suggestions, and my own ideas, proposals, and critiques. I
have tried to differentiate among these three classes so that facts,
consensus views, and personal opinions do not become confused. Though
this is a "first" book, it is certainly not written with even the
slightest intention of being the last in the field. The greater the
number of people who are induced, stimulated, or enraged enough by
this book to write their own, the better I will consider my aim accom-
plished. In fact, the main aim of this book is to increase both the
collective expertise and the number of interested people who, with
whatever ideas of their own, will continue to work in science
development.

Michael J. Moravcsik
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A \/\/'ord on Format

The format of this book is somewhat unusual. Since it is my hope that
the book will be perused by both those wanting a brief introduction to
the subject and those with a deeper involvement and more extensive
background in science development, the bock has a double structure.
Each chapter consists of two parts: the main text and a section en-
titled "Background and Comments." The first is intended to serve as
introductory, qualitative reading without references and small details,
and can be read in sequence (omitting the second parts). The second
parts contain references, documentation, statistical informacion, and
additional details and commants. Persons with a serious irterest in
the subject should read both parts of each chapter. The second parts
can also be used separately as an encylcopedia of science developient,
though 1 am far from claiming encyclopedic comprehensiveness here.

Each of the chapter headings deserves a book by itself. I apolo-
gize, therefore, for omissions of certain facts, programs, and details.
The omissions were judged necessary in order to keep the book to a
manageable length. The same can be said for the references. Although
there are some 500 of them, no claim is made that everything has been
included, and my apologies are extended to wronged authors. But even
500 references are too many for certain purposes, so I have included
a list of about 60 references which I found particularly interesting
or pertinent. For additional listings and bibliographics containing
source material on science development, see the following references
given in the bibliography: AID 1972b, CFA 1970, MORAVCSIK 1973b,
RETTIG 1964, and RPP 1966.

A few words cbout terminology are necessary. The names of coun-
tries are given in the form used by the countries themselves at the
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time referred to. Thus, the isiand off India might appear as Ceylon
and Sri Lanka. The mainland area of East-Southeast Asia is referred to
as the People's Republic of China and the island of Formosa as the
Republic of China. These rules are not necessarily followed in the
notation of the bibliography where brevity is needed.

It is unfortunate that the science development literature is
scattered in so many journals, reports, brochures, and other publica-
tions of limited circulation. Many are difficult to locate. Since I
have a copy of all references listed in this book, 1 would be glad to
help any reader with information about where they might be available.
1 will try to answer any inquiry addressed to me at the Institute of
Theoretical Science, University of Oregon, Eugene, Oregon 97403, USA.
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Abbreviations and Acronyms

AAPT
AC

ACAST

AEC
AID

AIT

ASATHL

BFS

BSCS

CASTASIA

CENTO

CERN

American Association of Physics Teachers.

More advanced country. Not a rigorously defined term, it
designates countries with a per capita GNP of more than about
$900 a year. With regard to science, a country is an AC if it
is capable of generating and utilizing significant amounts of
new scientific knowledge in a broad spectrum of areas. Less
than a quarter of the countries of the world can thus be de-
fined as ACs. The adjective "advanced" is not being used to
make any value judgments about the cultures, traditions, moral
systems, or social structures of the countries thus labeled.

Advisory Committee on the Ppplication of Science and Tech-
nology to Development, an advisory committee of the UN.

Atomic Energy Commission.

Agency for International Development, a US governmental
agency in charge of irtcrnational assistance.

Asian Institute of Technology, a regionally-supported "cen-
ter of excellence" and educational institution in the applied
sciences and engineering lccated in Bangkok, Thailand.

Association of Southeast Asian Institutions of Higher Learn-
ing, a regional organization of universities with headquar-
ters in Bangkok, Thailand.

Board of Foreign Scholarships, a body in charge of US govern-
mental educational and scientific exchange programs.

Biological Sciences Curriculum Study, a secondary school biol-
ogy program developed in the US.

Conference on the Application of Science and Technology to the
Development of Asia, a UNESCO-sponsored regional ministerial
conference held in New Delhi in August 1968.

Central Treaty Organization, a grouping of mainly Middle
Eastern countries.

Centre European pour la Recherche Nucleaire, a regional labora-
tory operated by European countries for the support of research
in nuclear and particle physics and related science, located

in Geneva, Switzerland.
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CIEP

CIMT

CLAF

CNP

CONACYT

CONICYT

COsT

COSTED

CSIR

CsT

FAO

FORGE

GNP

TAEA

1BRD

ICIPE

ICSu
ICTP

101

Committee on International Education in Physics, a committee
of AAPT.

Committee on the International Migration of Talent, a pri-
vately supported study group in the US temporarily estab-
lished to report on the brain drain.

Centro Latino Americaro de Fisica, a regional association of
Latin American countries for the support of scientific activ-
ities in physics.

Conselho Nacional de Pesquisas, the national research council
of Brazil.

Consejo Nacional de Ciencia y Tecnologia, the national re-
search Council of Mexico.

Commission Nacional de Investigacion Cientitica y Tecnologica,
the national research council of Chile.

Committee on Science and Technology, an Indian governmental
science policy-making body, superseded in November 1971
by NCST. :

Committee on Science and Technology for Development, a com-
mittee of the UN.

Council of Scientific and Industrial Research, an Indian
governmental agency in charge of a large assortment of sci-
entific and technological research activities.

See COST.
Food and agriculture Organization, a special agency of the UN,

Fund for Overseas Research Grants and Education, a private
agency in the US providing small research grants to individ-
ual scientists in LDCs.

Gross national product, the total amount of goods and ser-
vices produced by a country in a given year.

International Atomic Energy Agency, a special agency of
the UN.

International Bank for Reconstruction and Development, an in-
dependent international agency supporting development projects
in LDCs. It is commonly referred to as the “World Bank."

International Centre for Insect Physiology and Ecology, a
research center in Nairobi, Kenya.

International Council of Scientific Unions.

International Centre for Theoretical Physics, a research cen-
ter in Trieste, Italy.

Internationa) Development Institute, a US governmental agency
proposed in the Peterson report, not yet established.
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1DRC

IIE
ILO

IRRI -

ISF
IvVIC

KAIS
KIST
LDC

LIPI

MOST

NAS

NBS

NCST

NSF

OAS

00C

OECD

International Development Research Centre, a Canadian govern-
mental agency concerned with research projects in the area
of development of LDCs.

Institute of International Education.
International Labour Organization, a special agency of the UN.

International Rice Research Institute, a research center in
Manila, the Philippines.

International Science Foundation.

Instituto Venezolano de Investigaciones Cientificas, a govern-
ment-supported research institute in Venezuela.

Korea Advanced Institute of Science.
Korea Institute of Science and Technology.

Less developed country. Not a rigorously defined term, it
generally includes countries with a per capita GNP below
about $600 a year. In terms of scientific infrastructure, a
country is an LDC if it is unable to engage in significant
independent research in a broad spectrum of scientific prob-
lems. Well over half of the countries of the world are LDCs.
The adverb "less" is not being used to make any value judg-
ments about the cultures, traditions, moral systems, or
social structures of the countries thus labeled.

Lembaga I1mu Pegetahuan Indonesia, the overall science coor-
dinating body of Indonesia.

Ministry of Science and Technology, a ministry in the
Republic of Korea in charge of scientific and technological
matters.

National Academy of Sciences, a US semi-governmental body.

National Bureau of Standards, a US governmental research
laboratory.

a) Nigerian Council for Science and Technology, a science
policy-making body of the Nigerian government;

b) National Committee on Science and Technology, a science
policy-making body of the Indian government, established
in November 1971.

National Science Foundation, a US governmental agency in
charge of supporting research.

Organization of American States, a regional consortium of
governments from the Americas.

Overseas Development Council, a private US organization con-
cerned with development problems in LDCs.

Organization for Economic Co-operation and Development, a
regional consortium of primarily European countries.
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osT

PAEC
PCSIR
PINSTECH
PSAC

R&D
SaT
SEED

SIDA
TUBITAK

UAR
uGc

UK
UN
. UNCTAD

UNDP
UNESCO

UNIDO

us
USAEC
uss
VITA

WHO

Office of Science and Technology.

a; an agency within UN headquarters; "

b} a now defunct agency of the executive branch of the US
government;

c) a section of AID.

Pakistan Atomic Energy Commission.

Pakistan Council of Scientific and Industrial Research, 2
Pakistani governmental agency in charge of a broad variety
of research in science and technology.

Pakistan Institute of Nuclear Science and Technology, a
research center of the PAEC in Rawalpindi, Pakistan.

President's Science Advisory Conmittee, a now defunct advi-
sory body to the President of the US.

Research and development.
Science and technology.

Scientists and Engineers in Economic_Deavelopment, an AID-
funded, NSF-managed program of travel and subsistence grants.

swedish International Deveiopment Authority, a Swedish gov-
ernmental agency in charge of international assistance.

Turkiye Bilimsel Ve Teknik Prastirma Kurumu, the scientific
and technical research council of Turkey.

United Arab Republic.

University Grants Commission, an Indian governmental organi-
zation in charge of university education and research.

United Kingdom.
United Nations.

United Nations Conference on Trade and Development, 2 UN
agency.

United Nations Development Programme, a UN agency.

United Nations Educational, Scientific, and Cultural Organi-
zation, a special agency of the UN.

United Mations Industrial Development Organizatinn, a UN
agency.

United States of America.
United States Atomic Energy Commission.
Union of Soviet Socialist Republics.

Volunteers for International Technical Assistance, Inc., A
private US organization active in technical aid to LDCs.

World Health Organization, a special agency of the UN.
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One
Why Science in LDCs?

That the building of science in LDCs is an important and timely problem
fs not an unchallenged statement. The statement does tend to draw more
uniform support in LDCs than in ACs. The nature of often-heard objec-

tions can be illustrated by a few typical, though stylized, "quotes":

A country with a 70% illiteracy rate and hardly enough food for
everybody to eat should work on more simple and immediate prob-
lems than the building of science.

A country so far behind on the evolutionary scale cannot compete
favorably with the great scientific countries of the world anyway,
and it 1s a waste for it to try.

We must not destroy the indigenous culture of a country by allow-
ing it to replace that culture with science.

We must prevent yet untechnologized countries from taking the
same disastrous road which led the Western countries to a scien-
tific and technological world of war, crime, and pollution.

The building of science in LDCs must be allowed only if the LDC
has a social structure and government that we approve of because
ideological considerations must be paramount over sciance

and technology.

1 consider the above statements fundamentally without substance. Yet,
I do not propose to consider them now. It is my expectation that by the



end of this book, the reader will have acquired sufficient information
on the building of science in LDCs to compose his own conclusions. But
the objections do point to the necessity of presenting at the outset a
group of positive and compelling reasons for the urgency of building
science in LDCs.

It is easy to argue that in the long run each country must have
an indigenous scientific community. There are many reasons for this.
Science and technology are indispensable for a high standard of living,
and the elimination of the gross disparities in present standards of
1iving around the world is almost universally agreed on as being abso-~
lutely necessary. Science and technology are keys to an independent
economy, and the absence of even the semblance of economic domination
by some countries over others is another generally favored goal. Sci-
ence and technology are indispensable to political and military power,
and the concentration of such power in the hands of a few countries is
generally considered undesirable. Science and technology have so far
proven to be the only tools whereby humanity can free itself from a
preoccupation with food and shelter, thus liberating a large fraction
of the human population for "higher," more worthwhile tasks, whatever
those tasks are judged to be by the different value systems of the
various comunities. Finally, science and technology are themselves
one form of such higher activity, and 1imiting such a pursuit to only
a few is intolerable in the long run.

The building of science in LDCs can also be Justified in terms of
many shorter-range considerations; the most important is education.
some knowledge and understanding of science is such an indispendable
element in so many fields (engineering, agriculture, medicine, and
economic plann'ng) that the importance of good science education in any
country should be evident. Even those who do not acknowledge the
necessity of having an indigenous scientific community in each country
readily concede that access to technology is a matter of survival for
all countries; they advocate technology transfer without indigenous
science. However, it is well-established that those who participate in
this transfer process must have a thorough scientific training.



Relevant and functional science education must be accomplished by
people with continuing personal involvement in scisntific activities.
At a time when science makes rapid progress, when esoteric and "irrel-
evant" areas of science become within a decade or less rich sources of
applications over broad realms of human activity, continuing education
of the teacher is crucial. This can be accomplished only by allowing
him to be continually and personally involved with science. Many LDCs
today are cursed with a large body of science teachers who have lost
contact with science and settled down to a routine recitation of scien-
tific facts instead of teaching students that science is a method of
inquiry and problem-solving. This attitude is amplified through the
students and produces a whole cadre of technological, medical, and
administrative personnel unable to participate in the dynamic activity
of development. In sum, science cannot be taught to professionals un-
less there is a functioning scientific community to do the teaching.

Development of science in LDCs may be further justified in terms of
immediate benefits which could result from the application of science
and technology even at the early stages of a country's development,
There are two aspects of this. First, some rasults of science and
technology already developed in the more advanced parts of the world
will be directly applicable to the country's problems. Even in rather
rudimentary agricultural activities, medical programs, or engineering
functions, the use of modern methods of science and technology could
considerably enhance the product. In addition, there will be problems
which cannot be solved by direct adaptation of something already deve'-
oped by more advanced countries. Special climatic or agricultural con-
ditions might produce novel problems, and special social circumstances
might dictate novel solutions. For example, in the early 1960s West
Pakistan found itself in sericus trouble because of increasing salina-
tion on its agricuitural land. The problem had originated in part with
the extensive canal system built a half-century before which had trans-
formed the area from a desert into a fertile agricultural center. Un-
fortunately, the canals were not lines, and over the decades the seepage
of water and subsequent evaporation had slowly deposited a concentration



of salt which finally became prohibitive for useful plant life. The
situation was substantially ameliorated when, by chance, a team of sci-
entists and engineers from an advanced country was activated to attack

the problem. (To be sure, seepage from canals was not the only cause of
the salination, and thus the problem has by no means been completely
solved. However, significant improvement has been made, and some lost
land has been reclaimed.) In countless other examples, problems un-
doubtedly still persist because no scientist or technologist from an ad-
vanced country pays any attention to them, and the country where the prob-
lem exists has no adequately trained scientific manpower to deal with it.

As will be discussed later, an LDC cannot necessarily have a cadre
of specialists ready to deal with any problem that may arise. It can,
however, have a group of scientists above critical size in continuing
contact with the active areas of science who could be consulted in
finding solutions. If necessary, they could contact the international
scientific and technological community for further help, and they could
help to assess the areas of modern science which might be relevant to
the solution of such problems. With the eser-decreasing time interval
between scientific discovery and subsequent technological application,
such a direct connection between scientists and technological problems
is highly desirable.

In most LDCs private capital plays a relatively minor role in devel-
opment; the central government is the formal motive force of development.
Such governments often approach developnent in terms of long- and medium-
range development plans. Even if there i< no formal plan, the country
follows a definite course of development. In either case, implicit
decisions are being made about the scientific development of the coun-
try. In some cases, the decision may be conscious and specific, aimed
at building up the country's scientific capability. In other cases, a
negative decision is implicitly made by the absence of positive action,
In either case, the course of national development affects the indi-
genous scientific community.

It follows that the planning process must, even in the very early
stages, include active and knowledgeable scientists and technologists.



This claim is sometimes disputed by those who see national planning

as the exclu~ive prerogative of economists and politicians. However,
there is no example of an AC where such decision-making does not in-
clude members of the scientific and technological community. The role
of the econmmist and politician is to codify and formalize elements

of an overal: scheme with input from specialists in each area, in-
cluding science.

Since | ianning sometimes extends far into the future, scientists
must participate from the beginning. In the Republic of Korea, planning
for science and technology covers a period of more than 15 years. Its
university and scientific manpower policy is predicated to cope with
projected demands in the mid-1980s, even at the possible cost of scien-
tific unemployment during a preceding period. With such an eiaborate
and somewhat risky plan, it is crucial that responsibility rest jointly
on all segments of the educated population.

An important argument favoring development of science in an LDC
is concerned with the morale of the country. The building up of an LDC
is a very arduous and difficult task. The present state of the coun-
try appears backward, the difficulties are enormous, and the gap with
respect to ACs seems to increase constantly as the latter continue their

wn development. It is, therefore, important to find areas of develop-
ment in which demonstrable and significant successes can be achieved,
to show that it is possible for an LDC to "catch up” with ACs in some
respects. It would evidently be difficult to find such areas of com-
petition in large-scale undertakings like steel production or computer
fabrication. But it would not be at all far-fetched to find such an
area in some branch of science. Its most important ingredient, intel-
ligence, is a universal asset in contrast with raw materials, material
wealth, and empirical know-how. That a Raman in India or a Houssay in
Argentina could receive a Nobel prize serves as a dramatic illustration
of the capability of those countries to contribute to pioneering under-
takings of humanity. Knowledge of this accomplishment then serves as a
morale booster for the general development of those countries, even in
areas where similar outstanding success is not yet in sight.



The importance of morale cannot be overrated. The belief that
development goals are achievable through the continual efforts of indi-
genous people is crucial to the success of any development program. It
may appear that isolated successes in restricted areas of development,
amid large seas of backwardness and trouble, are tokens unworthy of
serious attention. But morale is a state of mind and therefore in-
volves both rational and emotional elements. “rom a functional point
of view, such isolated successes have an emotional impact which
strengthens and heightens morale, and the emphasis is amply Justified.

Another aspect of science of great significance to an LDC is its
relationship to the concept of change. 1f asked to single out one
popular attitude that represents the crucial difference between an LDC
and an AC, I would choose the attitude toward change. Consider an
American, no matter how conservative in his thinking. If he had not
been, say, in Cleveland for a number of years, he would upon his return
expect to see many changes. He might decry those changes and speak of
the "good old days," but in a functional sense he would behave in
accordance with those changes, and in most cases he would generate
further changes. That change is the normal state of the world and
changes are brought about by human activity would be implicit in his
view of the world.

In contrast, the natural expectation of most people in LDCs is a
state of immutability. A person in an LDC will generally assume that
tomorrow is bound to be similar to today and yesterday, and this state
of affairs is something fundamentally beyond human control. As a re-
sult, suggestions for change will be considered with great suspicion,
jncredulity, and psychological resistance. The lower the educational
level of the person, the more deeply these attitudes are likely to be
ingrained. A small minority of well-educated leaders might have a more
dynamic view. (This situation is often incomprehensible to intellec-
tuals in ACs who 1ike to believe in a different model more compatible
with Western political preconceptions. According to that model, LDCs
consist of a large population yearning for progress, oppressed by a
small reactionary "ruling ciique" which resists all change and impedes



the progress desired by the masses. A notable example <f this "con-
spiracy" model of LDCs was embodied in the former best-seller, The Ugly
American. )

A static view of the world is clearly incompatible with the basic
jdea of development. The existing gap between rich and poor countries
has developed because LDCs have not changed significantly while ACs
have changed enormously. The ACs have radically altered their sphere
of activities, their practical and spiritual horizons, and their aspi-
rations, and the rapidly increasing body of achievements has radically
changed their standard of living. If greater parity among countries
is to be attained, the idea that change is a natural state of human
affairs mst permeate all countries, and the conviction that human
efforts can bring about such change must be strengthened worldwide.

Scirace, perhaps more than any other humnan undertaking, is a
vehicle for the strengthening of these desired attitudes. The con-
cept that events are functionally related to time is one of the basic
elements of th2 natural sciences, and every scientific experiment is
a demonstraticn that through human effort we can regulate at least a
certain part of nature to bring about certain desired results. The re-
lationship between scientific understarding and technological achieve-
ment has been thoroughly demonstrated throughout the ages further rein-
forcing man's feeling of control over his environment. But the general
population cannot be exposed to science without a dynamic and indigenous
scientific community. What needs to be propagated is not the details
of scientific laws but the spirit of inquiry, thke intellectual and
spiritual excitement inherent in scientific activities. This can be
done only by direct contact with active practitioners of science.

Turning now to a different aspect of the role of science in LDCs,
we find that science can be of major importance in solving social prob-
lems. Science is the most important foundation of technology which in
turn is a tool for solving many material problems. Material and social
problems are closely intertwined, however, and science can assist in
solving both. For example, the key to influencing social attitudes is
communication with large segments of the population. Such communication



is much advanced by indigenous applied science whether through radio and
television or the eradication of illiteracy. A significant social in-
fluence of science is the opportunity it provides for social mobility.
Scientific merit can be determined in a fairly objective way, and stu-
dents who excel in science can rise to respected positions in many LDCs
regardless of social origins. It has been pointed out in various con-
texts that scientific and technological advances often allow us to
bypass social solutions by eliminating the causes responsible for the
social problem. Examples are easily found in the history of the ACs.
The conflict between industrial workers and managers in the 19th cen-
tury was eliminated largely by technological advances resulting in
fantastic increases in individual productivity. To be sure, labor
unions and other political forces played a part, but their success would
have been highly improbable 16 the absence of concurrent technological
solutions since the economic aspects of production would have been too
constraining. Similar scientific-technological solutions, or at least
substantial aids to solutions, can also be expected in the development
of LDCs.

In a more speculative vein, we might consider the long-term con-
sequences for science if Western cjvilization should begin to decline.
There are indeed some signs in the ACs which indicate a loss of faith
within the scientific community and within those countries as a whole
with respect to the value of pursuing science. 1t has been pointed out
that civilizations deteriorate because their people become tired and
lose the dynamic purposefulness needed to continue. Should such a de-
cline set in, we might ask whether science would also vanish with the
extinction of this civilization or whether succeeding cultures would
incorporate science into their value systems. In general, civilizations
are not very successful in transmitting values to ensuing civilizations.
Value systems are subjective, and what appeared central and substantial
in one system may appear unimportant and irrelevant in another.

Yet, science may be an exception. Because of the objective nature
of the natural sciences and because the scientific method provides
fairly unambiguous criteria for jvdgment within the realm of scientific



jnvestigations, it is possible that science as a valuable activity could,
in fact, be transmitted to other civilizations. Science has already
managed to fuse with the cultural and social traditions of countries
with histories very different from that of Western civilization. It is,
therefore, plausible that such a transmission of science could occur.

If this is so, those who value science should ensure that it is firmly
established in all areas of the world before the decline of Western
civilization makes such a transmission impossible. It is difficult

to foresee where new civilizations will arise, and a worldwide disper-
sion of scientific activity is required. We have, then, a very iong-
range, transcendental motivation for sharing science with all of
humanity.

A substantial list of reasons has been given why science should
be pursued in LDCs. Some are theoretical, others more practical. All
could possibly be criticized as being externally imposed on LDCs as
reasons invented by those in ACs who think they know what is good for
LDCs. Though I do not believe the reasons listed above have this qual-
ity, I want to conclude by discussing an internal motivation for estab-
lishing scieace in LDCs which is rooted in clear political realities:
LDCs demand that science be shared with them. Virtually all countries
proclaim that they must actively participate in the scientific and
technological revolution. Whether rightly or wrongly, science and
technology are perceived as indispensable components of a country that
has reached maturity and joined the world community on an equal footing.
That this feeling is not only on the surface was well-illustrated by
the reaction of many countries to the nonproliferation agreement on nu-
clear weapons. During and after the negotiations preceding the treaty,
charges were made by a number of LDCs that the treaty was just a camou-
flaged maneuver by ACs to assure for themselves a permanent monopoly
on nuclear science and technology.

Thus, the sharing of science is not an altruistic activity or a
charitable gesture, but a necessary process in harmony with the aspira-
tions of countries around the world. There are some who argue earnestly
that we must prevent LDCs from acquiring science because science and



technology have adversely affected Western civilization. Even if the
argument has merit (which I do not believe), the suggested course of
action would be completely unrealistic. It is in the interest of ACs
and for the sake of their future relationship with LDCs to cooperate
fully with LDCs in the sharing of science. In doing so, the ACs might
have a beneficial effect by ensuring that the LDCs adopt the virtues and
avoid the mistakes in the organization, management, and use of science.
Failure to do so would not prevent the spread of science, but could pro-
duce tensions for some time to come.

Science must become part of the development of the LDCs, just as
it must continue to be part of the development of the ACs. With this
general ideal in mind, the task is to investigate the components of
science development and determine the best ways to assist LOCs in their
efforts to build science.
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Background and Comments

Surveying the various justifications for pursuing science in LDCs, one
quickly concludes that this question is inseparably connected with much
broader questions about the meaning and purpose of human 1ife--rather
basic philosophical questions. The situation is further complicated by
the fact that value systems are imposed by scientists, the population
which supports science, and the government which in most cases manages
science. Fortunately, science in LDCs, 1ike many other issues, does
not need to be justified on only one ground. Particularly in a hetero-
genous and democratic society, a cause can be argued with a whole spec-
trum of different justifications, each of which may carry different
weight with different people. The summary given below should be re-
garded not as a set of contradictory arguments but as a collection of
parallel propositions which together form a versatile and powerful
rationale for building science in LDCs.

Let me begin with some of the negative views found in the litera-
ture. Nader, in NADER 1969 (p.447ff), expresses a cautious concern
that the spread of science may amount to culturai imperialism and advo-
cates utilitarian justifications. She cites LOPES 1966, whose author
believes that science has little to offer LDCs: "The thesis that science
is universal is thus applicable essentially to the reduced universe of
the rich and advanced nations themselves." A similar view is expounded
in VARSAVSKY 1967, which argues that the LDCs doing science simply pro-
vides free research results for ACs to use for their own purposes. A
peculiarly timid view of science in LDCs is expressed in LEWIS 1961.

In all these views, there are implicitly the following two suggestions:
(a) there is a science for LDCs and a science for ACs, and the two are
drastically different; (b) scientific activity in LDCs should be
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postponed until the socio-political system is "right" (as judged, of
course, by the value systems of the authors). The main fault of this
viewpoint is its negativism and tendency to procrastinate. The time is
already late, and we must begin to act now. Furthermore, the different
nseience for LDCs" is never described in detail, and the arguments are
always on a fuzzy ideological plane. Particularly good examples of
this are BAZIN 1972a, 1972b, and 1973. I suspect that if it were ana-
lyzed carefully and dispassionately, the "different science” would
actually contain a large component of the standard international science.
It is, in fact, one of the strengths of science that it has such a
large body of universally accepted objective elements.

Positions such as those above are now definitely in the minority.
This was not so 15 years ago when talk about science in LDCs was some-
what rare (DEDIJER 1959). After the mid-1960s, however, the situation
changed rapidly. ROCHE 1966 remarks, “this whole process (i 2., the
use of scientific research in the LDCs) accelerated during the past
10 years, so that now at least 1ip service is paid generally to sci-
ence, and although there is still a widespread feeling that it is a
superfluous activity at our stage of development, very few dare voice
this opinion." BHABHA 1966b quotes Nehru: "It is an inherent obliga-
tion of a great country like India, with its traditions of scholarship
and original thinking and its great cultural heritage, to participate
fully in the march of science, which is probably mankind's greatest
enterprise today." It is interesting that Nehru's justification is by
no means in terms of utilitarian arguments, though of course Nehru
understood the great pragmatic influence of science on human life.

Several argue that indigenous science is necessary even in the
context of improving technology, as in JONES 1971 (p.7). One of the
most successful leaders of Indian technological research, Nayudamma,
remarks: "But ore thing must be made clear at the very beginning,
namely that no country can prosper simply by the importation of re-
search results. Every country...must form and maintain its own sci-
entific personnel and it must develop its own scientific community"
(NAYUDAMMA 1967).

12



The complex relationship between science and technology has been
extensively discussed, for example, in the eloquent articles of Derek
de Solla Price. PRICE 1965a analyzes the similarities and differences
between science and technology and explains how technology is dependent
on what was the forefrent of scientific research only a few years
before.

DE HEMPTINNE 1963 cites the UNESCO Regional Conference in Cairo
in 1960 as "insisting on 'scientific autonomy as an essential prereg-
uisite to national independence.’'" 1In the same article, de Hemptinne
(a leading figure in UNESCO's science policy program) points out that
to require a choice between concentrating on technical development on
one hand and undertaking research at all levels on the other is to
create an artifical dichotomy since in practice the former cannot be
done in the complete absence of the latter. The same view is asserted
in OECD 1968a (p.8): "An adequate domestic scientific 'infrastructure'
[is] necessary if the country {is] to make proper use of imported tech-
nologies."” In a report of a conference on the role of science and tech-
nology in Peruvian economic development, we find that

the unanimous opinion of the conference is that scientists consti-

tute an indispensable element in the development of an emerging

country for diverse und powerful reasons, among them: (1) their
essential function in the field of scientific research directed
toward better utilization of natural resources; (2) their indis-
pensable role in training new scientists and technicians capable
of planning, organizing, and implementing development programs.

(NAS 1966, p.7).

Other discussions of the need for indigenous science and technology
may be found in GANDHI 1969 (p.11), ZAHEER 1968, PERU 1970, UN 1970b
(p.10), UN 1969 (pp.10-12), and RAHNEMA 1969 (p.55). As mentioned
earlier, technology can sometimes solve sicial problems. Hence, sci-
ence has through its influence on technology a special contribution to
make to the overall development of a country. This point is discussed
in some detail by Weinberg in NAS 1967 (pp.415-34).

Further discussions of the role of science in terms of its utili-
tarian, economic effects are presented in 0AS 1972 (p.3 quotes from the
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Punta de) Este declaration), OECD 1969 (p.11-16), TASK 1970 (pp.2-7),
ALLENDE 1972, and OECD 1971c.

Let us turn now to more general arguments in the context of devel-
opment. For example, OECD 1968a stresses the importance of indigenous
science in the overall complex of development (pp.223-33). JONES 1971
(p.27) likewise emphasizes the importance of science to the general
developmeat process, as does UN 1970b (pp.8,10). Dedijer, one of the
earliest contributors to the literature on science in LDCs, makes the
sanc point in DEDIJER 1959 and 1963. In the latter, he remarks that
"practically every decision in any field of national endeavor, whether
it is the improvement of the trade balance or community development,
requires not only know-how but also scientific knowledge produced by
research performed in the local environment." The UN, in its World
Plan of Action (UN 1971a, pp. 31,45,46), specifically emphasizes the
importance of indigenous scientific research. Garcia agrees, though
his statements are perhaps ambivalent. In GARCIA 1966 he stresses the
utilitarian motivation for pursuit of science in LDCs while in GRUBER
1961 (p.71), he makes an eloguent argument on much broader grounds.

In both cases, it is evident that Garcia (a high-ranking academic leader
in Argentina) feels that universities belong in the forafront of scien-
tific development.

De Solla Price has demonstrated (see PRICE 1969c and most of his
other published writings during the last five years) that the "scien-
tific size" of a country (measured by the number of scientific authors)
is significantly correlated with its GNP, That is, the more productive
a country is in the sciences, the larger its GNP tends to be. This
relationship is shown dramatically in PRICE 1969a (p. 109.) One can see
that while the economic size (GNP) of countries can vary almost by a
factor of 10,000 and “scientific size" by a factor of 100,000, there is
a straight-line correlation between the logarithms of the two quantities.
The correlation holds for the overwhelming majority of the countries to
within a factor of 10 or so in the quantities themselves. Obviously, a
correlation is not necessarily a causation, and even if it is, one can-
not be sure which is the cause and which the effect. Nevertheless, the
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strong dominance of this correlation should strengthen the argument in
favor of science in LDCs.

A number of other effects of science is discussed in the litera-
ture. JONES 1971 (p.51) points out that the prestige of science is a
positive element in development. NAS 1966 (p.75) stresses the cultural
values. Prothro, in NADER 1969 (p.xviii), makes a concise case for
science as an enemy of stagnant traditionalism, inert stability, and
clinging to the absence of change, all of which are retardants to gen-
eral development. This role of science as creator of an atmosphere of
inquiry is also stressed in DART 1971b, BURKHARD 1966, and GANDHI 1969
(p.8). A different, perhaps dubious claim js made by Clarke in his
exposition of the UN World Plan of Action (CLARKE 1971, p.49) where he
suggests that "science promotes honesty."

I mentioned above that it might be politically unrealistic to try
to prevent LDCs from acquiring science, and I cited the nuclear nonpro-
liferation treaty as an example. Discussion of this point can be found
in ZOPPO 1971 and, in a somewhat broader context, MORAVCSIK 1972c.

Let us now examine even broader justifications involving per-
sonal values and philosophies for undertaking science in LDCs. As
will be evident, there are other than purely utilitarian arguments in
support of science in LDCs, or for that matter of science as a human
undertaking. Those who ignore these nonutilitarian arguments seem to
fall into two categories. They may deny altogether that other con-
siderations exist; that is, they hold as a personal philosophy that
the p .rpose and meaning of human 1i1fe is to feed and house human
beings. Alternatively, they may admit that higher motives exist but
claim that LDCs must wait until they achieved economic prosperity
before they can afford to indulge in nonutilitarian considerations.
Once made explicit, these assertions appear dubious; nevertheless,
they permeate discussions about science in LDCs in the literature
and in conversation.

Specific responses have come from three scientists from the LDCs.
Marcel Roche, one of the primary creators of Venezuelan science and an
internationally respected figure, states in ROCHE 1966:
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One often hears the opinion expressed that only research which is
immediately useful should be publicly supported. This is under-
standable but unfortunate. Latin America will start to contribute
significantly to humanity’s scientific progress--and to its own mate-
rial well-being at the same time--when it loses its complex about
the need for pracuvica! results, and simply develops a passion for
knowledge rather than a simple desire for material progress. The day
our community, and our scientists, discover the sense of purpose in
science--whether pure or applied--we shall be able to utilize to the
full, without social distortions, our real scientific potential,
whatever it may be, in both the pure and the applied areas.

A different aspect is illuminated by physicist Igor Saavedra, a
persistent, skillful, knowledgeable, and long-active builder of science
in Chile. in SAAVEDRA 1973, he stresses the long-term relevance of
building science and makes the incisive point that it is often more
effective to concentrate on adequately educating a new generation than
to waste time fighting with the old guard. The long-range nature of
science development is also stressed in USMANI 1964 (p.4) and OAS 1972
(p.5). A convincing documentation of the Japanese case can be found in
PRICE 1963 (pp.98-103).

A third example from the writings of scientists in LDCs is found
in CSA 1971a (pp.35-49). Abdus Salam, a Pakistani-born physicist and a
prominent activist in building science in LDCs, presents a beautiful
argument in a historical context. He points out, for example, the
absurdity of the claim that Pakistan had too many mathematicians at a
time when its population was 120 million and its mathematics manpower
consisted of 12 PhDs, (CSA 1971a indicates two PhDs, a misprint
according to Salam.) Similar arguments have been put forward by scien-
tists from ACs. My own writings, for example, reflect this broad Justi-
fication (MORAVCSIK 1964a,b,c, 1972a, and 1973c). For the desirability
of transmission of a scientific civilization as an argument in favor of
propagating science in LDCs, see MORAVCSIK 1973d.

A concise summary of various broad arguments in favor of science
in LDCs can be found in SKOLNIKOFF 1967 (pp.195-203). A quite different
picce is Holton's in INDIA 1970, part of a 1970 conference on physics
education and research in India. Holton offers a comprehensive motivation
for science in his usual erudite and cumpelling style.
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C.P. Snow, in his famous Two cultures (SNOW 1964), deals with sci-
ence development. Much of what he says about science in general per-
tains to our discussion. For example, his emphasis on science and tech-
nology as being mainly responsible for the high standard of living of
industrial workers in Western societies can he broadened and app'ied to
LDCs. On a different level, Snow's analysis of individual loneliness
and pessimism versus collective optimism also applies to our discussion.
In this respect, the natural sciences have a special feature largely
unique among human undertakings--their definite direction of progress.
Most other endeavors are either cyclic or at least noncumulative in a
structural sense. (A discussion of this point can be found in MORAVCSIK
1974a.) Thus, the pursuit of science opens up a new psychological
horizon which has a substantial effect on the world outlook. That this
broadening effect should be restricted to a small segment of the world's
population, ACs, is a thought most unbecoming of our age of egali-
tarianism and universalism.

Some relevant thoughts are expressed in WEINBERG 1967 (for exampie,
pp.36-7) about the role played by science in relieving exclusive concern
for physical survival and fulfilling the human aesire for purpose and
meaning in 1ife once the threats of hunger, disease, and exposure have
been averted. Broad discussions of science in this context are found
in CIBA 1972 and ZIMAN 1969 (pp.350-3).

A different but equally interesting aspect of the question is the
historical one discussed, for example, in BASALLA 1967. Basalla traces
the spread of Western science to LDCs. Perhaps a certain historical inev-
itability plays a part in this process just as other revolutionary ideas
hzve swept the world. In that sense, sharing science with LDCs may be
necessary not only from a political but from a historical point of view.

A rather remarkable book on attitudes toward science in LDCs has
been written by a politician. A deputy in the National Congress of
Venezuela, Rodolfo Jose Cardenas diew on his extensive experience of
interaction with the fledgling Venezuelan scientific community (CARDENAS
1970). It should be taken as a model for contact with science by poli-
ticians in every country.
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The preceding discussion has illuminated various attitudes, mainly
those of scientists, other intellectuals, and governmental personnel. It
is evident that the subject is controversial, and many opinions exist.
This is generally true even within a particular country. For example,
India has a very active and continuing debate on matters of srience
policy, including the justification of science itself. Speeches, con-
ferences, and articles serve as vehicles, and a special journal, Science
and culture, has served for many years as an outlet for such discussions.
The same is true, perhaps to a lesser extent, in most other countries.
There is, however, a notable exception. In the People's Republic of
China, the rationale for science is determined solely by the political
leaders in terms of political ideology. The aims were expressed, for
example, by Chou En-lai shortly before 1960:

Only by mastering the most advanced sriences can we ensure our-

selves of an impregnable national dcvense, a powerful and up-to-

date economy, and adegquate means to join the Soviet Union and the
other people's democracies in defeating th- imperialist powers,

either in peaceful competition or in any aggressive war which the
enemy may unleash. (WU 1970, p.46)

More explicitly, the justification of science is summarized as follows:

(1) Attainment of great-power status; (2) accelerated economic

development, which is identified with rapid industrialization;

(3) the maintenance of the Communist Party as supreme political

power. The first two goals call also for an intensive pursuit

of military R&D, with the aim of establishing a techno-scientific

organization to meet the defense needs of a great power, including

the creation .f an independent nuclear deterrent and the develop-

ment of ballistic missiles and delivery systems. (WU 1970, p.46).

The contrast between this set of aims and those of other LDCs is
not in the absence of other than utilitarian arguments. In other LDCs,
governmental pronouncements are sometimes the same but are couched in a
frank, explicit, and primary emphasis on the military advantages of
science. This attitude has a long-standing tradition in Chinese history
(WU 1970, pp.12-18). It is undoubtedly true that other LDCs have aspira-
tions toward military strength through science. But even in politically
explosive areas, such as the Mid-East or the Indian subcontinent, those

aspirations seldom play an openly significant role. Only time will tell
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to what extent Chinese scientist
for undertaking science.

s share this particular justification
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TwO
Eaducation and Science

Education in any country has a dual function. It must impart general
knowledge and a broad-minded attitude to the population as a whole, and
it must produce creative specialists in various areas of huran activity.
Science education in LDCs shares this function. Successful development
can hardly be visualized unless the spirit of inquiry and¢ the attitude
of experimentation permeate the population on a wide sca'e, character-
istics best established through a broad science education. At the same
time, in order to cope with the specific technical problems of scien-
tific and technological development, & sufficiently large cadre of
appropriately trained scientists and technologists must be produced.

A comprehensive discussion of the various problems pertaining to
science education at all levels in LDCs would be a thick volum in
itself. 1 will, therefore, describe only the general framework in
which science education takes place and then discuss ir areater detail
the specific problems of the education of specialists in science.

Science education in any country is carried out in the context of
the prevailing cultural environment. When a country has substantial
scientific and technological activity, and most of its people have sub-
stantial daily experience with science-based technological products,



science becomes part of the general cultural milieu making it easier to
build more science. But in countries where science exists at best for
a tiny group of highly educated people with specialized interests, and
science-based technological products are not regularly used by the
majority of the population, the traditional cultural context may differ
considerably from the "scientific" outlook. The characteristics of
such a traditional nonscientific background vary considerably from one
geographical region to another. Some examples will illustrate the dif-
ficulties frequently encountered by science education in LDCs.

In Nepal, the traditional outlook on nature and the kncwledge we
can acquire about nature demonstrates three important features. First,
popular Western scientific explanations of natural phenomena exist
side-by-side in the mind of each person with traditional mythological
explanations. There are no indications that the two sets of expla-
nations are seen in conflict with each other. Thus, earthquakes are
simultaneously regarded by the same person as caused by a fire inside
the earth and by a slight change in position of the turtle on whose back
the earth rests. That phenomena have a unique explanation (a basic
tenet of the scientific method) is, therefore, not part of the tradi-
tional thinking.

Second, regarding the method of learning about natural phenomena,
the virtually exclusive opinion in Nepal is that all new things about
nature can be learned by looking them up in a book or by asking an old
man. Thus, the most fundamental principle of scientific thinking, that
new information can be gained by experimentation, is not part of the
traditional view of the nature of knowledge.

Third, and perhaps most important, when asked how one would learn
about natural phenomena not described in books or known by old men, the
people answer that there are no such phenomena. According to the local
view, knowledge is closed and has already been exhausted; anything there
is to know is a matter of record. Thus, the central belief of science,
that we have just begun to learn about the world and by expanding our
knowledge and utilizing it we can create novel conditions for ourselves,
is not shared by the traditional view. Inasmuch as this belief in the
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power of an experimental approach to expand the frontiers of knowledge
is the basis of any significant development process, the discrepancy
between it and the traditional view is crucial.

Another example of traditional views of scientific knowledge is
found in Papua New Guinea, where such knowledge is viewed as the per-
sonal magic powers of the scientist or teacher who expounds or utilizes
it. The acquisition of scientific knowledge is considered an imitative
process achieved by association with the masters who have such magic
powers. The idea of experimentation, the absence of authoritarianism,
and the feeling of human control over knowledge are not part of the
Tocal view.

As mentioned, traditional views vary from one region to another,
and it is difficult to abstract the general effects that such views
might have on the implementation of science education in LDCs. But it
is likely that they contribute to one of the greatest impediments, rote
learning or memorization.

Mentioned above are same elements of scientific thinking that will
boost a country’'s ability to generate meaningful development: events
constantly change as a function of time, events can be influenced by
human efforts, and continued experimentation and learning is the road
to acquisition of knowledge and control of nature. But the characteris-
tics of science influence us on an even broader scale. For example,
many human efforts and attitudes are oscillatcry in time. The attitudes
of humanity as a whole or of particular societies toward social problems
(community welfare versus individual welfare, individual responsibility
for actions versus societal responsibility for the actions of its mem-
bers, man as a rational and nonreligious being versus man as a child of
God) have been changing throughout the ages, not by moving in a definite
direction but by swinging back and forth between two extreme positions.
From a long-range point of view, these oscillations in human attitudes
appear somewhat pointless, consuming much energy in situations where the
the absolute benefits of one position or another can hardly be established.

In contrast, science is one of the few human activities that has a
definite overall direction defined by relatively objective standards.
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This long-term purposefulness generates a spirit of optimism seidom
encountered elsewhere. Developments in science occur not because people
happen to have gotten tired of the way things were done yesterday, but
because the whole process of scientific exploration has a cohesive
structure which virtually determines the nature of future developments.
I believe that this perception of an overall direction is particularly
important in the awakening of creative powers in an LDC.

Science reinforces optimism in another important way. It is
assumed that every scientific problem has a solution. In the onerous
task of developing an LDC, when many of the greatest problems appear to
be insolvable, it is heartening to have contact with at least one realm
of human activity where solutions are always attained “hen sufficient
effort is exerted.

Finally, science is an antidote to provincialism and promotes
global contact and understanding. As the most international activity,
science tends to broaden horizons and promote cooperation and the ex-
change of ideas, thus cutting across cultural and political barriers.

In an age of intensifying nationalism, when the number of countries in
the world steadily increases, such denationalizing tendencies are impor-
tant for the future.

1 have mentioned some general features of scientific activity which
will have a strong effect on local cultural patterns, and I have pointed
out examples in which local patterns appear to be on a collision course
with scientific influences. This poses the question of whether scien-
tific and technological development entails the extermination of tra-
ditional cultural and societal patterns. Science in the non-Western
world is a sufficiently recent phenomenon that the question cannot be
answered with certainty. However, two considerations strongly indicate
that science and traditional cultural values can be blended.

First, they already coexist in the ACs. Not even the most single-
minded scientist would claim that Western civilization in the 20th cen-
tury is determined solely by science. Not only is it influenced by many
extrascientific cultural factors, such as religion, national and communal
beliefs and traditions, and personal and collective value judgments,
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but these influences can vigorously coexist with the elements of science
and technology. Indeed, popular attitudes in ACs are frequently no

more “rational” than those described in Nepal: people in ACs also accept
several simultaneous explanations of a problem even if they appear to
conflict with each other. As examples one could cite current environ-
mental debates, discussions surrounding the "energy crisis," beliefs
about the origin of life, or the upsurge of astrology. Thus, preemi-
nence of science need not mean the death of other cultural factors.
Science as such does not impose a complete set of values nor is it an
entire culture. It is simply an ingredient that can combine with a
variety of other elements.

The other strong indication that development of science does not
imply cultural conformity is the experience of the only markedly non-
Western country that has become a leader in science--Japan. Has Japan,
as a result of preeminence in science and technology, lost its cultural
traditions and values? Has it changed its social patterns to those of
the European tradition? [ asked these questions during my stay in
Japan in 1972 when I discussed various problems of science policy with
Japanese physicists. The overwhelming consensus was that considerable
superficial resemblance has indeed been created between Japan and other
ACs through Japan's evolution in science and technology: subways in
Tokyo resemble subways elsewhere, white-shirted commuters flood Tokyo
in the morning and return ome late in the afternoon, and so forth.

But on a deeper level, the freling was that development has not sub-
stantially affected the Japanese cultural, historical, and philosophical
tradition, and Japan continues to be fundamentally different from Europe
or America. In view of these considerations, it seems likely that sci-
ence does not destroy traditional culture but can be harmoniously incor-
porated into a variety of traditions and philosophies.

Let us now examine some specific problems of science education in
LDCs. Perhaps the most important point to emphasize is that the most
effective and appropriate science education must be indigenous to the
country. For reasons discussed below, education abroad is in the long-
run inferior to education at home. Thus, a primary effort in LOCs must
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be directed toward the building up of a high-quality, substantial
system of science education well-matched to local conditions as vell as
to the worldwide scientific community.

In some LDCs, the construction of such a system is just beginning,
while in others, such as India, there is already a huge network of edu-
cational institutions. To aid the creation of future institutions and
to bring about reform of existing ones, it would be best to concentrate
on the two most serious shortcomings of advanced science education
in LDCs.

First, there is a predilection for rote learning and memoriza-
tion. Not altogether unknown in ACs, this habit is deeply ingrained
in many LDCs. Examinations requiring exact recitation of material
are the rule. The situation is perpetuated by the system of external
examiners originally instituted to establish uniform standards. The
advantages of the original intention are by now almost completely out-
weighed by the disadvantages found in the lack of flexibility in exam-
inations. An effective antidote would be the widespread introduction
of open-book examinations for which memorization and rote learning are
of little use. The switch to open-book examinations is easier to
advocate than to execute, however, since it would involve a drastic
change in attitude toward science in general. It would also require
a teaching staff more knowledgeable and flexible than that which is
often available. Teachers educated in an atmosphere of memorization
and rote learning are often unable to adapt themselves to a situation
in which science becomes a method of inquiry rather than a set of
dead facts.

The second major shortcoming is premature specialization. After
exposure to science at what is considered the undergraduate level in
the US, students plunge into "research" which necessarily amounts to the
work of a glorified iaboratory assistant. Resulting scientists have
extremely narrow interests and an inadequate understanding of the funda-
mentals even in their special fields. I have often observed this
phenomenon, especially during the interviews conducted by the Physics
Interviewing Project in 1969,
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A peculiar argument is often made that a broad education is unnec-
essary because the student is being prepared for applied work and can
afford to specialize early. This argument is based on a complete mis-
conception of the nature of work in the applied sciences. On the con-
trary, being productive in the applied sciences requires a much broader
education than being active in the basic sciences. This is partly
because the basic scientist is more able to choose research problems
within the bounds of a single discipline than the applied scientist who
is generally confronted with a ready-made problem seldom falling within
the traditional disciplinary lines. This point has been emphasized in
a number of studies on the nature of applied science and has been con-
firmed by the experience of innumerable research institutions.

These two detrimental features in science education can produce
serious problems in science development. Scientists with a nonfunctional
understanding of science and an extremely narrow area of competence are
virtually useless from the standpoint of scientific productivity and its
connections with technological development. Thus, a body of scientific
deadwood accumulates clogging the system of science development and edu-
cation and constituting a serious obstacle to innovation, development,
and reform. Perhaps the most serious example of this situation is in
India, but there are many smaller countries plagued by the problem.

There are two other problems of a more general nature. One is the
common prejudice against experimental work in favor of theoretical pur-
suits, probably originating with the prevalent feeling that work not
involving one's hands is more prestigious than manual labor. This atti-
tude is one of the reasons for the serious lack of technicians. They
are usually in very short supply in LDCs, even relative to the small
number of scientists. A further consequence is that scientific communi-
ties develop great distortions in the ratio between theorists and ex-
perimentalists, which is bad not only for the relation of science to
technical application but also for science itself, since theory separated
from experiment tends to become ingrown and baroque.

The second deficiency is the almost complete lack of concern in
the curricula for the history, philosophy, and methodology of science
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and their implications for science policy and management. Admittedly
there is not much discussion of these topics in the scientific communi-
ties of ACs either, but the need there is less. In a large scientific
comunity with its institutions already well-established, only a few of
the older members are involved in such matters. In an LDC, however,
where the scientific community is very small, and the infrastructure is
still being formed, a substantial fraction of scientists must be con-
cerned at the beginning of their careers with activities in which these
subjects are relevant. There is a much greater need for education in
these areas.

It is not difficult to conclude that the listed shortcomings
greatly hinder the effective infusion of indigenous science jnto applied
developmental activities. The result is often a lack of contact be-
tween the two or a feeling of hostility which in turn decreases the
value of science in the eyes of those making local decisions in devel-
opment. Science is consequently neglected, a situation decried by all
and caused by all.

Many LDCs do not yet have an indigenous system of higher science
education and must send their students abroad. The situation may be
unavoidable, but it also raises hosts of problems. There is the matter
of cost. Foreign education tends to be expensive and requires foreign
currency. A few countries, such as Venezuela, Iran, and Malaysia, ex-
port sufficient amounts of raw materials to produce reserves of hard
currency for such education, most LDCs do not. It becomes importan®
for students to obtain financial assistance from the universities they
attend rather than from their home countries.

The situation in the US illustrates other problems. The US is
selected for illustration because of the large number of foreign stu-
dents in its universities, and statistical information is readily avail-
able. A similar situation exists in many other ACs, such as the United
Kingdom, France, and Germany. There are some 150,000 foreign students
at colleges and universities in the US, about 110,000 of whom are from
LOCs. Though this is a large number, it represents less than 10% of the
total college student population in the US. It fs understandable,
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therefore, that such students do not receive much special attention,
except perhaps in language training and general cultural orientation.
Yet, the needs of these students are different and more extensive than
the needs of most of their American counterparts. In particular, stu-
dents in the sciences have a number of special problems.

The first pertains to their selection. Science departments in
most American universities are il11-prepared to evaluate applications to
their graduate schools from students in LDCs. Lists of courses, tran-
scripts, and letters of recommendation mean 1ittle in the abstract.
Mistakes in admissions are often made. Consequently, either the safe
action of refusal is taken, or students are favored from a few somewhat
developed countries where the department has personal contacts through
alumni, expatriate faculty members, or acquaintances from scientific
conferences.

A partial remedy for this situation has been the Physics Inter-
viewing Project operated by CIEP. The project sends physicists to LDCs
to interview students interested in graduate education in physics in
the US. The interviewers prepare a brief report of the interview which
is made available to any university in which the student is interested
or to any university interested in the student. The program has been
supported by small contributions from a number of physics departments,
though this method of financing has proved unstable, time-consuming,
and inequitable.

Another problem is the unavailability of appropriate information
about educational institutions in ACs to students in LDCs. This re-
sults in many misconceptions and a general inability of students to
select institutions, to manage the application procedures, and to pre-
pare themselves for the tranzition once they have been accepted.

Skipping the problem of travel costs, let us turn to problems en-
countered in the US. American stucdents are likely, after the completion
of their education, to engage in scientific research or teaching in an
established institution managed by older scientists. In contrast, stu-
dents from LDCs, even in their first jobs, will almost certainly have to
work both on science and on the creation of institutions and opportunities
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to do science. Thus, students from LDCs, in addition to absorbing the
usual science curriculum designed for American students, should also have
an opportunity to learn how science is organized and managed. To do so,
they must be exposed to the problems of science shops and libraries,
purchasing and repairing instruments, science policy and organization,
university and laboratory administration, science-technology links, etc.
Such things are not taught in US graduate schools. A special interest
on the part of knowledgeable faculty is necessary to carry out such a
program. Perhaps summer seminars could be organized for science stu-
dents from LDCs who are already being trained at US graduate schools.

A prototype of such a seminar is being organized by CIEP.

It is most important that students in their beginning years in
graduate school lay a solid foundation of knowledge and competence in
order to appropriatelv develop later. Such caution and thoroughnesss
will probably be contrary to their own feelings which will urge them to
finish quickly, not repeating subjects they have already "learned" in
their home country. It is the duty of advisors to prevail on them to
proceed circumspectly. In this respect and others, the importance of
a faculty advisor cannot be overrated.

Advisors assigned co foreign students should, if possible, have
had personal experience in LDCs so they are able to comprehend the prob-
lems likely to arise. Advisors sh;uld also feel a responsibility for
the students after they have received their degrees and left for home
since the students are likely to need further advice and assistance in
their first jobs in their home country (in contrast to students in ACs
who are likely to be placed under somebody else's wing after completing
their doctorates).

Some scientists, confronted with students from disadvantaged back-
grounds, are willing to make allowances for that and develop them into
second-class professionals. I must strongly oppose this philosophy; it
is 1ikely to result in further discrimination against the students during
their professional careers. What LDCs can least afford is second-class
scientists. In ACs, run-of-the-mill scientists can find some spot where
their mediocre contributions can be utilized. In LDCs, where every
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person counts, such niches for the mediocre arc much less tolerable.
Thus, emphasis on quality is of utmost importance. In some LDCs, qual-
jty has alrecly been compromised and the manpower pool polluted giving
the impression of a manpower surplus. Such waste must be avoided.

A problam causing considerable vexation is the question of lan-
guage, In many LDCs, debates rage as to whether the local language or
the international language of science (English) should be used for ad-
vanced education in the sciences. There are sericus arguments on both
sides. Local languages often do not have the terminology for science.
Some argue that scientific concepts are influenced by the language of
those who invented them, and science would actually be more difficult to
comprehend in a non-European language. In some cases (1ike India) where
there is no single predominant local laiguage, the universal science
language might as well be English. It is also argued that since every
scientist has to learn some English in order to function in the inter-
national scientific arena, learning the language early in the educa-
tional process would be beneficial.

On the other hand, science education must also reach the masses;
hence, an indigenous terminology for science must be developed. Science
education in primary and secondary schools must be done in the local lan-
guages, and, it is claimed, switching to English at a later stage would
disrupt the learning process. Furthermore, learning science only in
English could prevent some students from accepting it as really their
own in a cultural sense and giving the impression that science is spe-
cifically asscciated with ACs. Some even suggest that the discouraging
predilection for rote learning might be due to students' having to absorb
science in a foreign language, though this claim is arguable.

A practical and reasonable solution to the problem is t¢ require
bilingualism at the university level. Learning a second language is
sufficiently simple for someone capable of being a scientist, and its
advantages are sufficiently numerous that the requirement of proficiency
in two languages by the age of 20 seems a very reasonable one.
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Background and Comments

Alfred North Whitehead once observed that while modern science was born
in Europe, its hame is the whole world. His remark points up the basic
predicament of science education in LDCs: with origins external to the
courtry, science must nevertheless grow strong indigenous roots.

The history of the spread of modern science from Europe to other
countries is perceptively analyzed in BASALLA 1967. He notes three
stages in this development: (a) initial contact and work by foreigners;
(b) "colonial science” (local efforts strongly influenced by the domi-
nant countries); and (c) independent or national science when the country
is a full-fledged memher of the international scientific community.
"Colonial science" might or might nct overlap with political colonialism.
For example, US science was "colonial” under the influence of Germany
at the beginning of the century.

A history of science in India from this point of view can be found
in LARWUOD 1961. Another description of Indian science, more from the
point of view of dominant personalities, is in RANGANATHAN 1959. A
vivid portrait of S. Bose, one such person, is given in BLANPIED 1972,
Discussing the same geographical area from the viewpoint of what is now
Pakistan, SALAM 1964b and 1965c provide a historical background in terms
of the Moslem world. For an account of scientific activity in India
prior to contact with the British, see DHARAMPAL 1971.

These accounts indicate that the science of the 3ritish colonies
in the 19th century was basically the same as that found in Britain.

To be sure, it did not take as well in the colonies as in Britain, but
the real divergence between the scientific development of the ACs and
the LDCs occurred in the second quarter of the 20th century when science
“exploded” in the ACs but failed to do so in the LDCs.
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A historical account of science in Egypt is given by Ibrahim I,
Ibrahim in NADER 1969 (p.581). A brief description of the situation in
the Philippines can be found in SALCEDO 1972 (p.176). In these historical
accounts, cultural elements play a prominent role. Among the general dis-
cussions of the subject, LIDA 1972 contains a broad collection of views.

A thoughtful essay with particular reference to LDCs is in DART 1963.

There appear to be conflicting views in the literature as to
whether indigenous culture and science are incompatible from the point
of view of the educational process. LARWOOD 1961 (p.95) gives this cul-
tural conflict as one of the main reasons why science did not take so
well in India. In a concise resume of social factors in science, DESSAU
1965 (p.18) emphasizes that fixed traditions are inimical to science.
This is also stressed in DART 1967 and 1972. UNESCO 1970a (an out-
standing, well-organized volume generated by a conference on science
and technology in Asian development) mentions traditions as an obstacle
to free inquiry (p.40). In an interesting analysis, ODHIAMBO 1967
(p.878-9) explains in some detail why African traditional culture is
not easily compatible with the philcsophy of modern science.

Taking a longer view, however, while conceding that these elements
are indeed obstacles, the overall situation does not appear to involve
a true conflict. In MOREHOUSE 1967 (p.371), Milton Singer argues that
traditional value systems and cultural elements will become perfectly
compatible with the results and ideals of modern science. A more de-
tailed account of his view can be found in MOREHOUSE 1968. A similar
argument is advanced by DART 1966, who suggests that people do not have
a single "culture," and science will be acceptable to many as a second
culture. More specifically, two scientists from LDCs assert that re-
ligious values and modern science are quite reconcilable (SINHA 1967 and
BHATHAL 1971c). ZIMAN 1969 (pp.354-5) believes that the cultural bar-
riers in the path of acquiring modern science are not exceedingly large.
APTER 1961 goes even further and claims that, because of the*r different
cultural history, the Western "two-culture" syndrome (discussed in SNOW
1964) will not develop in LDCs, and in some ways the cultural absorption
of science will be even smoother.
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Aside from inherent cultural conflicts, there are what might be
called the environmental effects of technical development. For example,
BHABHA 1966a (p.334), 1966b, and JONES 1971 (p.137) point out that in
ACs, acquaintance with modern science and technology starts with the
toys of the young child and continues to develop from then on. The im-
portance of early educational experience is also stressed by ZIMAN
1969 (p.356).

Specific studies of cultural factors in various count:ies can be
found in DART 1967, 1972, and 1973b with respect to Nepal; in PRINCE
1968, MACKAY 1973, DART 1973a, and 1973b concerning New Guinea; in
OLDHAM 1966 and W 1970 (p.i5) regarding China; and in RANGANATHAN 1959
on India. An interesting point is made by Mosse in ADAMS 1968 (p.157).
He contends that the distinct cultural identity of France has played a
major role in maintaining a low rate of brain drain from France to the US.

I have emphasized that science education must be indigenous, an
assertion with ample backing in the literature. RAO 1967 justifies it
in terms of the high cost of foreign education. (See, however, & com-
ment by a Japanese in OECD 1968a [p.55] who argues otherwise.) In NAS
1965b (p.9) ~nd RIAZUDDIN 1970, the argument is presented in terms of
the local relevance of indigenous education. For other general state-
ments, see NAS 1965b (p.2), Pihl in GRUBER 1961 (pp.244-7), and MORAVCSIK
1970b. The nature of the regenerative cycle of local education is
pointed out in RAD 1967 and MORAVCSIK 1964a, b, and c. MORAVCSIK 1972a
(p.205) states there is not enough room for all LDC students in AC insti-
tutions. In the same paper (p.206), indigenous education is linked with
a reduction of the brain drain.

A somewhat sensitive matter is the staffing of local educational
institutions with foreign teachers, especially in the former colonial
countries (see, for example, NAS 1965b, p.2). However, the problem of
expatriates is short term; they eventually retire and are replaced by
the first indigenous generation. Therefore, the question should not be
of high priority in the overall picture.

With indigenous education, the question of the language of instruc-
tion leaps to the foreground. For the situation in India, see
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KARVE 1965a, b and 1967 as well as BOSE 1965, RAY 1967a, CHATTERJI 1968,
and RAHMAN 1973 (p.171). For Pakistan, see USMANI 1971 (p.17). The same
problem is discussed in the Arab context in ZAHLAN 1970 (p.11) and with
respect to the People's Republic of China in OLDHAM 1966. For some
general comments, see MORAVCSIK 1970b (p.12). The broad consensus here
is that English has been established for the present as the international
scientific language, but Tocal languages must be developed to serve as
a medium for mass education and elementary levels of science education.

The importance of mass science education is overwhelmingly pro-
claimed in the literature. One of the few dissenting voices is that of
LEWIS 1961 who asserts that "we have made a fetish of universal elemen-
tary education" (p.44), and "the sciences upon which the various branches
of engineering depend may prove to be a menace rather than a help to
the new states" (p.43). Most other opinions are in sharp contrast.
RAM 1968 (p.5) quotes Nehru: "My interest largely consists in trying to
make the Indian people and even the Government of India conscious of
scientific work and the necessity for it." PIRIE 1967 (p.64) emphasizes
the importance of training future political leaders in the rudiments of
science. There are many references dealing with specific countries or
regions: see, fur example, PERU 1970 (p.38) and OAS 1972 (pp.42-6) for
Latin America. The situation in the People's Republic of China is de-
scribed in NATURE 1968, OLDHAM 1966, and WU 1970 (p.81). Particularly
strong efforts have been made there to achieve universal education in
the sciences. The effort is also significant $n Iran (RAHNEMA 1969,
p.55 and AID 1972a, pp.77-8). The work of UNESCO in this area began
almost at the agency's birth (BOK 1948, p.346) and was reemphasized in
1963 by the Secretary General (MAHEU 1963). Since then, UNESCO confer-
ences have repeatedly dealt with the importance of mass education in the
sciences (see UNESCO 1964c, pp.9,17, for details of the Lagos conference
dealing with Africa and UNESCO 1970a, p.34, for a description of the
New Delhi conference pertaining to Asia). For UNESCO's role in East
African education, see ODHIAMBO 1967 (pp.878-9).

If science education must be universal, then no student should be
denied it on grounds irrelevent to science. Thus, DESSAU 1969 (p.15)
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advocates equal opportunity for all social classes. Discrimination on
political grounds is discussed in HAMBRAEUS 1972 (p.152) and OLDHAN
1966 (p.44). A specific program in Singapore to design science edu-
cation for nonscientists in LDCs is detailed in BHATHAL 1970.

Those who plan science education in LDCs must keep in mind that
knowledge grows so rapidly that the factual basis of science education
soon becomes obsolete. An educatiunal system which produces scientists
who are obsolete at the time of their graduation is a dubious invest-
ment indeed. This difficulty is discussed in MORAVCSIK 1972a (p.209).
In ADISESHIAH 1969, the problem of rapid obsolescense appears in an
analysis of unemployment among Indian engineers. The need for quick
adaptability is also emphasized in JONES 1971 (p.140).

With regard to specific shortcomings of present science education
in many LDCs, rote learning is often mentioned in the Yiterature. An
incomplete collection of such citations is found in MORAVCSIK 1972a
(p.211), UNESCO 1970a (p.40), with respect to Asia; LARWOOD 1961 (p.92),
indicating that by 1840 this was already a significant problem in
India; MAHEU 1963 (p.27); UNESCO 1964d, with respect to Africa; ROCHE
1966 (p.60), in the context of Latin America; and ZAHLAN 1972d, concerning
the Arab world.

‘The oroblem of premature specialization is analyzed in MRAVCSIK
1972a (pp.208-9) and 1973f. The importance of broad competence in sci-
entific work, particularly in applied areas, js stressed by Teller in
NAS 1967 (p.375). An interesting case of premature specialization is
the "red and expert” scheme initiated in the People's Republic of China
in 1958. The plan was to rapidly educate millions to bolster the scien-
tific manpower. The scheme had failed by 1963 and was abandoned only to
be reinstituted in a slightly different form during the cultural revo-
Jution. It was withdrawn again after that period. (See WU 1970, pp.83,
96,101,103,105,400; HAMBRAEUS 1972, p.152; and RANGARAO 1966, p.343.)

Examinations are another obstacle to improvement of the educational
system in many countries. Often the student is evaluated only on the
basis of a single final examination (KARVE 1963, p.269). Examinations
are so important that cheating is quite common, and measures to end it
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can cause student riots (WILSON 1972). Sometimes examinations are
graded on unrealistically fine scales (KARVE 1963, p.270). The general
problem is grave enough to be singled out in the UN World Plan (UN 1971a,
pp.95,107). For an argument advocating open-book examin. ions, see

AID 1970 (p.28).

A special problem concerning student evaluation is the external
examination system originally instituted to assure uniform standards
throughout a large educational system. It resulted not only in a uni-
formly low standard but in the stultification of the educational system
and the obstruction of educational experimentation. For criticisms of
this practice, see KARVE 1963 (p.267), BLANPIED 1970, INLIA 1970 (p.1),
and INDIA 1969 (p.63).

A conspicuous manifestation of the formalistic view of educati:n
is the intense preoccupation with the syllabus, with what one teaches
rather than with how one teaches. In JONES 1971 (p.139), Elstgeest
comments that education in such countries is "rusted in syllabusitis."
My personal experience with the problem is related in MORAVCSIK 1966¢
(p.381). The conference proceedings in INDIA 1969 and 1970 are rife
with such concerns over the syllabus.

Science teaching without experimental activity is hollow, and yet
lack of laboratory training in LDCs is a common shortcoming. MAHEU 1963
lists this as a major problem. It is acute in India (RAM 1968, p.7) and
is prominently placed among the recommendations in INDIA 1970 (p.1). It
is also given conspicuous mention in the UN World Plan (UN 1971a, p.106).
The problem seems to be much less severe in the People's Republic of
China (OLDHAM 1966).

Science teaching can be improved by encouraging interaction be-
tween teachers and outstanding local scientists. An experiment to
promote such interaction is reported in NORTHRUP 1965, the Science
Lise Project sponsored by the Ford Foundation with a grant of 1.5
million dollars. The report does not contain an evaluation of the
experiment.

The training of technicians is a neglected area. ZAHLAN 1967 (p.9)
gives some striking 11lustrations. The UN World Plan considers this a
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serious shortcoming (CLARKE 1971, p.38). In the Asian context, the same
point is made in UNESCO 1970a (pp.59-61).

Science education in LDCs has 1ittle concern for the background of
science, for the history, philosophy, and methodology of science, and
for science policy and administration. Besides my own criticism,
MORAVCSIK 1972a (p.219), it is mentioned in RAY 1967b regarding India
and ZAHLAN 1970 (p.10) concerning Arab universities.

Textbooks are another weak point. ZAHLAN 1972d describes present
Arab science textbooks as "beyond salvation" and urges translating pro-
grams. UN 1971a (p.110) calls for low-cost textbooks, particularly for
Latin America. The Franklin Book Program (discussed in Chap. 4) is a
step in the right direction.

Complaints are sometimes made that, for practical purposes, there
are "no institutions" in some countries. ZAHLAN 1972c, for example,
speaking of the Arab Middle East, states that "not one single state in
the region has so far equipped itself with the jnstitution that could
identify and analyze problems of science and technology." And there
are a fair number of nominal institutions in that region. Hans A. Bethe
remarks in SALAM 1970b that if Indian universities started normal
graduate schools on the US pattern, every Indian scholar at present in
the US--their number exceeds five thousand--could be absorbed into the
new educational system with incalculable benefits to the quality of
Indfan education. Further discussion of graduate education for re-
search can be found in ZIMAN 1969 (pp.358-9).

Many educationai systems in LDCs offer few opportunities for
younger, more energetic scientists. While lack of experience and other
considerations bar young scientists from assuming exclusive control of
the educational system, their participation on a meaningful level in
decision-making as well as in daily duties should be strongly encouraged
(MORAVCSIK 1972a, p.213).

Because of these shortcomings, science education in LDCs often
fails to be functional. This is seen in DESSAU 1969 (p.16) and NAS
1971e (discussing mathematics education in Colombia). This brings us
to the question of the role of applied sciences in education.
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Some claim that the inapplicability of science in LDCs has resulted
from a conscious effort by ACs to retard technological development.

Such a view was voiced, for example, in ALLENDE 1972 (p.32) with regard
to Chilean copper technology. However, the record seems to indicate
exactly the opposite. Countless scientists from ACs have urged their
colleagues in LOCs to make strenuous efforts to bridge the gap between
science and its applications. But if science education is nonfunctional,
such a bridge cannot be built,

The goals to be achieved are eloquently described in NAS 1967: "A
good applied scientist should first of all be a good scientist by stan-
dards similar to those applied to basic scientists" (p.7); "To an in-
creasing degree the advance of technology requires contributions from
a variety of scientific and technical fields" (p.14); "The highest-
quality applied work is often done in an environment in which a substan-
tial pool of people with original training in the basic sciences can be
drawn upon for applied research and development activities, especially
as these people broaden and mature in experience” (p.17); "A fundamental
problem in the education of the modern applied scientist is how to train
him to bring a basic research viewpoint and approach to sc:ence without
creating in him a disdain for, or impatience with, applied problems"
(p.40).

These problems have been discussed in a number of writings. The
need for breadth in applied science education is emphasized in MORAVCSIK
1972a (p.207) and in engineering and agricultural education in UNESCO
1970a (pp...-63,68). BHABHA 1966a (p.340) and 1966b stress the need
for special training in certain key areas not provided by the universi-
ties. Such special training was undertaken, for example, in metallurgy
in Argentina (SABATO 1963). Often there is a lack of understanding of
the nature of applied scientific work, and an overly narrow view is
taken in assessing the educational requirements for it (pointed out in
ZAHLAN 1967, p.9).

Should universities then undertake applied research activities in
order to enhance the coupling between education and applied science?
That basic research activities must be part of the university is generally
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agreed on (and is emphasized particularly in GARCIA 1966, p.13; OECD
1968a, pp.93,123; and ZAHLAN 1972c). The balance between teaching and
research at universities is indeed a matter of concern in the Pecple’'s
Republic of China (WU 1970, p.62). But whether and how applied research
should be undertaken at universities is less settled. JONES 1971 (p.147)
maintains that when students are exposed only to basic research, they
become biased and prone to "elitism." GARCIA 1966 is also in favor of
applied research. He believes that Latin American universities could
provide badly needed leadership in the development and application of
science. More contact between universities and applied research activity
fs also urged in CST 1970 (p.95). Brooks, in NAS 1967 (p.36), is more
cautious speaking about the US. He proposes criteria to be met by a
university-run applied science project: it should be readily general-
izable, involve student participation, produce broadly publishable
results, have roots in basic research, benefit the public sector, and
have a leader drawn from the university's science faculty. At any rate,
applied research in the universities would invariably strengthen con-
tacts between university scientists and industry (MORAVCSIK 1972a,

p.222, and INDIA 1969 and 1970).

So far, 1 have dwelled on the shortcomings of science education in
LDCs, but the picture is not altogether bleak. Much is being done to
remedy the situation. General affirmation of the importance of univer-
sities is found in all parts of the world, .and thoughtful studfes exist
which analyze the shortcomings. See Garcia jn GRUBER 1961 (pp.202-6)
on Latin America and Shils in SHAH 1967 (pp.475-500) on India. For a
narrative account, see WILSON 1972. Asaihl has a long list of publica-
tions dealing with problems of science education in Southeast Asia;
see, for example, ASAIHL 1964, 1967, and 1969. Further information can
be found in RODERICK 1962, ODHIAMBO 1967 (p.878), and UNESCO 1970a
about UNESCO's work; OAS 1970 on the programs of 0AS; and CLAF 1971 (p.6)
concerning the activities of CLAF. INTERAMERICAN 1969 (p.29) discusses
the loan of 134 million dollars made by the Interamerican Development
Bank to educational institutions in Latin America. Suggestions re-
garding a World University are offered in SALAM 1970a.
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Curricular improvement is taking place everywhere. The worldwide
listing of curricular developments in science and mathematics (LOCKARD
1972) shows 44 events (among 187) which are taking place in LDCs. (For
East Africa, see ODHIAMBO 1967, pp.878-9). A less sanguine impressiuon
is created by UNESCO 1970g, a directory of educational research institu-
tions in Asia. Among the approximately 1500 projects 1isted, only
about 70 pertain to science. Educational reform in LDCs is urged strongly
by ZIMAN 1973.

International bodies are interested in curriculum improvement; for
exampies, see 0AS 1972 (pp.40-4) and UN 1971a. In addition, various
American science curricula have been adopted in LDCs (see ASIA 1972b for
the BSCS biology program and Zacharias in GRUBER 1961, p.237, for a phys-
ics program). Project Physics, instituted by Gerald Holton of Harvard
University, has been collaborating with LDCs. The process must not be
a mere transfer of the original American curriculum but rather an imag-
inative adaptation of its basic principles to local circumstances.

A rather extensive program to improve Indian education has been
the US National Science Foundation's Science Education Improvement Pro-
Ject designed to retrain and reorient teachers through summer seminars
and to develop institutions through curricular and material improvement,
NSF 1973 gives a detailed account of the project as well as a frank
evaluation of its successes and failures. Concerning the latter, there
may be differences of opinion, as seen in HAFNER 1967 which deals with
a predecessor of the NSF project.

When the problem involves a quantitatively large but qualitatively
questionable educational system, a possible solution is to single out a
few promising institutions and develop them into centers of high cali-
ber. This concept of "center of excellence" has been used in both inter-
national and domestic contexts, including the US. An energetic exponent
has been Carl Djerassi, a chemist who first organized such a program to
build up steroid chemistry in Mexico some 20 years ago (DJERASSI 1968
and TELLEZ 1968). The program proved to be generally beneficial to
chemistry in Mexico, although limiting the centers of excellence to a
particular applied area (whose importance might fade with time) is
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perhaps unwise. (For comments on this project, see UNESCO 1970b, p.123,
and ROMC 1973.) Recently, Djerassi has been primarily responsible for
the NAS-Brazil chemistry project, discussed in more detail in Chapter 7.

The Rockefeller Foundation favors the concept of centers of excel-
lence. Over an extended period of time, 1t has channeled substantial
funds into 10 universities in various LDCs for the development of such
centers. Beginning in 1961, the first eight years saw a total expendi-
ture of 40 million dollars. For an account, see THOMPSON 1972 and
ROCKEFELLER 1971, Apart from international efforts, LDCs have utilized
the idea. For examples in India, see KARVE 1965a (pp.165-6) and
Maheshwari in SHAH 1967 (pp.402ff). A few Indian universities have
become centers of excellence, some through purely indigenous efforts,
and some through international cooperation. The People's Republic of
China has occasionally attempted to establish such centers such as the
University of Science and Technology in Peking (WU 1970, pp.102,417).

The center of excellence is one manifestation of the eternal prob-
lems of quality versus quantity which looms particularly large in the
case of science in LDCs. The temptation is almost always to concentrate
on quantity, and yet a mediocre scientific cadre is virtually useless
regardless of its size. Thus, admonitions to emphasize quality over
quantity appear profusely in the literature (ZIMAN 1969, pp.360-1). For
India, see Shils in SHAH 1967 and KARVE 1965a. The situation in Greece
is mentioned in OECD 1968a (p.62)}. The "red and expert" scheme in the
People's Republic of China was a manifestation of excessive emphasis on
quantity (WU 1970, pp.99,103, and OLDHAM 1966, pp.42,45). Regarding the
Arab world, the problem is discussed in ZAHLAN 1967 (p.7), 1972c, and
1972d. Eric Ashby makes a distinction between quality and standards:
the former must be high, but the latter should be 1imited to what is
realistically attainable (JONES 1971, p.1414). Ashby has in general
been a perceptive commentator on university matters in LDCs (see SHAH
1967, p.3, for a brief appraisal of his work.)

Ailthough LDCs encounter difficult problems in sending students
abroad, every country in its initial development stages must utilize
other countries for the education of its scientific perscnnel (illustrated
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for Japan in PRICE 1963; for China in WU 1970, pp.20,95, and HARARI 1968,
p.81). For a general discussion of the problems of education abroad,
see MORAVCSIK 1966¢c (p.384-5), MITCHIE 1968 (pp.25-7), and ENG. ED. 1970
which describes a symposium devoted to the education of foreign engi-
neering students in the US. Problems of the cost of such education are
detailed in RAO 1967 (p.3) and BURKHARDT 1966. It is indeed fortunate
that in some countries financial help is available for students on a
postgraduate level in the form of teaching or research assistantships.
For example, some 12,000 students from Iran are studying science and
technology abroad. Development is so rapid that local institutions can-
not keep pace with the demand for manpower (UNESCO 1970a, p.19, and AID
1972a, pp.77-8).

Selecting students for education abroad is a primary problem. For
criteria, see Maheshwari i SHAH 1967 (p.404) and MITCHIE 1968 (pp.25-6).
Some actual projects designed to facilitate selection are described in
DART 1971a. This booklet, written for foreign students who wish to under-
take advanced study in physics at an American university, contains ele-
mentary but hard-to-find information about the American educational
system. The Physics Interviewing Project is described in MORAVCSIK
1966¢ and 1972e.

The main obstacle encountered by students from LDCs when they re-
turn after education abroad is the difficulty of creating cpportunities
and a favorable environment. for the pursuit of science (see MORAVCSIK
1973c and ZAHLAN 1970, p.10).

The idea of a summer seminar for foreign students is elaborated in
MORAVCSIK 1970b, 1971a, 1972a, and 1973c. The first attempt to organize
during the summer of 1973 failed fur lack of funds. Foundations said
they had no slots for such new projects, and US AID characteristically
said that they preferred to support engineering students. A gratifying
partial contribution was obtained from the IBM Corporation.

It is desirable that students who study abroad be channeled into
fields of science compatible with existing and potential scientific
activities in their home country. MORAVCSIK 1972a (p.215) stresses that
a subtle approach must be used lest one increase the brain drain., The
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best method is to send students to institutions where the desired field
plays a prominent role in the hope that students will naturally drift
into it. For an account of the personal problems of studenis studying
abroad, see Kindleberger in ADAMS 1968 (pp.135ff).

In view of the difficulties of education abroad, commentators
generally urge that students qo abroad as late in the educational process
as possible. For views on this, see Patinkin in ADAMS 1968 (pp.92-108)
and LEWIS 1962 (pp.317-18). A view almost completely opposed to foreign
education is presented by Bandekar in ADAMS 1968 (pp.203-32).

An ex-mnination of quantitative, statistical details pertaining to
science education in LDCs indicates that financial outlays for educa-
tion are of prime importance. UN 1970b (p.25) provides quantitative
targets for the total educational outlay of LDCs in 1980 as percentages
of GNP: 6-7% for Africa, 4-5% for Asia, and 6% for Latin America. (For
comparison, the present figure for the US is 3%.) A table of needs is
given in CLARKE 1971 (p.37) where funds needed for science education
are broken down into categories and possible sources. The total for
the decade for all LDCs is about 17 billion dollars, half of which
would come from LDCs, three-eighths from bilateral agencies, and one-
eighth from the UN, Those are the targets.

Statistics are available in various areas. In RANGARAO 1966 (p.344)
we read, for example, that in 1951 the wducational budgets in the People's
Republic of China for all education, higher education, and science edu-
cation were (in million yuans) 813, 114, and 8, respectively, while in
1957 the figures were 2906, 637, and'327. (For more financial data on
this country, see WU 1970.) In India, the total educational expenditure
(in million rupees) rose from 1,144 in 1950-51 to 4,000 in 1965-66
(INDIA 1970, p.314). VYet, considered per capita, these expenditures are
very small compared to those in ACs. In the US, for example, spending
per capita on education is about 100 times higher than in India (WILSON
1972, p.353). Statistics on university expenditures in Pakistan indi-
cate that in 1964-65 the amount was 123 million rupees, of which about
20% was spent on science (PAKISTAN 1968, p.15). In the Philippines,
according to UNESCO 1970e (p.57), the total public expenditure on
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education in 1966 was about 197 million US dollars, 4.2% of the national
income (not GNP). Of this, about one-eighth was spent on scientific and
technical research. Obviously, a problem exists in comparing statistics
because of the lack of uniformity in categories of data.

CERNUSCHI 1971 deals with numerous aspects of the interaction of
science, education, techiology, and development. It indicates the total
national expenditure per capita on education versus the GNP per capita
for various Latin American counti-ies (p.94). As one would expect, the
relationship is illustrated by a straight line.

A great deal of information is available concerning numbers of
students. Overall world statistics can be found in UN 1970b {p.29).
Excluding the US, USSR, and People's Republic of China, the total num-
ber of third-level students enrolled in the natural sciences in 1967 was
about 1.2 million, or about 13% of all third-level students enrolled in
those countries. Of thosc 1.2 million, about 520 thousand lived in
Europe, North America, and Oceania; 14 thousand in Africa; 55 thousand
in Latin America: 22 thousand in the Arab states; 180 thousand in India;
and 390 thousand in the rest of Asia. Figures for students of science
and technology per million population are 180 for Africa, 445 for Asia,
550 for Latin America, and 1,170 for Western Europe (UN 1971a, p.100).
CLARKE 1971 (p.36) reports that the proportion of university students
enrolled in science and technology in 1963 was about 20% in Africa, 16%
in Asia, 27% in Latin America, and 33% in Western Europe. These figures
{1lustrate the large discrepancies in various parts of *the world.
CERNUSCHI 1971 {p.95) plots GNP per capita versus the numter of univer-
sity students per capita in the sciences and in technology for various
Latin American count ‘es. The scatter here is much larger than on Cer-
nuschi's financial »7. .,

Statistics on students in various other countries are available in
profusion. For the People's Republic of China, see OLDHAM 1966, WU 1970
(pp.86.88.92.94), and RANGARAO 1966. For Iran, figrres are given in
RAHNEMA 1969 (p.56) and AID 19722 (pp.77-8); for Pakistan, see PAKISTAN
1968 (p.14); for India, see INDIA 1970 (pp.310-20), CST 1970 (pp.116,118),
and RAHMAN 1973 (pp.28-30); for the Republic of Korea, see KOREA 1972a
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(pp.84,88,89); for the Philippines, a country with an unusually low
percentage of science students, see UNESCO 1970e (pp.57-68) and MURIEL
1970 (p.38); for Cuba, a country which drastically increased its per-
centage of science students, see RAO 1970 (p.2); for Arab Countries,
see QUBAIN 1966; and for Africa, see OTIENO 1967 (p.34). ZAHLAN 1968
gives data for foreign students attending the American university in
Beirut. CIMT 1970b is a treasure-house of data on student populations,
covering Thailand, Korea, Malaysia, Singapore, Lebanon, Turkey, East
Africa, and Latin America.

Concerning foreign student populations in ACs, see IIE 1972 for
the total number of foreign students in the US; see STATE 1971 and BFS
1971 for those on some kind of exchange. SCHROEDER 1973 (p.20) discloses
the startling fact that about 41% of the graduate students in Canadian
universities are not from Canada.

That the number of foreign students in ACs has increased dramatically
in recent decades is illustrated by statistics in BALDWIN 1970. In “he
US, the number of foreign students in 1938 was 6,000; in 1968, 110,000;
and in 1972, about 150,000. Of these, in 1938, 3,200 came from LDCs;
in 1968, 70,000; and in 1972, about 110,000. During the same period in
Great Britain, the number of foreign students rose from 600 to 73,000,
of which about 75% came from LDCs. In Germany, the number of foreign
students increased in 15 years by a factor of 310, and in France by a
factor of about 50. Australia, prior to 1950, had practically no foreign
students, but by 1966, it had 12,000 from Asia alone,.

For the number of students graduating, world data are given in UN
1970b (p.31) and JONES 1971 (p.143). The number of science degrees per
100,000 population is given in UN 1970b (p.33) as 0.2 for Africa, 3 for
the Arab states, 2 for Asia (including Japan), 13 for Europe, 37 for
Korth America, and 1.4 for Latin America. Indian statistics on numbers
of graduates can be found in INDIA 1970 (pp.310-20), CST 1970 (p.118),
and RAHMAN 1973 (p.29).

The following are sources of additional information about science
education in cpecific countries: Africa, BURKHARDT 1966, OTIENO 1967,
VIOLINO 1973, and CRAWFORD 1966; Arab states, ZAHLAN 1969a, 1970, 1972d,

46



1973, SHIBER 1973, and QUBAIN 1966; Pakistan, KHAN 1969 and PAKISTAN

1968 (p.29); Latin America, GREENE 1971, RAO 1970, and ALONSO 1969;

Colombia, NAS 1968a (describes the institutions of higher education,

research, and planning) and NAS 1971f; India, JOSHI 1967; Thailand,

GLYDE 1973; China, OLDHAM 1966 and WU 1970; and Greece, OECD 1968a (p.41).
There are two sources cove;}ng several countries. MORAVCSIK 1973g

deals with the Republic of Korea, Nigeria, Brazil, Turkey, and Indonesia.

SHAH 1967 contains infornation on Southeast Asia, Africa, India, Ceylon,

(now Sri Lanka), and Pakistan.
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Three
Manpower

It is generally believed that the main obstacle to the development of

poor countries is lack of money. Whether this is correct with respect to
general development is open to question. In science development, however,
jt is almost invariably incorrect. Science in most LDCs is primarily
1imited not by money but by manpower. It is natural that the bottle-

neck should be manpower rather than money. Prominence, power, and wealth
in the international community have beer generated by different factors

at different times. In ancient times, agriculture was the key. Later,
mercantilism became the main source of wealth and power. With the rise of
the industrial era, possession of raw materials became the primary factor,
superseded still later by large-scale industrial infrastructure. Present-
1y, all these factors have faded into the background compared with the
importance of brainpower. Britain was thus able to maintain its prominent
position ofter its colunies had achieved independence; Japan rose to major
international status though void of raw materials and only marginal in
agriculture. For examplc, a piece of computer memory core, containing $3
worth of raw material, might have a value of $10,000. The difference of
$9,997 was supplied by those who arranged the $3 worth of material in a
highly specific way in order to perform a highly sophisticated task, Under



such conditions, it is understandable that a country trying to modern-
ize rapidly would find itself, above all, short of manpower to carry
out the task,

Shortage of manpower constitutes a bottleneck in development simply
because manpower development is a long-range proposition. A major problem
in science development is the desire of LOCs to perform quickly in order
to enjoy the fruits of development as soon as possible--fruits all too
evident in the ACs. What took a century or more for ACs is expected to
take a few decades in LDCs.

Some development activities can, in fact, be accelerated. It {s pos-
sible to give a country large sums of money in a short time. It is pos-
sible, within a few years, to build an extensive network of power stations,
to construct houses, to build factories, or to install a transportation
system. But it is impossible to develop in a few years a substantial pool
of sophisticated manpower no matter how much money is spent. Such a task
requires several decades representing several generations of manpower.

A number of historical examples illustrate this; the best documented
is found in Japan. The first generation of Japanese scientists, near the
turn of the century, was mainly educated abroad. That small group then
returned to produce the next indigenous and significantly larger genera-
tion. They in turn formed the nuclei of important research centers in
Japan, which, through subsequent generations of scientists, developed into
one of the most important scientific communities in the world. A11 this
took about 50 years.

Manpower development in LDCs is a crucial and long-term project.
Consequently, it must be started immediately, even if other short-term
problems appear to dictate different priorities. Efforts must also be made
to plan for scientific manpower far in advance. This may involve estimates
of manpower supplies and needs as far as two decades ahead requiring a long-
term general science policy. Such long-range planning has thus far proved
unreliable, except perhaps when strict centralized controls are employed
which are otherwise detrimental to scfence. It follows that problems
of oversupply, shortage, and dislocation in scientific manpower are likely
to be fairly common in most LOCs.
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It is not sufficient simply to fulfill numerical quotas of scien-
tists., Appropriately trained, functional scientific manpower is needed.
Measures of scientific quality are hard to come by; thus, considerations
of quality are generally absent from development plans, evaluations of
past scientific performance, and other formal documents. Yet quality is
of crucial importance. An LDC with a quite modest pool of scientific man-
power may have acute unemployment of its scientists at a time when prag-
matic analysis of the country's state of development would call for the
employment of considerably more scientists. In some cases, the disparity
may have resulted from incompetent management of the country's economy
or its science policy in particular (for the latter, indigenous scien-
tists may be partly responsible). But in other cases, the cause is the
inappropriate and nonfunctional training of scientists. Overly narrow
specialization, reliance on memory rather than on problem-solving tech-
niques, disdain for experimental and applied work, and lack of back-
ground in ways to create opportunities for doing science can all con-
tribute to misdirected learning.

One of the most pernicious traits of poor quality is self-perpetua-
tion. Bad teachers and research supervisors breed bad suc:essors; mis-
managed institutions repel the creative and the dynamic as they accumulate
the mediocre and the timid. Those with questionable standing in the
sciences are loath to have around or under them people with rmore promise
or accomplishments. Thus, the system of mediocrity propagates itself
while giving the appearance of existing scientific manpower by consuming
the funds laid aside for science,

Some argue that at the outset of scientific development one should
compromise on quality in order to create the beginnings of scientific
cormunity, a dangerous argument. Quality is difficult to achieve even
under the best circumstances, when one is fully intent on it. Compromising
from the start can result in clogging the scientific manpower system with
unemployables who are unable to contribute to the scientific cavelopment
of the country.

Development of scientific manpower involves more, however, than an
adequate production of new scientists. A more serious problem is often
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the retentfon of such manpower in a meaningful and satisfactory scientific
atmosphere. In this respect, science development {s particularly frus-
trating for the country trying to develop its manpower because science is
extremely international in scope, perhaps more so than any other pro-
fession, trade, or skill. The content of science is to a great extent
independent of geography, cultural background, political ideology, or
language, and scientists from extremely different environments can quickly
establish communication with each other as long as their interaction is
restricted to scientific matters. For the same reason, scientists can
usually find employment anywhere in the world (provided positions are
available). A scientist is a readily marketable commodity on the inter-
national market.

Science i< also a collective undertaking demanding a well-developed
network of cormunication both written and personal among scientists.

It 1s impossible, therefore, to retain indigenous scientific manpower by
restricting their communication with the worldwide scientific community.
The retention of scientific manpower must be achieved by methods more
subtle than coercion.

Why might a scientist in an LDC want to leave his country and join
a scientific community elsewhere? It is often believed that the over-
riding motivation for emigration is financial and higher salaries in
some ACs create an irresistible pull for most scientists., However, inter-
action with scientists from LOCs indicates that this is not so. First,
scientists are relatively well-paid the world around and tend not to be
money-minded anyway. Second, most people are concerned with their stan-
dard of 1iving compared to the population of the country in which they
live. Many scientists in LDCs are considerably better off than their
counterparts in ACs. Third and perhaps most important, scientists have
other concerns which to them have much higher priority.

Scientists require an adequate physical environment in which to
carry on research, including adequate equipment for experiments, suffi-
cient channels of communication with other scientsts, and appropriate
auxiliary perconnel such as technicians, librarians, and computing per-
sonnel., These facilities need not equal the best in the world. They
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must, however, exceed a certain minimum level to permit productive re-
search. Another requirement is an adequate human environment for scienti-
fic activity. For example, it is important to have a certain "critical
mass" of scientists in close geographical proximity with considerable over-
lapping of interests promoting daily interaction. There is no blanket rule
as to how many people constitute a critical mass, since it depends on the
jndividuals, the area of science, and other factors. However, the number

is certainly not larger than five, well within the capabilities of a bud-
ding institution.

The environment also includes interaction with administrators, policy-
making officials, and other intermediaries between the scientists and the
rest of society. This is a particularly sensitive area in the context of
retaining scientific personnel. An endless battle with formalistic and
uncomprehending adversaries is a frequent and effective way of exhausting
the scientist's energy and morale. In this connection, I must mention the
frequent occurrence in LDCs of rather vicious infighting within the scien-
tific comunity. Such problems also arise in ACs, but the size of the
scientific community tends to soften personal aninosities by giving oppo-
nents a chance to avoid each other. In a small group, however, when the
scientific development of a country is still nascent, conflicts tend to
persist to the detriment of the building of science. A particularly se-
vere instance concerns the dispute with political overtones occurrirg in
countries where everything is politicized. Ideological tools can be used
to undermine fellow scientists because of sheer professional jealousy. To
defend against such attacks wastes time and energy.

Indeed, politics can contribute to a detrimental atmosphere in which
to do research. Scientists are rather independent-minded and resent being
involved in politics by external coercion. In countries with totalitarian
ideologies and the attitude that "if you are not with us you are against
us," science development may run into considerable difficulties.

The environment also involves the relationship between scientists
and the public. The image of science in the eyes of the citizens affects
their attitude toward the practitioners of science. This attitude can
either discourage or comfort a scientist faced with other difficulties
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in building science. In LDCs the influential public, for all practical
purposes, includes only the small educated part of the population. Their
attitude can be crucial in creating a receptive atmosphere for science.

In addition to the objective elements discussed above, LDCs have some
subjective methods of retaining scientific personnel, Though science is
international, scientists as human beings are not. Most are at least some-
what inclined toward the society, geographical en ronment, and cultural
tiaditions in which they have been raised. Other things being equal, most
Indians prefer to live in India or most Chileans in Chile. In addition,
there may be a feeling of loyalty and indebtedness to the home country
which could tip the balance in favor of remaining there.

Remaining in the home country may actually have specific advantages.
A scientist in an AC is usually one of many of similar capability and
accomplishment. In contrast, a scientist in an LDC may very well be
unique and thus have more stature and room for creativity. This is par-
ticularly true if the scientist is interested in the strusturing of
science. A Bhabha in India or a Roche in Venezuela clearly had a much
greater opportunity to exert talents than if they had worked, say, in the
US. Personal satisfaction derived from unique and crucial contributions
cannot easily be acquired in a country with a huge scientific community
where very few people can fancy themselves as indispensable,

I have described the general conditions which affect the retention of
scientists in their home countries. It is evident, I believe, that none
of the factors contributing to a desirable atmosphere is beyond the realm
of possibility for an LDC. Yet, from time to time and in one country or
another, some of these conditions are not fulfilled, and an emigration of
scientists results. The phenomenon called the brain drain has received
considerable attention from various quarters. The extent of the brain
drain varies tremendously from country to country. Students educated abroad
are the most frequent participants--about one-quarter of the students from
LDCs studying abroad do not return to their home countries. The younger
they leave, the more 1ikely it is that students will not return. This fact
further emphasizes the importance of indigenous education.

Thare is considerable controversy as to whether the brain drain is a
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blessing, a tragedy, or a neutral fact of 1ife. Those not dismayed by the
brain drain argue that the migraticn of scientists permits LDCs to “"de-
posit" their trained manpower abroad until it can be fully utilized at
home. Since manpower development and the capability of institutions to re-
ceive such manpower do not necessarily go hand-in-hand, the argument runs,
the type of storage offered by migration is a useful aid in development,
particularly because the scientists receive further training at no cost
while "in storage.” Tnis argument is implicit in the deveiopment plans of
some countries. For example, the Republic of Korea has officially ptanned
a huge excess in production of scientists through much of the 1970s to
meet an equally huge demand anticipated in the 1980s. Though not stated
explicitly, the excess would, in the intervening time, be stored abroad.

A different argument favoring the brain drain views it as a particu-
larly advantageous export business. Since LDCs can produce valuable brain
power virtually as well as ACs, they should enter the business of training
scientists for export. The return, claimed to be very high, comes when the
scientists, after emigration, regularly send back foreign currency to
support their relatives.

It is also claimed that the very fact of a significant brain drain
puts pressure on the governments of LDCs to create conducive conditions for
the pursuance of science to lessen the drain. Still others claim that since
science is international and scientific discoveries are not proprietary,
it makes 1ittle difference where a certain scientist works--the fruits of
his labor will be available everywhere, According to a somewhat different
version of the same argument, the maximal development of the talents of
any scientist 1s to the moral and practical advantage of the whole world,
ang scientists should therefore be allowed to go wherever thay think they
can best accomplish that goal. Some complacontly remark that in most
countries the actual nercentage of scientific manpowar lost to the drain is
rather small, and one should simply accept this loss as a minor blemish
on the overall efficiency of manpower development.

However, there are convincing arguments that the brain drain does
considerable harm. For example, it is pointed out that temporarily deposit-
ing scientific personnel abroad will actually result in a permanent loss
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of most of that personnel. Statistics are not easily available, but it
certainly appears that the repatriation of a scientist who has established
a substantial career abroad over a number of years is a difficult proposi-
tfon. Viewing the brain drain as an export business, it 1s conceded that
producing highly trained people might be advantageous even as these people
emigrate. Yet the gain is much larger if they do not, since they contri-
bute directly to the scientific development of the country (without which,
in the long run, the development effort cannot succeed). Experience also
seems to indicate that governments which are not eager to prevent the brain
drain will not be spurred to action by its occurrence. A more realistic
pressure would probably be generated by the presence of many dissatisfied
scientists at home.

The arqument that science is international and not proprietary is
negated by the necessity of having indigenous science in every country.
Though the results of science are in principle tree and publicly avail-
abie, the transfer and utilizatfon of scientific knowledge can be success-
fully accomplished only by indigenous scientific manpower.

One of the most powerful arguments supporting the detrimental effects
of the brain drain is concerned with the loss of exceptional people. Even
if the percentage of scientists permanently emigrating is small, among
them are most of the exceptionally talented and dynamic individuals the
LDC has produced. They feel the inadequacies most keenly and find it the
easiest to resettle in other scientific communities. It is further argued
that the impact of such people is far beyond their numbers, causing their
departure to be a major blow. Some even assert that virtually every sig-
nificant advance is engineered by such people, and a country deprived of
them faces virtual paralysis. It is certainly evident that some who re-
turned to their home countries have had a major impact on those countries,
and the countries would have been much worse off had they not returned.

In balance, 1 beifeve the brain drain is a considerable detriment to
the scientific development of an LDC, and steps should be takan to lessen
it. What can be done? 1 have already described the general atmosphere

required in an LDC if the brain drain is to be resisted, The achievement
of those conditions is primarily a task for the LDC itsc1f. However, two
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other factors are considerably more difficult to compensate.

The general feeling of isolation common to scientists in LDCs can be
relieved only by the joint efforts of both the LDC in question and the rest
of the scientific world. Scientists in LDCs must be made full members of
the worldwide scientific community in terms of access to international
communication and other benefits of membership. Geographical location, lack
of funds, or lack of ongstanding reputation must not be obstacles. (Prob-
lems of scientific communication are examined in Chap. 4.)

The other factor, much less tangible, is morale. Brain drain is fre-
quently caused by the various circumstances already discussed, but the
deciding element is often identified as loss of morale. Scientists simply
cease to believe that science can be done in their country, that a pro-
ductive scientific development of that country is possible within a
reasonable period of time, and that they can promote such devt .eant
through their own efforts. This state of mind is not just a sum uf reac-
tions to adverse circumstances (see Chap. 8). It is a much deeper force
which has ha'  powerful influence on civilizations throughout history. The
secret of high morale is not among the tools to which science managers or
policy-makers have access, though they can certainly try to promote it by
following the "rational" procedures for creating a conducive atmosphere.

A specialized but crucial area greatly neglected in manpower develop-
ment is the creation of policy-makers, organizers, and managers of science
(see Chap. 6). First-class scientists may be in short supply in many
LDCs, but an even rarer phenomenon is a first-class formulator of science
policy. Many science policy and managerial positions are occupied by aging
scientists with lessened interest and skill in research and no other op-
portunities. Their ability to perform the required tasks and to communi-
cate effectively with their governments is often weak with the result that
scientists have no effective spokesmen. If scientists were systematically
introduced to the growing discipline of science policy, they could be
gradually educated and would be prepared when the time came for them to
assume leading roles.
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Background and Comments

The problems associated with scientific manpower in LDCs are numerous and
controversial. It is, therefore, especially useful here to survey the
various positions and establish a springboard for further research. The
literature has emphasized that LDCs have a shortage of trained manpower.
For a general comment, see Phil in GRUBER 1961 (p.244). In the context of
Latin America, see GREENE 1971 (p.3). For other countries, see: Thailand,
GLYDE 1973; Pakistan, <';\H 1967 (p.365); Mexico, ECHEVERRIA 1972 (p.48).
The importance of the issue is stressed repeatedly with respect to the
People's Republic of China in WU 1970: "Most serious problem" (p.49); "The
retrenchment in the scope of the R&D projects was dictated largely by the
shortage of trained personnel" (p.74); "Trained manpower is probably one of
the scarcest resources" (p.78); "Yet manpower planning during this stage
was no more successful than previously" (p.105); "The actual barrier,...
has not been finance but scientists" (p.410). See also OLDHAM 1966 (pp.44,
47,50). The same statement can be found in virtually any national develop-
ment plan pertaining to an LDC. UN 1968 (p.16) states: "A recent ILO draft
report on the brain drain shows that unemployment of high level personnel
is exceptional....shortages of high level personnel, especially engineers,
natural scientists, and medical...exist in most development countries."

In view of these remarks, it is surprising to find the following
statement in BALDWIN 1970 (p.362): "For every LDC with an overall short-
age of professional manpower today there are probably two with surpluses,
present or impending." Baldwin's statement is somewhat reinforced by Robert
Clark in CIMT 1970b (p.197), who differentiates four stages in the develop-
ment of an LDC: (1) no indigenous personnel; (2) foreign personnel re-
placed by indigenous; (3) inditenous personnel in equilibrium with local
demand; and (4) surplus of indigenous personnel,
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Two remarks are relevant here. First, there is a distinction between
the real need of a country for manpower and its momentary capability to
absorb a certain number of trained people. Most claimed surpluses are
associated with the second category, but clearly manpower planning, which
by 1ts nature must be long range, should be done in terms of the first
category with concurrent attempts to reconcile capability with real needs.
Second, any actual surpluses are generally smal) (less than a quarter of
the current stock of manpower which, in turn, grows very rapidly). It is
evident that in a rapidly changing manpower structura, a perfect coordina-
tion of supply with demand is not easy to achieve, and small discrepancies
are to be expected, A general argument expressed, for example in WU 1970
(p.77), stresses that since strict planning of science is impossible, the
aim should be to endow science with a structure flexible enough to respond
to d’ ‘repuncies between plans and reality.

At any rate, there is general agreement that most LDCs lack senior
scientific manpower simply because rapid growth has not allowed time for
the production of enough seasoned leaders. For this reason, senior foreign
visitors are often beneficial ior the scientific development of an LOC
(MORAVCSIK 1964a), The need for scientific leaders is mentioned with re-
spect to the People's Republic of China by WU 1970 (p.429) and OLDHAM 1966
(p.47) and with respect to the Arab world by ZAHLAN 1967 (p.6). The
scarcity of scientific leaders might be related to the contention that the
number of exceptional people in science is proportional to the square of the
population of the scientific community (PRICE 1965c, p.9).

The lack of scientific manpower is perhaps the most important bottle-
neck in the development of science in LDCs and has been mentioned fre-
quently in the literature. Clifton Wharton believes that "the manpower
trained in the Rockefeller Foundation's Mexican [agricultural] program
has aiways been a greater cuntribution than the new varieties," though the
Nobel Prize was awarded for the latter (CIMT 1970b, p.186). CIMT 1970b
(p.681) states that the "strategy of modernization is, by its nature,
talent oriented." Further references can be found in UNESLO 1964a (p.41),
UN 1970a (p.47), MORAVCSIK 1964c (p.173), MORAVCSIK 1973e and 1972b, and
UN 1968 (p.2). In NAS 1969c (p.3) dealing with Argentine science, the first
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recommendation is for a manpower survey. SIDDIQI (p.37) argues with
reference to Pakistani science that "developing human resources should have
the highest priority." BLACKETT 1967 (p.306) speaks of "QSE's" (qualified
scientists and engineers) as the key element. PIRIE 1967 (p.65) asserts

that "the main difference between scientifically productive and unproduc-
tive countries does not depend on the incidence of genius in them but on the
extent to which they are successful in combing their populations for talent.”

Apart from considerations of quantity, however, the crucial charac-
teristic of manpower is quality. Here, as in the context of education,
there is a long series of warnings to emphasize the point. CIMT 1970b
(pp.687,689) observes that "in some nations shortages of highly qualified
people exist simultaneously with a glut of those with mediocre training.,”
ZAHLAN 1967 (p.8) declares that 60% of the PhDs from the Arab world are
incompetent. LEWIS 1962 (p.314) points out that inferior standards
eventually have a negative psychological effect on the whole indigenous
scientific community because of its resulting inability to compete at the
international level. DESSAU 1969 underlines the importance of both quality
and flexibility to adspt to existing problems. The latter point iz also
made in UNESCO 1964a (p.41). SABATO 1970, an unusually perceptive and
meaty article, discusses the quality of manpower in the context of the civil
service system that prevails in many countries (See Chap. 6). Poor quality
in manpower also creates and perpetuates “sc’entific featherbedding,” de-
scribed in MORAVCSIK 1964c (p.166).

Since qualified manpower is so precious, countries must make a strenu-
ous effort to retain what they have (JONES 1971, p.149), This is difficult
because of the international character of science and is argued in CIMT
1970b (p.394). It is also diffic:it because ACs some-imes have a great
need for qualified manpower, as poimed out in WATANABE 1969 (p.420).

The problem cannot be solved by cutting off scientific communication
with other countries. CIMT 1970b (p.395) argues, for example, that while
too much migration is harmful, some migration is actually beneficial. The
necessity of this sort of communication is emphasized in BALDWIN 1970
(pp.370-1). BOWDEN 1964 makes some historical remarks on the subject, while
UN 1968 (p.4) quotes the Universal Declaration of Human Rights, Article 12,
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Paragraph 2: "Everyone has the right to leave any country, including his
oan, and to return to his country.” LIND"ECK 1969 traces the changes in
policy of the People's Republic of China wi.. respect to worldwide scientific
communication. LOW 1967 maintains that the lack of domestic and interna-
tional mebility of scientists in the USSR and in the People's Republic of
China has not impaired science in those countries. PRICE 1969d (p.103),
however, thinks otherwise, at least with respect to mobility within the USSR.

Yet, a significant number of scientists from LDCs leave their countries.
To supplement the discussion of the problem, the following 1ist enumerates
some prominent causes of the migration with pertinent references.

{1) Financial incentives: UNESCO 1964a (pp.45,46); UNESCO 1970a /p.46),
see Castasia targets (p.183): CIMT 1970b (pp.449,464,469,693); SHAH 1967
{p.408) for India; ADAMS 1968 (p.6); ZAHLAN 1972b (p.9); WATANABE 1969
(p.420); GRUBEL 1968c (p.548); PRICE 1965c (p.16); and Ull 1968 (p.12). For
opposing views, see MORAVCSIK 1966¢ (p.385), where salaries are relative,
and BALDWIN 1970 (p.365) which gives examples of Indians returning home at
much lower salaries.

(2) Physi..} environment: CIMT 1970b (pp.469,693); ZAHLAN 1969a (p.9):
ADAMS 1968 (p.6); MORAVCSIK 1966¢ (p.389); WATANABE 1969 (p.42); and UM
1968 (p.12).
{3) Human environment: CIMT 1970b (p.693); MORAVCSIK 1966¢c (p.385);
WATANABE 1969 (p.420); UN 1968 (p.12); COPISARO 1970; and ZAHLAN 1969 (p.9).
(4) Influence of foreign education: PIRIE 1967 (p.67); and ADAMS
1968 (p.6).

(5) Conflict with bureaucrats: UNESCO 1970a (p.41); CIMT 1970b
(pp.449,693); and SHAW 1967 (p.413) for India.

(6) Lack of university reform: CIMT 1970b (pp.452,693).

(7) Infighting: CIMT 1970b (pp.469,693); and SAAVEDRA 1973.

(8) Political pressure: CIMT 1970b (pp.449,462,269); ADAMS 1968
(p.6) - WATANABE 1969 (p.422); and TELLEZ 1966 (p.34), an account of a large
group of Argentine scientists who left Argentina for political reasons, with
a sizable fraction settling in Chile. After the Teltez article was written,
the same group was collectively expelled from Chile, partly for political
reasons. On the other hand, ZAKLAN 1972b (p.10) points out that for some
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scientists ideological tdentification with a particular government might
represent a positive incentive.

(9) Inadequate positions and opportunities for promoticn: UNESCC 1964a
(p.46); UNESCO 1970a (p.41); and DESSAU 1969 (p.16), stating that about 10%
of India's scientists and technologists are unemployed (pp.17-8). Some
commentators, such as CIMi 1970b (p.693), WATANABE 1969 (p.422), and ROCHE
1966 (p.53) particularly decry the lack of creative opportunities for young
scientists. ZAKLAN 1972b (p.5) argues that "there is no relationship be-
tween manpower surplus and high-level manpower migration. For example,
there is a surplus of lawyers in Lebanon, Syria, Egypt, and Irag--but very
few lawyers emigrate. There is 2 shortage of physicians, engineers, and
technicians, but these do emigrate." One should note, however, that irter-
national mobility in the legal profession is intrinsically much lower than
in science, medicine, or engineering.

(10) Relationship to the general population: UNESCO 1970a (p.46) and
ADAMS 1968 (p.6).

Emigration is hindered by the fact that, other things being equal,
mrst people have a certain attachment to their original environment.
Bernard Houssay, the Argentiidan Nobel laureate, observed: "Science does not
have a homeland, but the scientist dves--the land where he was born and ed-
ucated; the land that nurtured him, gave him his schoolirg, and gave him
his place in his profession; the home of his friends and family" (CIMT
1970b, P.450). BALDWIN 1970 (p.364) cites the virtual lack of brain drain
from Japan (and, incidentally, to Japan) as evidence that this cultural and
linguistic element plays a substantial role in international migration.

A conspicuous and sometimes emotional issue, the brain drain has a
huge literature. A bibliography of 415 items on the migration of scientists,
engineers, doctors, and students is given in RPP 1967. As an introduc-
tion to the problem, I recommend CIMT 1970a, UN 1968, and WATANABE 1969
followed by two more extensive volumes, ADAMS 1968 and CIMT.1970b. Other
general discussions can be found in MORAVCSIK 1970b (p.7), GRUBEL 1968c,
THOMAS 1967, and UNESCO 1970a (pp.43-6).

Turning to the debate concerning the effects of the brain drain, note
the condensed discussions of the beneficial aspects listed below.
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(1) The brain drain is a profitable business of exporting brainpower
on the part of LDCs (NADER 1969, p.xix; WATANABE 1969, p.406; GRUBEL
1966, p.273; SHURCLIFF 1967; JOHNSON 1965).

(2) The brain drain is only an overflow of unneeded manpower (BALDWIN
1970, p.364, with respect to Asia).

(3) The brain drain does not affect economic growth (BALOWIN 1970:
"But there is little evidence that these losses have had any significant
effect on economic growth,” p.364, with respect to the Republic of Korea
and the Republic of China; "There is practically no one, in India or outside,
who feels that India's economic growth is being held back because the
councry has lost educated manpower," p.365).

(4) The prain drain will remedy itself (BALDWIN 1970, p.367).

(5) The brain drain allows individuals to optimize their own persunal
gpportunities (WATANABE 1969, p.406).

(6) The brain drain results in maximization of the total scientific
output of the world (WATANABE 1969, p.406, and GRUBEL 1966, p.274).

(7) The people who emigrate do not have the right kind of education,
and it is beneficial to remove them (Myint in ADAMS 1968, p.233).

The detrimental aspects of the brain drain are dealt with in the
following. The ideca of a profitable export business in brainpnwer is
challenged in AITKEN 1968 in a specific reply to GRUBEL 1966. Both papers
argue in economic terms while ignoring the more subtle aspects of the
problem. Grubel replics to Aitken's argument in GRUBEL 1968a without
yielding the point. Yet GRUBLL 1968c indicates a somewhat broader point
of view, perhaps stimulated by the previous debate.

A significant detriment is the cost of educating the person and other
direct financial losses incurred wlien emigration occurs. WATANABE 1969
(p.407) gives a table of such losses for India. UN 1968 (p.14) also
presents some figures. GRUBEL 1968c points out, however, that such book-
keeping is somewhat ambiguous.

The major difficulty, however, concerns the loss of exceptional
people. Even those not otherwise concerned about the brain drain concede
this to be a serious problem (BALDWIN 1970, p.363), perhaps the only
serious problem (CIMT 1970b, p.394). Charles Kidd (CIMT 1970b, p.450)
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claims that a1l scientists should be considered exceptional individuals.
The Committee on the International Migration of Talent {CIMT 1970b,
pp.689-93) concludes that the loss ot exceptional individuals is damaging.
ZAHLAN 1967 (p.8) claims that a large percentage of Arab migrants are in
the category of superior brainpower. WATANABE 1969 (p.411) describes the
migrants as "talent-intensive." SALAM 1966 speaks of "the supply of
towering individuais" as "first and foremost among the factors" affecting
scientific development. In the Indian context, RAM 1968 writes of "the
short>~e of able people." In a particularly striking example, MIRABOGLU
1972 concludes that the productivity of the migrants in Turkey is much
higher than that of those who remain. (However, inherent ability and
environmental factors could rot be separated in this study, and its con-
clusions are not watertight.)

Recent advances in the sociology of scientific coomunities have pro-
duced "theoretical” reasors why we could expect a marked effect from the
presence or absence of exceptional scientists. PRICE 1965¢ (p.9) suggests
that the number of exceptionai people {s proportional to the square of the
population of a scientific community. Thus, LDCs with a small scientific
manpower can expect fewer exceptional scientists. For the definition of
an exceptional scientist, we have the abstract of PRICE 1972b: "Statis-
tical studies indicate that most authors of scientific papers have never
been heard of again, and will never be heard of again, and, at the other
end of the productivity scale is a small and dominating group whose name ;
occur almost every year." In these studies, scientists are classified
on the basis of publication or citation counts. While such counts are by
no means fmmune to doubts of reliability, they do serve as qualititive
indicators of the structure of the scientivic community.

The catalyzing effect of such exceptional people is demonstrated by
studies such as GRIFFITH 1972: they become the leaders of so-called
invisible colleges which in turn are the centers of new scientific innova-
tions, breakthroughs, and ideas which have an immense effect on the rest
of the scientific community. This stimulating role of exceptional people
is stressed in CLARKE 1971 (p.45).

Any discussion of the brain drain must eventually confront the fnade-
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quacy of available statistical information. (See WATANABE 1969, p.402;

CIMT 1970b, pp.393,448,671; WILSON 1972, p.360; BALDWIN 1970; p.359;

THOMAS 1967, pp.504-6; and UN 1968, a list which includes some of the most
thorough studies of the subject.) Some countries do not keep a record;
others do not categorize meaningfully. The return flow is often not re-
corded, thus exaggerating the drain. The reader must, therefore, cautiously
interpret the data presented below.

It is useful to distinguish between fiqures pertaining to students
educated abroad and figures pertaining to the migration of "full-fledged"
scientists, though the distinction is not always a sharp one. Of the
students, 20-25% do not return home after education abroad. CIMT 1970b
(p.574) states that about 75% of those educated in Britain return home. A
breakdowr: by country of origin and field of study is given showing some
scatter in the percentages (pp.575-6). ZAHLAN 1967 (p.8) asserts that 20%
of Arab students do not return from Europe and the US after their studies.
BALDWIN 1970 (p.361) describes the situation in Australia where about 20% of
the 12,000 Asian stucents do not return home after graduation. In a study
of Tanzania reported in CIMT 1970b (p.425), a census of students from that
country studying roroad revealed that 60% returned, 10% were still studying,
20% were of unknow:: status, aid 107 had definitely settled abroad. According
to UN 1968 (v.11), 15-25% of foreign students in the US do not return home
at the end nf their education (30% for Asia). Of the new PhDs, 51% wished
to remain in the US explicitly for a post-doctoral appointment, an almost
obligatory extension of education in the natural sciences. Many may have
returned tc their home countries after their post-doctoral experience. In
CIMT 1970b (p.21), it is noted that 46% of the scientific immigrants to
the US from LDCs entered pennanently by changing from student status. The
scie figure for scientists from the Republic of China is 864,

Apparently, the rate of brain drain can be dramatically reduced when
study abroad is financed by governmental support from the home country.
CIMT 1970b (p.500) reveals that of those studying in the US on such support,
only 1% remain in the US after completion of studfes. CHINA 1972 (p.7)
claims that 97% of governmental fellowship-holders from the Republic of
China studying abroad return to their homeland.
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Information concerning the total brain drain (including nonstudent
professionals) is scattered among many sources. Early data found in
DEDIJER 1964b has been superseded, however, by more extensive statistics.
For a graphic view of migration, see the maps in CIMT 197Gib (pp.674-7) re-
produced in CIMT 1970a (pp.23-7). The total highly skilled manpower flow-
ing yearly from LDCs to ACs numbers 50,000, according to CIMT 1970b (p.671).
CIMT then reduces this number to about 25,000 by eliminating refugees
(which might not be justified) and incompetents. Of the resulting 25,000,
about 3,000 are considered exceptionally able. A figure of 40,000 per year
is given in CLARKE 1971 (p.47) as the total migration of scientists from
LDCs to ACs, a probable overestimate.

For figures on migration to specific countries, the best-documented
case occurs in the US. UN 1968 (p.20) gives statistics for migration of
natural scientists to the US for 1962-67 by country of origin, The 1967
figures are given separately (p.22) showing the accelerating trend. The
total from all LDCs for the six years was about 4,000. The figures for
1962-66 are reproduced in WATANABE 1969 (p.405) wiiich also givec the aggre-
gate worldwide totals for individual years showing the trend toward an in-
crease. The percentage of natural scientists in the immigrant population
stayed constant, aowever, at about 0.7%. UN 1968 (p.25) also provides the
aggregate numbers up to and including 1967. ADAMS 1968 (p.38) lists com-
bined figures for migration of scientists and engineers from 1962 through
1964 by large geographical areas and some average figures for 1956-61 (p.5%).

Of the approximately 10,000 professional immigrants to the US from
LDCs in 1967, about 14% were natural scientists (see UN 1368, p.16).
ZAHLAN 1968 (Table 3) shows that the ratio of the number of immigrants to
new graduates in US institutions is 0.02 for natural scientists and 0.08
for engineers (ratios are constant with time). The absolute numbers of
immigrants have increased sharply, however, pariicularly in the 1963-67
period when US inmigration laws changed to redistribute unused immigration
guotas. CIMT 1970b (p.672) reports that the number of highly trained immi-
grants from LDCs to the US doubled between 1964 and 1969. BALDWIN 1970
(p.360) demonstrates that the number of scientists and engineers immigrat-
ing from all other countries also doubled between 1963 and 1967. If one
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considers only Asian countries, the increase is even more striking: a

factor of 10 between 1965 and 1967 (BALDWIN 1970, p.361). CIMT 1970b (pp.
479,494,496) provides figures and graphs for the influx of Latin American
professionals by country and field over time. The figures are rather smali
if we subtract refugee scientists from Cuba who constitute about 80% of

the total Latin American influx of scientists between 1965 and 1968. UN 1968
(p.13) reveals that the total number of professional immigrants from Latin
America to the US during 1962-67 constituted 1.7% of Latin America's stock
of professionals in 1965,

Significant data are also available on other ACs, though not as well-
documented as in the US. UN 1966 (p.25) supplies world aggregate figures
for yearly migration of natural scientists to Canada between 1962 and 1967,
They increase more rapidly with time than the US figures, and in 1967 they
reach about two-thirds of the US figure (though Canada's total population
is only about 10% of that of the US). Figures by country of origin for
natural scientists moving to Canada can be found for 1962-66 in WATANABE
1969 (p.404); for 1962-67 and 1964-67 in UN 1968 {p.24) with India and the
Philippines supplying over half of the influx. As WATANABE 1969 (p.405)
demonstrates, che percentage of scientists in the total immigration popu-
lation is about the same for Canada as for the US--about 0.6%.

Inmigration to France is documented in UN 1968 (p.25) by country ¢f
origin; the same figures appear in WATANABE 1969 (p.404). The total num-
ber of scientists immigrating to France is about half that entering Canada.
Interestingly, the distribution of immigrants among countries of origin is,
in some cases, drastically different for the US, Canada, and France, thus
showing the effects of affinity (cultural or other) between certain countries.

An overall figure for Britain is given in BALDWIN 1970 (p.359), i1-
lustrating yet another complexity of statistics on the brain drain and in-
volving the inclusion of flow in both directions. During 1961-66, Britain
lost 28,000 scientists and engineers through emigration but gained 19,000
through inmigration. See THOMAS 1967 for additional data.

WATANABE 196° (p.415) calculates the annual ratio of scientist
emigrants (to certain countries) to science graduates by country or origin,
These “certain countries" are grouped in two categories: France and the US:
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and France, the US, and Canada. The figures are fragmentary, and some
appear to be in violent centradiction with overall assessments (see below)
of the size of the brain drain from various countries. For example, the
figure given for Venezuela is 40-50% while BALDWIN 1970 (p.367) claims that
the brain drain from Venezuela is very small. Some indication of the migra-
tion to Australia can be found in CIMT 1970b (pp.647-55) which gives the
birthplaces of Australian professionals. Extensive tables show that about
5% of Austraiian scientists (about 450 people) were born in LOCs.

Statistics pertaining to "donor" countries or regions are available.
That Africa in general has no problem is affirmed in BALDWIN 1970 (p.364)
and CIMT 1970b (p.405). BALDWIN 1970 (p.367) also claims that Latin America
in general has no great problem with about 600 scientists, engineers, and
doctors lost per year. In contrast, the situation in the Arab world as
described by ZAHLAN 1972d (Table i), 1968 (Table IV), and 1972c (Table 1)
is catastrophic. Between one-half and two-thirds of all Arab PhD
scientists and two-thirds of engineers 1ive outside the Arab world. De-
tailed figures for immigration of Arab scientists to the US by country of
origin are available in ZAHLAN 1968. In fact, according to Table I in
ZAHLAN 1972¢, of Arab PhD scientists engaged in research of any kind,
only about 6% are now in an Arab country. For more information in a
broader context, see ZAHLAN 1969b.

There is a scatter of statistics for individual countries, some of them
contradictory.

Argentina: CIMT 1970b (p.672), major loss; BALDWIN 1970 (p.367), very
little loss.

Brazil: BALDWIN 1970 (p.367), very little loss.

Chile: BALDWIN 1970 (p.367), very little loss.

Colombia: CIMT 1970b (p.672), major loss; UN 1968 (p.13) indicates
that the number of professional emfgrants per year is 15-20% of the number
of students graduating per year.

Dominican Republic: BALDWIM 1970 (p.367), heavy loss.

Ecuador: BALDWIN 1970 (p.367), heavy loss.

Greece: CIMT 1970b (p.672), major loss; ADAMS 1968 (p.170) demonstrates
that 27% of science graduates in 1961-65 emigrated permanently.
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Guatemala: BALDWIN 1970 (p.367), very little loss.

Haiti: BALDWIN 1970 (p.367), heavy loss.

India: CIMT 1970b (p.691) and BALDWIN 1970 (p.365) state that 1%
of all Indians with college degrees are abroad, but 10-20% of all Indians
with graduate degrees are abroad. BALDWIN 1970 (p.365) indicates that
5-10% of high-level manpower is temporarily or permanently abroad, 15% of
the annual production of high-level manpower goes abroid, and about 40% of
those do not return. INDIA 1970 (p.159) shows that 17% of the scientists
and engineers are abroad. CIMT 1970b (p.672), major loss.

Iran: CIMT 1970b (p.672), major loss.

Republic of Korea: CIMT 1970b (p.672), major loss. BALDWIN 1970
(p.364) states that emigration was on the rise during the past decade.
MORAVCSIK 1973g (pp.77,78) and CIMT 1970b (pp.137,140) in which a table of
scientists and engineers emigrating to the US by year from 1962 to 1967
shows an increase by a factor of six, but even in 1966 the number emigrating
was only 3% of the rapidly increasing stock of scientists in 1967.

Lebanon: ZAHLAN 1972a gives estimates for scientists on the BS and
PhD levels. Ninety percent of all Lebanese PhD scientists live abroad, and
the total Lebanese emigration in 1971 was four times the number of students
in the educational pipeline. Additional relevant data are given in Table 9.

Malaysia: BALDWIN 1970 (p.364), no problem yet.

Mexico: TELLEZ 1968 (p.48), not serious; BALDWIN 1970 (p.367), very
little loss.

Pakistan: CIMT 1970b (p.672), major loss.

Peru: BALDWIN 1970 (p.367), heavy loss.

Philippines: CIMT 1970b (p.672), major 1%ss. BALDWIN 1970 (p.364)
states that emigration was on the rise during the last decade. UNESCO 1970e
(p.54) indicates that in 1952-66 some 5,500 educated Filipino professionals
emigrated to the US. Heaviest losses were MScs and PhDs in the natural
sciences.

Singapore: BALDWIN 1970 (p.364), no problem yet.

Republic of China: CIMT 1970b (p.672), major loss. BALDWIN 1970
(p.364) demonstrates that emigration was on the rise during the last decade.

Thailand: BALDWIN 1970 (p.364), no problem yet.
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Turkey: MIRAGOBLU 1972 shows that the number of PhDs in the natural
sciences who have emigrated is seven times the annual production of PhDs
in the natural sciences. CIMT 1970b (p.672), major loss. MORAVCSIK
19739 (p.101) states that 5.6% of Turkish engineers work abroad.

Venezuela: BALDWIN 1970 (p.367), very little loss. Compare with
WATANABE 1969 (p.415).

Measures designed to alleviate the brain drain have been discussed
above. The following is a summary of other such discussions in the
literature. For an overall survey I recommend CIMT 19.0b (pp.699-723).

See also INDIA 1970 (p.161).

(1) Relieve isolation: UNESCO 1970a (p.46), fellowships for temporary
visits abroad; CIMT 1970b (pp.693,707), improved communication; INDIA 1970
(p.166), bilateral programs; SCHROEDER 1973 (p.19), involvement of Canadian
international scientific assistance programs; MCRAVCSIK 1966¢c (p.388),
improved communication; BRODA 1964, more meetings.

(2) provide functional education and training (See Chap. 2); INDIA 1970
(p.321); UN 1971a (p.86); WATANABE 1969 (p.421); DE HEMPTINNE 1963 (p.240);
ZAHLAN 1969a (p.10).

(3) Create new and attractive jobs: UNESCO 1970a (p.46); CIMT 1970b
(pp.685,686,707), manpower should be used after it is produced; NADER 1969
(p.xix), difference between real need for manpower and momentary capability
to absorb; UN 1971a (p.87), career opportunities; DJERASSI 1968, centers of
excellence; GRUBEL 1968c, opportunity gap; WATANABE 1969 (p.427), new jobs
through uaiversities and private companies; NAS 1971b (p.17), creation of
new instivutions in the Republiz of China.

(84) Maintain contact 'fth students being educated abroad: CIMT 1970b
(p.424), registries kept by Kenya and Tanzania of students being educated
abroad; SAAVEDRA 1973, contact maintained both officially and privately;(p.459).
INDIA 1970 (p.163). 1 know personally of physicists in Peru who carry on
frequent and extensivi correspondence with their students who are working
toward advanced degrees abroad.

(5) Avoid coercive methods: MORAVCSIK 1966c (p.386), the bond system
as an attempt to force students to return,

(6) Try to reattract lost personnel: CIMT 1970b (p.395), a compiex
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process involving more than salaries. This study emphasizes the impertance
of a good mechanism and cites Pahlavi University in Iran as a successful
case. CIMT 1970b (pp.246,257); SHAH 1967 (p.405); MOREHOUSE 1967 (p.369):
RAHMAN 1973 (pp.161,162); WATANABE 1969 (p.431). These studies discuss the
Indian scientists' pool in which the government temporarily pays scientists
just returned from emigration until they find permanent domestic employment.
The authors differ on whether the scheme was a success. Morehouse thinks
it was, stating that in a given four-year period, of the 2,000 people
brought back under the program only 2% left India again. See also S.
Husain Zaheer in MOREHOUSE 1968, Rahman considers the pool to have been
successful. On the other hand, Watanabe claims that 16,000 persons were
registered in the list of "Indians abroad" in 1965, about 3,200 were invited
to join the pool, but only 1,300 did. He adds that only half of those
subsequently obtained suitable employment in the country. Reattraction of
emigrated personnel played an important role in the early development of
the People's Ranublic of China (MU 1970, pp.428,53,82). The effort there
is termed a moderate success. Between 1955 and 1962 some 200 PhD or

Sch scientists returned to the country from the US, Western Europe, or
Japan. A different type of incentive program to persuade emigrants to
return home is described in WATANABE 1969 {p.432) in the context of Greece.
Other discussions of the problem of reattraction in India are found in RAM
1968, NATURE 1964b, and INDIA 1970 (p.164). BALDWIN 1970 (pp.365,366)
considers the Indian program a partial success and the programs in Iran

and Turkey complete successes. The need for aggressive initiation of
contacts with personnel abroad is stressed in UN 1971a (p.87).

(7) Obtain the cooperation of ACs: In Chapter 2, I discussed the
necessity for supplementing the education of students from LDCs with know-
how which will be valuable in their home countries. The importance of
understanding faculty advisors is discussed in INDIA 1970 {pp.165,167).

The cooperation of research leaders in ACs is urged in CIMT 1970b (0.459).
With regard to modifications in immigration policies of ACs, see CIMT 1970b
(p.717); INDIA 1970 (p.165); WATANABE 1969 (p.422); and UN 1968 (p.7).

(8) Obtain financial compensation from ACs: BALDWIN 1970 (p.370);

WATANABE 1969 (p.432); LONSDALE 1969 (p.28).
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(9) Undertake group repatriation: MORAVCSIK 1971a (p.59); SAAVEDRA
1973; lessen isolation by educating abroad small groups of students in the
same field and returning them to the same institution as a group.

(10) Encourage dual appointments: MORAVCSIK 1971a (p.61), a prominent
scientist originally from an LDC divides his time, for example in two-
year segnents, between an institution in an AC and one in his own country.

(11) Avoid political measures: ZAHLAN 1972b (pp.10-11), examples of
unsuccessful efforts.

{12) Learn from the experience of the Mexican steroid chemistry
program: Initiated by Car) Djerassi, the program took advantage of an
existing Mexican plant for artificial synthesis of cortisone to establish
a flourishing system of educational fellowships and commercial production.
Within 10 years of the first artifical synthesis, Mexico had a research
institute with internationally recruited manpower to work on these prob-
lems and produced 50% of the world's steroid hormones. The benefits affected
reiated disciplines in Mexico, and the economic contributions of the Syntex
company were of decisive importance in further scientific development,
After another 10 years, however, the picture faded, A single, rather
limited scientific subject cannot long serve as a basis for a research
comunity. Yet, some beneficial effects of the once-flourishing atmosphere
Tive on (sce DJERASS! 1968, TELLEZ 1968, and ROMO 1973).

(13) Learn from the experience of the Brazilian chemistry program:

A cooperative venture by the US NAS and the Brazilian CNPa, the program was
designed to upgrade Brazilian chemistry by means of a inassive exchange
program between US and Brazilian chemists and students. Begun in 1969, the
program is now terminating its five-year tenure. As of September 1973,

10 projects in research laboratories have been initiated, 15 NAS Research
Fellows have worked in Rio and Sao Paulo for two to three years, and many
senior American chemists have made numerous visits. The program has
produced 10 MS and 2 PhD degrees, with another 17 PhDs in the pipeline.
Some 23 papers have been published, and progress has been made on inducing
administrative changes to promote research in Brazil. Four students
trained in the program have been appointed faculty members in Sao Paulo,
evidence of the long-range benefits of the program. Yet it is too early
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to judge whether this expensive program will leave sufficient imprint on
Brazilian science after the US participants have been withdrawn (see CEN
1970, NAS 1970a and 1973b, and Chap. 7).

The lack of manpower to formulate science policy is a problem even
more acute than the shortage of manpower in the technical aspects of sci-
ence. Comments can be found in JONES 1971 (p.151), RAY 1967b, and *ORAV-
CSIK 1972a (p.219). While 91% of all scientists are in ACs (LONSDALL 1969,
p.27), 97% of all historians of science are in ACs (PRICE 1969b, pp.53-4).
Inasmuch as the history of science is an important ingredient in the making
of science policy, this exemplifies a particularly acute shortage in LDCs.

Various speciai education and training processes to produce special-
ized manpower are described in SABATO 1963 and 1968 in connection with
Argentinian metallurgy, in NAS 1971b (p.2) in connection with the Brazil-
ian chemistry project, and in CLAF 1971,

The shortage of technicians is documented in JONCS 1971 (p.135), UNLSCO
1964a (p.42), and 1970a (p.39). In MORAVCSIK 1973g (pp.69,70), the supply
of and demand for technicians in the Republic of Korea are analyzed. UNCSCO
1970e (p.70) reports on the number of technicians in the Phyiippines.

The problems of distribution of scientific manpower within a country
are sometimes referred to as internal brain drain, as in CIMT 1970b (p.395).
The manpower potential of a country is sometimes characterized in terms of
the Harbison-Myers (HM) index (see HARBISON 1965 and WATANABE 1969, pp.412-
13). The index is the arithmetic sum of the enrollment ir second-level ed-
ucation as a percentage of the age group 15-19 adjusted for length of
schooling, and five times the enrollment in third-level education as a per-
centage of the .qe group. Tables for various countries are given in WATAN-
ABE and in UN 1968 (p.26).

A serious problem in ACs and LDCs is the fate of the "aging" scientist.
On the average, research productivity in the natural sciences peaks at an
early age (20s or 30s). Older scientists must, therefore, have the flexi-
bility to become creative in scientific activities other than research,
SALAM 1970b (p.8) calls this "a terrible problem." MORAYCSIK 1970a also dis-
cusses it in some detaii in the context of national laboratories in the US.

There is some concerr in the literature about the supply of "experts"
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from ACs who can assist LDCs with science development (see Chap. 7.
Commentators calling for the increase of such manpower are OECD 1968a
(p.218), MORAVCSIK 1964b (p.10), and ALLISON 1960a. In contrast Piganiol
(OECD 1968a, p.242) thinks there are enough such experts. For example,
240 experts were provided by IAEA in 1972 (IAEA 1973b, p.22,.

A number of manpower projects are being conducted by international
agencies. Besides the work of IAEA (for further references see TAEA
1973a, pp.14,63, and 1973b, p.32), there is work by OAS {JAS 1972, pp.5,
6), UNESCO (KOVDA 1968, p.16 and RODERICK 1962), and various organizations
jointly in the form of the ICTP (see, for example, SALAM 1965).

Before an examination of manpower statistics for LDCs, it should be
noted (PRICE 1969c, p.2) that 90% of all scientists who have ever lived are
alive today. In a sense, then, the LDCs, dormant so long, have not missed
mucti: the drama of science has just begun and most of it is still ahead of us.

Manpower statistics in LDCs are poor, partly because the nomenclature
is not uniform despitz international efforts to make it so, and partly
because some countries simply do not have the means to collect such statis-
tics. An illustration of the current state of affairs is, for instance,
found in UNESCO 1970a, the proceedings of a conference at which many Asian
countries were to report on the state of their science. These reports
are in most cases sketchy with respect to hard facts about manpower (pp.11-
32). For otner fragmentary collections of manpower statistics, see SPAEY
1969 (p.70) and UNESCO 1961 and 1970c (pp.16-41).

To place the following figures in perspective, first note (UNESCO
1970b, pp.107,118) that in 1965 the total number of ergineers and stientists
in tha US engaged in research or development was ~bout 500,000, with about
70% in privata industry, 12% each in the Federal government and education,
and the remaining 4% in nonprofit institutions (see also PRICE 1972a, p.16).

The Republic of Koreu has extensive statistics as well as comprehen-
sive forecasts for manpower supplies and needs. From KOREA 1972a (p.8),
we learn that in 1971 there were some 5,300 researchers and another 3,100
research assistants representing an increase by a factor of two since 1965.
(More detailed information is given on pp.9,28,34,40,78 of that publica-
tion as well as in KOREA 1971b; 1972c, p.50; WON i972; and MORA'CSIK 1973g,
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Tables 14-24),

Data about the People's Republiz of China cannot be found directly in
governmental publications, but a sizable amount of data has been collected
in WU 1970 (pp.36-9,429,431-3,539). For example, between 1952 and 1964
the research and technical manpower (not counting auxiliary personnel)
increased by a factor of 10, reaching about 100,000 in 1964. A similar
factor of 10 was registered in the increase in the number of senior re-
search workers of the Academy between 1949 and 1964 (see also MENDELSOnN
1960).

Statistics about India are plentiful. INDIA 1970 (p.320) reports that,
in 1961, the total educated manpower was 190,000, By 1966, however, the
stock of postgraduate scientific manpower alone was 115,000, an increase over
1950 by a factor of over seven. For more details, see UNESCO 1970b (pp.201,
202). From SESHACHAR 1972 (p.138) we learn that the research and develop-
ment personnel in 1969-70 numbered about 80,000, of which only about 4%
werz in private industry. The increase in such personnel has been extremely
rapid: CST 1969 (p.63) shows that between 1958-59 and 1968-69 this increase
was more than three-fold. For more figures on India, see CST 1970 (pp.94,
114,116,118,122) and RAHMAN 1973 (pp.40-4,155). The workings of Indian
science are unusually well-documented. Indian society is for the most
part an open one, and a variety of opinicns expressed both by Indians and
by foreign visitors is therefore available. As one of the most populous
countries in the world, India is particularly conspicuous and interesting.
It is also exposed to much criticism. I consider this a strength rather
than a weakness: it should ultimately benefit the country by helping the
developn.nt of a creative scientific structure.

Information on Turkey is supplied in OECD 1969 (pp.199,200) and
MORAVCSIK 1973g (Tables 47,48,50,51). In 1969, research scientists in
Turkey numbered 4,500, of which about 1,500 were in research institutes.

The situation in the Arab world i- documented in ZAHLAN 1972d (p.14) and

1972¢ (Table 1). The total for the region is 5,000 scientists at the PhD
level. Manpower statistics for other countries may be found in MORAVCSIK
1973g (Tables 3,4,40,41) for Indonesia, Nigeria, and Brazil; UNESCO 1970e
(pp.53,69,70) for the Philippines; QUBAIN 1966 (p.291) far Iraq; CIBA 1972
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(p.149) for varisus countries in Latin America; ODHIAMBO 1967 (p.878) for
East Africas and MEXICO 1970 (pp.345ff) and ECHEVERRIA 1972 (p.48) for Mexico.
Perhaps a more instructive figure is the number of researchers rer

million population. The figure for the US is about 2,500 (CIBA 1972,

p.149). For other countries the numbers are as follows: Argentina, 194
(CIBA 1972, p.149); Brazil, 70 (ibid.); Cuba, 150 (1bid.7; Chite, 246 (ibid.);
Mexico, 57 (ibid.); Venezuela, 179 (ibid.); Republic of Korea, 230 (KOREA
1972a, p.8); Africa, 20 (UNESCO 1964a, p.42, sets the long-term target

for 1980 at 200); Nigeria, 20 (NAS 1965b, p.64). Figures for both India

and the People's Republic of Ciina can be estimated at about 200. DE HEMP-
TINNE 1963 (p.240) gives the figure for ACs between 500 and 2,000. This

iy confirmed in KOREA 1972a (p.8) which 1ists 1,000 for the UK and

France, 1,100 for West Germany, 900 for Canada, and 1,400 for ..pan. ZAHLAR
1972¢ (p.14b) suggests that a self-sustaining, functional research infra-
structure requires at least 1,000 research-active persons in science and
3,000 research-active persons in technology per million population. For
other figures, see SPAEY 1969 (p.70), KOREA 1972a (p.50), and UNESCO 1970c
(pp.51-4).

Unemployment f’gures are not easy to find. INDIA 1970 (p.159) states
that about 17% of the scientists and technologists in India are unemployed,
but mainly on the iower 'evel. The same figure for engineers at the “degree"
level is only 7%. UN 1968 (p.12) gives 10.4% as the fraction of scientific
and technical personnel unemployed in India in 1961. India is often cited
as an example of a country where unemployment of skilled manpower is extreme;
these figures provide a perspective for such claims. The waste is regret-
table, but compared with the rapidly growing overall manpower figures, it
can be considered a relatively small discrepancy between supply and demand
in a system in dynamic disequilibrium,

Foreign manpower in LDCs is not often mentioned. Some data are
given in GRUBEL 1968b and ROCPE 1966 (p.54) for Venezuela. A table of
overall professionz] and technical manpower by countries together with the
Harbison-Myers indices can be found in UN 1968 (p.26).

None of the above figures include any information on the quality of
manpower. To the extent that publications can be used as an index of
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scientific quality, PRICE 1969a (pp.105,109) provides figures by country for
the number of scientific authors listed in the International Directory of
Research and Development Scientists, 1967. An interesting figure may be
derived by dividing a specific country's percentage of the world's scien-
tific authors by that country's percentage of the world's population. Some
re~resentative figures are the following: US, 7.0; USSR, 1.1; UK 5.0;
France, 3.9; Japan, 1.4; Italy, 1.5; Canada, 5.4; Switzerland, 7.0; Israel,
11.1; India, 0.16; remainder of Near East, 0.16; and Latin America, 0.13.
Price asserts that one can determine that the distribution of the number of
authors among various scientific disciplines is independent of the country.
Thus, the ratio of authors in chemistry to authors in physics is about the
same in any country of the world (PRICE 1969c, p.4). This has some
interesting implications for science policy (see Chap. 6).
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FouUr
Scientific Communication

Scientific communication is perhaps the most important tangible tool for
doing science. Through default, ignoran:e, and lack of concern, the
worldwide scientific communication system has evolved in such a way that
it maximally benefits those countries and communities which are already
highly developed in science and handicaps those which are less developed
and need it most.
There are good reasons for the prominent role of o municacion in
scientific activities. Research in the natural sciences is, in contrast
to most other human endeavors, a highly collective undertaking. Scien-
tists learn from the work of others and build on it. The cumulative
structure of scientific kncwledge is made possible by considerable ob-
jectivity in the process of resolving scientific disputes and by the ap-
parent structure of scientific laws compatible with such a cumulation.
Another factor is the ease with which scientists can comunicate.
As long as the discussion pertains to scientific matters, national, racial,
political, or cultural differences vanish, and a dialogue can be established
almost immediately. This circumstance is fully utilized in conferences, sum-
mer seminars, lectures by visiting scientists, and many other modes of per-
sonal interaction in addition to the journals and preprints used worldwide.



The importance of scientific communication is, in fact, so paramount
thai recent trends in sociological analysis of the scientific community or
attempts to establish measures of scientific output are formulated in
terms of scientific communication. Apart from technological applications
several steps removed from the underlying scientific research, the visible
manifestation of scientific research is mainly the communication of research
results. The "product” of scientific activity is a new discovery or idea
which, if it is tu be utilized, must be communicated. This feature of
science is sometimes singled out as the mairn distinction between science
and technology. The latter is not much concerned with communication per se
but instead aims at patents or actual prototypes of industrial products.

Recent sociojogical studies indicate that communication shapes the rman-
power structure of science. It is now known that one of the crucial modules
of scientific research is the “invisible college," 2 group of scientists
(geographically spread over the world) with common interests who collaborate
extensively and have a vital influence on the direction of research ina
given area. These "invisible colleges" are not organized by governments or -
science administrators; they spring up spontaneously, usually influenced
by a few exceptional people who form the nucleus of the group. If the
scientific manpower of a given country is completely outside such‘“?hvjsible
colleges," the country is likely to be forced te resign itself to mediocrity.

Various aspects of scientific communication are used as measures of
scientific activity. Numbers of articles, authors, or citations have been
used to measure scientific activity for an individual, a group, or country
to describe the temporal development of such entities. The concept of co-
citation (i.e., two papers citing the same previous paper) has been used to
map out the connections between scientific fields and to draw further con-
clusions about the operation of "invisible colleges.” Some investigations
are subject to criticism (basically because they both define and measure
science in terms of the same quantity, products of communication), but the
interestirg insights produced by this approach demonstrate its relevance.

It follows that isolation is perhaps the most detrimental factor in
the building of science in an LDC. Scientists cut off from communication
are 1ike birds with trimmed wings. They struggle for a while but then give
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up and quit research, settling d to some routine, semiscientific activ-
ity often of doubtful value. This .s a common occurrence in LDCs and in
small isolated institutions in ACs. It represents a waste of manpower and
resources, especially since providing communication for scientists re-
quires small expense compared with the cost of primarv inaintenance.

There are situations in which lack of conmunicat’ n impr:1s scientists
to do research in an obscure area where worldwide ac’tivity is Tow and
individual resources appear sufficient to continuc the output. The output
nominally continues, to be sure, but the product of such work is likely
to be of little interest or utility.

Let us now examine the a.sertion that the worldwide scientific com-
munication system is heavily slanted against LDCs. It must be emphasized
that this is not the result of a conspiracy on the part of the scientifical-
1y developed countries to prevent others from attaining scientific know-
ledge. It is the natural consequence of skort-range considerations (in
space and time) on the part of those scientists who have made primary con-
tributions to scientif < discovery. Their almost exclusive preoccupation
is with assuring the fastest possible progress in science. It wili require
a much broader view on the part of the scientific community to make the
structure of communication more equitable.

Scientific communication involves both internal communications,
interaction of scientists within an LDC, and jnternational communications
between LDCs or between an LDC and an AC. Since communication can occur
either in writing or in person, let us turn first to problems of written
internal communication in LDCs.

There is disagreement about whether an LDC should publish its own
scientific journals. Some argue that there are already enough scientific
journals in the world {some 50,000), and the formation of more will make
information retrieval more difficult. Others point out that journals
with a small circulation are expensive, and a journa) with a small au-
thorship tends to have lower standards of quality. Indeed, one could cite
journals in LDCs which illustrate these drawbacks. On the other hand,
the organization and management of a journal is in itself an educationa)l
task for the local community. The existence of such a journal promotes
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internal communication, it rais2s national scientific morale, and it
provides an inexpensive channel of communication independent of the ex-
penditure of foreign exchange. These arguments are fairly convincing to
an extent that might justify occasional double publishing, publishing
the same article in both a local and a large international journal.
Double publishing is a valid anathema to most journal editors. Yet,

if judiciously used, it combinas the attractions of local and inter-
national journals.

There is much to be said for producing locally written and published
science textbooks as they can be adjusted to special cultural and geographi-
cal demands. Furthermore, LDCs could compete with ACs in the production of
scientific texts in general. The technology of producing books is not
overly sophisticated, and it is sufficiently labor-intensive o be favorable
for LDCs. It could also serve as a source of foreign exchange for LDCs.

An especialiy important aspect of publishing is the matter of trans-
lations. Scientists can use the worldwide scientific language (English at
present), but books for students and laymer. often must be in the local
language. To exploit this channel of communication properly, the mechanism
of scientific recognition within a country should provide an incentive for
such translations; they must be done by someone with at least some scientific
training.

Discussion of books brings up the problem of 1ibraries. That a library
is not only a pile of books was illustrated vividly when I noticed, in the
1ibrary of the physics department of a university in an LDC, books arranged
alphabetically according to title, thus negating much of the collection's
value. Library science is not well-advanced in LDCs, and a competent staff
to handle books is often thought a luxury. The system for interlibrary
utilization of books available in a country is extremely rudimentary; co-
ordination of the acquisition policies of neighboring libraries is rare.

In this era when every year produces two or three million new scien-
tific articles, accurate and fast retrieval and dissemination of existing
information becomes a major task, This is increasingly recognized, at
least nominally, by LDCs as they establish national centers for documenta-
tion of information. But the handling of information can easily be

82



misdirected into purely formalistic activities. Organizations in some LDCs
are especially prone to this with the result that the information center
assumes an existence of its own and fails to meet the needs of the
scientific community.

The use of computers in handling, retrieving, and disseminating sci-
entific information should be stronjly encouragec The existence of com-
puters in an LDC is not at all incompatible with the existence of camel
carts and outhouses (just as jet planes are a vital necessity for internal
transportation). There are examples of LDCs making good use of computer
techniques; the technology of small computers is within many countries'
capaciy in phases of repair and assembly, if not of manufacture. To be
sure, rany LDCs are dependent on Jabor-intensive methods of operation in
order to provide full employment. But it is often impossible to run a
complex service with strongly interrelated components using semi-skilled
labor for individual tasks. The inevitable individual failure somewhere
in the system will cause the operation to collapse.

While written forms of communication are useful in science, the heart
of scientific interaction is personal contact among scientists. In this
area, LDCs are probably lacking more than in written communications. Vet
this deplorable situation could be remedied rather easily. First, for
a scientist to remain productive in his research work, he must be part of
a group of scientists (the "critical mass") who have similar interests and
who participate in regular (i.e., daily) interaction. The size of the
critical mass depends on the individuals and the field of research, but it
averages about four active people on the pust-PhD level. Hhen hiring
university personnel or when establishing research laboratories, LDCs
should keep in mind the necessity of the critical size and not spread
their resources over too many fields. An appropriate method is to hire
entire groups of people (discussed in Chap. 3).

A critical mass alone is insufficient; scientists of a given country
should also have ample opportunity to interact among themselves, Profes-
sional societies can often be an effective tool to accomplish this, In
some countries, such societies have a purely ceremonial function with
meetings often consisting of little more than back-slapping and celebration.
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The element of scientific communication is missing. Societies must be set
up in such a way that membership is a challenge as well as an honor, If
rewards for accomplishments are to be given, they should be closely geared
to achievement in functional scientific tasks. Professional societies

are certainly not a novelty in LDCs. A country witn a very small scientific
community miy have a scientific society with a long history. Since the
wgcience explosion” of the 1940s, however, such srcieties have multiplied
and expanded evolving from small, somewhat elitist clubs into mass or-
ganizations. Professional societies can be effect!ve representatives of
the scientific community in dealings with, for example, the gcvernment,
Yet there is a serious danger of science beconing politicized. The line
between being an effective spokesman for the profession and a political
machinator is thin and delicate. Even societies in ACs with 1ongstanding
traditions have problems resisting the temptation.

Interaction among scientists need not be limited to meetings of
professional societies. More informal channels of communication should
also he emphasized, For example, in research groups of many ACs it is
common practice to have frequent visiting speakers from other, geographical-
1y accessible research groups. Almost any science department at an Ameri -
can university will have at least one such speaker a week, In sharp
contrast, interaction of this sort is virtually unknown in LDCs. Even
jnstitutions located in the same city, where problems of transportation
cannot be blamed, fail to make good use of the proximity of colleagues.
Where distances are somewhat larger, the usually state-subsidized means
of transportation make it quite possible to engage in domestic travel. It
is indeed regrettable when contact with foreign colleagues 10,000 miles
away is stronger or more sought after than interaction with compatriots.
To set up a scientific infrastructure with no incentives for local inter-
action is an example of being penny-wise and pound-foolish.

In supplementing personal contact with colleagues, the telephone plays
an increasingly important role in ACs. Indeed, it is often less expensive
in time, effort, and resources to telephone somebody 3,000 miles away who
knows the answer than to spend an hour in the library trying to locate it.
In many LDCs, however, the telephone system is SO substandard as to be
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practically useless. Every attempt should be made, therefore, to equip
scientists with whatever telephone facilities there are to make their work
more efficient. As communication satellites become increasingly common and
efficient, international telephone rates may drop sufficiently to make that
channel a more realistic means of international scientific communication.
Perhaps a special satellite system will eventually be established for
international scientific communication.

Certain special kinds of interaction are often weak in LDCs. One is
the relationship between scientists in universities and those doing applied
research in institutes and laboratories. The time-honored method of conmun-
ication between these institutions, namely, the use of part-time consult-
ants, should be encouraged. Comnurication should also be improved between
scientists and the public. Modernization of sncieties necessarily involves
general exposure of the population to science, and this task is the re-
sponsibility of the indigenous scientific community. But for social or
organizational reasons, the task is frequently neglected.

A vital link often missing is communication between scientists and
government. Scientists must participate at a high Jevel in the formulation
of science policy lest the task be done by people not knowledgeable in,
perhaps not even sympathetic to, scientific matters. Individuals such as
Bhabha in India, Roche in Venezuela, and Salam in Pakistan illustrate what
can be accomplished by an eminent scientist in close contact with the
highest levels of government in an LDC. In addition, however, more system-
atic contact between a larger group of scientists and a wider segment of
government must be maintained.

A few LDCs are plagued by the problem of secrecy in scientific re-
search. While there are legitimate reasons for classifying certain types
of scientific research, preserving national “"prescige” and concealing weak-
nesses in plans for science development are not among them. A country
should present a detailed, public description of its efforts to develop
science so appropriate steps can be taken toward further improvement.

In sum, the improvement of internal comnunication can and must be
done primarily by the indigenous scientific community itself, in coopera-
tion with the local government. It requires a coordinated national policy

85



as well as individual action. In contrast, prublems in international com-
munication, to which we shall now turn, are primarily the vesnonsibility of
the interrational scientific community, of which over 90% reside in ACs.

The major scientific journals of the world are aimed at scientists in
ACs, and it is difficult for those in LDCs to gain access to and publish
in those journals. Some journals have publication charges to be paid in
fairly large amounts of hard currency. Though the charges are not always
obligatory, nonpzyment is sometimes rewarded by a delay in publication.
Subscriptions t¢ journals alsn require hard currency, and unless expensive
air-mail delivery is chosen, the journal may be delayed many months in
jts arrival. A possible remedy is the local production of satellite
editions of the primary journals, perhaps on a regional basis. This,
however, is adamantly rejected by journal editors who fear reimport of
such satellite copies and the consequent undercutting of regular sub-
scriptions. The problem does not appear to be insurmountable, and with a
modicum of interest on the part of the professional society sponsoring the
journal, some arrangements could surely be worked out. This, however, has
not. been done.

Much more important are the reports and preprints which constitute the
main channel of communication at the front line of research, especially
within "invisible colleges” or among specialists in the same field. Jour-
nals now tend to assume a purely archival role. In order to be creative
in research, a scientist must have access to the preprints in his field.
These preprints are produced by the authors and distributed in a rather
haphazard fashion which favors the Nobel laureates at large institutions and
neglects the unknown young scientist in a small group. Colleagues in LDCs
are particularly negiected, if only because the postage to them is more than
to the grand old man only 300 miles away.

Attempts have been made from time to time, at least in one area of
physics, to centralize the duplication and distribution of preprints
making the process more economical and equitable. Again, opposition has
come from journi: editors who claim that "institutionalizing" preprints
would interfere with the regular distribution of journals and would under-
cut subscriptions. It now appears that a system could be worked out in
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subnuclear physics for a centralized handling of preprints with assurances
of equity to research groups in LDCs. The proposed system would use micro-
fiche, an example of the new technological tools which are making channels
of communication more efficient and less expensive. Microfiche costs notably
less than other methods of reproduction; it is light and can be shipped by
air; it saves storage space; and the reading d=vice needed to utilize it
costs less than $100. The veading device is an extremely simple machine,
well-suited for manufacture and sale in LDCs at less than $100.

Other microfilm processes should also be considered. In establishing
communication between 1ibraries, for example, telex is increasingly used,
For information retrieval and classification, taped versions of titles,
abstracts, and articles are being tried. The latter are extremely ex-
pensive at this time, but improvements will presumably be made in the
future. These techniques open up new vistas for international communica-
tion in which bulk and weight are crucial factors. There are great ad-
vantages in sending information in the form of electromagnetic waves rather
than pieces of mattcer. There is really no reason to continue favoring a
system of communication which, by its use of outmoded tcchnology, dis-
criminates against a large frac‘ion of the world's scientists.

Material dealing with science policy is particularly hard to find in
LDCs. While some 92% of scientific researchers are in ACs, an even higher
percentage of those knowledgeable about science policy are in ACs. And
yet, increasing expertise in science policy and management is perhaps the
most urgent need in LDCs. Whatever written material is available on this
subject must therefore be distributed to those who need it. Sometimes the
material is available in a library, but neither the staff nor those who
seek the information know about its existence or location.

Scientific books are published mainly in ACs and are increasingly ex-
pensive. They must be paid for in hard currency or, in maay countries, at
a black-market rate in soft currency. Some publishers have authorized
satellite editions in LDCs, a practice to be encouraged, There are pro-
grams in ACs which distribute scientific books to LDCs without charge;
but while the number of bcoks thus distributed is not small, compared to
the need it is a drop in the bucket, Because the market for scientific
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books is primarily in ACs, publishers' policies are oriented in that direc-
tion; material of perticular interest to LDCs has a much lower priority in
publication, Here, also, realistic ways must be found to make access L0
books more equitable.

International communication at the personal level presents different
problems. For example, visitors from ACs to LDCs have much to conti ibute.
They can provide new scientific information, criticize local scientific
research, establish a rapport between a group in an AC and a counterpart
group in an LDC, provide impartial opinions on matters of local science
policy, and boost local morale by reasserting the local group's ties with
the international community. Since scientists from ACs frequently travel
abroad, visits to LDCs could be arranged if information on impending trips
and interested hosts could be coordinated. A registry of such information
is now available to physicists and should be extended to other fields as
well. Another registry in physics serves those from ACs wuo wish to go to
LDCs for a more exiended period.

When scientists from LDCs travel abroad, the primary problem is the
scarcity of hard currency which must bc paid even if they travel on the
national airline. For an extended visit, such as a one-year leave, the
problem expands with the need to provide long-term support. A generous
policy of leaves for scientific personnel is most important. A stay
abroad for a year or two after four to five years of domestic service should
not be considered a paid holiday but an opportunity to acquire new ideas and
increased competence. Positions for visiting scientists from LDCs can
sometimes be created by ACs through existing research grants or university
departments, but these sources are closing up as science positions become
scarcer in the ACs. Since 92% of all scientists are in ACs, and a scientist
in an LDC would need a visiting position only about 20% of the time, the
problem could br solved by increasing the number of scientific positions in
all ACs by 1.5% (1 in 70) and offering the new positions to visiting
scientists from LDCs. Providing such opportunities for scientists in LDCs
is a task of the highest priority in manpower creation. Ironically, it is
much easier for a young person from an LDC to come tr an AC for graduate
education than for a postdoctoral stay whereas, because of the brain drain
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and other factors, the situation should be reversed.

Bilateral programs between groups in ACs and LDCs can be an effective
way of building international scientific cooperation. Such links exist be-
tween universities, departments, or sometimes research groups. Studies have
been made to determine the circumstances under which these 1links will
flourish. Results indicate that small, informal 1inks usually function
better partly because they engender a feeling of personal responsibility.
The Tink can include the-exchange of personnel, training of students, coor-
dination of research, assistance in the acqui>ition of parts for equipment,
channeling of preprints and other information, etc. Initiation of such 1links
takes only a little coordination which can be provided by people or organi-
zations already experienced in international scientific interaction. Some
of these activities require no new source of funds, only a proper utili-
zation of existing resources; others may need external support sometimes
availahle from governmental or other organizations, such as NSF or 0AS.

The dual appointment is another channel for international cooperation.
A productive scientist originally from an LDC is given a joint appointment
by an institution in an AC and an inctitutic.. in an LDC; he divides his
time evenly between them in, say, two-year segments. The few examples of
such appointments appear to be working out weli., There are administrative
difficulties on both sides in arranging the position (mainly because it is
unusual), and funds are needed every two years for travel., But the arrange-
ment has numerous advantages for both institutions and should be explored
more extensively.

Two rather unusual institutions illustrate another aspect of inter-
action of scientific manpower. One is the ICTP in Trieste which reserves
a sizable number of positions for visitors from LDCs, A continuing relation-
ship 1s maintained which allows scientists to visit the Centre from time to
time provided they spend the intervening time in their home countries. The
Centre also hosts visitors from ACs and thus serves as a meeting place with
considerable international stature enhanced by the personal weight of its
director, Abdus Salam. It is jointly financed by the Italian government,
1AEA, and UNESCO, with smaller amounts from other sources. Now about 10
years old, the Centre has made an immense contribution to the fostering of
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science in LDCs. But it is specialized and relatively small; many similar
institutions are needed in other fields.

Another organization is the ICIPE in Nairobi where joint research is
conducted by local scientists and scientists from ACs on problems related
to the applied science of the particular geographical a-ea. Again, because
of the stature of some scientists associated with it and because of enthusi-
astic support from a variety of sources internationally distributed, the
Centre has made substantial contyibutions, Such bright spots are more the
exception than the rule in a generally bleak picture.

For special interactions of shorter duration, international scientific
meetings are useful. However, these are also heavily weighted in favor of
ACs. They are often held in an AC with the justification that holding a
meeting in an LDC would greatly increase travel costs. The same considera-
tion, however, does not prevent people from holdiny large conferences in
Japan, which is probably even more distant from other ACs than most LDCs.
Some claim that LDCs do not have the organizational and physical resources
to organize a large conference, a statement that has been proven wrong a
number of times. The result is that scientists from LDCs must travel far
on nonexistent funds. Furthermore, indigenous scientific communities are
denied the valuable educational opportunity to host such a conference and
observe its proceedings. Some international sources try to aid LDCs in the
holding of conferences, but the total impact of their programs is rather
small. Some co-called summer schools or summer seminars organized to edu-
cate experts on the litest developments in a specialized field have been
held in LDCs. But even there, the surface has hardly been scratched.

One of the most valuable links in the chain of scientific communica-
tions is simple, personal knowledge of fellow scientists. Here again,
scientists from LDCs are greatly handicapped: they travel and are visited
much less and have fewer cpportunities to develop friendships. In some
LDCs, general patterns of social interaction are more formal and less
gregarious than those in some ACs; scientists brought up in these societies
will be less prone to make friends with hundreds of colleagues. Yet, colla-
boration, sharing of information, opportunities for visiting positions,
sources for financial support, and many other facets of scientific activity
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depend heavily on personal acquaintances and contacts, Thus, the vicious
circle of handicaps disadvantages scientists in LDCs even further,
Scientists from LDCs must become mcre vocal about their science de-
velopment needs. One of the main themes here {s that the scientific
community in the ACs has been ignorant, negligent, and nonchalant with regard
to active measures that could be taken to assist LDCc in the developrent
of science. Part of the remedy is to create a hroader awareness of these
problems within the scientific community. Nhile books like this may have
some effect, the credibility and shock value of a book, lecture, appeal,
or article by a group of scientists from tne LDCs would be much greater.
Perhaps there should be a formal organization of scientists in LDCs for
this purpose: delegates could be sent to scientific meetings in ACs to
deliver talks, provide vivid i1lustrations, and propose specific action,
Several programs are currently being employed to alleviate problems
of communication. Some are regional efforts, such as OAS and CLAF in
Latin America and CENTO in the Middle East; others are of international
scope, such as IAEA, UNESCO, and cther UN agencies. While undoubtedly
helpful, they represent only a pale response to a prominent challenge, a
challenge that will remain unmet until the rank-and-file members of the
international scientific community decide that it should be met.
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Background and Comments

That science is a collective undertaking is such an obvious statement that
it hardly needs documentation. Among other discussions are, for example,
MORAVCSIK 1972a (p.224) and 1974c. Similarly, the international nature of
science has been affirmed in MORAVCSIK 1974c. Most commentators assume the
truth of these two statements and emphasize the crucial role of communica-
tion in the pursuit of science. In the context of Nigerian science, NAS
1965b (pp.8,43) suggests that great emphasis must be placed on communica-
tion, both internal and with other African countries. MORAVCSIK 19724
(pp.225-6) stresses that problems of conmunication are the primary cause
of the feeling of isolation experienced by many scientists in LDCs. In
MORAVCSIK 1974c, science is contrasted with the arts in terms of the role
of communication. In ROCHE 1966 (p.59), Ramon y Cajal asserts that enquista-
miento (encystment) is the main cause of inadequacy in Spanish science. The
same theme permeates the discussion in SAAVEDRA 1973 with respect to Chilean
science. DEDIJER 1963 lists adequate communications as one of the criteria
for a full-fledged national scientific community. UN 1971a (p.49) underlines
the same contention and calls for renewed efforts to transfer knowledge from
ACs to LDCs. CIMT 1970a constantly stresses the effect of poor ccmmunications
on the brain drain. The literature is probably unanimous in contending that
communication is a sine gqua non for the development of indigenous science.
The role of communications in sociological analysis of the scientific
community is also well-documented. Derek de Solla Price has been a leader
in the exploitation of this relationship. In PRICE 1965c (pp.6-8) and
1969¢ (p.91), he shows that the number of scientific publications doubles
every 10-15 years. He distinguishes science from technology by claiming
that in science the published paper is the end product while in technology
it is only an epiphenomenon. Accordingly, scientists read a lot (they are
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"papyrocentric") while technologists do not (they are "papyrophobic").
(See PRICE 1969d, pp.96,100; PRICE 1968 and 1972a; and NAS 1967, pp.
38-9.) Another interesting distinction made by Price is his separation
of "research front" papers and references from "archival" papers and
references, relevant because of the differing patterns of dissemina-
tion of the two (PRICE 1965c, p.10 and 1969d, p.92). Price points out
(see also MORAVCSIK 1965a) the central rcle of informal communications
in science (PRICE 1965c, p.10). He documents the unequal distribu-
tion of scientific authorships among scientists and among countries
Certain scientists numbering the square root of the total number of
scientists account for about half of the scientific literature (PRICE
1969d) while six countries produce 80% of all scientific papers in
physics and chemistry (PRICE 1964c, Table 4). In fact, 14 countries
produce 90% of all scientific literature; only one (India) is an LDC
(PRICE 1969a, p.106; the statistics in this paper were compiled at a
time when many publications in the People's Republic of China were
jnaccessible to the rest of the world).

More recently, Price has incorporated some weighting by quality in
his investigation by turning to citations as a measure of scientific activ-
ity. For some interesting results on patterns of citations, see PRICE 1965d
and 1970. Price advocates certain standards in publication on the basis of
these studies of publication and citation (PRICE 1964b). By building on such
results, the structure of "invisible colleges" and the connections between
various scientific disciplines can be "mapped." Recent work in this area
may be found, for example, in GRIFFITH 1972, 1973a, 1973b, GARVEY 1972,
and SMALL 1973. In other types cf sociological studies (MULLINS 1973),
communicative links also play a decisive role.

Consequently, isolation looms as a major threat to scientific
communities in LDCs. I have stressed this factor repeatedly (MORAVCSIK
1970b, pp.7,12; 1972a, p.225; and 1972b); in particular, I have pointed
out that scientific work is very dependent on the criticism of col-
leagues which requires suitable communications. Much more eloguent,
however, are the accounts of two scientists. In SALAM 1966 (p.465), the
author recalls: "Looking back on my own period in Lahore, as I said, |
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felt terribly isolated. If at that time someone had said to me, we shall
give you the opportunity every year to travel to an active center in

Europe or the United States for three months of your vacation to work with
your peers; would you then be happy to stay the remaining nine months at
Lahore, I would have said yes. No one made the offer." In SAAVEDRA 1973,
the author remarks that "after a couple of years back in Chile I felt like
a squashed lemon." The same theme is also found in SALAM 1968. According to
UN 1970b (p.19), a particularly concise and pertinent document, "there is

a great doubt that the growth of an indigenous scientific community can be
affected without active participation by the international scientific com-
munity. An active cadre of scientific personnel cannot develop or exist in
isolation." RIAZUDDIN 1970 and ZIMAN 1969 (p.363) make the same point.
GREENE 1971 (p.10) suggests that isolation is particularly baneful to

young scientists barely beyond their PhDs. DEDIJER 1957 (p.242) discusses
scientific isolation imposed by local governments for political reasons

and its destructive influence on the indigenous scientific community. Simi-
lar points are outlined in ZIMAN 1969 (p.365).

The role of domestic scientific journals iias received attention in
various contexts. BASALLA 1967 (p.618), in a general historical analysis
of the spread of science in LDCs, singles out the establishment of local
Jjournals as an indispensable element in the creation of a self-sustaining
scientific infrastructure. Various advantages and drawbacks are
summarized in MORAVCSIK 1970b and 1972a (p.228). The Journal of West
African Association, for example, suffers financially because of small
circulation (UNESCO 1965b, p.201). That many LDCs have an impressive
list of journals, some decades old, is demonstrated by WU 1970 (pp.22,
439) which discusses the history of scientific journals in China, and
RAHMAN 1973 (pp.167-9) which lists Indian journals. Smaller countries,
such as the Philippines (UNESCO 1970e, p.21) and Egypt (QUBAIN 1366,
p.182), also have a sizable number of journals. Often the prob'em is
not the quantity of such journals but the quality of the papers published.
Examples of effective regional communications are the duplicated notices
and bulletins issued by CLAF (CLAF 1971, p.7).

Publication of books can be documented for a number of LDCs. For
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example, in the People's Republic of China some 65,000 books were pub-
lished between 1954 and 1958; about 40% were in science and technology
(WU 1970, p.439). Wu gives data on translations which are of special
importance in that country. Bet'~en 1949 and 1955, some 12,000 foreign
books were translated, mainly f tussian and English, of which about
25% were in the sciences (WU 19.., p.438).

An active translation program is operated in many countries by
the Franklin Book Program (see FRANKLIN). Supported primarily by local
governments, US private foundations, book publishers, and US business
firms (with about 3% contributed by the US government), the organization
had a budget of 7 million dollars in 1970. The program translates
publications into Arabic, Bengali, Indonesian, Malay, Persian, Portu-
gese, Spanish, and Urdu; between 1952 and 1970, it produced some 2,600
translations, about 6% in the sciences.

Local libraries in LDCs are described in a number of public:cions.
WU 1970 (pp.438-9) shows how the People's Republic of China dynamically
carried on and expanded a rich library tradition inherited from previous
regimes. Foreign books play an essential role. and library policies are
coordinated. OLDHAM 1966 (p.47) also comments on the excellence of 1i-
braries in that country. UNESCO 1970e (p.21) and PHILIPPINES 1966
describe the situation in the Philippines where a system of interlibrary
loans exists, but purchasing policies are not coordinated. The National
Library is concentrating particularly on scientific reports. NAS 1971f
(p.4) reports on the netwo:k. of libraries in Colombian chemistry; ef-
forts are being made to coordinate the libraries and interconnect them
with a Telex-Xerox system that will supply unavailable articles. This
report emphasizes the importance in science of trowsing in journals in
order to maintain an overall awareness of advances in related fields.

National documentation and information centers are proliferating in
LDCs. NAS 1969¢c (pp.2,23) and 1970b describe a particularly advanced sys-
tem in Argentina, including computer-based information tapes; KIM 1969
(p.95) reports on the Republic of Korea. An information system that is
part of CONACYT is described in MEXICO 1971; USMANI 1971 (p.7) and
PAKISTAN 1968 (p.19) describe the Pakistani situation. PERU 1970 (p.35)

95



describes a proposed information system for Peru. UNESCO 1970e (p.21) and
PHILIPPINES 1966 (p.26) discuss a proposal for an information center in the
Philippines. General comments recommending the establishment of such centers
and stressing their importance can be found in JONES 1971 (p.14); OECD 1971a
(p.108), urging support from ACs; UN 1970b (p.13); and CLARKE 1971 (p.44).
However, there is practically no evidence of how well these centers oper-
ate as judged by the indigenous scientific communities.

We now turn to internal personal communications. The concept of
critical mass is analyzed in MORAVCSIK 1971a (p.59), urging the scheme
of group repatriation; 1972a (p.228); 1973f; and 1974c. Problems of
professional societies and meetings are discussed in ZAHLAN 1969a (p.10),
in Arab countries; NAS 1972b (p.8) decries the lack of informal meetings
in Brazil to exchange information; WU 1970 (pp.23-32) gives a history of
societies in China with statistics and tables; NSF 1973 discusses con-
ferer ;es on physics and chemistry in India; NAS 1971e (p.18) recommends
professional meetings and symposia in the context of Colombian mathema-
tics; PHILIPPINES 1966 (p.26), Philippine Chemical Society; RAHMAN 1973
(pp.163-5) discusses societies in India; and PAKISTAN 1968 (p.18) sum-
marizes the situation in Pakistan. These examples tend to reinforce my
suggestion that societies and meetings be less formalistic and more de-
voted to scientific matterc. A good overall discussion of the role of
societies, with particular reference to African science development, is
given in Olaniyan's article in UNESCO 1965b (p.193). MORAVCSIK 1974c
advocates an internal network of visiting speakers traveling from one
institution to another. Some general comments on interial communication
can be found in DESSAU 1969 (p.21). ZAHLAN 1972d asserts that Arab social
customs do not favor teamwork, and Arab scientists mas therefore find
it more difficult to adjust to scientific collaboration.

The importance of the telephone as a tool of communication is noted
in MORAVCSIK 1972a (p.237) and UN 1969 (p.19). A specific instance of
deficiency is documented in the context of the NAS-8razil chemistry
program in NAS 1972b (p.8).

A generous policy with respect to leaves to oc abroad is advocated
in MORAVCSIK 1966¢ (p.387), 1972c (p.228), 1972a (pp.229,230), and 1974c.
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In Malaysia, such leaves are granted with pay at the ratio of six menths
every three years (THONG 1968, p.368).

For comments concerning communication between basic and applied sci-
entists, see NAS 1967 (p.13), PHILIPPINES 1966 (p.26), MORAVCSIK 1974c,
and CST 1971 (p.94). NAS 1967 (p.16) urges such a liaison as necessary
for a balanced science structure.

A number of commentators are dissatisfied with relations between
scientific communities in LDCs and local governmental officials (DESSAU
1969, p.21; PHILIPPINES 1966, p.26, and MORAVCSIK 1974c are some examples).
There is a similar criticism of the relationship between rank-and-file
scientists and their administrative superiors. For obvious reasons such
complaints are difficult to document in the literature. Some recommenda-
i ions, however, are found in NAS 1967 (pp.47ff)}. The question of secrecy

similarly delicate (NAS 1967, p.16).

The general lack of scientists from LDCs at meetings of scientific
communities in ACs has been largely ignored in the literature. Occasion-
ally scientists from LDCs are invited to speak at srientific meetings,
mainly about technical science. If the discussion turns to matters of
science development, politeness often extinguishes any meaningful dialogue
or any specific organization for action. This state of affairs is
criticized in MORAVCSIK 1974c.

Examples of literature dealing with countries with national policies
concerning scientific communications are: WU 1970 (p.438), People's
Republic of China; NAS 1969c (pp.23-8,68-75), Argentina; MORAVCSIK 1973g
(p.19), Brazil; and MORAVCSIK 19739 (p.20), Indonesia. Most national de-
velopment plans include a program to improve scientific communication.

As the literature demonstrates, problems of jnternational communica-
tion are more ‘requently diszussed than internal problems. The number
of scientific journals and articles js estimated in several places, such
as PRICE 1965¢ (p.8), CLARKE 1971 (p.43), and BULLETIN 1964 (p.32).
Estimates differ by less than a factor of two, so that the estimate
given in the first section of this chapter is roughly correct. Problems
of foreign currency in connection with subscriptions are mentioned in
SAAVEDRA 1973. The same author stresses the jmportance of air mail in

97



the delivery of communications concerning research-front activity, a
point also made by NAS 1972b (p.10) in the context of the NAS-Brazil
chemistry program. Suggestions for solving the various problems asso-
ciated with distribution, page charges, and similar items can be found
in MORAVCSIK 1972a (p.234), 1972b, and 1974c.

Emphasis on the importance of preprints and research reports has
been a longstanding preoccupation of mine. For exhaustive details, see
MORAVCSIK 1965a, 1966b, 1966¢ (p.388), 1970b, 1971a (p.58), 1972a (p.235),
and 1974c. The Publication Cormittee of the Division of Particles and
Fields of the American Physical Society is initiating centralized distri-
bution of preprints in particle physics (mentioned in the first section
of this chapter). My campaign for this cause has, however, been amply
reinforced by concurring opinions from a variety of sources. PRICE 1965¢
(p.10) states: "Detailed investigations by the American Psychological
Association have now clearly proved that much of the communication of
research results is done long before formal publication." For other
relevant work by the same author, see PRICE 1965c (p.10) and 1969d (p.92).
SAAVEDRA 1973 presents a supporting opinion from a scientist in an LDC.

New techniques in communications are described in the literature.
Microfilm techniques are advocated in NAS 1971f (p.5) in the context of
Colombian chemistry. Microfiche is described in MORAVCSIK 1974c. The
potential of Telex is demonstrated in NAS 1970a,b with regard to Argen-
tina. Computer-based information retrieval systems are mentioned in
MORAVCSIK 1972b.

The contention that material on science policy is not sufficiently
available in LDCs is echoed by ZAHLAN 1972¢ which urges the UN to dis-
tribute more information on the relationship of science, technology,
and development. National and international organizations, such as
UNESCO, OECD, and OAS, do produce some high quality material (see,
for example, ACS 1966 and OAS 1972, p.27). Access to it, however, is
not easy. Even in the US, the documents are mainly available only at
one outlet; the average scientist's awareness of the existence of such
publications (let alone his acquaintance with them) is virtually zero.
(This is partly a result of the general attitude of scientists toward
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science policy, discussed in detail in Chap. 6.) Furthermore, material
on science policy is widely scattered among innumerable journals, reports,
and other documents (seldom catalogued under "science policy"). One pur-
pose of this book is to improve access to this type of material.

Problems concerning books are mentioned in MORAVCSIK 1972b (p.235).
The Franklin program of book translations produces copies of translations
for LDCs. NAS 1966 (p.66) mentions other programs which provide books
for LDCs. One of the largest is the Books for Asia program operated
by the Asia Foundation (see ASIA 1972b and BOOKS 1973). Operating in
19 Asian countries, it distributed some 11 million books and some 1.5
million journals between 1954 and 1973. The rate of distribution is
now about 750,000 books per year, of which about 207 are in the natural
sciences; most of the latter are textbooks superseded and ont of print.
The budget of the operation is about $200,000 a year and is provided
by the Asia Foundation. while the absolute size of this program is
commendable, the following calculation shows that it is only a beginning.
If we assume a modest 10 libraries in each country, and 10 disciplines
in the natural sciences, the average donation at present is perhaps 75
science books per discipline per library per year. Since a functional
library should contain at least ceveral thousand books in each scientific
discipline, this method alone would take several decades to satisfy
the need (even if it could supply all types of scientific publications).

A number of other "book aid" organizations operate on a smaller scale.
For example, the Darien Book Aid Plan (DARIEN 1973) has shipped 950 tons
of books to 100 countries over 25 years, a significant fraction of them in
the sciences. "Operation Bookshelf," "Reader's Service,"” and "The Inter-
national Book Project" are examples of other book-sending organizations in
the US. Within the scientific community, CIEP, collaborating with ICTP, has
organized a project to send surplus physics journals to institutions in LDCs.

Perhaps it would be useful to mention briefly some of the problems
that arose in connection with the publication of this book, since they
may be characteristic of material pertaining to LDCs. It was evident in
advance that the sales of a book on this subject would not pay for the
time spent by the author in writing it, so I first attempted to obtain
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outside support. Scores of governmental and private foundations were ap-
proached with a uniformly negative result. Most organizations were not in-
terested in sponsoring books, or science development was not within the
range of their activities. Finally, the problem was "solved" by my working
70 hours per week for a year. (Since the book was written after all, per-
haps the foundations and agencies were right in refusing my request.)

The second problem was to find a publisher for the book. I decided
at the outset to have the book published only under circumstances which
would make it easily available to potential readers in the LDCs. 1In
other words, the book should be available for a low price payable in local
currency in all LDCs. Since most publishers in the ACs are unable to
meet vhose conditions because of the high cost of producing a book in
the ACs, and because of their inexperience in marketing outside the ACs,

I again approached various agencies and foundations to obtain a subsidy
for the publication of the book. The result of this search was similarly
negative: some organizations publish only intarnal studies while

others were not interested in the sciences or LDCs. At the same time

I approached scores of publishers, again receiving negative replies. Fil
this took place before the book was completed. The publishers, agencies,
and foundations made their decision on the basis of a brief outline of
the book-to-be.

Finally, quite by chance, I came in contact with the International
Development Research Center at Indiana University, whose director,
William Siffin, had a special interest in problems of science and ‘ech-
nology in LDCs. The result was the publication of this book by the Inter-
national Development Research Center.

Though the story has a "happy ending," it illustrates some of the
barriers which hinder effective communication with LDCs. As mentioned
before, these barriers are not intentionally built by "saboteurs.” They
are simply natural hurdles that nobody has had the energy, devotion, and
vision to remove. This pattern is characteristic of most matters per-
taining to the building of science in LDCs.

Personal contacts between scientists in LDCs and colleagues in ACs
must be encouraged. The importance of such personal interaction is
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widely recognized (see, for example, UN 1969, p.19, or CLARKE 1971, p.45).
Discussion of invisible colleges first appeared in scholarly analyses of
the structure of science such as PRICE 1965¢ (p.10); it has now found its
way into writings on science development. Various other aspects of personal
contacts are dealt with in MORAVCSIK 1966¢c (p.388), maintaining contact
with former students now returned to LDCs; MORAVCSIK 1971a (p.62), joint
research projects between scientists in ACs and LDCs; and MORAVCSIK 1973f,
benefits from development of personal friendships. The vicitors' registry
operated by CIEP mentioned in the first section of this chapter is des-
cribed in MORAVCSIK 1970b, 1971a (p.62), 1972a (p.231), 1974c, and 1974d.
Proposals for itinerant lecturers who would visit LDCs are presented in
MORAVCSIK 1970b. The idea of brief trips by scientists from ACs to insti-
tutions in LDCs is urged in MORAVCSIK 1970b and 1971a (p.60). This proposal
was incorporated into the SEED program, financed by AID and run by NSF,
which provides travel grants to US scientists who visit LDCs for one year.
Very short trips (a few days in duration) by senior US chemists were part
of the NAS-Brazil chemistry program (see NAS 1972b, p.10, and 1973b,
pp.4-6). BFS 1971 and 1972 give a total count of US exchange visitors
abroad; however, scientists are not distinguished from those in other
fields. ZAHLAN 1970 (p.14) reports a program of visitors arranged jointly
by universities in Cairo and Beirut, a rare example of LDCs taking the
initiative in this area. ZAHLAN 1972¢c (p.42) comments on the frequently
poor interaction between visiting “experts” and the local scientific com-
munity. His remarks are specifically oriented toward UN agencies, such as
1AEA, which now send about 300 such experts per year to LDCs (see IAEA
1973a, pp.11-13 and 1973b, pp.22,53,67-9). The 0AS, which works on a re-
gional basis in Latin America (and hence might send an expert from one
Latin American country to another), has a program of similar size: between
1968 and 1971 it sent out 204 experts in basic sciences, 101 experts in
applied sciences, and 120 experts in technological development (0AS 1972,
pp.10-16,19). For the opportunity to register for longer stays in LDCs,
see MORAVCSIK 1971a (p.63), 1972a (p.232), and 1972d. An eloquent general
discussion of the importance of travel, personal contacts, and exchange
of personnel can be found in ZIMAN 1969 (pp.361-6).
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The most acute problem in extended foreign travel for LDC scientists
is the lack of temporary positions for them. UN 1970b (p.13) stresses
the importance of mobility and urges the creation of visiting appoint-
ments. Similar appeals are made in UN 1971a (p.50), MORAVCSIK 1974c,
and PRICE 1965¢ (p.15). BFS 1971 and 1972 give the number of exchange
visitors to the US, but again it is not broken dowr into fields. Some
internatiora] organizations award rellowships to scientists in LOCs for
visits abroad. In the regional context, between 1968 and 1971 0AS
awar”~d 352 fellowships in applied science and 257 in technology (some
of these may have gone to regional centers in the recipient's own
country). In 1972, 1AEA awarded training fellowships to 513 candidates
from 61 countries and regional organizations, each candidate averaging
six months of training (IAEA 1973a, pp.11-13,63, and 1973b, pp.32,53).
N£S 1971e (p.18) urges the establishment of such opportunities for
Colombian mathematicians, particularly for younger ones. To improve
the efficiency of short visits to ACs by scientists from LDCs, I have
advocated a registry for them which would match them with institutions
interested in hosting such visitors (MORAVCSIK 1972a, p.231).

The idea of bilateral links is certainly not new: various versions
exist in the literature. (See, for example, ALLISON 1960, concerning
"lend-lease" to Egypt and MORAVCSIK 1971a, p.57; 1972a, p.232; 1972b;
and 1974c outlining the activities of CIEP in this area.) In
MORAVCSIK 1973g (p.107), a table illustrates bilateral links of Brazil,
Indonesia, Republic of Korea, Nigeria, and Turkey. SCHROEDER 1973 (p.57)
mentions a 1ink between Canada and Brazil, The most extensive survey of
such links can be found in UNESCO 19692, though by now it is somewhat
out-of-date. There is general agreement that bilateral links are
desirable: UN 1971a (p.50) praises the concept while TASK 1970 (p.20)
singles it out as a worthwhile objective (citing the Executive Corps as
an exariple).

Perha;s the most interesting work on bilateral links is GLYDE 19/2
which reports an in-depth study of such links batween 16 pairs of groups,
one set in Britain and one in Thailand. Though working with a small
sample, this unusually careful and intelligent study was able to reach
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some tentative conclusions concerning conditions which promote the
success of such links: (1) links should be initiated by direct con-
tact between individuals in the two groups, not through an inte:-
mediary; (2) objectives should be set by the LDC; (3) personnel from
the AC should visit repeatedly for short periods of time rather than
for one long stretch (the importance of recurrent visits is also
stressed in MORAVCSIK 1972a, p.232); (4) funding for links should be
given directly to the institutions in question rather than being ad-
ministered from outside on an item-by-item basis; and (5) small

1inks tend to be more successful than large ones (GLYDE 1972, pp.1,
2). Glyde also remarks, however, that no single factor is absolutely
dominant in guaranteeing success. For some background on dual appoint-
ments, see MORAVCSIK 1971a (p.61) and 1972b. (For a further examina-
tion, see Chap. 7.)

Detailed information on ICTP can be found in SALAM 1965a, 1966,
and 1968 and, to a lesser extent, in UN 1971a (p.50), MORAVCSIK 1970b,
1972a (p.230), 1974c, and JONES 1971 (p.150). When the creation of
ICTP was discussed in the early 1960s, some (including myself) suggested
that it be located in an LDC. The decision to locate it in Italy was
influenced primarily by a very generous offer of financial support
from the Italian government; no LDC considered could possibly have
matched that commitment. A similar institution, ICIPE, is described in
BULLETIN 1972 and is mentioned in JONES 1971 (pp.92,190).

MORAVCSIK 1972b and 1974c urge the location of some international
scientific meetings in LDCs. JONES 1971 (p.150) mentions the problem
of meetings, and ZAHLAN 1969a (p.10) urges that Arab scientists be
given tue opportunities to attend such meetings. Some international
organizations arrange their own meetings. For example, IAEA held 14
such meetings in 1972-73, with about 2,500 participants from 65 countries.
UNESCO supports large international organizations of scientists (1ike
the ICSU) which stimulate many meetings; UNESCO pays half the "organiza-
tional" costs of such meetings (RODERICK 1962, p.217). UNESCO has
arranged several regional meetings to discuss science development in
certain groups of countries, such as the Lagos conference in Africa
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(see, for example, UNESCO 1965b). These have almost always been heid
in an LDC.

Summer schools are established channels for catching up on latest
developments; ZAHLAN 1969a (p.10) urges that Arab scientists be sent
to such seminars. CLAF has played an important role in Latin America
by organizing a series of seminars and meetings among the physicists
of the region. Another creation of the scientific community is the
group of Latin American Schools of Physics.

Where adjacent countries have a common tradition and poliv;. 2}
antagonisms do not play a major role, regional science development can
be very effective. Possibilities are regional seminars (MORAVCSIK 1970b)
or regional research centers (MORAVCSIK 1966c, p.387, and 1972a, p.230).
0AS, which works primarily on a regional basis, is arranging such
seminars in Latin America (0AS 1972, pp.6,11,12,17,30,27). NAS 1971e
(p.18) urges regional collaboration in mathematics between Colombia and
neighboring countries. Collaboration is also recommended for African
countries (see, for example, NAS 1965b, p.53). Foreign visitors or
representatives of the worldwide scientific community can often con-
tribute to the formation of such regional groups since they are not
jnvolved in the petty rivalries that may exist even in areas where
severe animosity is not present (MORAVCSIK 1973f and 1971a, p.64).
Scientists' organizations have had little impact on science develop-
ment mainly because they are usually satisfied with oratory. (For a
discussion of the Pugwash meetings, for example, see GLASS 1968.) Some
of the UN special agencies are active in certain areas, as mentioned
above; for example, UNESCO supports meetings , provides documentation
services, publishes dictionaries, tries to standardize publications,
and donates coupuns to LDUs which can be used to buy books (see BOK 1948;
BULLETIN 1964, p.32; and RODERICK 1962, p.216). [IAEA, in addition to
sponsoring experts and fellowships, operates the International Nuclear
Information System and issues a large number of scientific reports (IAEA
1972, 1973a, and 1973b). Further discussion of UNESCO and IAEA can be
found in Chapter 7. Similar activities are pursued in other UN special
agencies to the extent that they deal with science. Yet the UN agencies
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are not only specialized within science, but also quite isolated from
the day-to-day research work of individual scientists in LDCs. Their
efforts, therefore, make only a small dent in the overall problem of
scientific communication.
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Five
Scientific Research

Research is the essence of science. Other scientific activities--teaching,
organization, popularization, communication, etc.--are auxiliary to the
raison d'etre of a scientist, the creation of new scientific knowledge,

or the transfer of existing scientific knowledge into new realms and appli-
cations. Scientific research is an end in itself, a conversion of the
creativity of scientists into new understanding and capability.

Research has many of the same external justifications as science
jtself; hence, many of the points discussed in Chapter 1 apply here
as well. For example, support of research can be justified on the basis
of its power to infuse into the people the spirit of innovation as well
as its material benefits in terms of economic well-being.

In the context of national development plans, or the plans of a
single company for that matter, research is often discussed in economic
terms. Science is a powerful force in economic development. However,
research and development should be considered a catalyst rather than
an ordinary input factor because of the subtle and sometimes indirect
relationship between reseatch and production. Research is inexpensive
compared with the whole production process, and in LDCs the proportionate
cost may be even less than in ACs. Thus, it is advisable to institute



research in LDCs even in the early stages of development.

At this point, it is necessary to clarify the concepts of science
and technology. They are often mentioned together, and the distinc-
tions are not always clear. This problem arises for two reasons.

First, when talking about science (basic and applied) and technology,
we are to some extent dealing with a continuum of concepts (or perhaps
with a group of concepts which overlap and contain borderline cases).
This is a common occurrence in classifications; when a continuum is
described in terms of a group of discrete concepts, there is always
some objection. Second, the attempt is frequently made to classify
these activities in terms of their results. Even an abstract piece of
scientific research may eventually help make gadgets, and a direct
technological development can contribute to the growth of abstract
science.

Instead of classifying activities in terms of their results, there-
fore, one should classify them in terms either of the motivation behind
them or the method used to pursue them. In terms of motivation, a scien-
tist is interested in generating knowledge while a technologist is inter-
euted in creating a new product or process. In terms of method, publica-
ticns in the sciences constitute an end product while in technology they
are at best a tool. Thus, patterns of communication in science are quite
different from those in technology (see Chap. 4).

Similarly confusing is the interaction between science and tech-
nology. The exact nature and time scale of the interactions are the
subject of debate. Some feel, for example, that the link is rather
tenuous; many examples are cited in which technological advances were
made in the absence of corresponding scientific understanding. However,
the examples cited in support of this thesis are usually not recent ones.
It is true that as long as technological products have depended on
that part of science which deals with the small segment of nature directly
accessible to our senses and experience, an empirical rather than a
theoretical approach could often result in technological success. More
recently, however, many technological products have come to depend on
an understanding of natural phenomena not directly accessible to our
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senses and everyday experience. Studies must, therefore, be made in a
systematic and theoretical way rather than by direct empirical manipu-
lations. For this reason, the most significant technological achieve-
ments in recent years have depended heavily on relatively recent scientific
research. The transistor, the laser, nuclear technology, and computers
are but a few examples. In fact, the cycle of interaction between science
and technology appears to be shortening: the time interval between a sci-
entific discovery and its technological use may be only a year or two.
Coupled with the fact that the most modern technological capability is
often the economically most rewarding one, this circumstance adds special
urgency to the need for LDCs to attain scientific autarky.

At the same time, research in science is heavily dependent on
technology. As science explores realms of nature farther from direct
human experiences, technical equipment and processes are needed to in-
duce an experiment and to convert the results of that experiment into
signals that our senses can detect. Thus, science and technology are
interdependent. Unfortunately, a frequent problem in LDCs is the lack of
a reciprocal relationship between science and technology. Building
bridges between the two is therefore an important task for LDCs.

Classifications within science produce another set of concepts
which are frequently classified by results rather than by the intention
of the practitioner or the method used. Since this invariably adds to
confusion, some critics call for the elimination of any distinctions.
Yet, in practice, the use of certain distinctions makes it easier to
build a well-balanced scientific infrastructure.

The most convenient classification is a dichotomy in which one con-
cept is basic, fundamental, or "pure" scientific research. In terms of
intention, basic research is characterized by the researcher's motiva-
tion of simply acquiring new scientific knowledge for its own sake. Of
course, the researcher may hope that discovery will also benefit man-
kind materially through some technological applications, the method used
in the work will not be determined by those hopes. Science is not a
matter of cranking an automatic mechanism that spits out new discoveries.
When engaged in research, a scientist must use judgment, make choices
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based on guesses, choose problems to work on, etc. In doing this, a
person in basic research is influenced primarily by a thirst for new
knowledge. The second concept is that of applied research in which

an investigation is undertaken with some specific application as the
ultimate goal. The judgment of the researcher is based on the attain-
ment of this goal. The methods are not very different, but one can cau-
tiously make some distinctions. Applied research tends to be broader in
scope, more interdisciplinary, and more reliant on teamwork; problems
in applied research are defined "from the outside" and are not likely
to line up neatly along conventional disciplinary lines (see Chap. 2).

In classifying research by intent, one must allow for the frequent
possibility that what is basic research for one person is applied re-
search for someone else. This situation has given rise to the inter-
mediate classification of "oriented basic research" in which basic re-
searchers are supported in work thought to be applicable by others
(usually those supplying the funds). Since any science is likely to be
eventually applicable, one gets into a discussion of intervals of time.
With respect to method, however, this additional grouping contributes
littie conceptual clarification.

Given the concepts of basic and applied research, we are ready to
apn=ni.ch the thorny question of how much of either an LDC should under-
take. The situation is peculiar: from qualitative discussions of the
issue one would think that the views of some debaters are miles apart.
Indeed, a few claim that no basic research whatever should be done in a
LDC. Most observers, however, agree that some basic research is appro-
priate. Some concede rrluctantly, while others enthusiastically praise
basic research. When the discussion gets down to particulars, however,
there is a surprising degree of agreement. Of the total R&D effort of
an LDC, about one-tenth can be spent in support of basic research.

Further confusion arises when one compares this recipe with what
actually occurs in LDCs. Many commentators believe that LDCs perform
only basic research, and applied research is almost entirely neglected.
However, evidence indicates that most LDCs perform much more applied
research than basic, the latter being 10-20% of the whole. Thus, the
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problem appears not to exist at all.

Yet the situation is not that simple. There are two reasons why
seasoned chservers of LGCs develop the impression that basic research
is dominant. First, all too often the best indigenous manpower goes ex-
clusively into basic research. As a result, the scientists who are con-
spicuous within the worldwide scientific community and are likely to be
known by observers are in basic research. (Indeed, one often sees
applied research done so poorly that it has no 1pplication; it then tends
to be classified as basic research.) Second, though the ratio between
basic and applied research is the desired one, the connection between
the two remains undeveloped; hence, the effectiveness of both, particu-
larly applied research, is greatly lessened. It is the improvement of
quality in applied research and the establishment of links between basic
and applied which should be the primary targets of attention, not the re-
dressing of numerical ratios between the two.

Some approximate guidelines have been devised for the amount of sup-
port to be allocated to R&D as a whole and to basic research in particu-
lar: the estimates ave 1% and 0.1% of the GNP, respectively. (This prob-
lem is discussed in detail in Chap. 6.) Most LDCs fall far below these
guidelines. If, in trying to reach these goals, basic research happens to
forge ahead more rapidly than R&D as a whole, the former should not be
penalized and held back. Progress is not made by restraining those who
are successful but by encouraging those who have not reached their goal.

There is considerable discussion in the literature and in govern-
mental pronouncements of the “relevance" of scientific research. What
research is supposed to be relevant to is often stated in only the
haziest terms. As a matter of common sense in scientific organization
and administration, however, it is important to note that the best minds
in science are repelled by very narrow constraints of relevance imposed
on them. To maintain the creative activity of such people, it is neces-
sary to minimize the actual enforcement of these constraints, though it
might be permissible to voice them as part of political rhetoric or
public relations. This has been widely recognized by science organizers
from the General Electric Company to the People's Republic of China.
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One may ask whether it would be better for some LDCs simply to im-
port whatever science and technology they need. The conclusion in
Chapter 1 was that if LDCs restrict themselves to importation, then
their long-term development will suffer. Even the transfer of science
and technology requires indigenous personnel trained in research who are
capable of receiving the imported knowledge and adapting it to local
conditions., Some types of science and technology needed in a particu-
lar LDC may not exist at all, and ACs may have no interest in developing
them. In other cases, importing technology is only possible at a prohi-
bitive price. If the special circumstances existing in a given country
are to be properly dealt with, then an appropriate scientific infra-
structure and technological complex must be developed. Thus, importa-
tion alone is not the answer.

Some importation is necessary and advisable. In the sciences, commun-
ication is an indispensable element in research (explained in Chap. 4).
The import (as well as export) of scientific ideas is part of the normal
activity of any country including the most advanced ones. The transfer of
technology is a more complex and selective process, but it is not the
concern of this book (some sources are given in the references).

Scientific research is usually carried out in one of three types of
institutions: universities, research institutes or laboratories, and
industrial research centers. There is much debate over where research
in LDCs should be located and how it should be distributed among these
types of institutions. Again, there is more disagreement in principle
than in practice. Many believe that universities should be the primary
focus of scientific resea.ch because of their constant contact with the
next generation of scientists, their relative intellectual independence,
and their often less cumbersome administrativestructure. Yet circum-
stances often demand a different procedure. In some LDCs, universities
are calcified skeletons with no organic content and 1ittle hope of
change. In such a situation, a new organization must assume the task of
developing the country's scientific manpower and undertaking scientific
research. Furthermore, universities tend to concentrate on basic re-
search; applied research must therefore be assigned to a different
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Jocale where interdisciplinary activities and teamwork are more compa-
tible with the organizational structure. In practice, research in many
LDCs is distributed among all three types of institutions. The bulk is
usually concentrated in governmental research institutes and laboratories
while the universities carry a much smaller fraction of the load, and
industrial research is in a state of infancy.

The primary problem is again not so much the ratios between these
segments as the lack of interaction among them. It is often a matter
of absence of tradition: the various types of institutions may be
far apart gecgraphically which, in the absence of functional transpor-
tation, prevents frequent personal visits. Institutional channels for
interchange of personnel are usually absent as well. In ACs, university
scientists often serve as consultants to industrial or governmental
laboratories. In LDCs this very seldom happens; when it does, it can
create tension between the university and the industrial laboratory
(the former claiming, sometimes with justification, that faculty members
neglect university duties in order to earn adaitional income from con-
sulting arrangements). MNevertheless, such consulting arrangements must
be developed in some way in order to establish a durable rapport be-
tween academic and industrial science.

What should be the function of science in a uriversity? Univer-
sities were once primarily considered depositories of knowledge, not
necessarily generators of the same. But a person who simply absorbs
scientific knowledge without participating in research is a scientific
scholar, not a scientist. In most ACs, universities have become centers
for producing both scientists and science. This dual role of uni-
versities is not fully appreciated even in ACs. Some state legisla-
tures in the US frown upon the pursuit of research in state universi-
ties. They tolerate it only because the Federal government makes huge
payments to the universities (officially for "overhead") to support such
research. In some LDCs, there is no enlightened federal government to
foster this dual role; universities become intellectually moribund and
lose their ability to provide functional education.

It is generally conceded that basic research is well suited to the
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university environment. There is more of a debate on whether universities
should pursue applied research. Universities should not subordinate their
teaching functions to the financial gains that might be derived from con-
ducting industrial research. Yet, a judicious selection of applied pro-
jects can give breadth to the education of students who otherwise tend

to develop one-sided views about various types of research. Similarly,
support of academic research by local industry helps strengthen relations.

Governmental research laboratories and institutes have their own
advantages and drawbacks. They are generally free of pressure for siort-
term applicability of research results, but they are often isolated from
the criticism and standards of the international scientific communify.

In addition, they are saddled with an extremely complicated bureau:ratic
system and a type of career pattern deadly for doing science. Another
drawback of such laboratories is the fact that they are devoted entirely
to research; employees who are not suited or are no longer suited to
that activity have no other outlet for their energies. This creates a
severe problem of deadwood--some laboratories become overburdened with
personnel who are scientists only in name. In principle, governmental
institutions can play an essential role in creating an intermediate

stage between academic science and industry; in some countries this has
been achieved to scme extent.

Industrial resedrch in LDCs is usually insignificant. LDCs often at-
tribute this to the fact that their industry consists primarily of sub-
sidiaries of companies located in ACs. These companies prefer to do R&D in
their main bhranches because of lower costs and availability of outstandinc
personnel. It is true that most companies have such a policy; yet, many
LDCs have been developing locally owned and operated industries in addi-
tion to the foreign subsidiaries, and thes¢ lack research facilities as
well. Furthermore, local governments have a fair degree of control over
subsidiaries, and it would be possible to require by law that subsidiar-
jes conduct a certain amount of indigenous research. The main difficulty,
therefore, lies not in causes external to LDCs, but in the lack of local
realization of the need for research in modern industrial processes.

International (or multinational) companies would be well-advised,
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from the point of view of self-interest, to strengthen their partici-
pation in the building of indigenous science in countries where their
subsidiaries are located, even if a strict efficiency analysis did not
recommend such action. Research is inexpensive and sponsoring it on the
small scale that usually exists in LDCs is even less expensive. There
are examples of international companies which sponsor local research.

How should an LDC decide which areas of research to develop? Some
claim that no country can deviate significantly from the international
pattern of scientific research: if it did, it would "give away" too
much information in favored areas and would fall behind in neglected areas.
This contention, however, seldom applies to LDCs. Instead, the follow-
ing rules are suggested:

(1) Local advantages should be utilized. These may be geographical,
climatological, astronomical, based on some easily available raw materi-
al, etc.

(2) Intrinsic costs should be compared; some areas of science are
inherently more expensive than others.

(3) Potentials for application should be compared; some sciences,
viewed from our perspective, are more remote from short-term application
than others. However, such judgments are unreliable. Nuclear physics,
extremely esoteric in the 1930s, suddenly produced one of the main tech-
nologies in the 1940s and 1950s.

(4) Educational objectives should be kept in mind. Some areas of
science are better suited for educating students than others where, for
example, specialization is too narrow.

(5) Attention should be given to the general considerations for
determining scientific choices in terms of the extrinsic and intrinsic
potential of the subdisciplines. These considerations also apply to
science in LDCs, though they should not be the exclusive determinants
in the selection of research areas.

These guidelines (and others mentioned in the second section of
this chapter) can be used in making a Tist of preferred areas of research.
There is, however, one consideration with which all these criteria pale in
comparison--the availability of outstanding people. Scientific activity
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centers around creative individuals. Such individuals in the existing
scientific manpower of an LDC are an asset that must be utilized. At the
beginning, scientific activity is weak, critical mass is questionable, and
the indigenous scientific community consists mainly of inexperienced re-
searchers with a lack of leadership and direction. The presence of an out-
standing person, able to serve as a focal point for exciting scientific
activity, 1s invaluable and should largely influence the areas of research
supported in that country. Such persons will generally have definite ideas
of what scientific problems they consider interesting and should be sup-
ported in research on those problems unless it is financially impossible.
In this context, it is well to emphasize again the crucial role of
equality. There is a strong temptation in LDCs to sacrifice quality for
the sake of quantity in the hope that when quantitative targets have
been met, quality can then be improved. Mothing is further from the
truth. When a low standard has been established, it stubbornly per-
petuates itself. Scientists are created who are unsure of themselves
and try to maintain their positions by all available means. Second-
rate research is not worth doing in any case. Some research may turn
out to be second-rate, but to aim at this as a matter oF policy is un-
pardonable. Part of the effort to improve quality has been the estab-
lishment of so-called centers of excellence in various LDCs, sometimes
in countries with an already sizable infrastructure of universities.
People are the most important component of scientific research,
but they are not the only recuirement. Research cannct be done without
equipment. This is seldom a major problem. Donor agencies from abroad
1ike to supply equipment which represents a once-and-for-all expenditure,
is easy to procure, and is conspicuous in terms of public relations. In
laboratories in LDCs one often sees equipment standing idle either for
lack of repair and spare parts or for lack of use (the result of quite
different causes). There are cases where research in LDCs is hampered
primarily by lack of equipment, but such cases are relatively rare.
Lack of spare parts is a much more serious problem. Local supplies are
not available, and purchasing spare parts from abroad involves foreign
currency, an immense amount of red tape, and huge delays. This can be
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a serious obstacle to the pursuance of scientific research which is to
some extent a competitive undertaking with potential competitors around
the world. Facilities and personnel for repair of equipment are also often
scarce in LDCs. Cultural preconceptions frequently inhibit the develop-
ment of an ample supply of capable technicians: a number of LDCs note

in their development plans that the ratio of technicians to scientists

is much too low even for a small scientific community.

The communication of results is an integral part of research. In
fact, publications are taken as a measure of the output of scientific
activity (explained in detail in Chap. 6). In applied research, however,
patterns of publication are different from those in basic research. This
is particularly true in industrial research where the end product is
often not an article for a journal but an internal report. Such dif-
ferences in patterns should be kept in mind when one compares the output
of university publications with those of governmental laboratories or
industrial research centers. In technological research, the result is
often a patent, and patent counts are sometimes used to measure tech-
nological activity. Unfortunately, in all these measures, quantity
takes precedence over quality.

Organizational aspects of research are often crucial to the effec-
tiveness of the activity. This will be discussed in more detail in
Chapter 6, but it is appropriate here to comment on the civil service
system in the context of scientific research. Job security and quality
of performance are opposite ideals. Recently, the pendulum has swung
far in the direction of the former. The civil service system accommo-
dates the tendency perfectly: it is a one-way sieve which retains the
incompetent and urmotivated while releasing the romnetent and ambitious
who are eager to find more rewarding and challenging environments. In
some types of activities, this results "only" in added cost and in-
creased annoyance. In other types of activities which strongly depend
on quality, the result is complete failure. In many LDCs, perceptive
observers have been urging that scientific manpower be placed outside
the civil service system. In newer countries, with relatively little
vested interest, thic is still possible. In older countries, with a
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sizable manpower already under the umbrella, the task of reform has
become practically impossible.

There ar: a number of international programs to assist research in
LDCs. It is certainly true that ACs have paid relatively little atten-
tion to research problems of particular interest to LDCs (for under-
standable though not necessarily condonable reasons). Thus, international
assistance seldom takes the form of actual cooperation in research in
which LDCs are also interested. Instead, assistance consists of programs
to foster research efforts in LDCs. (Much of this will be discussed in
Chap. 7; some specific items are presented in the second section of
this chapter.)

Our ignorance of how to develop science far exceeds our ign_rance
in specific scientific disciplines. VYet, more effort is Jevoted to
scientific research than to research cn science develupment. Further-
more, most of the rescarch on science development is tarried out by
scientists and other types of researchers in ACs. The number of people
in LDCs who are seriously engaged in research on science development
in LOCs is extremely small, as illustrated by the 1ist of references in
this book.
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Background and Comments

The various roles of scientific research are often discussed in the liter-
ature. OECD 19358a (p.139) emphasizes that research in the sciences is an
end in itself, and production of knowledge is the result of such research
(p.15). SABATO 1970 (p.192) stresses the element o1 creativity in this
process while ZAHLAN 1972c values the spirit of innovation through re-
search. GARCIA 1966 (p.13) describes research as the "bridge [over] the
gap that separates us from the rich countries." RAM 1968 (p.6) points out
the contribution of resmarch to economic growth, PIRIE 1967 (p.6) is more
specifically utilitarian in saying that "useful research has three primary
objects: to ensure that a country has a tolerable population, to ensure
that the population can be properly fed, and to ensure that the people
can live and move in reasonable comfort." Thus, there is a broad spectrum
of justifications for research in an LDC. CLARKE 1971 (p.G) contends that
"the argument that all research ultimately benefits everyone is known to
be false." 1 doubt that the argument ever existed in that categorical
form. Nevertheless, the belief that virtually all good quality research
will have some beneficial effect on most of us sooner or later remains
the cornerstone of public support for research.

The particular function of research as an economic force is gener-
ally recognized by economists. PRICE 1965b (p.53) talks of science as
a directly productive force in society while UNESCO 1970b (p.12) points
out the catalyzing nature of research. With regard to cost, it is
noteworthy that while 92% of all scientists are in ACs, 98% of R&D
expenditures originate in ACs (OECD 1971c, p.57). The difference is
perhaps attributable to the higher specific cost of research in ACs.
DE HEMPTINNE 1963 (p.243) estimates that the cost of research leading
to a new product is distributed as follows: pure fundamental research,
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1; oriented fundamental research, 3; applied research, 6; development
work, 100, According to UN 1970b (p.7), research accounts for 5-10%

of the total cost of an innovation (though in some sophisticated indus-
tries, such as aircraft or electronics, the fraction devoted to research
can be as large as 30%, WILLIAMS 1964, p.96). RAY 1969 points out that
in LDCs research may be an even smaller fraction of the total cost of a
product because raw materials are likely to be more expensive. With
regard to the financial return on research, NAS 1966 (p.51) states that
agricultural research in the US shows a 100% return annually on the
cumulative investment in it. Contrary to this is the argument in
COOPER 1971, for examplc, that the analytical methods and practices of
economics are not appropriate ror LDCs, because of the very different
circumstances prevailing there.

Research may not show tangible effects immediately. WU 1970 (pp.443-
52,458,459) demonstrates that economic progress in the People's Repub-
1ic of China has thus far depended very little on R&D performed in that
country during the same time period. It is also conjectured that R&D
will increasingly pay off in coming years.

That the concepts of science and technology are hazy in many
people's minds is illustrated, for example, by GRUBER 1961 in which numer-
ous contributors dwell on their ideas and expectations with respect
to science and technology. (In fact, some of the disenchantment in ACs
concerning science and technology can be traced to these false images
and expectations.) Much of the development literature containing
“science and technology” in the title deals exciusively with technology;
"science" is attached either through ignorance or for decoration.

To clarify these questions, de Solla Price has repeatedly stressed
the radically different attitudes of science and technology with regard
to publications. He describes science as papyrocentric and technology
as papyrophobic (PRICE 1969d, pp. 94-6; 1966, p.%1; and 1968). The
terms are perhaps too restrictive--technologists do not abhor reading
papers, just writing them, while scientists prefer writing articles to
reading them.

The interaction of science and technology is rather subtle (NAS

o
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1967, p.13). Explanations can be found, for example in JONES 1971 (p.6),
PRICE 1972a, and 1965a (the latter concisely explains de Solla Price's
somewhat extreme point of view on the separation of science and technol-
ogy, p.568). Some support for the latter is expressed in COPISAROW 1970
(p.12). For differing views emphasizing instead the close interconnection,
see NAS 1967 (pp.29,36-40) and GANDHI 1969 (p.7) who assert that the inno-
vation cycle is constantly shortening. Whatever the link may be, it is
largely missing in LDCs, as stressed in UN 1970b (pp.4,5) and RAM 1968
(p.6). PHILIPPINES 1966 describes a workshop dealing with this particular
problem. USMANI 1971 (p.11) declares that the linking of science and tech-
nology must be ¢ cardinal principle of any science policy.

In what order should scientific and technological activities be
developed? NAS 1973a (p.xv) argues that the traditonal sequence of
research, development, and engineering might actually be reversed in an
LDC. The country might first attain the capability of engineering an
already developed product and later acquire the ability to develop
with research being started at an even later stage. While this may be
feasible, davelopment of all three skills must start simultaneously
since it might not take the same length of time to bring each to a
functional level.’

The practice of classifying science has a big literature., In UNESCO
1965b (p.102), Auguer defines pure, oriented fundamental, and applied
research; the same classification appears in UN 1970b (p.9). ZIMAN
1969 (p.352) uses the terms "potentially applicable" for the intermediate
class. IVIC 1971 shows that this classification is also used in practice.
Others distinguish only basic and applied research, such as OAS 1972
(pp.6,10-23). That these are not altogether distinct is stressed in ZIMAN
1969 (p.353) and NAS 1967 (p.5); the somewhat parallel classification into
extensive and intensive research is mentioned in the latter (p.26). Some
feel that there should be no such classification, or that it should be
greatly de-emphasized. Examples are WEISS 1973; NAS 1971b (pp.1.6.10),
dealing with Ghana; NAS 1965b (p.1), in the context of Nigeria; GARCIA
1965 (p.13); and NAS 1967 (p.339) claims that such distinctions are futile.
Nevertheless, classification is widely used.
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NAS 1967 (p.15) points out that applied research is in greater need
of institutionalization than busic, and applied research is more inter-
disciplinary (p.260). MWhich is more interesting and challenging is a
matter of personal judgment. PIRIE 1967 (p.68) quotes William Hardy on
the subject: "You know, this applied science is just as interesting as
pure science, and what's more it's a damned sight more difficult."

For a particularly eloguent and comprehensive essay by Teller on the na-
ture of applied science, see NAS 1967 (p.365). ZIMAN 1973 urges that
the whole spectrum of possibilities be displayed to all young scientists
so they can make their own value judgments.

In the context of LDCs, the distinction between basic and applied re-
search may be in some ways academic. In SHAH 1967 (p.376), Muherjee cites
a remark by Stevan Dedijer, a seasoned and often perceptively witty re-
searcher in science development, that even applied research becomes pure
research in developing countries because it has no application.

Is basic research needed in LDCs? If so, what should the propor-
tions be? There is a relatively small minority claiming that LOCs need
no basic research. In GHANA 1971 (p.14), a government official states
that "pure" research projects are a luxury in a developing country. MURIEL
1970 (p.39) calls pure physics in the Philippines a Tuxury; ORLEANS 1972
(p.865) uses the same word to describe basic research in the People's
Republic of China. ALLENDE 1972 (p.40) states: "Research for the sake
of research is a luxury that our countries on this continent cannot afford."
WU 1970 (p.80) gquotes Ma Hsu-lun, the Minister of Education of the
People's Republic of China in 1950: "“Education must not commit the same
old mistake of 'knowledge for knowledge's sake.'" (Policy in that
country, while undergoing large fluctuations, has not been altogether
inimical to basic research and most recently appears to allow even ac-
tivities like elementary particle physics.)

Others, while not absolutely negative about basic research, are
willing to allow it only grudgingly. BLACKETT 1967 (p.309), SHILS 1961,
and JONES 1971 (pp.51,27-8) are some examples. See NAS 1973a (p.47):
"LDC institutions should strengthen their emphasis on applied research
and development, often neglected at present in favor of more glamorous,
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basic research.

Stil1 others, in contrast, place great emphasis on basic research
in LDCs. OECD 1971c (p.68) states that every country vequires basic
research, even if only a small amount. UNESCO 1970b (p.21) stresses
basic research as something important in itself. A particularly elo-
quent statement appears in OECD 1968a (pp.76-7):

Although exploitation may be in a place distant from the point of

original discovery...part of the investment in fundamental research

is nevertheless retained by the community which makes it; it has in
fact the even more important role of producing at its source a level
of scientific and technological consciousness, that makes possible
the rapid exploitation and improvement of technology and invention
wherever they may be in the world. A strong and balanced fundamental
research effort in a country enables in fact a dividend to be taken
from the totality of world research and not just from that nation in
question. It might be urged that a small country would do well to
concentrate on applied research and 1ive on the exploitation of re-
search produced by the larger countries of the world. Such a policy
would be doomed to failure since the country in question would
quickly lack a general scientific consciousness of worll advance-
ment sufficient to allow it to select for application those ad-
vances specifically significant to its economy. It would also lack
trained research men for advanced applied research and development.

In fact, by neglecting fundamental research, a country would be
condemning its own industry to obsolescence.

For other comments in favor of basic research, see MORAVCSIK 1972a
(p.189), 1964c (p.165), and ZIMAN 1969 (p.351). UN 1970b (pp.9-12)
stresses that basic research is needed even in the early stages of
development. Udgoankar, in INDIA 1970 (p.307), illustrates the benefits
of basic physics research for India. It is emphasized in some sources
that basic and applied research both have a role in LDCs (see NAS 1968d,
p.1, and SHAH 1967, pp.369-70). In fact, claims ZAHLAN 1969a (p.8),
neither can advance without the other,

There are even observers who think LDCs should devote a larger
fraction of their total R&D effort to basic research than do ACs (e.g.,
UNESCO 1970b, p.17). In UNESCO 1964c (p.21), a plan for Africa, it
is suggested that about 20% of R&D expenditures should be devoted to
basic research, higher than the average for ACs. ZAHLAN 1972c suggests
about 25% for the Arab countries. Those figures, however, are on the
high side of the spread of recommendations. USMANI 1971 (p.5) suggests
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10%. BLACKETT 1968 argues that since it is 10% for Britain, India should
have the same figure. NAS 1966 (p.52) recommends the same 10% for
Peru. (Incidentally, the same source repeats the recomuendation on p.
13 with the added remark that "only economically powerful countries . . .
can justify, on purely economic grounds, the tremendous expense of pure
research," apparently unaware that the percentage in the US and other
ACs is not much different.) WEISS 1973 suggests 5-10%. NAS 1966
(p.52) records a different suggestion: “As much basic research should
be supported as could be managed without sacrifice of needed applied
research," which in practice would virtually assure no basic research at
all. Various sources actually agree quite well on the percentage of
financial support to be devoted to basic research.

In comparison with this recommendation, what is the actual situation?
One finds (JAPAN 1972, p.46) that in ACs the percentage fluctuates between
10% (for the UK) and 24% (for Japan), generally hovering around 15%. NAS
1967 (p.6) quotes 5% as the average figure for industry in the US. As for
LDCs, SALCEDO 1972 (p.180) and UNESCO 1970e (pp.27,31) indicate a figure
of about 11% for the Philippines averaged for 1959-66; recently it has
been declining somewhat. The same ratio applies to Philippine industry.
MORAVCSIK 1973g (p.16) reports 20% for the Republic of Korea. The figures
supplied by ROCHE 1966 (p.54) for Venezuela are somewhat difficult to in-
terpret: 11% basic research, 4% development research, 22% applied research,
and 63% "oriented fundamental research," "perhaps too ready a niche in
which to classify oneself," as Roche remarks. PERES 1969 (pp.34-40), sur-
veying 14 Asian countries (excluding Japan, India, and Pakistan), finds
that about 16% of the manpower is in basic research, but two-thirds of
those teach rather than do research. Thus, a realistic figure for basic re-
search in those countries would be considerably below 10%. Figures for the
People's Republic of China are not easy to come by. LUBKIN 1972 (p.23)
and HAMBRAEUS 1972 (pp.140-50) suggest that there is a strong concentra-
tion on applied research with some resources devoted to basic research
(of which the synthesis of insulin is given as an example). Thus, the
ratio appears to be similar. According to UN 1970b (p.10), “UNESCO
statistical studies on R&D show that the lower the per capita GNP in
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countries, the higher tends to be the amount of fundamental research in
the total national expenditure on research and experimental development”;
however, no figures are given. The report applauds this trend and
claims that it "corresponds to the actual needs of developing countries
at the present juncture." The trend cannot be very extensive, however,
since MORAVCSIK 1973g (p.94) shows that Nigeria (a country with a very
low per capita GNP) spends 7% of its R&D resources in universities and
the rest in governmental institutions. This division must roughly
correspond to the ratio between basic and applied research.

Both ACs and LDCs spend 10-20% of their R&D resources on basic re-
search. As mentioned, this is not the impression one obtains from the tenor
of the comments in the literature. In some cases, these comments are
coupled with elaborate theories about the causes of the alleged neglect
of applied research in LDCs. For example, VARSAVSKY 1967 (p.22) claims that
ACs want to retard LDCs in their development. This “scientific colonialism"
results in problems of interest to LDCs "remaining ignored while local
talent is oriented toward questions which are currently fashionable in the
highest level international research centers.”

One should not be overly preoccupied with debates on the proper
ratio of basic to applied research. The serious problems are in quite
different areas, namely, the quality of research, cnoperation between
the two types of research, and the total amount spent on research and
development. A biting formulation of the same opinion appears in
ZAHLAN 1972c: "It is my observation that the wordy controversy between
the pure and applied scientists usually occurs where people are doing
neither." However, Zahlan does not depreciate the importance of the
question; he urges clarification of the terms involved.

The words "relevance" and "priority" have become very prominent.

NAS 1965b (p.8) calls for research on "problems relevant to [Nigeria]."
ALLENDE 1972 (p.40) welcomes "any research which represents a contribu-
tion to Chile." But in neither case are these concepts made explicit
enough to serve as bases for science policy. Priorities in research
areas are frequently determined by the efforts of energetic and success-
ful science organizers and managers. NADER 1969, for example, deplores
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the fact that between 1962 and 1967 Pakistan spent 10 times as much on
nuclear research as on jute or fishery research (the latter two earn much
foreign exchange). The reasons are rather clear if one investigates

the Pakistani scientific community in detail. The chairman of the PAEC

in that period was an exceptional organizer and administrator who launched
a general program to upgrade Pakistan's scientific manpower and re-

search capacity. In contrast, the researchers concerned with jute or

fish did not have an equally outstanding spokesman. Under the circum-
stances, a substantially different distribution of funds would probably
have resulted in considerable waste and few results.

JONES 1971 (p.27) and NAYUDAMMA 1967 point out that users of
research results are an important link in the research-development
chain and require serious attention. For further comments on research
priorities, see SHAH 1967 (p.367), Pakistan and India; GOWON 1972 (p.57),
Nigeria; and NADER 1969 (p.191), Egypt.

Externally imposed, narrow constraints on research can bring about
an alienation of scientists. As noted in NAS 1967 (p.42):

It is...relatively easy to invent...terminology to label fundamental

scientific work with...legitimate 'applied-sounding' words. But the

unfortunate aspect of this is that, usually, the less the ability
and integrity of the scientist the more willing he is to invent ex-
pediant labels for his work, so that *he net effect of providing
support preferentially for fields or r-ojects that have the appear-
ance of immediate social utility is to drive the best and most crea-
tive minds out....The more narrowly the objectives...are defined,
the more likely it is to drive out the most creative workers.

The desire for transfer of science and technology is strong every-
where. ALLENDE 1972 (p.31) states: "That is what we are fighting for:
the transfer of science and technology." For other examples of this
sentiment, see CALDER 1960; BLACKETT 1967 (p.308); OECD 1968a (p.73),
in the case of Ireland; JONES 1971 (p.11); and USMANI 1970. More than
simple transfer is required, however, as pointed out in UNESCO 1970b
(p.13), UN 1971a (p.70), and SHAH 1967 (p.379). A primary requisite
is an environment capable of receiving such imported science and tech-
nology. OECD 1968a (p.103) and SIDDIQI point out that during the period
when Japan was importing huge amounts of science and technology, it was
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also conducting a vigorous program to develop its own research capability.
The importance of such a capability is illustrated by the experience of
the General Electric Company with the tunnel diode (NAS 1967, p.46).
Further emphasis on the importance of technical ability to receive trans-
ferred technology can be found in UNESCO 1970a (p.141), RAM 1968 (p.14),
BLACKETT 1968 (p.21), ZAHLAN 1972c, and UN 1971a (p.72). According to
WU 1970 (p.459), the People's Republic of China has had more success
borrowing technology in nonagricultural sectors than in agriculture part-
1y because of problems of reception and adaptation. BLACKETT 1963 em-
phasizes that some science and technology necessary for LDCs may not even
be available in ACs. Importation alone is financially weakening as
demonstrated by the export-import chart of technology in JONES 1971 (p.13).
PHILIPPINES 1969a (p.34) calls for more indigenous research to make
exports more competitive. There is also the problem of missed opportuni-
ties to borrow technology. WU 1970 (pp.451-2) indicates that the People's
Republic of China was concerned with salinity in 1961-65. During that
period, the same problem was solved in Pakistan (SALAM 1965c).
Examples of literature on technology transfer in particular are NAS
1967 (pp.347-56}, JONES 1971 (pp.21-6), and BARANSON 1969. The more general
problem of "research transfer” is examined in ZIMAN 1969 (p.357).
Discussions of the best institutional location for research emerge
in the literature in various contexts. GARCIA 1966 (p.13) argues strongly
for universities while SAAVEDRA 1969 and MORAVCSIK 1972a (p.218) urge
that research also be supported outside the universities. Jealousies
that may arise on the part of universities are illustrated in BHABHA
1966b. Similar stories could also be told in the context of Pakistan,
particularly with respect to the universities and the PAEC. Sometimes
the opposite situation exists, as described in RAY 1967a. In general,
universities are regarded as the centers of basic research while govern-
mental institutions concentrate on applied research (UN 1971a, p.66).
In the People's Republic of China, the Academy of Sciences is for the
most part in charge of basic research while applied research is managed
by both the Academy and other governmental agencies (WU 1970, p.60).
A survey of 14 Asian countries in PERES 1969 (p.34) gives the following
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distribution: 83% governmental institutions, 3% industry, 12% universi-
ties, and 2% other.

BLOUNT 1965 (p.340) points out the lack of research traditicn in
Spanish universities. PRICE 1969c (p.6) describes the university system
as "paying for teaching, getting research free." UNESCO 1970a (p.122)
stresses the importance of academic freedom in research. An excellent sum-
mary of the role of universities in African research is provided by Njoku
in UNESCO 1965b {pp.100-5). GARCIA 1966 (p.14) discusses the role of re-
search in the South American university. UNESCO 1964a (pp.45,49) urges
cooperation between universities and research institutes. Research in
Turkish universities, rather scant and consisting mainly of theses, is
described in a case study on OECD 1969 (p.203). NAS 1973b reports the es-
tablishment of 10 research laboratory projects in Brazilian universities.

The question of whether applied or industrial research should be
pursued in universities is discussed in NAS 1967 (p.36). The conditions
recommended were quoted in Chapter 2. NAS 1965b (p.16) suggests paid
industrial laboratories for Nigerian universities. In Indian universi-
ties, BLANPIED 1970 reports research is almost always in the basic
sciences. On the other hand, the primary center of excellence of the
People's Republic of China, the University of Science and Technology,
even has a Weapons Department (WU 1970, p.412). In the Phillipines, in-
dustrial research at the universities quadrupled between 1962 and 1967
(PHILIPPINES 1969b, pp.60,71).

Prejudices between universities and industry certainly exist in
ACs, as Chandrashekar illustrates with American examples in INDIA 1970
(p.172). The conference at which the address was delivered, however,
demonstrated in itself the deep division of the Indian scientific com-
munity since it was attended mainly by academic scientists. Similar ob-
servations can be found in MORAVCSIK 1973e.

There is a wealth of material on the lack of interaction among
universities, governmental institutes, and industrial research centers:
Kaldo in NADER 1969 (p.415); JONES 1971 carries some weight because of
Jones's long career at the interface cf applied science and technology;
OECD 1968a (p.28), with respect to Greece; UNESCO 1970e (p.30), with
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respect to the Philippines; NADER 1969 (p.463); and MORAVCSIK 1972a (p.222).
Historical and chronoloqical remarks can be found in UNESCO 1970a (p.125)
and NADEZR 1969 (p.430). The absence of a liaison between universities and
industry in India is deplored in RAY 1967b. PERES 1969 (p.36) finds a
similar situation in the rest of Asia. OECD 1959 (p.228) complains that
there is no mechanism for such interaction in Turkey.

The need for such contacts is, therefore, urged by JONES 1971 (p.32),
NAS 1967 (pp.7,16), and NAS 1965b (p.13). Various methods to accomplish
such contact are listed: geog. 'phical proximity (UNESCO 1970a, p.47);
foreign visitors from applied institutions (MORAVCSIK 1973f); organiza-
tional arrangements (RIDEAL 1950, with regard to Spain); and consulting
arrangemen:s (MORAVCSIK 1972a, p.z22, and JONES 1971, p.115, the latter
with reference to industrial and managerial consultants). Industrial
support of academic research is advocated, for example, in CHINA 1972
(p.48). BYUNG 1972 reports some success in the Republic of Korea. The
Republic of Korea, Nigeria, Tu-key, Indonesia, and Brazil are discussed
in MORAVCSIK 1973g (pp.25-7). In South Africa, following the British
example, research associations involving leather, paint, fish-processing,
sugar-milling, and wood-textile industries have been formed; these re-
search associations are located at universities, thus promoting industry-
universities (NAUDE 1959, p.856).

Governmental laboratories also receive considerable attention in the
literature. Definition of the tasks and criticism of the isolation of
such institutions can be found in NAYUDAMMA 1967, UNESCO 1970e (p.30),
and UN 1971a (p.18). The general problems of national laboratories are
discussed in MORAVCSIK 1970a.

The nuclear program of the People's Republic of China is operated
through the coordination of many agencies (WU 1970, pp.412-14); it con-
sumes about 2% of the GNP (at least as much as the total science hudget).
At the moment, however, only about 4% of the available scien:ific and
technical manpower is employed in the program. When it was begun in 1962,
all available relevant manpower was utilized {p.457). BHABHA 1966b
(pp.334-5) describes the CSIR and the AEC of India and the differences
between the two. Details on the CSIR are given in NATURE 1955, A good
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summary of CSIR, AEC, and the Indian Council of Agiricultural Research
is found in SINGH 1965; the National Chemical Laboratory is described in
MCBAIN 1954. SWAMINATHAN 1954 reports the early history of Indian
research. Various comments can be found in WILSON 1972 (pp.390-4). The
relationship of the PCSIR with industry is discussed in SIDDIQI. A
similar liaison was established in Argentina, particularly in metallurgy,
by the Argentine Atomic Energy Commission (SABATO 1963, p.5, and 1968, p.
18). IRRI is an internationally supported institution in the Philippines
doing about 70% basic and 30% applied research (SALCEDO 1972, p.180).
Although there are 35 nonprofit research institutes in the Philippines,
65% of their financial support goes to IRRI (UNESCO 1970e, p.29).
Industrial research in LDCs is usually meager. CST 1970 (p.95)
complains of such a lack in India. Greece employs 58 research scientists
in that capacity (OECD 1968a, p.28). PERES 1969 (p.35) reports that in-
dustrial research constitutes only 3% of the total research activity of
Asia, Some international agencies have active programs to promote such
research, such as the project in Central America reported in 0AS 1972
(p.33). The NAS is active in this area in Brazil (NAS 1968b). 1In the
Philippines, on the other hand, where the total R&D expenditure is 0,22%
of the GNP (an average viaure for an LDC), 24% of that expenditure comes
from private industry (UNE3LD 1970e, p.26). The industrial research in
the Philippines is also evidrnt from PHILIPPINES 1969a, 1969b, and NAS
1969b. For a comprehensive study of industrial research in an AC, see
JEQUIER 1970 on Japan. An interesting discussion of the various stages
of industrial research in an LDC is given in RAHMAN 1973 (p.124).
Subsidiaries of international companies practice a kind of "scientific
colonialism," according to LOPES 1966 (p.11). Suggestions for increased
indigenous research in such subsidiaries are offered in MORAVCSIK 1971a
(p.64) and Patinkin in ADAMS 1968 (p.92). An exhaustive study of this
problcm is presented in NAS 1973a with a good set of recommendations
(addressed to companies, local governments, and A governments). For
example, the Philippines subsidiary of the Esso il corporation does all
its research in the US. Or the other hand, the local subsidiary of the
Dole pineapple company performs research locally, devoting 1% of its gross
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receipts to this task (PHILIPPINES 196Sb, p.80).

How should LDCs choose research areas? They can simply follow the
world pattern as advocated in PRICE 1969¢c (p.4) and 1964c. On the other
hand, UN 7969 (p.16) claims that the choice of research areas in ACs is
strongly influenced by the country's national objectives. That this also
occurs in LDCs is illustrated in UNESCO 1970e (p.28) which reports that
in the Philippines as much as 67% of research is in the life sciences,
with only 4% in the physical sciences. THONG 1968 (p.368) states that it
is easy to foster biology in Malaysia but more difficult to support
physics. Science in Latin America evolved from early activity in medi-
cal research which is still relatively strong there (ROCHE 1966).

Various criteria for choosing among fields are suggested in MORAVCSIK
1972a (p.199) and MALECKI 1963 (p.183). Not all fields can be pursued
(NAS 1966, p.52); uniqueness is desirable (UNESCO 1970a, pp.51-3, and
PIRIE 1967, p.68), and local advantages must be utilized (COPISAROW 1970,
p.26, and SAAVEDRA 1973). Saavedra suggests, for example, that the
availability of the Tololo international observatory in Chile made vari-
ous abstract areas of astronomy and astrophysics very suitable for Chilean
scientists (SAAVEDRA 1973). He also urges the support of good work already
being done in an LDC; the same point is made in CLAF 1971 (p.iv).

MALECKI 1963 (p.183) stresses the importance of stimulating individual
interests. Comments on internal brain drain {on "inappropriate" distri-
bution of manpower within an LDC) can be found in UN 1969 (pp.5,16),
UNESCO 1970a (p.124), and BHABHA 1966b (p.335).

Scientific and technological choices in LDCs are sometimes highly
controversial, A prominent example is the question of whether LDCs
should undertake a major effort in nuclear reactor science and technology.
GREENE 1971 (p.6) opposes the idea, citing Chilean scientists' descrip-
tion of the Chilean reactor as a white elephant. ALLENDE 1972 (p.36)
states the opposite opinion. DEDIJER 1958 (p.14) quotes Oldham: “The
establishment of nuclear reactors made in many poor developing countries
is frequently considered to be one of the big follies of the later
1950's." On the other hand, ARGENTINA 1966 and SABATO 1968 (p.14) argue
that there are great benefits for a country in gradually mastering a
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complex area 1ike nuclear technology. In these references, as vell as
in BHABHA 1966b (pp.337-9) and WHITE 1966, the emphasis is on the trans-
fer process, on gradually converting the building of reactors into an
entirely indigenous process. USMANI 1969 elaborates on other benefits
nuclear technology can bring to LDCs.

The necessity for a "critical mass" of researchers, discussed in
Chapter 3, is mentioned in JONES 1971 (p.28), COPISAROW 1970 (p.23),
and MORAVCSIK 1973f.

I have dwelled at some length on the importance of quality in re-
search. 1 am supported in this by SAAVEDRA 1973, SABATO 1970, and UN
1970b (p.9) among others. JONES 1971 (p.148) remarks that "there is
no point in indulaing in second-rate research, which is merely wasteful
and demoralizing." Criticisms of pcor quality are frequent. For example,
TURKELI 1972 documents a lack of quality in the Turkish research community.
However, as NAS 1967 (p.53) points out, measuring quality in applied
areas is not easy. KOVDA 1963 develops an overall measure for scientific
and technological potential; it is composed of six factors, four of
which pertain to research (institutes, apparatus, documentation, and
publications). But quality is not easily accommodated in such a measure.

Centers of excellence serve to enhance quality. Examples can be
found in WILSON 1972 (p.361), the Saha Institute in India; OECD 1968a
(p.29), the Democritus Center in Greece; AID 1970, the KAIS in the Re-
public of Korea; KHAN 1969 (p.85), the PINSTECH in Pakistan; CEN 1970
(p.32), the NAS chemistry project in Brazil; and WU 1970 (p.102), the
University of Science and Technology in the People's Republic of China.
The FORGE project, which provides small amounts of support to out-
standing researchers in Latin America (FORGE 1971) can also be considered
as producing miniature centers of excellence. PRICE 1969c, very much
in favor of such centers, nevertheless quotes Robert Merton's remark that
such centers are based on the "Matthew Principle": "Unto him that hath
should be given, and unto him that hath not should be taken away even
what hc hath." One can imagine that centers of excellence are not always
popular locally among the rest of the institutions,

As mentioned above, applied research in LDCs is likely to lack
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quality. For a wealth of comments to this effect, see UNESCO 1970b (p.21);
SINGH 1965 (p.43); JONES 1971 (p.117) for industrial research; UN 1971a
(p.171); and SHAH 1967 (p.390). SALAM 1965c (p.39) provides an illustra-
tion of a local problem that should have been solved by indigenous scien-
tists and technologists, but actually required international assistance:
the problem of salinity in Pakistan remedied by the driiiing of a system
of tube wells. Thus, centers of excellence in applied research, as KIST
was intended to be, are particularly important contributions to the sci-
entific infrastructure.

Research has many ingredients. RANGANATHAN 1959 describes the great
personalities in Indian science; KOPECZI 1972 discusses the encouragement
of young scientists in Hungary. That equipment is not usually a major prob-
lem is affirmed in MORAVCSIK 1964c (p.171); 1965b; ZAHLAN 1970 (p.14),
with reference to the "inert possessors of equipment"; OECD 1969 (y.213),
based on a Turkish questionnaire; and ALLISON 1960 (p.318). Equipment in
the People's Republic of China is thought by most observers to be very
good (WU 1970, pp.433-7, and HAMBRAEUS 1972, p.152).

The problem of spare parts is generally recognized as much more vexing
(UNESCO 1970a, p.78; RIAZUDDIN 1970; SABATO 1970, p.189; and ZAHLAN 1970,
p.15, gives an incredible example of incompetence in a case when funds
for spare parts were in fact available). 1 have advocated centralized
.tore rooms (MORAVCSIK 1964c, p.197) and have pointed out that bilateral
1inks between institutions in ACs and LDCs can be used to obtain spare
parts (MORAVCSIK 1971b). The lack of stockrooms in chemistry is deplored
in NAS 1972b (p.7). Instrumentation is discusscd in UNESCO 1970a (p.78)
with a recommendation of inventory controls. Problems of repair and up-
keep, suggestions for roving mechanics, and other remedies can be found
in MORAVCSIK 1964c (p.197), ALLISON 1960 (p.320), and NAS 1971f (p.6).
Some research institutes lack laboratories altogether: OECD 1969
(p.210) indicates that such is the case for 10-28% of Turkish institu-
tions. The situation in India with regard to instruments and chemicals
is reported in RAHMAN 1973 (p.175)}.

Library and information services (mentioned in Chap. 4) appear in
discussions of research, such as MORAVCSIK 1964c (p.197) and JONES
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1971 (p.15); UNESCO 1970a (p.70) specifies the tasks of a documertation

seryice as "to procure copies of publications (mainly journal articlas)
specifically requested by research workers; to draw the research workers'
attention to literature likely to be useful to them, even though not
specifically requested; and to provide translations of material published
in languages unfamiliar to the research workers." Libraries are not
everywhere available. OECD 1969 (p.210) reports that only 39% of Turkish
institutes in the natural sciences have their own libraries.

The communication of research results can be used as a measure of
scientific activity. PRICE 1964a (p.206) points out, hewever, that indus-
trial scientists cannot be easily evaluated in such a way. Certain
countries have used this measure for studies. Such efforts in Turkey
are reported by Ozironu in NADER 1969 (pp.161,162) and TURKELI 1972,
ZAHLAN 1969a (p.B) estimates on the basis of publication counts that
scientific activity in the Arab world increased by 25 times between 1960
and 1966 (but is still at a very low level). In an unusually well-
documented and useful publication, RANGARAD 1967, extensive data are
provided on Indian patterns of publication. Productivity is very low,
about 0.1 papers per scientist per year. The People's Republic of China
has achieved large increases in activity; the publication count increased
by nine times between 1950 and 1959 (WU 1970, p.440). In a similar
manner, patent counts can be used as a gauge of technological activities.
Examples are given in MORAVCSIK 1973g (pp.31,109,110) for the Republic
of Korea; WU 1970 (p.441) for the People's Republic of China; and RAHMAN
1973 (p.132) for India.

Standards of measurement and metrology in general are important
both in science and in technology, as remarked in UNESCO 1970a (p.71),
JONES 1971 (p.15), and MATHUR 1947, The latter describes the National
Physical Laboratory in India which is principally respons’ble for such
matters in that country. The US MBS has provided assistance to LDCs in
these areas (NBS 1971b and 1972b), as has the NAS (NAS 1968c, p.13,
reports on a seminar in Brazil). The availability of buildings to
house scientific research is usually not a serious problem (MORAVCSIK
1964c, p.171, and OECD 1969, p.213).
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An unusually eloquent article on the organizational problems of
research is SABATO 1970. The author describes how research centers are
initially supported by governments and brought to the point when they are
about to become productive, at which point the suppert ceases. Sabato
also points out the evils of the civil service system in scientific
research. He explains how its system of promotion is antithetic to the
rewarding of merit, deomonstrating that a scientist who has been around
long enough and has not done anything bad can become director of an
institute. Civil service systems abound in regulations which often
cramp the style of a creative person with an individual flair. UNESCO
1969a (p.64) specifically urges that the civil service system not be used
in science. GOWON 1972 (pp.63-4) indicates that in Nigeria, for example,
scientific manpower will be placed outside such a system.

The special problem of aging scientists is analyzed in MORAVCSIK
1970a. OECD 1969 (p.216) alleges that there are too many older scientists
in Turkey, but the statistics do not seem too serious (p.201). In
general, this malady plagues only those countries where science has
existed for some time on a low and unproductive level. Other countries,
however, will have to deal with it sooner or later.

The following are references on research in particular countries:
MORAVCSIK 1973g deals with five countries: Republic of Korea, Indonesia,
Nigeria, Turkey, and Brazil.

Turkey: OECD 1969 (pp.181-237) and Ozinonu in NADER 1967 (p.141).

Republic of Korea: KOREA 1972a (pp.44-53,168-74). This reference
abounds in detailed statistics.

UAR: Sabet in NADER 1969 (pp.187-236) and MITCHISON 1960.

India: WILSON 1972 (pp.343-94); CST 1970; and RAHMAN 1973.

Thailand: NICHOLLS 1961.

Pakistan: KHAN 1969 (p.85).

The Arab World: ZAHLAN 1970 (pp.23-7), as well as other writings
of Zahlan.

Philippines: PHILIPPINES 1966.

Colombia: NAS 1968a gives a list of research institutions.

East Africa: WORTHINGTON 1948.
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People's Republic of China: THOMPSON 1963; WU 1970 gives a table
of research fields (pp.563-92); and DEDIJER 1966, a bibliography.

Republic of China: CHINA 1972 (pp.8,9-14) gives a detailed report
on basic and applied research.

A few references should be mentioned here which describe interna-
tional contacts aimed specifically at research activities. The NAS has
been very active, mainly by organizing seminars (NAS 1965a, 1968c,
1969¢c, 1971a, and 1972a). The IAEA has its own in-house laboratory for
research relevant to LDCs (IAEA 1973a, p.31). As SALAM 1968 (p.14)
remarks, however, most UN activities are in applied resea:ch and
technology.

Latin America fares better. OAS has an extensive program for sup-
port of basic, applied, and technological research. (See OAS 1972, pp.6,
10-19 for descriptions of programs and OAS 1970 for a list of projects.)
INTERAMERICAN 1969 records a loan of $134 million by the Interamerican
Bank to Latin American institutions, some of which will go to the up-
grading of research. CLAF stimulates research in Latin America by em-
phasizing interaction among the separate national science communities
and has taken a stand against the idea of large regional laboratories
similar to CERN in Europe (CLAF 1971, pp.3,4). MORAVCSIK 1971a (p.62)
urges the establishment of joint research projects between scientists
in ACs and LDCs. MORAVCSIK 1971b outlines channels through which re-
search institutes in ACs and LDCs can interact. CLARKE 1971 (p.46)
proposes new worldwide goals for research which are more equitable to
LDCs, an approach also taken by the UN World Plan {discussed in detail
in Chap. 7). KOVDA 1968 (p.16) is an example of calls for an increased
effort in research on development.
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SIX
Planning, Policy,
and Management

The planning, organization, and management of science are in a less
developed state than scierce in most LDCs. (These will be referred to
as "providing for science.”) This is a consequence of several factors.
First, there are considerably fewer scientists in LDCs, and hence

there are fewer candidates to participate in such activities. Second,
interest in these matters within the scientific communities of LDCs is
generally less pronounced. Third, there is a basic lack of knowledge
in this area in terms of experience and familiarity with available 1it-
erature. Yet, such expertise is needed in LDCs more than in ACs.
"providing for science" is therefore crucial to the building of science
in LDCs.

Providing for science is not exactly held in high regard within
the scientific communities of ACs. Most of the present generation of
scientists matured in an era when science in the ACs was booming. A
transition was being made from relatively small science to Big Science.
Support was amply available, and mistakes in science-building were
camouflaged by the evplosive rate of development. Even in recent years
when the great upsurge of science in the ACs has slowed, most scientists
have clung to the belief that providing for science is something they



do not have to worry about; someone else will perform the task fault-
lessly and generously. Fortunately, there have always been some scien-
tists who thought otherwise, who "saved" their colleagues by devoting
themselves to providing for science. I suspect that even in the ACs,
however, such a casual attitude toward providing for science will be-
come increasingly untenable. The time is not far when these matters
will be a standard part of the graduate education of a scientist.

Providing for science is both an art and a science. As usually
happens in such situations, it evolved first as a collection of indi-
vidual, empirical accounts by pioneers in the field. To enhance this
knowledge, attempts were made to collect factual (often statistical)
descriptions of scientific structures and communities in various coun-
tries. Building on the anecdotal and statistical framework, a "theo-
retical" approach began to develop using methods of both the natural
and social sciences. The new academic discipline created is often
called the science of science or in some contexts the sociology of sci-
ence. The present state of our understanding is, nevertheless, rudimen-
tary indeed. We are far from being able to formulate guidelines for the
building of science on the basis of what we know of the science of
science; directives based on empirical evidence and experience are
neither sufficient nor unambiguous. Thus, providing for science re-
mains as much an art as a science, leaving considerable room for indi-
vidual creativity, ingenuity, and judgment.

Analytical work on the science of science and on science develop-
ment has evolved in several directions. For example, one of the impor-
tant prohlems is how to establish criteria for scientific choices that
arise in the daily work of a scientist as well as in the shaping of the
scientific activities of a whole country. This problem is closely tied
to the methodology, history, and philosophy of science. Other prob-
lems involve sociology and economics: economic aspects of studies of
the growth of science and investigations of the economic aspects of
scientific research are examples of work in this area.

The economic analysis of science has important limitations. Fol-
Towing a well-established method in economics, scientific activity can
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be considered as an input-output problem: certain necessary ingredients
are invested, and certain results are obtained. This approach, as
applied to science, works very well as long as one deals with the in-
put: manpower, equipment, money, etc. can be dealt with relatively
easily in quantitative terms. In sharp contrast, the output of science,
scientific knowledge, is very difficult to measure and evaluate. The
usual “"remedy" is apparently to ignore the difficulty ond concentrate
on a meticulous treatmert of the input. This lends a striking aura of
unreality to most discussions of science policy.

Heasures of scientific output have been suggested. Since scien-
tific publications are repositories of scientific knowledge, one might
simply count articles as a measure. Among the many shortcomings of
this method, one of the most serious is the absence of any index of
quality. As an improvement, citation counts are sometimes used on the
assumption that articles frequently cited are "better" and should be
weighted accordingly. This measure also has severe limitations (for
example, it cannot distinguish among scientific activity, productivity,
and progress). In spite of these shortcomings, publication counts and
citation ratings have developed into a useful tool for roughly esti-
mating scientific output.

Two observations are appropriate here. First, even if providing
for science were a perfectly developed procedure with clear directives
about what to do and when, it is highly unlikely that the actual prac-
tice of providing for a particular scientific community would proceed
according to such directives. As George Kennan remarked, the world is
governed not by realities but by the shadows of realities. The actual
development of science will at best be a shadow of the theoretical
directives because of the emotions and imperfections of human beings
involved.

The second remark pertains to any kind of development activity:
it is more difficult to build than to destroy. This is the application
of the second law of thermodynamics to human affairs, and illustrations
are abundant. A long, arduous effort by many devoted people can be
negated quickly by a dose of stupidity, ignorance, indiffere:ce, or, in
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some cases, bad luck. Rapid progress will be rare indeed, and repeated
setbacks should be expected.

How can a practical framework be established for providing for
science in an LDC? Here again, the beginning of wisdom is to know what
is already being done. It is important to collect factual information
of all kinds about existing scientific activity and the factors which
may influence it. In collecting the information, definitions must be
agreed upon, methods of reliable collection must be devised, the impor-
tant parameters must be delineated, and so forth. It is important that
this be done in a uniform way in all countries so that comparisons be-
tween countries can be made. International organizations, such as
UNESCO and OECD, have contributed substantially to the streamlining of
data collection.

After the diagnostic study, a scheme can be devised for providing
for science. Such a scheme is often called a science policy. It is
important at the outset to point out the doubie meaning of this term.
Science policy can be regarded as the measures taken to assure creative
and productive scientific activity, policy within science. However,
science policy can also include those actions taken in a variety of
areas with the help of science, policy with science. Considerable con-
fusion occurs in public discussions and in the literature because of
the double meaning of "science policy."

Part of the confusion is a result of claims that science policy
must simultaneously consider methods of developing science and methods
of developing with the help of science. Supporters of this approach
argue that in order to shape science, one must know what one wants to
do with it, Since the utility of science in LDCs is its applicability
to practical problems, they say, science should be bent in that direc-
tion from the beginning.

I believe, however, that the distinction is an indispensable prac-
tical element in the building of science in LDCs. Experience with
problems of science development in various countries indicates that a
large majority of problems within science are universal, independent
of geography, cultural and political traditions, and other specific
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influences. If we differentiate between policy within science and pol-
icy with science and concentrate on the former, we can make use of
accumulated worldwide experience. Policy with science, in sharp con-
trast, depends on the particular country and time involved. Cultural
traditions change, political systems come and go, public fads flare and
vanish, "national goals" sometimes have lifetimes shorter than a rain-
bow; for all these reasons, policy with science changes rapidly. It is
a tragic mistake, it seems to me, to impose such a burden on the long-
term task of building science in which continuity is so important.

This should not be construed as a denigration of the importance of pol-
jcy with science which every country must pursue vigorously. On that
subject, however, there is not much that an outsider can or should say.
I will therefore concentrate on policy within science.

The distinction between policies within and with science is also
important because it contributes to a separation of policy within sci-
ence from politics. Some argue that science policy and politics must
be closely linked. On the other hand, the relatively objective and
long-range nature of science development has proven to be quite incom-
patible with the highly subjective, emotional, and variable nature of
politics. There are innumerable examples of destructive political
interference with science development. There are also examples of
politically turbulent countries where mutual restraint on the part of
both the government and the scientific community nevertheless assured
the stability necessary to provide for science.

It is not difficult to enumerate some of the destructive effects
of mixing politics and policy within science. Instead of the customary
scientific procedure to determine whether or not a certain statement
js correct, the criteria are ideological. In fact, the spirit of cri-
tique may be eliminated altogether because criticism is equated with
sedition. Personal animosities which exist within a scientific commu-
nity, even if it is nonpolitical, are escalated a thousandfold by the
use of political weapons.

Fortunately, the majority of scientists resent political inter-
ference with scientific matters, especially if the politics is different
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from their own. In authoritarian countries where science must conform
with the ruling ideology, political control is usually imposed in spite
of the preferences of the local scientific comomunity. In politically
heterogeneous societies, where the intrusion of politics into other
activities must be more subtle, some scientists are tempted to blur the
distinction between politics and policy within science. As a rule,
however, the separation is fairly well-maintained.

The separation of politics from policy within science does not
mean, of course, that scientists should not communicate with poiiti-
cians. Nor does it mean that political leaders can afford to be igno-
rant and oblivious of science. On the contrary, political leaders
must treat science similar to a city's water supply by maintaining it
regardless of circumstances. In return, politicians can reasonably
expect that the scientific community will remain nonpolitical and con-
fine itself to the long-term tasks of science development. This re
quires restraint and a degree of sacrifice on both sides. Scientists
in an LDC must realize that their role in the future of their country
is likely to be murh more effective if they devote themselves to
science development rather plunging into political skirmishes. If they
try both, they are likely to lose both.

The distinction between policies within and with science has
another advantage: the former can be examined more or less inde-
pendently of the general development nroblems of the country. Prog-
ress by any group in any area has a variable pattern in that prog-
ress usually does not occur uniformly along a broad front, but in
spurts. The more tightly the various participants are linked, the
more difficult it will be for any one of them to make progress since
strong coupling tends to pull everything down to the lowest common
level. Specifically, a country with great Jdifficulties in many
areas of development may still make considerable progress in its
building of scientific infrastructure if sri~nce is left to evolve
by itself without being tied to other, mo. problematic areas. These
principles are discussed more specifically in the second section of
this chapter.
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In any discussion of policy within science, the question immedi-
ately arises whether planning within science is passible at all. Isn't
scientific discovery so unpredictable, and creative activity in science
so inscrutable that planning for it is a contradiction in terms? There
is a considerable difference of opinion. In some countries where plan-
ning has become institutionalized whether successful or not, science is
also planned. In other countries, planning is frowned up.n, and the
law of the jungle is ccnsidered natural. In most countries, however,
an intermediate approach is taken. Experience seems to indicate that
while some planning of the input into science is helpful, planning
invariably imposes rigidity on the scientific infrastructure, a detri-
mental effect. For example, if the training of manpower is planned
quantitatively, employment opportunities must also be planned to
accommodate the new manpower. Frequently, the result is that jobs are
created whether necessary or not, and people are assigned to jobs
whether they like it or not.

Whatever degree of planning is undertaken, certain general guide-
lines should be kept in mind. First, planning for science and policy
within science are not substitutes for doing science. The proper
function of planning and policy-making is to produce optimum concitions
for indigenous creative scientific activity, a principle unrecognized
in some LDCs. Like the "syllabusitis" mentioned in Chapter 2, which
prevents the improvement of educational methods, preoccupation with the
formalistic aspects of planning can divert attention from the substance
of development of a scientific community. For this reason, it is
rather pointless to prepare an elaborate plan for science in a country
where indigenous scientific activity is negligible.

Second, planning for science should be very flexible. Provisions
must be made for continuous feedback into the plan itself so that it
can be adjusted according to the requirements of the moment.

Third, planning for science must be consistent over an extended
period of time. This is perhaps one of the most importani functions of
planning. [t can make people aware of the necessity for continuous
support for science on whatever level. It is more heipful to have a
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consistent, modest effort in science development than a more generous,
stop-and-go pattern of support.

Fourth, policy within science must be developed locally, with the
cooperation of the indigenous scientific community. Suggestions from
abroad may be sought and considered, but the final product must have a
local character. Unlike natural resources, or even manufacturing
plants, science policy cannot be imported from a foreign country and
“nationalized."

It is important to realize that LDCs need not re-enact all stages
of science development that have occurred in ACs. In some respects
the situation for LDCs is simpler. They can profit from ' he experience
of ACs, and international cooperation and assistance are available. In
other respects the situation is more difficult., Parity in science is
more difficult to attain now than it would have been 40 years ago when
science was done on a small scale even in ACs.

One of the primary differences between ACs and LDCs in doing
science is that in the latter, almost every member of the scientific
community must be occupied simultaneously with doing science and cre-
ating the conditions under which science can be done. Science in an
LDC is eternally "undev construction,” with roadblocks, rough pave-
ments, detours, and delays as pari of the process. It is essential
that the indigenous scientific community accept this as a natural part
of the developmert process; too often it becomes an incentive to ewi-
grate to the scientific communities of the ACs where the road may be
smoother and the "irrelevant" obstacles fewer.

Providing for science has three parts: planning, making specific
decisions, and implementing. As indicated earlier, large-scale plan-
ning may not always be advisable. Making specific decisions is unavoid-
able, howzver, and implementing decisions is essential. It is regret-
table, therefore, that in many LDCs too much energy and manpower are
devoted to planning while the making of specific decisions receives
much less attention and implementation even less. The result is often
a grandiose scheme on paper which proves to have only a tenuous rela-
tionship with realities within the scientific community. It is
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noteworthy that the US, presently the wost advanced country in the sci-
ences, has never had an overall science plan. Even countries with a
predilection for planning, such as the USSR, when confronted with scien-
tific problems of high priority, use more practical, ad hoc methods to
achieve optimal results.

After these caveats and reservations, let me now discuss how
pelicy can actually be formed. Tie ingredients are education, man-
power, research, finances, auxiliary facilities, physical plant, and
organizational structure. Of these, all but finances and organiza-
tional structure are discussed in previous chapters. The remaining two
will be dealt with here.

The problem of finances has two important aspects: (1) What per-
centage of the total resources of an LDC should be allotted to science?
(2) How should the funds allotted to science be distributed? I consider
the second question more important than the first, ard I shall there-
fore discuss it first.

Formalistic order has a certain esthetic appeal which prompts some
to urge the creation of a centralized science administration in which
a single agency distributes all funds for scientific activities. How-
ever, this neat system has several important disadvantages. The funding
of science is not itself a science but involves much judgment; to rely
on the judgment of only one group of people in all coses is, therefore,
inadvisable. Graft, corruption, and influence-peddling through per-
sonal channels, dangers in any country, are more likely to occur if a
single agency wields all the funding power. Since scientific activities
are diverse, centraliccd funding is 1ikely to require an excessively
cumbersome administrative mechanism. Lastly, the danger that politics
will interfere with science 1s more acute when one central organization
holds all the purse strings. It is therefore essential, even in coun-
tries in which a single agency is in charge of science policy, to dis-
tribute the power of funding among a number of agencies.

The importance of individual merit grants needs to be emphasized.
The easiest, least guarrelsome, and also least productive way to dis-
tribute funds is to divide them equally among all possible contenders.
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A government may divide all available funds equally among its minis-
tries. the Ministry of Education its share equally among all universi-
ties, each university its share equally among all departments, and
each department its share equally among all faculty members. What is
missing from this system is an acknowledgement of the importance of
quality, perhaps the most important characteristic of a successful
scientific community. An alternative system in which quality is rec-
ognized encourages all scientists to submit individual research pro-
posals; each proposal is evaluated, using peer judgment, on the basis
of the inherent merit of the proposal and the research proposed. (To
arrange for impartial and competent peer judgment in the small scien-
tific communities of most LDCs is not an easy matter. A possible solu-
tion is to involve members of the international scientific community in
such refereeing as international journals do when judging papers for
publication.) Exclusive use of the individual grant system also has
its drawbacks, however, since a certain level of institutional devel-
opment is needed before a good research proposal can be conceived and
submitted. A combination of the two systems seems best, with funds
being distributed both ways. In practice, however, the institutional
system is used almost exclusively, a serivus retardation of progress
in science development.

A significant methud of persuading institutions to cooperate in the
distribution of funds for research is the system of "overhead payments."
For example, some universities are reluctant to provide a research
environment for their faculty even if research funds are furnished by
an outside agency. In such situations, it is possible to induce change
by making "overhead" payments to the universities, presumably as com-
pensation for the cost of housing research. While this appears to be a
good method for rejuvenating fossilized universities, it also has its
dangers. It appears to establish the principle that universities need
not pursue research on their own initiative, that it is a favor ex-
tended by them to the government when research is donz at a university.
Such difficulties have arisen recently in the US, indicating that the
device of "overhead" payments should be handled with some care,
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In attempting to establish guidelinzs for the allocation of finan-
cial resources tu scienc: as a whole, one runs into several difficulties.
Statistics are often unreliable due to the difficulty of classifying
expenses into categories, incompleteness of information, and the attempt
in some countries to use statistics as a tool of political propaganda.
In addition, the basis for setting financial guidelines is disputed.
The most common benchmark used is the gross national product (GNP). It
is sometimes claimed that the GNP cannot serve as an equally valid
basis in countries with differing economic systems and stages of devel-
opment. Yet, the GNP seems to be a useful tool for setting approximate
guidelines, especially since the uncertainties about its validity
appear to be much less than the discrepancy between the recommended and
the actual science expenditures of LDCs.

Guidelines for expenditures on cience are usually set in terms of
a certain percentage of the GNP. These guidelines are then attacked
by some as being to a large extent arbitrary. I tend to agree, though
I also velieve that the way allocations are spent is often more impor-
tant than the amount spent. At any rate, setting definite targets in
terms of percentage of GNP serves several purposes. First, the glaring
discrepancy between even a modest target and present realities empha-
sizes that many LDCs have not done their share in building their own
science. Second, an internationally accepted target can help (and in
fact has helped) to spur LDCs into a competitive effort to reach the
goal. Third, agreement on a worldwide quantitative target helps elim-
inate constant argument in governmental circles over how much should be
allocated to science.

What are these guidelines? It is generally suggested that LDCs
spend 1% of their GNP on R&D with 10-20% of that amount spent on
fundamental research. The status of the latter figure is discussed in
some detail in Chapter 5. I shall comment heire only on the overall
figure of 1%. It was arrived at partly by comparison with ACs and
partly by considering what LDCs can realistically be expected to attain
in the immediate future. Leading ACs presently spend about 2-3% of
their GNP on R&D, uf which about one-third is for military research.
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Assuming, therefore, that LDCs do not spend money on military research
(a quite urrealistic assumption) and considering the generally diffi-
cult financial state of most LDCs, the figure of 1% is obtained as

a target.

One percent is indeed a small figure, and the major activities in
an LDC, such as agriculture, certainly would not lose much if that
amount were taken out of their own appropriations. Nevertheless, the
actual figures for most LDCs are much lower, averaging perhaps 0.2%.

To be sure, the percentage is increasing in many LDCs, some quite rapidly,
but the figures are still considerably below th: target. This is
unfortunate since presumably the countries with the lowest standard of
1iving need the most strenuous effort to "clos: the gap." Instead,

there is a positive correlation between the standard of living already
achieved and the percentage of GNP spent on R&D. The gap is increasing
rather than decreasing.

In fact, the situation is worse than that. The absolute amounts
spent by LDCs on R&D are very small compared to similar expenditures
in ACs, but the cost of research per scientist per year is not very
different in LUCs from that in ACs. There is a slight tendency for the
expenditure per scientist per year to be lower in LDCs than in ACs, but
it is not clear whether this is because research is cheaper in LDCs or
because .cientists in LDCs are not supported adequately. If we assume
that the former cause is the case and gain, say, a factor of 3 in
favor of LDCs, we are nevertheless confronted with the fact that per
capita axpenditure on R&D is about 300 times less in LDCs than in ACs.
Even witn this optimistic assumption, we find that the average American
buys at leas* 100 times as much research every year as the average
inhabitant of an LDC, a staggering discrepancy.

Salarmes of scientists have about the same relationship to the
rest of the population in LDCs as they do in ACs. Scientists tend to
be in the well-paid segment of society, though very seldom in the top
financial bracket. The absolute differences between couitries can, of
course, be large, and this induces some migration. Compared with the
many other staggering problems confronting the building of science in
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LDCs, however, scientists' salaries do not appear to be one of the
major obstacles. (There are exceptional cases where salaries need to
be readjusted.)

In even shorter supply than funds is foreign exchange. Most LDCs
have an unfavorable trade balance so foreign exchange is scarce. It
is, therefore, important to include an adequate amount of foreign
exchange in science appropriations to pay for international travel,
importation of equipment not locally available, subscriptions to sci-
entific journals, etc. Since foreign exchange is one of the most
bothersome elements in the financing of science in LDCs, it is one of
the prime areas where international assistance can be effective.

The remaining aspect of providing for science is organizational
structure. Here again, formalistic tendencies often come to the fore
with detrimental consequences. The purpose of organization is not to
produce organizations but to facilitate the creative activities of the
members of such organizations. For example, national science councils
should serve not to honor scientists with longstanding careers but to
facilitate communication between the scientific community and the gov-
ernment and tu suggest ways to improve the conduct of scientific re-
search and education in the country. Communication with the political
comunity is of particular interest in an environment where the value
of science is not generally appreciated and where decisions on providing
for science tend to be made by groups entirely external to the scien-
tific community.

The question of whether organizations should be centralized wher-
ever possible (as the trend seems to be) can also be evaluated in a
pragmatic context. The arguments against centralized decision-making
in science are similar to those against centralized funding. On the
other hand, if a national science plan is needed, the plan regquires a
central authority. Plarning may, therefore, be centralized, but deci-
sion-making, funding, and implementation are handled better if they are
decentralized.

A problem closely related to the lack of functional approach to
organization is the phenomenon of sprawling bureaucracy. The
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coordination of activities which depend on creativity..intuition. impro-
visation, and flexibility with a support system necessarily steeped in
the systematic, formalistic realities of everyday life is a sensitive
task even with mutual understanding and a basic agreement on goals.
Friction between scientists and administrators exists everywhere. The
interaction can turn into a hopeless battle if the support system is
bureaucratized by mechanistic, inimical personnel insensitive to the
importance of time in the development process. (That bureaucracy can
also seep into the scientific community is pointed out in Chap. 5 in

the context of the civil service.)

In comparison with the general nature of an organization, its
exact structure is of secondary importance. In some countries, minis-
tries of science and technology have been formed while in others the
top organization for making policy within science is a National Research
Council or similar group. In some countries, the academy of sciences
plays a major role in such matters while in others the academy has no
power at all, It is, therefore, futile to try to decide in principle
which of the various possibilities is optimal for a given country.

That will depend more on the personnel involved, on the ease of com-
munication with other relevant governmental agencies, and on the influ-
ence exerted by the organization at the national level. The latter
generally depends on the effectiveness of a few key individuals located
at or near the top of the organization.

In most LDCs, the majority of scientific activity takes place in
governmental research institutions, generally by default. Industrial
research is still in its infancy, while universities are either few or
inexperienced in research, or both. The problem of how to apportion
research among these three types of institutions is discussed in Chap-
ter 5. It is clear that in many LDCs, universities need strengthening
in quality and in quantity. It is equally obvious in most LDCs that
industrial research is in need of strengthening. Si.:.ce governmental
research insiitutions tend to be more bureaucratized than university
research establishrcnts {though not necessarily more than universities
as a whole), the productivity of science could probably be increased by
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a more equal distribution of research among the three candidates. On
the other hand, in a country with a very small scientific community,
the requirement of a critical mass might necessitate the formation of
science centers even at the cost of competing with university develop-
ment. This is particularly true in applied research where interdisci-
plinary teams are an advantage. In all such institutions, the guiding
principle should be strong leadership with maximal freedom for indi-
vidual scientists.

Customs offices constitute a sprcial organizational problem.
Scientific activity depends on the international exchange of literature
and equipment. In such exchanges, time is of utmost importance. If a
journal arrives six months late, its utility is at best halved. If a
spare part for research equipment takes months to clear the customs
office, the resulting delays, when compounded frum spare part to spare
part, can be so huge as to exclude the possibility of meaningful re-
search altogether. This i: quite obvious; yet, problems with local
customs offices are common in all LDCs. "Solutions" have been worked
out by ingenious scientists involving a combination of persuasion and
remuneration, but this is hardly the remedy. In this case, the blame
must be placed squarely on the local government. The problem can be
solved without new expenditures or any scarce commodities.

Throughout this discussion, I have suggested that the key ingre-
dient ir providing for science is the human element. Science planning
bodies must be interdisciplinary, including economists, politicians,
and industrial representatives. But the majority of members in such
bodies should be scientists chosen for their high standing within the
scientific community as well as for their interest and expertise in
matters of science policy. No effective policy can be formulated
without the consent of the community to which the policy will apply.
It is an important requirement that the average scientist have confi-
dence in the policy-maker. Science administrators should aimost aiways
be scientists themselves. Specifically needed are persons with scien-
tific careers sufficiently satisfactory that they can communicate with
fellow scientists without hidden feelings of inferiority. The emphasis
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must be on their personal satisfaction with their own scientific accom-
plishments, a satisfaction not closely related with the "absolute"
standing of a scientist. There are outstanding scientists who feel
insecure in spite of their distinguished accomplishments, and there are
less eminent scientists who are nevertheless heartened by their own con-
tributions to science. The latter have attained a certain serenity of
mind necessary for smooth and effective interaction in a decision-making
role. It is important that the administrators be scientists because
scientists interact with other scientists much better than with "out-
siders," whom they consider bureaucrats. Though such judgments are not
necessarily justified, organizational contacts depend not so much on
facts as on images. Yielding to the preferences of scientists in these
matters is, therefore, a wise thing to do.

Middle-aged scientists seem to be the best choice for administra-
tive positions. While thcy are perhaps not as creative in original
research as they used to be, they have usually acquired through years
of experience considerable knowledge of how to deal with scientific
problems. They are also able to see scientific issues in a broader
perspective than the particular technical aspect. A very large frac-
tion of the science administrators in ACs have such a background, and
there is no reason to believe that this practice would not work in
LDCs. There is a danger, however, that administration will be construed
by some scientists as a refuge from an unsuccessful career in research.
In many LDCs, administrative posts carry higher social prestige than
research positions which adds to the temptation. Scientists who obtain
administrative positions as an escape from research seldom make suc-
cessful administrators; they probably do more damage to the cause of
science in LOCs than if they had remained merely unsuccessful
researchers.

In providing for science one cannot overemphasize the importance
of outstanding personalities, of exceptional individuals. In an AC,
the scientific community is large, traditions have been established,
and the process of further development is likely to be orderly and
gradual. In contrast, science in an LDC is generally in a state of
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turmoil. Few people are in a position to take effective action, and
even fewer have the ability to exploit such a position. Opportunity
for an able individual is much greater in an LDC than in an AC. It is
essential to give exceptional science leaders the opportunity to con-
vert their energy and talent into accomplishments.

It is exciting to view the activities of some of these exceptional
people but also sad to see how often they get embroiled in local
feuding and personal battles within their scientific communities. Such
infighting appears to be more common in LDCs. Perhaps the small size
of the scientific community and the resulting lack of opportunity for
antagonists to avoid each other contribute to this phenomenon. In some
countries where everything has been politicized, these personal bat-
tles take on political overtones with frequently ominous consequences.
To an outsider such conflicts appear completely irrelevant and a sorry
spectacle of wasted human resources.

We have enumerated the desirable qualities of science administra-
tors. How can scientists be imbued with these desirable attributes?
The education of science students in LDCs {or of students from LDCs
being educated in ACs) should include discussion of problems providing
for science. The sizable literature on this subject embodied in arti-
cles, reports, documents, and conference proceedings is virtually
unknown to most scientists in LDCs, even to some very distinguished
science administrators. While reading this material will not itself
produce an expert in science policy, knowledge of experience elsewhere
is helpful. Reference to international experience can buttress the
arguments presented to local governments. Unfortunately, the material
in question is not readily available to scientists in LDCs, a problem
that must be dealt with by the scientific community in ACs and by
international agencies.

Makers of science policy in LDCs must make u conscious effort to
educate their successors by delegating some responsibility, a difficult
task. In the midst of an exciting and exhaustive effort at science
development, the most efficient method of operation often appears to be
(and is) doing everything oneself. A1l too often, when brilliant
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science developers in LDCs retire from the scene, their achievements
suffer greatly for lack of the continuity which they neglected to in-
still.

Evaluation of the results of efforts to provide for science should
always be made through personal, extended visits by members of the
international scientific community so that a consensus of well-informed
views can be developed on the state of science in the country in ques-
tion. It can be extremely misleading to come to conclusions simply by
reading formal reports, input statistics, national science plans, pub-
lication counts, and the like. There is often a discrepancy between
the elaborate complex of formal indicators and the reality within the
scientific comunity as viewed by a knowledgeable but impartial fellow
scientist. Providing for science is a necessary, difficult, and desir-
able activity, but it is futile without scientists who are energetic,
competent, and motivated--qualities which do not appear in formal docu-
ments but are immediately evident to an experienced visitor.
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Background and Comments

That providing for science is not well-appreciated in scientific com-
munities is a well-known fact to anyone within such a community. It
is mentioned specifically in NADER 1969 (p.460), and the attitude is
prevalent among my scientifically eminent colleagues at my university.
Policy with science is urders*andably more popular since it appears to
offer a legitimate outlet for scientists to deal with problems often
far outside their competence. Policy within science is regarded as
something that any scientist could handle but generally does not want
to. Training fir it, therefore, is considered unnecessary, and formal
studies of the science of science are dismissed as feeble attempts by
those outside the sciences to match the knowledge about these matters
that scientists inherently have.

Nevertheless, the science of science and science policy have been
developing quite rapidly in recent years. UNESCO 1971b gives a list
{incomplete) of science policy research and teaching units around the
world, covering both policy within and policy with science though not
clearly distinguishing between the two. Some 340 individuals and groups
are listed of whom a large number have interests in policy with science
or in policy related more to technology than to science. Unfortunately,
the peculiar classification of fields of interest (p.197) prevents the
reader from easily determining what fraction of those listed is con-
cerned with policy within science

There is no denying that the science of science and providing for
science are still in their infancy. JONES 1971 (p.16) remarks that
"the theory of science for development is itself as yet underdeveloped."
BROOKS 1967 (p.27), discussing research on research, suggests that
“there is still an absence of solid generalizations based on reliable
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empirical data." As early as 1959, DEDIJER 1959 {(p.368) pointed out

the need for such studies, especially in the context of LDCs. He

quotes Kepler: "The road by which men arrive at their insights into
celestial matters seems tc me almost as worthy of wonder as those mat-
ters themselves." A prominent spokesman for the science of science has
been Derek de Solla Price (PRICE 1964a, 1965b, 1965¢, and 1966) .
International organizations, such as UNESCO, have been active in this
area (UNESCO 1972b), but Price agrees that their studies are not yet
major tnols in the formulation of practical science policy (PRICE 1965c).
The same point is emphasized in COPISAROW 1970 (p.7).

Criteria for scientific choice constitute a problem of both con-
ceptual and practical interest. UN 1970b (p,11) urges better practical
criteria, but it is not at all evident that the conceptual contribu-
tions to this problem, such as WEINBERG 1963 or MORAVCSIK 1974d, can
easily be cranslated into practical recipes to be used by science
organizers in daily decision-making.

The growth of science has received much attention. When agreement
can be reached on the type of measuring stick to be used, quantitative
results can be produced readily. PRICE 1969a (p.102) reports, for
example, that science grows exponentially with a doubling time cf 7-10
years (and in fact has done this for about 200 years). As a result,

90% of all scientists who have ever lived are alive today. PRICL 1965¢
records Gerald Holton's picturesque expression of the same fact: “Today
we are privileged to sit side by side with the giants on whose shoul-
ders we stand." What the pattern of growth will be in the future is,

of course, a matter of speculation. For a discussion of the factors
determining future growth patterns, see MORAVCSIK 1974e.

That the measurement of scientific output is an unsolved problem
is confirmed in BROOKS 1967 (p.28). The author also points out that
measurement of output is even more difficult in the applied sciences
(p.53). Christopher Freeman, an eminent contributor to economic studies
of science and technology, agrees. FREEMAN 1969a gives detailed instruc-
tions for the collection of data to assess the scientific infrastructure
of a country, but FREEMAN 1969b (p.8), which deals with the theory of
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measurement of scientific and technological cutput, comments that
"there is no nationally agreed system of output measurement, still less
any international system. Nor does it seem likely that there will be
any such system for some time to come. At the most, it may be hoped
that wmore systematic statistics might become possible in a decade or
two." The same conclusions can be found in UN 1970b (p.14) and
MORAVCSIK 19733 (pp.3-7,29-31).

Yet, there is a great reed for evaluating science policy measures
and specific scientific assistance projects. An interesting and laud-
able effort is made in NAS 197 3c (pp.39-65), for example, to gauge the
effectiveness of the international programs of the NAS. Still, the
yardsticks used in that attempt are all concerned with input items.
KOVDA 1963 defines the scientific and technolugical potential of a
country, but again all components of this index consist of input items.

Publication and citation counts have been used with increasing
frequency as measures of scientific output. Details may be found in
PRICE 1964c, 1969a (pp.106-9), 1969c, and 1969d. The tables in 1969a
are particularly interesting. ZAHLAN 1972a points out that the Arab
countries combined have a publication count only one-third that of
Israel alone. An interesting use of publication counts can be found
in TURKELI 1972 and MIRABOGLU 1972 which examine the low productivity
of indigenous Turkish scientists compared with scientists ot Turkish
origin working abroad. An excellent study is RANGARAO 1967 in which
scientific research in India is analyzed using publication counts as a
tool according to types of research institutions, fields of scicnce, and
multiplicity of authorship. Using the same tool, UECD 1968c (p.196)
points out that in Greece, the cost of research per publication in the
"Democritus" research center is 200 times higher than the cost of
research per publication in the institutions of higher learning. One
cannot draw a conclusicn from this fact alone without jnvestigating
the circumstances in detail, but such figures call attention to areas
in which close analysis is needed. Publication counts have some short-
comings, however, as pointed out in MORAVCSIK 1973h. ‘“Rational”
science policy may not govern what actually occw s. As stated in

157



SABATO 1968 (p.24): "The obstacles preventing a given accomplishment
are inversely proportional to the degree of irrationality of the idea."

The process of collecting and classifying data on scientific activ-
ities has a considerable 1.terature. UN 1971a (p.32) singles out one
type of ambiguity in classification, namely, whether to include scien-
tific and technical services in the definition of research and develop-
ment. In order to stardardize definitions, the so-called Frascati
manual was developed (OECD 1963); nevertheless, some ambiguities re-
main. FREEMAN 1969a and UNESCO 1970d provide manuals for collecting
data. A number of sources, such as UNESCO 1969b (p.14), urge the col-
lection and analysis of such data.

A collection and analysis of a very different nature are contained
in GASPARINI 1969, a sociological survey of the Venezuelan scientific
comnunity. It is based on personal questionnaires dealing not only
with "facts" but also with the self-image of scientists in Venezuela.
Such studies can be invaluable in assessing the morale of a scientific
community {see Chap. 8).

The distinction between policy within and policy with science is
in general quite blurred in the literature. Wken OECD 1972b (p.72)
states that "science policy is a policy conducted by the structures
responsible for science and technology within the framework of an over-
all policy," it is referring to both kinds and throws in technology for
good measure. JONES 1971 (p.16) also includes both and claims that
"science policy is much more than a policy for scientific research, and
cannot be treated in isolation.” The same point is emphasized in
N 1970b (p.4): "Until a few years ago, many scientists believed that
science policy was to te restricted to the development of science it-
self, and that state support of scientists was justified by the intrin-
sic value of science. This view was gradually abandoned when govern-
ments started to recognize that srientific activities can be effectively
directed toward practical objectives." This seems to be a particularly
tuzzy-minded statement (in an otherwise cxcellent document). The issue
of policy with versus policy within science is merged with the issue of
the justification of scientific research in general. It also gives
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the impression that policy witk science is a recent phenomenon whereas
it is several thcusand years old.

SALOMON 1971 is closer to making the distinction between policy
within and policy with science in a quote from OECD 1971a:

If science policy is entering a period of uncertainty and re-

assessment, it is not sv much due to the failings in science pol-

icy itself as to the facy that government policy in general and

the goals of society, after a long period of consensus, are them-

selves passing through a period of uncertainty and conflict....

We [his committee] conceived it to be our task to take into account

developments rutside the traditional area of science policy. From

the outset we decided to adopt a more comprehensive approach that

would include goals that carnot be related exclusively either to

the promotion of economic growth or to science for its own sake.
There is a suggestion that policy within science is concerned only with
science for science's sake while policy with science deals only with
practical applications. Salomon adds his own opirion: "Science policy
is in a disarray because society is in a disarray." This can be ex-
pressed more simply in terms of the two concepts of policy within and
policy with science. Policy within science continues to be valid. By
its very nature, however, policy with science changes rapidly, especially
at times when the external factors which determine it are also changing
rapidly. We should, therefore, proceed with policy within science in
the usual fashion. At the same time, we should reshape policy with
science according to contemporary values. In doing so, we must also
reshape the points of contact between policy with and policy within
science.

In contrast, DE HEMPTINNE 1963 (p.234) postulates the distinction
very clearly by quoting Pierre Auger, one of the early figures in
science policy. The names assigned to the two kinds of policy are not
the ones used here, but the differentiation is similar. In BLACKETT
1963, however, both policies are discussed without any indication that
there is a duality.

Let us now turn to the question of politics ana science. 1t is per-
haps noteworthy that in some languages, such as Spanish, the words for
"politics" and "policy" are identical, a circumstance that may contribute
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to the tendency in Latin American countries to mix politics with science
palicy. However, the theoretical proposition that science and tech-
nology have no political labels is reiterated in many quarters. ALLENDE
1972 states. for example, that "I do not belijeve that science and tech-
nology can be given political labels." BULLETIN 1950 (pp.294-5), in a
discussion of the Berkner Report on the jnternational scientific respon-
sibilities of the US Department of State, states that "science per se

is incapable of creatinyg any policy, for science is amoral....There are
formidable differences between problems of science and of international
politics. They show that the method of science cannot be directly
adapted to the solution of problems in politics and in man's spiritual
life." DE HEMPTINNE 1953 (p.236) describes certain pivotal features

of science policy and states: "Investigations carried out by UNESCO

show that the scientifically advanced countries tend to organize
themselves according to the model described above, irrespective of the
structure of the state and po’itical system in power." Confirmation

of this point can be found in DEDIJER 1964a. A point-by-point com-
parison exhibiting striking resemblances is made between the "science
policy ideologies" of the US Republican Party and the USSR Commu-~

nist Party.

A1l these arguments strongly indicate that science can in fact be
treated independent of politics, a policy urged br 2 number of com-
mentators, such as NADER 1969 (p.461), LEWIS 1961 (p.46), MORAVCSIK
1973e, and 1966a. The latter analyzes the reasons why scientists are
particularly i11-prepared to become involved in political affairs. The
opposite advice, that science and scientists must be strongly tied to
politics, comes primarily from proponents of authoritarian or totali-
tarian political ideologies. In these systems, a certain political
ideology is given a standing of absolute validity, and a neutral attitude
is usually equated with a hostile one. In NADER 1969 (p.476), the
Brazilian scientist Lopes urges political involvement of scientists and
adds: "If some prefer to avoid the discussion [of political issues] by
proclaiming obedience to the higher ideal of working for mankind...let
them know that this ideal would be seriously damaged by thair refusal
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to contribute to the removal of the obstacles which impede the access
of the greater part of mankind to the fruits and conquests of modern
civilization" (see also LOPES 1966, p.11). This is a relatively mild
statement, and in the same article, Lopes presents a number of Specific
observations which are in fact useful for the building of science. A
much wilder example is found in BAZIN 1972a which pyoclaims the insep-
arability of science and politics but gives no practical suggestions
for the actual development of science in LDCs. Another example is
BAZIN 1973. Such writing is greatly resented in the LDCs. For the
later paper, Bazin was severely taken to task by the Chilean scientific
community, regardless of political leanings.

Bazin's main inspiration seems to come from views in the People's
Republic of China where the actual subjugation of science to politics
is constantly emphasized. ESPOSITO 1972 (p.37) quotes the bulletin of
the conference of the Party Committee of the Academy of Sciences of
the People's Republic of China: "Science must be regarded as a part of
the proletarian revolutionary cause....Any deviation, divorcing science
from politics, must be resolutely opposed. The facade of the 'science
for science's sake' advocated by capitalism (while in reality science
in the capitalist world serves the interests of monopoly capital)
should be exposed." HAMBRAEUS 1972 (p.150), discussing the status of
science in the People's Republic of China, quotes the ultimate autnor-
ity, Chairman Mao Tse-tung, to the effect that science cannot be
separated from politics. Changes in science policy are decreed from a
central autherity, and within a short span of time one can witness a
kaleidoscopic array of policies. Some are promising and even success-
ful; others are doomed from the start. They follow one another in
abrupt leaps and turns.

Specific detrimental effects of cowbining science and politics are
listed in RYDER 1969a. Scientific criticism is interpreted as political
dissension, the scientific community becomes involved in political
squabbles which consume much time and energy, and individuals with great
political power acquire undue influence in scientific matters. In fact,
scientists generally resent political interference in scientific matters,
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pointed out by Bruno Friedman, the editor of Impact, in his interview
with Salvador Allende (ALLENDE 1972). It appears from that interview
that Allende could not understand how that could be so.

There are numerous recent examples of political interference in
scientific matters. SESHACHAR 1972 (p.137) observes that "[Indian]
universities have become status symbols of politicians rather than
training grounds of future generations of scientists and scholars."
RYDER 1969b reports numerous appointments to leading scientific posts
in Cuba of people with little scientific background but much political
influence. TELLEZ 1966 describes the clash between the Ongania
government in Argentina and the local university scientific community,
an incident in which lack of respect for the separation of politics
and science was evident on both sides. Further comments ¢r the situation
in Argentina may be found in FALICOV 1970 and BONFIGLIOLI 1972.
DEDIJER 1957 provides some illustrations in the context of the USSR
stressing in particular the impeding of channels of communication. A
difficult probiem in Peru is mentioned in NAS 1966 {(p.10): "The
political activity of the universities [in Peru] is one of the bigges®
obstacles to the general and scientific development of the university,
not only because of time loss and difficulty in obtaining adequate
financial resources due to the unfortunate image presented to society,
but also because it destroys the climate essential for the teachers
and students to develop."

However, the best-documented case of political interference with
science is that of the People's Republic of China. WU 1970 (pp.42,48,
71,452,472), CHANG 1969, ESPOSITO 1972, OLDHAM 1968 (p.484), LINDBECK
1969, HAMBRAEUS 1972 (p.131), RANGARAD 1966 (p.348), and IRLEANS 1972
(pp.864,866) describe in detail the total control of science by the
Communist Party, the harrassment of scientists to extort self-confessions
from them, the requirement that all scientific progress be directly
attributed to some quotation from Chairman Mao, the surveillance of
scientific institutions by the Party and the military, and other
instances. Some cbservers have suggested that it is only a show for
purpeses of propaganda, and science can actually function for the most
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part undisturbed. OLDHAM 1966 and HARARI 1968 (p.82) are examples of
this point of view. In the latter, for example, Pierre Piganiol, a
seasoned commentator on science policy, asserts that “"even when the
Cultural Revolution was at fever pitch, scientific methods were never
attacked. The manifesto of August 1966 even pointed out that, if

these methods appeared tv be influenced by suspect ideologies, they had
to be reformed gradually and not attacked head-on." Harari contrasts
this attitude with tiic Lsenko affair in the USSR in which Stalin im-
posed a certain genetic theory on Soviet biology for purely political
reasons. However, the distinction seems dubious. In both cases, the
issue was not scientific method as such but the supremacy of political
considerations over purely scientific ones. That the Cultural Revolu-
tion was also anti-scientific and anti-intellectual is pointed out in
HAMBRAEUS 1972 (p.151). Reports that the Maoist slogan, "the lowly are
the most intelligent, the elite are the most iyn~rant," were frequently
sounded as recently as 1972.

Considerable confusion regarding the issue of science and politics
is caused by the fact that some authoritarian governments are cognizant
of the importance of science in achieving political power. They place
great emphasis on the development of science, an action to be greatly
applauded. In evaluating their performance, observers are so impressed
with the energetic cfforts toward science development that they overlook
the detrimental effects of the political control of science. However,
an active program of science development has no relationship to a
totalitarian political system. There are many examples of totalitezrian
regimes with 1ittle interest in science development, ana there are also
examples of countries with heterogeneous political structures very
intent on science development.

The separation of science and politics mus > be respected by both
sides. For example, several US scientific orgamzations have made pub-
lic pronouncements in connection with the Sakharcv affair in the USSR,
an episode not directly connected with matters of science or science
pnlicy. In spite of my personal sympathies in the matter, I consider
such acts very regrettable.
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One may reasonably ask whether it is possible to keep science and
politics separate in view of the pressures from both sides. MORAVCSIK
1970b (p.5) analyzes some factors which can produce a separation in
practice. Moreover, documentation is available (SABATO 1968, p.21;
FALICOV 1970, p.9, and BONFIGLIOLI 1972) of the nonpolitical history
of important governmental research organizations in Argentina, a coun-
try of turbulent politics and highly pitched emotions.

The separation of science from politics must not be taken to mean
" that political leaders should not understand science. SALCEDO 1972
(p.177) mentions the increased interest in science shown by governmen-
tal leaders. Cciencia y tecnologia, by the Venezuelan politician Rodolfo
Jose Cardenas, is a remarkably well-written and easily accessible dis-
cussion of problems of science and technology (CARDENAS 1970).

Earlier, I argued that science development need not be strongly
tied to general development, and a separation is 1ikely to be advanta-
geous to science development. This point is disputed, for example, in
NADER 1969 (p.402). One argument 1 brought forward was that develop-
ment is not uniform and dynamic sectors should be allowed to forge
ahead. A similar view is expressed by Amilcar Herrera in SABATO 1968
(p.22): "The changing forces of a society are never generated simul-
taneously at every sector and the relative advance of one of them can
help to strmulate the others." Herrera concludes that in spite of
stagnation in other areas of Latin American development, science and
technology should be pressed ahead. The same dichotomy of views under-
lies part of the debate, presented in Chapter 5, on whether LDCs
should engage in research :nd development of nuclear reactors.

Is it possible to plan science in LDCs? Some commentators firmly
believe that it is {e.g., UN 1970b, p.42; FEDOROV 1963; and NAS 1965b,
p.3, with respect to Nigeria). Others are more cautious: in SHAH 1967
{(p.385), Mukerjee quotes D.S. Xothari to the effect that one can plan
for science but cannot plan science itself. SHILS 1961 (p.50) feels
that planning is possible only to a limited extent, but that is better
than compete randommess. DEDIJER 1962 (p.6) warns against the two
extremes of anarchy and bureaucracy. On the other hand, in a thoughtful
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study of science policy in LDCs, ROTSSNER 1968 concludes: "There is
evidence of...a 'Western bias' regarding the necessity for and content
of science policies in the underdeveloped nations; until attitudes and
institutions become ‘rationalized and standardized' in these countries,
the concept of science policy seems useful orly in the context of the
developed nations." In the specific context of manpower planning,
relevant comments can be found in ADISESHIAH 1969 (p.70), UNESCO 1970a
(pp.120-122), CIMT 1970b (p.685), and WU 1970 (p.105).

In spite of the formal emphasis on a central plan, most countries
do not have one in practice. AID 1972a (p.75) states that such is the
case in Iran; OECD 1968a (p.33) makes the same point concerning Greece.
In general, the discrepancy between plans and policies on the one hand
and realities on the other is evident everywhere. SESHACHAR 1972
{p.136) illustrates this in the case of India. ZAHLAN 1972c mentions
that at the 1966 meeting of UNESCO in Algiers dealing with science
policy in the countries of Northern Africa and the Middle East, 21
recommendations were adopted. Six years later none had been implemented,
not even the eight which should have been implemented by the UN agen-
cies themselves.

I stressed in the first part of this chapter that organizational
zhortcomings are enormous in LDCs. MOREHOUSE 1967 (p.374) considers
then the biggest obstacle to the development of science in LDCs.

ALONSO 1969 (p.2) synthesizes a "development gap" from the gaps in edu-
ration, science policy, and management. LOPES 1966 complains about
such shortcomings particularly in the Brazilian context.

There are several good ganeral treatises on science policy which
make particular reference to LDCs. SPAEY 1969 pertains primarily to
Europe, covering hoth science and technology. UNESCO 1970a (pp.99-158)
has #n excellent caction on policy for LDCs, especially with regard to
Asia. UNESCO 1967a presents a similar account in connection with the
above-~mentioned meeting in Algiers in 1966. Another excellent source,
also originating with UNESCO, is DE HEMPTINNE 1972 which contains nu-
merous statistics and a 1ist of science policy-making bodies. JONES
1971 (pp.34-52) is an additional source. MALECKI 1963 relates the
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Polish experience in this context. ROYAL 1968 (p.87-125) presents a

kaleidoscopic view of science policies of the Commonwealth countries.
MORAVCSIK 1970b surveys the problems of science policy discussed at a
conference in Maryland in 1970.

More specific suggestions on how to formulate policy can also be
found. NAS 1967 (p.112) points out that moralizing and generalizing
are not the same as forming policy. (An example of moralizing is
found in LONSDALE 1969 and other Pugwash material.) NAS 1967 (p.113)
also stresses that policy formation is a matter of negotiation, either
implicitly or explicitly, and policies imposed from outside ave not
likely to work. OECD 1972b (p.15) presents a survey of analytical
methods by which science policy may be formed, including social merit
matrices and other auxiliary tools. While this report asserts that
such techniques can be of some help in forming policy, it also empha-
sizes that sole reliance on such techniques at the present time would
be foolish (see particularly p.37). General awareness of the importance
of a scientific infrastructure, advocated by DEDIJER 1963 (p.65) and
SAAVEDRA 1969, is undoubtedly essential for any progress.

Providing for science must be consistent and steady. This point
is made by SABATO 1970 (pp.185-6,182) in the Argentinian context and
WU 1970 (p.28) in connection with Philippine policy. The latter advo-
cates a special tax on foreign trade to provide a uniform degree of
support. A negative example is deseribed in ZAHEER 1968 (p.11). During
the Indian-Chinese conflict in 1962, one high-ranking official tried to
cut off support for the CSIR on the grounds that the country needed can-
nonballs, not science.

Whether science policy should be formulated by scientists or by
others is subject to varying views. SESHACHAR 1972 (p.136) advocates
the inclusion of people of broad vision and differing hackgrounds., On
the other hand, SALCEDO 1972 (p.175) quotes Zhmudsky: "Scientists are
the best informed members of society, capable of seeing where and how
conquests of science can be best used in the interest of humanity as
a whole." (I consider this a highly questionable assertion.) In my
opinion, policy within science should be determined mainly (though not
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exclusively) by scientists; however, policy with science must be a
broadly interdisciplinary undertaking.

It is frequently emphasized that LDCs need not recanitulate all the
steps of development followed by the ACs (for example, in COPISAROW
1970, p.20; CALDER 1960; KOVDA 1968, p.15; and UN 1971b, p.54). Time
is short, and LDCs can and must leapfrog. UNESCO 1970a (p.131) asserts
that the LDCs are now where the ACs were 40 years ago. The statement
is based on the fact that LDCs now spend about the same percentage of
their GNP on R&D as the ACs did in the 1930s. The statement is highly
misleading, however, for innumerable reasons evident throughout this
book.

SABATO 1970 (pp.192,193) and 1968 (p.22) are particularly emphatic
in pointing out that the conditions for science in LDCs are very dif-
ferent from those in ACs. Sabato stresses the constant atmosphere of
crisis in LDCs. He feels that it is unrealistic to demand "a coherent
scientific policy as an essential prerequisite for the realization of
a specific activity, in a society that was not able to determine even
its municipal policy," or to ask "for order, security, and continuity
that no country in crisis could offer.” The same sentiment is voiced
in ZAKLAN 1969a (p.9) which refers to “a society in perpetual crisis,"
and the unrealistic expectation of "an ideal system within which the
scientist spontaneously finds his equipment, his supplies, and his
salary."

It is generally recognized that if overall plans are prepared,
they must be flexible. CIMT 1970b (p.682) discusses a "dynamic dis-
equilibrium" to which plans must be adjusted. UN 1971a (pp.4,5) men-
tions a "dynamic process" and calls for plans to be "catalytic and not
comprehensive." UNESCO 1970a (p.104) suggests that progress can occur
in the absence of a plan, and a feedback mechanism is in any case
essential (p.108).

My personal reaction to grandiose science plans is similar to my
feeling when I was repeatedly presented with syllabi during visits to
educational institutions in LDCs. Nothing is inherently wrong with
formulating science plans, but if planning detracts from the actual
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development of the indigenous scientific community, and if producing a
plan Tulls people into a false feeling that they have gone more than
halfway toward producing science, then such planning definitely becomes
detrimental.

Other aspects of providing for science are mentioned in various
sources. Self-reliance is discussed in WU 1970 (p.73) and NATURE 1968;
it is considered praiseworthy as long as it does not lead to isolation-
ism. That early decisions are crucial in the development of science is
also an important point. DEDIJER 1960 (p.460) points out that because
of the long-range aspects of science development, neglect of rasearch
at any time makes itself felt when it is too late to do much about
it. According to UNESCO 1970a (p.100)- "For developing countries it is
important to realize tnat the most significant and far-reaching science
policy decisions are made during the years when the resources for sci-
entific activities are in their rapid growth phase."

Channels of interaction between scientists and governmental deci-
sion-makers must be developed. Suggestions for improvement can be found
in ECHEVERRIA 1972 (pp.44,48), SALCEDO 1972 (p.180), NADER 1969 (p.413),
and UN 1970a (p.108). The various stages of policy development and the
various aims of policy are discussed in CSA 1971a {p.79), UNESCO 1970a
(p.112), 1970b (p.35), OECD 1965, and DE HEMPTINNE 1963 (p.235).

I emphasized in the first section of this chapter the importance of
funding based on individual merit. There are only a few examples in
LDCs where this system of funding is used. PHILIPPINES 1969b (p.41) and
UNESCO 1970e (p.17) report such funding in the Philippines, CHINA 1972
(p.6) in the Republic of China (about 1200 awards per year), and
CELASUN 1972 (p.20) in Turkey by Tubitak. On the other hand, NGF 1973
(pp.89-90) lists as one of the major failings of the NSF-India science
program the failure to establish such funding in India. NAS 196%b
(p.6) strongly urges that Colciencias, the funding agency of Colombia,
not distribute its funds in a uniform way among all contenders without
regard to merit.

The social status of scientists is a concern of science policy (see
for example SHAH 1967, p.370), a matter discussed in detail in Chapter 8.
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A few words are in order about corruption in administrative struc-
tures. This is a touchy subject, of course, and there is not much
found in the literature about it (although ZAHLAN 1972¢c discusses it at
some length in connection with Arab countries). In my opirion, the
primary curse of corruption is not that public funds are embezzled for
personal use. Even in a relatively poor country, the total amount of
public funds is large enough that only a small percentage of it can be
stolen. The most significant effect of corruption is that posts are
filled with people appointed on grounds other than merit, and decisions
are made on irrelevant grounds. This type of corruption may, but need
not, have financial motivations. The motive may be to waintain a cer-
tain social system, to honor a tradition of strong family ties, or to
exhibit loyalty to a political ideology. The problem is immense, and
scarcely any country is entirely free of it (ACs included).

The following is a 1ist of sources where information about specific
science plans and policies for particular countries can be found.

UNESCO 1970a (pp.11-32): Afghanistan, Burma, Cambodia, Ceylon (now
Sri Lanka), Republic of China, India, Indonesia, Iran, Japan, Republic
of Korea, Laos, Malaysia, Mongolia, Nepal, Pakistan, Philippines, Sing-
apore, Thailand, and Republic of Vietnam.

UNESCO 1966a: Algeria, Basutoland, Bechuanaland, Burundi, Cameroon,
Central African Republic, Chad, Congo (Brazzaville), Democratic Repub-
lic of Congo (now Zaire), Dahomey, Ethiopia, Gabon, Gambia, Ghana,
Guinea, Ivory Coast, Kenya, Liberia, Libya, Madagascar, Malawi, Mali,
Mauritania, Mauritius, Morocco, Niger, Nigeria, Southern Rhodesia,
Rwanda, Senegal, Sierra Leone, Somalia, Sudan, Swaziland, lanzania,
Togo, Tunisia, Uganda, United Arab Republic, Upper Volta, and Zambia.

RUYAL 1968: Australia, Botswana, Lesotho, Swaziland, Canada,
Ceylon (now Sri Lanka), Kenya, Uganda, Tanzania, Ghana, Guyana, Hong
Kong, India, Malawi, Malta, New Zealand, Nigeria, Pakistan, Sierra
Leone, Singapore, West Indies, Zambia, and Rhodesia.

ZAHLAN 1972c: Iraq, Syria, Lebanon, Jordan, Saudi Arabia, Kuwait,
Oman, Arab Emirates, Yemen A.R., and P.D.R. Yemen.
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WU 1970 (pp.466-73): People's Republic of China. For this coun-
try, see also DEDIJER 1965, a bibliography through 1964.

OELD 1968a and 1971b: Spain.

OECD 1968c: Greece.

UNESCO 1970f: Argentina.

UNLSCO 1970e: Philippines.

MARTIN 1970: Nigeria.

NIGERIA 1970a: Nigeria.

INDONESIA 1969: Indonesia

QUBAIN 1966 (p.170): Egypt.

PFRU 1970: Peru.

MEXICO 1970: Mexico.

CST 1970 and RAHMAN 1973: India.

TURKEY 1969: Turkey.

QECD 1969: Turkey.

BRAZIL 1971: Brazil.

KOREA 1970 and 1971a: Republic of Korea.

ODHIAMBO 1967: East Africa.

UNESCO 1972a gives a table showing the correlation between UNESCO
science policy programs in a given country and local formation or
reformulation of science policies.

Let us now consider the financial aspects of providing for science.
An illustration of the unreliability of statistics are those on Pakistan
presented in PAKISTAN 1968 (p.28) and SIDDIQ! (p.62). The two differ
in some instances by a factor of three. WU 1970 (p.406) describes the
use of statistics for political propaganda. FREEMAN 1969a urges uni-
formity, unambiguous definitions, and precise classifications in the
ccllecting of statistics, and refers to the Frascati manual.

The quantitative financial data are numerous. Per capita GNP
figures can be found in many economic reference books; some are given
in SPAEY 1969 (p.71). Absolute figures for R&D expenditures of coun-
tries in all parts of the world in local currencies have been collected
in UNESCO 1970c (pp.42-50). Additional figures for individual coun-
tries can be found in the following sources: CST 1970 (pp.105-9) and
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SESHACHAR 1972 (p.136) for India; MEXICO 1970 (pp.378ff) for Mexico;
NADER 1962 (pp.193-6) for Egypt; OECD 1968b (p.202) and 1971b for Spain;
OECD 1968a (p.27) for Greece; KOREA 1972b (pp.44-7) for the Republic of
Korea; UNESCO 197Ge (p.32) for the Philippines; UNESCO 1970f (p.53) for
Argentina; PERU 1970 (p.44) for Peru; OECD 1970c (p.194) for Greece;
HAWKES 1971 (p.1217) for Chile; CELASUN 1972 (p.18) for Turkey; and
OLDHAM 1968 (p.485) for the People's Republic of China.

A more commonly used index of such expenditures is the ratio of
funds for R&D to GNP, expressed as a percentage. UNESCO 1970c (pp.51-5)
gives a worldwide tabulation (with many gaps, however). SPAEY 1969
(p.71) lists figures for the ACs and some LDCs. UN 1971a (p.56) reports
that the average figure for LDCs is 0.2%. UNESCO 1970b (p.32) has data
for some ACs. UNESCO 1970e (p.25) and PHILIPPINES 1969b (p.37) pre-
sent a table for various Asian countries (the percentage for Thailand,
for example, is 1.04). ZAHLAN 1972c reports that the percentage for
the Middle Eastern Arab states is negligible, with l.ebanon, one of
the most advanced, spending 0.02% (ZAHLAN 1972a). UNESCO 1970a (p.134)
gives a table for 12 countries, both ACs and LDCs. Figures for the
People's Republic of China are very difficult to ascertain. None are
officially published, and the total must be estimated on the basis of
fragmentary information from various sources. WU 1970 (p.408-10) cites
data which amount to about 2% of GNP; OLDHAM 1968 (p.485) gives a fig-
ure for 1960 of 1.54%. Both percentages are relatively high. The
fiqure for the Republic of China is 0.8% (CHINA 1972, p.5) but includes
grants for subsidy of graduate work in the sciences. The figqure for
Mexico is given by TELLEZ 1968 (p.47) as 0.07-0.1% and ECHEVERRIA 1972
(p.44) as 0.13% in 1968. GOWON 1972 (p.56) indicates an unusually
large figure of 1% for Nigeria. SESHACHAR 1972 (p.136) and CST 1969
(p.60) agree on 0.4-0.43% for India (see also CST 1970, p.109).
According to PAKISTAN 1968 (p.28), the figure for Pakistan is 0.17-0.13%,
but according to SIDDIQI (pp.63-7), it is 0.32-0.41% (both for 1963-66).
OECD 1968b (p.202) gives 0.25% as the figure for Spain (see also OECD
1971b, pp.17,19,48), an’ UECD 1968a (p.27) reports 0.23% for Greece.

NPS 1966 (p.55) states that in 1966 Brazil planned to achieve a figure
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of 1%, but informal sources indicated to me recently that the pres-
ent figure is closer to 0.7%. For Argentina, UNESCO 1970f (p.52)
gives 0.32-0.34%. PERU 1970 (p.20) gauges the expenditure of Peru
at 0.17%. For Turkey, CELASUN 1972 (p.18) gives 0.37%. HAWKES 1971
(p.1217) estimates the figure for Chile to be 0.4-0.5%. In 1971

the figure for the Republic of Korea was 0.34% /KOREA 1972b,
pp.44-7).

Some LOCs have increased their R&D expenditures qu:*e rapidly.
OLDHAM 1968 (p.485) reports figures of 0.01% in 1950 ard 1.54% in 1960
for the People's Republic of China. WU 1970 (p.411) states that R&D
expenditures increased by 100% every year in that country in 1962-65.
*NADER 1969 (p.196) reports a 23-fold absolute increase in Egypt between
1961 and 1967, though this represents only a fourfold increased in per-
centage of GNP. India's increase between 1958 and 1969 was fivefold in
absolute figures or twofold in percentage of GNP (CST 1969, p.60, and
CST 1970, p.107). UNESCO 1970f (p.52) shows a great increase in Argen-
tina between 1961 and 1966, but it represents mainly inflation. Other
figures on the time development of such expenditures can be found in
SPAEY 1969 (p.76) covering ACs and a few LDCs, with a graph for the US
on p.77. KOREA 1972b (pp.54-74) also gives data for ACs. PAKISTAN
1968 (p.28) and SIDPIQI (p.62) disagree again on the figures for Pakis-
tan. UNESCO 1970e (p.32) offers figures for the Philippines. UNESCO
1970b (p.31) contains some comparative figures for the prewar and post-
var raeriods in ACs.

in some sources, the percentage is given in terms not of GNP but
of national income; examples are NADER 1969 (p.199) for Laypt; OECD
1968b (p.202) for Spain; KOREA 1972b (pp.44-7) for the Republic of
Korea and various ACs; and PHILIPPINES 1969b (p.32) for the Philippines.
In some cases, the percentage is given in terms of the national budget,
in terms of governmental expenditures, such as in NADER 1969 (p.196) for
Egypt, in PHILIPPINES 1969b (p.38) for the Philippines and some ACs, and
in CST 1969 (p.60) for India. These percentages are of little compar-
ative value because of the different economic systems prevailing in
different countries.
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An interesting figure is the annual R8D expenditure par capita of
population. Data are given in SPAEY 1969 (p.71) for ACs and a few
LDCs; in AID 1972a (p.75) for Iran; in UNESCO 1970a (p.135) for a
number of ACs and LDCs; in CLARKE 1971 (p.50) for an average number of
LDCs and the UK; in UNESCO 1970e (p.32) for the Philippines; in UNESCO
1970b (p.81) for ACs mainly; in UNESCO 3970b (p.158) for Japan; in
UNESCO 1970f (p.52) for Argentina; in DEDIJER 1960 (p.459) for ACs and
some LOCs; in DEDIJER 1963 (p.62) for a number of ACs and LDCs; and in
BHATHAL 1971a for Southeast Asian countries and Singapore. Typical
figures are approximately as follows (projected for about 1970): US,
$110; USSR, $50; UK, $50; some smaller European countries, $3-10; some
more dynamic LDCs (such as Singapore, Iran, People's Republic of China,
Argentina), $2; other LOCs, $0.1-1.0.

While the cost of research per scientist tends to be lower in
LOCs the differences are relatively small. The cause may be partly the
intrinsically lower cost of research in LDCs but partly the less
adequate support given scientists in LDCs. The various figures given
in the literature are difficult to compare. They are calculated from
different years, and the cost of research is increasing rapidly every-
where (not only because of inflation but also because research is in-
trinsically more expensive as we explore natural phenomena farther
removed from everyday experizace). In any case, the highest figure
that I found in consulting various sources was $60,000 per scientist
per year for Switzerland (UNESCC 1970b, p.81) while the lowest for a
roughly comparable year was $5,200 for the Republic of Korea (KOREA
1972b, p.50). For India the figure was $8,000 (RAY 1969) and for the
US $50,000 (RAY 1969). Other figures can be found in OECD 1968a (p.29),
UNESCO 1964c (p.19), UNESCO 1970a (p.128), KOREA 1972b (p.50), USMANI
1964 (p.6), and UNESCO 1970b (pp.81,105,166). At the most, the ratio
between the highest and lowest is about 10. A more likely average
figure would be a factor of three or five between ACs and LDCs.

The relative distribution of R&D zxpenditures is discussed and
documented in Chapter 5. The fcllowing additional sources discuss it
ia the context of budgetary considerations: SPAEY 1969 (p.72);
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SESHACHAR 1972 (p.139); OECD 1968b (p.277); KOREA 19i2b (pp.46-9); PAKI -
STAN 1968 (pp.28-33); SIDDIQI (pp.62-7); CST 1969 (pp.59,61,62); CST
1970 (p.120); UNESCO 1970e (p.33); UNESCO 1970f (p.53)\ UNESCO 1970c
(pp.42-50); OECD 1971c (pp.194,197); 0ECD 1971b (pp.25-6); and CELASUN
1972 (p.18).

There are a number of possible relationships among the various
ﬁ‘xpower and financial indices of science development. A graph of GNP
per capita versus population (e.g., JONES 1971, p.3) shows no correla-
tion: there are large and small poor countries, and large and small rich
countries. WILLIAMS 1964 (Diagram III1, plots percentage of GNP growth
per capita versus R&D expenditures as percertage of GNP and finds no
correlation. There are, however, four relationships in which the cor-
relation is quite good.

(1) WILLIAMS 1964 (Diagram II) plots R&D expenditures as percent-
age of GNP versus GNP per capita and finds a proportionality between the
logarithms of these two quantities valid within a factor of 2 from the
means of the quantities themselves.

(2) DEDIJER 1964a (Figure 6) plots R&D expenditures per capita
versus R&D expenditures as percentage of GNP and finds a proportionality
between the logarithms of these two quantities also good in most cases
to a factor of 2 from the means of the quantities themselves (this rela-
tionship is also mentioned in DEDIJER 1960, p.460).

(3) PRICE 1969a (figure on page 109%) plots for each country the
number of scientific authors (as obtained from the International Direc-
tory of Research and Development Scientists) versus the GNP and finds
a proportionality between the logarithms of these two quantities. In
this case, the range of the abscissa is over four units in the loga-
rithm and that of the ordinate over five units in the logarithm. Yet
the relationship is valid, even at the worst part of the curve, within
+1 unit in the logarithm, and in most places it is even more accurate.
(In PRICE 1972a, p.29, the same graph is reproduced and a curved line
is superimposed drawn through some of the data points. Considering
the scatter, however, the line appears to have no statistical signifi-
cance. )
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(4) RAY 1969 (p.420, Table 1) lists R&D expenditure per scientist
versus national income per capita (virtually the same as GNP per capita).
Though only a few figures are given, they exhibit proportionality in
the logarithms of these quantities.

It is easy to understand the origin of these relationships.

Price's result is a direct consequence of three facts: (a) the cost of
research per scientist is roughly the same (within a factor of 3 from
the mean) in all countries since lower salaries in LDCs are offset by
higher costs of equipment; (b) the percentage of GNP spent on publish-
able (i.e., unclassified) research is roughly the same (within a factor
of 4 from the mean) for most countries; (c) the specific productivity
of scientists (the number of publications per scientist per year) is
roughly the same (within a factor of 3 from the mean) for most coun-
tries. Furthermore, there is a positive correlation between cost of
research per scientist and specific productivity (in the sense that in
ACs where research costs are high, scientists also tend to be more
productive). Thus, the cost of research per scientific publication is
probably roughly the same for all countries, perhaps even more accurately
than a factor of 3 from the mean. Within a factor of roughly 3 x 3 = 9,
therefore, the more funds available in any country, the more will be
spent on R&D, the more scientists will be supported, and the more pub-
lications will be obtained, as Price's relationship indicates.

One can, in fact, demonstrate this more rigorously and at the
same time show that Dedijer's and Williams's relationships are equiv-
alent by using a bit of algebra. Let us make the following definitions:

GNP in units of $10°
R&D expenditure in units of $106

Population in units of 106 people
Number of scientists in units of one scientist
Number of scientific authors in units of one author

moo O >
non

The four relationships can then be written as follows:

Williams: 2= 1070 (1)

=|w
o=
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Dedi jer: %-= 10° (B)? (2)
Price: E =2.2 x 103 AY/3 (3)
Ray: %-= 3.9 x 10'4(%)3/5 (4)

Equations (1) and {2) are the same since each of them may be expressed

in the form 105 BC = A2. We have, therefore, three different relation-

ships for the five unknowns. Let us now assume that the specific pro-
ductivity E/D is the same for all countries, specifically that E/D = 0.3
(which is reasonable if we remember that the source for E used by Price
includes only the first authcr of a naper with several co-authors).

Combining (4) with (1) or (2), we get D = 2.55 82> A%/5; using (1)

again to eliminate B, and inserting our assumption E = 0.3 D, we get

E=7.8x 10'3 A7/5 c-2/5_ Now the total range of C among the various

countries is only about 100, and 1002/5 is only about 6. If we are

willing to neglect factors of +2.5 (which we can do since Price's
relationship holds only within a factor of 10}, we can replace C"2/5

by its average value of 0.29. We then obtain E = 2.2 x 1073 A7/5

which is for all practical purposes identical with (3). We see, there-
fore, that these various relationships are interrelated. Indeed, they
are simple consequences of a few rather obvious facts about expenditures
and manpower for science development.

DEDIJER 1964a and 1963 (p.65) plot income per capita versus various
other indicators of scientific activity, such as attendance at meetings
and the existence of academies. Correlations are again evident.

Another financial aspect of science development is the issue of
salaries. WU 1970 (p.542) and UNESCO 1969c (p.136) show that in the
People's Republic of China, Venezuela, and the US the salaries of the
highest and lowest ranking scientific workers differ by a factor of
about 6. MENDELSOHN 1960 (p.1263) reports that the ratio of the wage
of a top scientist to that of an average worker is about the same in
the People's Republic of China as in Britain. Though these are frag-
mentary figures, they reinforce the earlier suggestion that disparities
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in salaries are not a crucial problem in LDCs. Figures on Indian
salaries can be found in RAHMAN 1973 (pp.158-9).

There is an acute shortage of foreign exchange for science devel-
opment in many LOCs, as mentioned in SABATO 1970 (p.190). A few fortu-
nate countries, such as Venezuela and Malaysia, do not face this
difficulty.

IJNESCO 7965b (p.167) discusses ways of encouraging private
financing of research, an acute problem in most LDCs, through tax
benefits, research associations, patents, and governmental technical
assistance.

Financial targets (as opposed to actual expenditures) for R&D are
often given in national documents. Most countries consider it advis-
able to strive for the internationally established goal of 1% of GNP
(UN 1971a, p.56; UN 1970b, p.17; UNESCO 1964a, pp.53-4). ZAHLAN 1972c
instead sets goals in absolute amounts for the Arab countries. CHINA
1972 (p.5) sets a goal of 2% of GNP for the Republic of China. PERU
1970 {p.20) urges the attainment of 1.3% in 20 years. OECD 1968¢c
(pp.219-20) projects an increase by a factor of 12 in industrial re-
search in Greece between 1966 and 1975. Projections are seldom realized,
but they do have a stimulating effect on development efforts.

Let us now turn to problems of organization. It is often instruc-
tive to view these matters in a historical context, and in fact there
are a number of interesting papers in this vein. One of the most per-
ceptive is BASALLA 1967 which establishes a general framework for the
organization of science in LDCs. Another general, theoretical paper is
DEDIJER 1962 which discusses what he calls the intellectual, economic,
and political phases of the history of scientific research. The situa-
tion in India is described in RANGANATHAN 1959, RAHMAN 1973, and SINGH
1965 (p.43) with some remarks on the British role. East Africa is
covered in WORTHINGTON 1948. PRICE 1965¢c explains how the primary
emphasis in productivity has now shifted to the sciences.

Most countries lack the effective interactiun of scientists with
government needed to assure a realistic policy within science,
MORAVCSIK 1973e and NATURE 1964a remark on this in a general context.
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According to SESHACHAR 1972 (p.139), this is one of the main problems
in India.

There are a number of warnings in the literature against strict cen-
tralization of activities in science policy emphasizing that it does
not work. Examples are UNESCO 1970a (p.126); NAS 1966 (pp.57-8); and
GLYDE 1973, in the context of Thailand. ODHIAMBO 1967 (p.878), on the
other hand, adsocated increased centralization in East Africa.

An important aspect of science policy is the encouragement of
young scientists, as emphasized in SHAH 1967 (p.394); KOPECZI 1972
(p.669); NATURE 1964b (p.529); RAM 1968 (p.9) discusses democracy
in laboratories.

The curses of bureaucracy affect science all over the world. SHAH
1967 (p.388) states with reference to India that "the extension...of a
bureaucracy to the scientific field tends to accentuate a false sense
of prestige due to status and office." RAM 1968 (pp.8,9) urges more
research and less organizing. SHILS 1961 (p.51) asserts that "the
organization of laboratories...will have to make provisions to avoid
the frustration of this scientific disposition by the dead hand of a
desiccated and embittered older generation or by an unsympathetic and
non-understanding bureaucracy." The same problems are listed in ROCHE
1966 (p.55) with respect to Latin America.

A closely related subject, the civil service, is discussed in
Chapter 5. In ALLENDE 1972 (p.39), this problem is glossed over by
the government, but GOWON 1972 (p.63) exoresses concern and promises a
remedy. SALCEDO 1972 (p.181) reports that the situation is terrible in
the Philippines. The most detailed and eloquent description of the
problem, however, is that of SABATO 197C {pp.187-9).

Different countries have different formats for organizing science
policy. UN 1971a (pp.91-4) and UNESCO 1972z, present a large table
indicating the type of policy-making pody for each country. (A some-
what older 1isting can be found in EL-SAIDII969.) Examples of minis-
tries of science and technology are giver in KIM 1969 {p.94), KOREA
1972b for most of the Republic of Korea, and BHATHAL 1971b for Sing-
apore,
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Organizations similar to national science councils are numerous.
ALLENDE 1972 (p.35) mentions Chile's CONICYT. ECHEVERRIA 1972 (p.45)
and MEXICO 1971 discuss Mexico's CONACYT. The activities of the
Nigerian NCST are mentioned in GOWAN 1972 (pp.56,59), NIGERIA 1970,
MARTIN 1970 and MORAVCSIK 1973g; the last two also deal with similar
organizations in Turkey, indonesia, the Republic of Korea, and Brazil.
SESHACHAR 1972 (p.140) concludes that the Indian COST is mainly a
decorative organization. The Indian Science Advisory (ommittee is
similarly criticized in PARTHASARATHI 1966 as being weak, susceptible
to governmental pressures, and inconspicuous. The early history of
Indian organizations can be found in SWAMINATHAN 1954. SALCEDO 1972
(pp.178,182) describes the structure of the Philippina Rational Science
Development Board. NADER 1969 (p.191) covers the Science Council in
Egypt. WU 1970 (pp.61,403) reports on the Scientific and Technological
Commission in the People's Republic of China. [INDONES!A 1971 deals
with the Indonesian Institute of Sciences, LIPI. The research council
in South Africa is described in NAUDE 1959. SALAM 1970b finds tne
corresponding structures in Pakistan weak and ineffective. General
discussion of research councils can be found in ZAHEER 1968 (p.11) and
NADER 196¢ (p.412).

Academies are another organ of science policy-making. SESHACHAR
1972 (p.139) declares that the Academy in India is weak. On the other
hand, in the People's Republic of China, the Academy of Sciences plays
an enormously powerful and centralized role (WU 1970, pp.51,54,402,417,
423,429,546-54,559-60, with tables of personnel and expenditure on
pp.546-55). The situation in Egynt in 1946 is described in MOSHARAFFA
PASHA 1946. The state of affairs in Singapore is reported in BHATHAL
1971b. In NAS 1966 (p.58), Harrison Brown (a distinguished member of
the US NAS) expresses some reservations about academies: criteria for
selecting members are ambiguous, control is excessively centralized,
and there are difficulties in actually getting things done.

Organization in governmental laboratories is amply described in
the literature. PRICE 1969¢c (p.6) claims that this mode of research is
often excessively expensive and clumsy. WU 1970 (pp.416-20) describes
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the method by which such laboratories obtain support in the People's
Republic of China. Governmental laboratories in India (CSIR, Atomic
Energy, agricultural and medical research organs, etc.) are described
in SESHACHAR 1972 (p.134), NATURE 1955, RAHMAN 1964, SINGH 1965, BHABHA
1966a, and 1966b. The latter suggests a difference between the estab-
lishment of CSIR and Atomic Energy. CSIR first established a structure
and then raided the universities to fill the created posts; Atomic
Energy created the structure as the need arose, in terms of availability
of qualified personnel, and thus avoided interfering with university
development. (The author was a founder of the Atomic Energy programs,
however, and may not be a competely unbiased observer.) The work of
the Argentine Atomic Energy Commission is described in ARGENTINA 1966,
SABATO 1968, and 1973. The Venezuelan IVIC, outlined in IVIC 1971, has
an interesting structure in which researchers are grouped by disciplines
but not divided into "basic" and "applied." SHAH 1967 (p.365) provides
information about Pakistani governmental laboratories under PCSIR and
PAEC. SALCEDO 1972 (p.178) describes the large governmental science
center in the Philippines. Remarks about this center can also be

found in MORAVCSIK 1971¢c (p.36). NAS 1967 (p.9) makes the general
assertion that research institut.,ons should combine strong leadership
with a maximum amount of internal freedom.

The organization of university research is discussed in Chapter
2. References are NADER 1969 (p.350), the Middle East; AID 1970, the
story of KAIS in the Republic of Korea (described in Chapter 7); and
GARCIA 1966, Latin America.

It is often useful to have a description or chart of the general
organization of science in a particular country. The following is an
incomplete but substantiai 1ist of such references. One of the most
useful items is the Directory of National Science Policy Making Bodies
(UNESCO 1966b). Other sources provide information on several coun-
tries together: UNESCO 1967a (Algeria, Iran, !raq, Jordan, Kuwait,
Lebanon, Morocco, Saudi Arabia, Sudan, Tunisia, Turkey, and United Arab
Republic); UNESCO 1969c (Argentina, Bolivia, Brazil, Chile, Colombia,
Ecuador, Jamaica, Mexico, Paraguay, Peru, Uruguay, Venezuela, Panama,

180



and Central America in general); UNESCO 1969b (Burundi, Cameroon,
Congo [Brazzaville], Dahomey, Ethiopia, Gabon, Ghana, Ivory Coast,
Liberia, Madagascar, Malawi, Mali, Nigeria, Rwanda, Senegal, Togo,
Upper Volta, Zambia); and UNESCO 1965a (Australia, Ceylon [now Sri
Lanka], Republic of China, Hong Kong, India, Indonesia, Israel, Japan,
Republic of Korea, Nepal, New Zealand, Pakistan, Philippines, Thailand,
and Republic of Vietnam), MORAVCSIK 1973g deals with Brazil, Nigeria,
Indonesia, Republic of Korea, and Turkey. Turkey is covered in OECD
1969 (p.181), a detailed account, and in CELASUN 1972. Organizational
charts for the Republic of Korea and several ACs are given in KOREA
1972b (pp.150-65). The People's Republic of China is discussed in WU
1970, OLDHAM 1968, and RANGARAO 1966. The organization of science in
Cuba is the subject of RYDER 1969b. Information about India is volu-
minous: CST 1969 and RAHMAN 1973 (pp.48,52,54,57,62,83) give detailed
accounts and can be supplemented by UNESCO 1967b (p.34). For Pakistan,
see USMANI 1971, PAKISTAN 1968, and SIDDIQI. Organization in the United
Arab Republic is described in NADER 1969 (pp.222-32), more sketchily
in MITCHISON 1960, and in UNESCO 1967b (p.67). East Africa is discussed
in WORTHINGTON 1948 and ODHIAMBO 1967 (pp.876-7). The Middle East and
North Africa is the subject of NATURE 1964c. References for Singapore
are BHATHAL 1969, 1971b, and 1971d. Mexico's organization is outlined
in MEXICO 1970 (p.142). NAS 1966 reports on Peru, GHANA 1973 {pp.7-11)
on Ghana, CHINA 1972 (pp.3,24) on the Republic of China, UNESCO 1970f
on Argentina, 0ECD 1971b (p.41) on Spain, and OECD 1968¢c (p.185) on
Greece. NAS 1968a lists institutions of higher education, research,
and planning in Colombia. For comparison, UFFEN 1972 deals with the
organization of science policy in Canada.

SABATO 1970 (p.190) comments on the problems of custom offices:
"The situation is even more serious in the case of a purchase from a
foreign country, for then you have in addition all the business of
import permits, availability of foreign currency, tax certificates, etc.,
ending up with the truly Kafkaesque world of customs." An international
agreement (the so-called Florence agreement) has existed since 1950 to
allow for greatly simplified importation of scientific equipment.
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Though it now has 68 cuntracting states, in must cases it has had
little practical effect.

1 believe that people involved in science development are a factor
of pivotal importance in achieving success. In this context, some com-
mentators ask whether economists can make a significant contribution
to providing for science. Doubts are expressed in NAS 1965b (p.83) and
MORAVCSIK 1973g. ROESSNER 1968 doubts whether planning for science in
LDCs can be done on the basis of economic theory. A similar concern
is implied in COOPER 1971. On the other hand, some outstanding persons
in the field of science policy have a formal background in economics,
so one cannot generalize. UNESCO 1970a (p.117) suggests that the mem-
bership of bodies concerned with science policy be two-thirds active
scientists of high quality and one-third nonscientists.

One cannot stress enough the importance of outstanding individuals.
CIMT 1970b (p.690) urges that exceptional measures be taken to support
the activities of exceptional individuals. SESHACHAR 1972 (p.138)
flatly claims that "whatevor development of science there has been [in
India) is largely due to the personalities of some men of science in the
past and the great influence they were able to wield with the govern-
ment." WEINBERG 1967 remarks (in the preface) that committees cannot
produce wisdom--they just use it.

Training of persons in providing for science has been neglected.
This has been emphasized by many observers, for example, in COPISAROW
1970 (p.21); BLACKETT 1968 (p.23); MORAVCSIK 1964c (p.168); 1964a,
1964b (p.9), 1972a (p.197), and 1973f, in connection with visits of
scientists to LDCs from ACs. RAY 1967a (p.9) urges careful selection
of science administrators. UNESCO 1973b (p.5) complains that UNESCO
documents on science policy are not well enough known in LDCs, an unsur-
prising fact since they are relatively expensive and not easily avail-
able even in ACs. PRICE 1964a (p.196) argues that critics of science
need not be scientists themselves, comparing them with critics of art
or music. As one of the latter, I can say that most respected music
critics have had a longstanding, active, personal involvement with
music in one way or another, even if they are not renowned soloists or
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corposers, The same must hold for science critics with allowance for
the exception that proves the rule.

OAS has supported study programs in science policy (0AS 1970, p.18)
while UNESCO has organized many conferences on science policy which
have been amply cited in this book. But talking about providing for
science is not the same as doing it. New practical activities are
needed to make progress in that area.
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Seven
INnfernatfional Aspects

It has been emphasized throughout that science has a strongly inter-
national character. International activities are a normal, mandatory
part of the science of any country. In addition, however, international
activities include scientific assistance between countries, particu-
larly from ACs to LDCs. This is to a large extent a separate subject,
though the two undoubtedly overlap in many places.

International scientific activities of the customary type in LDCs
are diccussed in Chapter 4. However, there is a significant difference
in this respect between LDCs and ACs. International scientific activi-
ties in ACs are a fairly balanced combination of formal programs arranged
by large organizations, governments, stc., and of informal ties gener-
ated from within the scientific community through individual initiatives.
The bulk of international activities in LDCs, on the other hand, are of
the formal type. The most important international connections which
really contribute to the advancement of scientific work are the de facto
international tie. among scientists on a working level, but these connec-
tions are scarcer in LDCs than in ACs. There are good reasons for this
state of affairs: formal ties are easy to form, inexpensive to main-
tain, and a conspicuous demonstration of goodwill. In official reports



and listings, therefore, one finds that both ACs and LDCs belong to

the same international unions, United Nations agencies, etc. (though
this fact is generally unknown to scientists in both types of coun-
tries). The situation needs much improvement; the initiative can come
from either side, but it must come from within the scientific community
itself.

The other aspect of international scientific relations, scientific
assistance, will be dealt with in the remainder of this chapter. Sci-
entific assistance is, of course, part of the international political
relations among countries. In that sense, it has a huge literature
which, however, is not our direct concern here. Instead, I shall dis-
cuss the more technical and organizational aspects of international
assistance. Yet, I cannot begin without touching on the question of
motivation for such aid.

As noted in Chapter 1 in connection with the justification of
science in LOCs, most successful causes have a broad range of justi-
fications, among which people with highly differing thoughts and values
can all find something to their liking. The assertion that an AC must
provide scientivic aid to a "friendly" LDC in order to assure that the
LDC can withstand political or military pressure from "unfriendly"
neighbors is quite compatible with the claim that ACs have a moral
obligation to furnish scientific assistance to LDCs {on purely humani-
tarian grounds or as "reparation payments" for presumed past injustices).
As long as these arguments agree on providing aid with the intention of
building up indigenous science, the multidimensional justification
should not be an impediment; it will undoubtedly be a stimulus. What-
ever the motivation, however, the expectation of gratitude on the part
of LDCs for assistance rendered by ACs is an unrealistic one and should
not play a role in the administration of such aid.

Scientific aid has played a crucial role in the development of
science throughout the ages, though perhaps not always as formalized as
today. Civilizations have emerged and flourished at various tiues in
various parts of the world, and whatever science they had to offer was
propagated to "barbarians" together with the other components of those
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civilizations. The real mushrooming of science, however, began only
about 300 years ago. The origins of science may be traced back to
civilizations in Northern Africa and elsewhere, but in a functional
sense, modern science is the product of Western civilization. Hence,
scientific assistance has primarily emanated from Europe and North
America. Whether a proper effort has been made in this assistance is
frequently discussed now in the context of trying to place the blame
for the present backwardness in science of most countries outside
Western civilization. I personally find this question quite uninter-
esting because it argues over the past instead of being concerned
about the present and, even more important, about the future.

Scientific assistance, 1ike other forms of assistance, cannot
provide the major part of the development effort in the recipient
country. The lion's share of development must be indigenous. (The
Marshall Plan for Europe after World War II constituted, in purely
financial terms. only a small fraction of the total resources in
postwar Europe.) The aim of assistance must be selective and catalytic
actioin. The contact points of assistance must be strategically chosen
so that small amounts of assistance can stimulate large amounts of
indigenous activity in the proper direction. To attain this, one needs
a significant understanding of the mechanism of scientific development
and the infrastructure that will support it. The areas of assistance
are much easier to delineate: education, manpower, communication,
research, and science organization and policy. They are the same as
the primary components of the building of science itself.

Scientific assistance is sometimes disapproved on the grounds
that it provides a crutch to a country and impedes the attainment of
scientific independence. The criticism is valid if scientific assis-
tance is administered and used improperly. On the other hand, no
country has yet managed to develop its own science without assistance.
Thus, assistance properly used appears to ke essential. Even with
assistance, however, science development is a slow process. Judgments
about success or failure must be made cautiously, and patience should
prevail on all sides.
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One of the problems in administering international scientific
assistance is the shortage of appropriate personnel, particularly in
ACs. This may seem incredible, considering the selective and catalytic
nature of assistance, because 92% of the world's scientists are in ACs.
Yet, largely because of the passivity of the scientific comunity in
ACs (discussed later in detail), scientific assistance is in need of
good people. Personnel involved in assistance should be taken from the
scientific community of the ACs and rotated periodically to insure
continued contact with science by those involved in assistance. Instead,
a permanent staff often develops for the administration of scientific
assistance and soon comes to be regarded as a group of bureaucrats
rather than scientific colleagues, to the detriment of the assistance
program.

Should aid be narrowiy oriented toward a specific, often applied
problem, or should it try to strengthen the broad scientific infra-
structure? There is little doubt that both are needed. In practice,
however, the distribution of scientific aid is heavily slanted in favor
of narrow, problem-oriented projects; hence, demands for a more equi-
table balance are justified. This problem will be discussed later in
connection with particular aid-giving agencies.

Scientific assistance is administered through a broad variety of
organizations: governmental agencies, private foundations, scientific
associations, international agencies, regional organizations, etc.

Each has its strengths and weaknesses, and a multichanneled approach
for scientific assistance is advisable. Here, as in most other realms
of science policy and organization, a centralized, monolithic approach
can be damaging.

Participation of the international scientific community on a
significant level is indispensable for a successful scientific aid
program. For example, if an international research institute is formed,
it must be staffed with eminent people from both ACs and LDCs, and
political difficulties must not be allowed to interfere with its work.
For this to be accomplished, the institute must be operated and governed
to a large extent by scientists themselves, as various positive and
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negative examples have shown. Scientific professional societies can
play a significant role in channeling informal scientific assistance
from country to country. Perhaps most important, influential and
devoted scientists must fin¢ w»ays of influencing the governments of ACs
so that scientific assistu:ce is undertaken and carried out in an effec-
tive manner. Scierce development is a subtle, long-range task which

has no natural constituency in a heterogeneous political arena. Its
future, therefore, depends on the persuasive power of interested
“experts."”

Participation of the scientific community can take many forms,
some of which have been discussed. Certain forms would not involve
active steps, only the avoidance of involuntary negative contribu-
tions. For example, equitable distribution of preprints and reports
mainly requires a realization of this problem on the part of every
potential scientific author and a will to avoid violating equitabil-
ity. Other actions may involve positive steps without a major change
in 1iving patterns. For example, scientists could take advantage of
opportunities to work on problems of particular interest to LDCs in
their spare time but in their home environment. Still other activities
would involve some departure from present practices, such as spending
some leaves of absence in LDCs interacting with the scientific commu-
nity there. At the present time, however, the actual interest and
participation in any of these categories is minimal.

International scientific aid plays a distinctly subordinate role
in the US governmental structure. Foreign aid as a whole is in fact
not very prominent: total international assistance, both governmental
and private, is hardly more than 0.5% of the GNP, and the fraction is
not growing. But even within the existing program for international
assistance, science is a stepchild. The formal "reason" is that there
is no US governmental agency within which scientific assistance can
find substantial support. In the executive branch of the government,
even before the OST and the PSAC were abolished, science in LDCs
received very little attention. PSAC rarely took any action on its
behalf. OST had an official concerned with international science,
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but he had to spend most of his time on ceremonial links with other
ACs and had practically no time for LDCs.

AID would ordinarily be expected to organize scientific assistance
for LDCs. However, the overall task of AID includes economic, social,
and technological assistance as well, and the mandate is a staggering
one. As an organization with high visibility, an almost impossible
task, and a precarious position between the executive and legislative
branches of the government, AID is the target of frequent criticism
from a multitude of quarters. I am not one of those who fail to give
AID credit for many specific projects well done, nor am I an indiscrim-
inate admirer of the organization. In addition to problems of rigid-
ity and heavy-handedness common to most giant organizations, AID has
two important shortcomings from the point of view of science development:
its almost exclusive sreoccupation with short-term projects and its
predilection for large-scale projects. AID admits and rationalizes
both of these. It claims that Congressional appropriations are governed
by a desire for conspicuous short-term achievcments, and that AID can-
not afford to wander into projects whose subtle benefits would not be
evident for a decade or two. (By no means would all congressmen agree
with this characterization of the Congressional wish.) AID also claims
that it cannot afford to administer small and experimental projects
since the cost of administering projects is largely independent of their
size, and they have only limited personnel. Whatever the reasons, the
fact remains that because of these shortcomings and the general back-
ground and orientation of its personnel, AID is heavily slanted toward
technology as opposed to science.

If the US scientific assistance program were significantly multi-
channeled in terms of organizing agencies, the specific prejudice of
AID would not matter so much. In fact, however, the overwhelming major-
ity of US governmental scientific assistance depends on A1) for funding,
so AID's imprint can be felt across the field.

In part, the realization of this unbualance prompted the creation
of the so-called Peterson Commission charged with making recommenda-
tions for restructuring the US international assistance program. The
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conmission suggested than an independent entity (International Devel-
opment Institute or IDI) be established to deal with scientific and
technical assistance. Science might still be subordinate to technology,
but at least a second, independent opportunity would be offered for
science to asser: itself. The proposal was forwarded by the President.
to Congress where it has sat for the past three years with essentially
no chance of being acted upon.

Science development fares rather badly in the US Congress. Most
of the work in Congress is done in committees and within them by staff
members. Unfortunately, Congress has never provided itself with ade-
quate staff, either in quantity or versatility. Staff members are
overworked, and with backgrounds predominantly in law, social sciences,
or humanities, they have little natural inclination toward science, par-
ticularly the international variety. Since international science has
no domestic constituency, few congressmen care to devote a major part
of their time to it. Even within the Subcommittee on International
Cooperation in Science and Space of the Committee on Science and Astro-
nautics of the House of Representatives, international assistance to
LDCs occupies a less-than-distingujshed position. It is highly unlikely
that Cengress will take the initiative in championing the cause of
science in LDCs. Perhaps select congressmen can be persuaded to pay
more attention to this subject.

Federal agencies dealing with science, such as the USAEC and NSF,
are not doing much better. The AEC has an international division, but
its mandate is limited to matters of atomic energy, and in practice it
is concerned mainly witn nuclear technology. Since it deals primarily
with ACs and UN agencies, the amount of activity that reaches LDCs is
infinitesimal.

The NSF has an Office of International Programs with a broader
mandate as far as science is concerned. It is burdened with many rou-
tine chores involving formalistic ties with other ACs, and hampered by
a lack of manpower. Yet it does have some activities concerned with
LDCs. It administers some Public Law 480 funds (counterpart funds for
US agricultural products locked into local currency in various countries
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and used by mutual agreement of the US and the particular country for
the benefit of that country). Unfortunately, such funds are available
only in a very few countries, though sometimes in huge quantities. NSF
also administers the SEED program which provides grants for individual
scientists and engineers either for travel to an LDC (up to nine
months, salary not provided) or for a stay of nine to twelve months in
an LDC involving research and teaching (salary provided). Since it is
funded by AID, however, i% is slanted toward short-termm considerations.
NSF has recently established a Cooperative Science Program in Latin
America for cooperative research projects, joint seminars, and scien-
tific visits between US and Latin American scientists. It is too new
to be properly assessed as yet, but it appears to be well-suited for
strengthening scientist-to-scientist interaction.

The NAS is a semi-governmental agen:y supported primarily by the
US government; it is perhaps the most active organization in the US
government in the area of scientific assistance to LDCs. Its main
tools are the study group, seminar, and workshop which it organizes
either within the US or in an LDC in cooperation with local counter-
part organizations. It also operates a bilateral program designed to
upgrade arnd broaden the chemistry community- in Brazil. The proceedings
of the meetings and study groups organized by NAS are published and
often constitute interesting documents.

Some shortcomirgs of NAS activities stem from the fact that much
of NAS's support originates with AlD. The topics chosen bear the AID
hallmark of short-term gains and an orientation toward technology.

NAS has also been rather unsuccessful in recruiting the rank-and-file
of the US scientific and technological community for activities in
science development. Over the past decade or more, study groups,
meetings, workshops, and other programs in science development have
involved only about 600 US scientists and engineers, less than 0.1%

of the total US manpower in science and technolougy. Workshops, semi-
nars, reports, and general advising are helpful, but they are somewhat
moot without assistance in the implementation of the ideas developed.
The Brazilian chemistry project is an instance of implementation, but
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it is the exception rather than the rule among NAS activities. As we
will see, lack of implementation is also a problem in scientific assis-
tance provided by international organizations. However, it is perhaps
too much to ask of "official" organizations that they become organically
involved in lccal implementation of science development, often a sensi-
tive political subject. That really should be left to the scientists
themselves.

The US governmental lahoratories play a very small part in inter-
national scientific assistance. From time to time they host scien-
tists from LDCs sent under the auspices of other agencies, but they
have no particular programs aimed at LDCs. Oak Ridge National Labora-
tory, with AID funds, has assisted some LOCs, for example Pakistan, in
activities determined by the usual AID preferences. The National
Bureau of Standards has on occasion been used Ly AID to organize a
conference or conduct a study. The NBS also receives a dozen long-
term visitors each year from LDCs; however, their salaries and expenses
are not paid by NBS. NBS maintains some cooperative research in India
and Pakistan using "special foreign currency" funds (P.L.480, etc.).
The total investment in the scientific component of these projects
has been about 0.5 million dollars. The cooparation involves some two
dozen Indian institutions. A substantial fraction of the resezvch
appears to be rather routine, neither close to the forefronts of basic
or applied science nor specifically geared to Indian economic develop-
ment. One has to conclude in spite of these exceptions that the
potential of governmental laboratories to assist in science development
has hardly been scratched.

Canada, whose population is about one-tenth that of the US, is in
some respec\s more advanced in the area of scientific assistance to
LDCs. Canada spends almost 1% of its GNP on international assistance,
about 1.5 times the percentage for the US. It has a counterpart to the
proposed US International Development Institute called the International
Development Research Centre. The Centre is much smaller (even propor-
tionately) than the planned US IDI. It is mainly research-oriented and
not designed to manage large action programs, but iv is already in
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operation, active primarily in technology and in certain applied
sciences which closely border on technology. AID's counterpart in
Canada is the Canadian Internatioial Development Agency.

Most other Western countries have their own scientific assistance
programs. In France, for example, compulsory military servire can be
replaced by service in an LDC, a policy which has provided some helpful
scientific visitors to those countries. In former colonies which have
continued to maintain close cultural ties with the colonizing country,
programs of scientific assistance by the latter are often better
adjusted to local needs than programs of other ACs. For example,
British programs in West African countries have broader conception,
greater variety, and more flexible management than the corresponding
American programs.

In many Western countries, most notably the US, the private sec-
tor of the economy could play a part in science development. However,
the task is approached without much more energy and resources than the
effort of the US government. I have already touched on the role pri-
vate industry could play in LDCs by sponsoring local scientific
research through its subsidiaries, a role seldom performed. Private
industry could supplement the education in ACs of students from LDCs by
offering them tempcrary positions during summer vacations or by finan-
cially supporting summer seminars at which these students would be intro-
duced to particular aspects of science useful in their home countries.

Private foundaticns in the US could also play a significant role,
though their financial resources are small compared with those of the
US government. Opinions differ as to whether foundations play a sig-
nificant role. In science development, they certainly do not. Very few
foundations are active in international assistance in the first place;
those that are active generally concentrate on educational and social
projects in the mistaken impression that science development in LDCs
is taken care of by the government. Foundations fail to utilize
their opportunity to stimulate novel and experimental projects. The
list of foundation-supported science development projects is usually
filled with useful but unimaginative items. In view of the monolithic
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funding of US governmental activities in science development, this lack
of innovation in privately funded science development projects is per-
haps the most regrettable shortcoming.

Turning from national to regional science development projects,
we encounter different types of difficulties. The intent of a regional
project is to combine the resources of many LDCs (sometimes invoking
the help of an AC in the same geographical region) and to aid the
exchange of information and experience among countries facing similar
problems. The difficulties begin with the fact that countries geo-
graphically close are not necessarily similar culturally or politically.
It is difficult to imagine a regional project for the Indian subconti-
nent, while a regional grouping in Latin America is not only possible
but already in operation. Africa is intermediate: animosities may not
be significant, but differences in culture, background, and language
often are. Even if a particular region is homogeneous enough to allow
a cooperative configuration, differences in size and development among
participants may be a problem. In Latin America, for example, Brazil
has such a long lead in szience over neighboring countries that the
regional efforts of OAS or CLAF are handicapped by most countries’
fear of being overpowered.

Nevertheless, regional cooperation can be beneficial, and the
results are generally appreciated, particularly in Latin America. In
that region, there are several different types of organizations. The
0AS has its own Department of Scientific Affairs and runs an extensive
program based largely on exchanges of experts among the member coun-
tries. It is also active in science education, science policy matters,
and other areas (details c>v. be found in the second section of this
chapter). OAS is an intergovernmental organization and has relatively
ample resources but a ponderous organizational structure. In sharp
contrast, CLAF and similar organizations in other scientific disciplines
are "scientists'" organizations with activities directly related to the
daily work of scientists but with very small financial resources. A
third type of regional organization, of a general nature but with
implications for Latin American science, 1s the Interamerican Bank,
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which has furnished huge loans to institutions for science education
and research.

Europe has many regional organizations with relevance to science
and technology, but most do not affect the European LDCs. An exception
is QECD which has helped Greece, Ireland, Spain, and Turkey. The
activities have primarily involved meetings, study groups, and science
policy literature (the latter is of high quality).

In the Middle East, CENTO enjages in scientific activities. In
South Asia, the Colombo Plan represents a regional association. The
former British colonies still maintain contact by Commonwealth ties;
conferences are occasionally held to exchange knowledge and experience
among those countries on various topics, including science.

Moving from the regional to the worldwide level, we encounter
international organizations, particularly the UN and its agencies. At
first sigit, universal international organizations appear to offer great
advantages in administering international scientific assistance. One
would think that all charges of political motivations behind assistance
programs would disappear, and world resources could be pooled effec-
tively. One might also think that the prestige of such organizations
would help stimulate progress. These factors are indeed at play, but
they are counteracted by a number of negative factors greatly inhibiting
the work the UN can do.

First, neutrality of an organization with a heterogeneous member-
ship can be tantamount to passivity. The UN includes countries with
many different philosophies, including some who do not believe in
international assistance precisely because it does not deliver a
political payoff. UN operations must be sufficiently bland and non-
controverstal to pass the innumerable committees and officials who
review them.

Second, the detrimental effects of a civil service system are
evident in the UN and are, in fact, raised to the n-th power. In
order to keep the UN and its agencies "balanced," elaborate geograph-
ical quotas are used in filling posts. Thus, the merit system is
suppressed even below {ts usual level in a civil service structure.
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As a result, UN activities in science development, though by no
means without merit, have been effective only in certain circumstances.
An effective illustration of both the strengths and the problems is the
UN World Plan of Action for the Application of Science and Technology
to Development (usually referred to as the World Plan). It was pre-
pared in the late 1960s through a series of studies and comittze
deliberations within the UN with the help of some outside consultants.
Much of the preparatory theoretical work was of high quality, and the
analysis of the deficiencies of science in LDCs is, on the whole, a
sound one. The final document was prepared by ACAST as part of the
second United Nations Development Decade. It states general goals in
terms of contributions from ACs and LDCs and 1ists sample problems
which might be attacked by this international effort. (Quantitative
details of the Plan are provided in the second section of this
chapter.)

Unfortunately, the matter seems to have ended there. Nothing was
said in the Plan on how to implement it, and as we approach the middle
of the decade during which the Plan was supposed to have been realized,
it becomes increasingly evident that nothing will actually be done.
There are substantial differences of opinion about the advisability of
aid to LDCs and the form which aid should take. Such differences can
be swept under the rug during the preparation of a plan, but they
emerge when it comes to actually doing something. Furthermore, the
World Plan was prepared without the participation of rank-and-file
members of the worldwide scientific community (though some eminent
scientists are members of ACAST). The Plan is, therefore, largely
unknown to and almost completely ignored by that community. Since
science development will not take place without the enthusiastic and
active participation of a significant part of the scientific community,
implementation of the Plan is not 1ikely to occur.

The UN has an Office of Science and Technology dealing for the most
part with worldwide agreements concerning jssues with scientific and
technological content. Most activity in scientific areas, however, takes
place in the special agencies of the UN, such as UNESCO, IAEA, and WHO.
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UNESCO's main scientific interests are science education and
science policy. It also sponsors research in politically fashionable
scientific areas, such as ecology, oceanography, and natural resources.
Its educational programs range from the beginning of schooling to
advanced training including support for research at universities. Some
regional groups, such as CLAF (see above), are subsidized by UNESCO, as
are some ceremonial organizations, such as ICSU. UNESCO's science
policy division holds meetings and publishes studies aimed at assistirn
LDCs in policy-making. Again, emphasis is primarily on planning activ-
ity; achievements in implemeniation are less pronounced.

UNESCO's leverage in affecting science development has been con-
siderably increased by the institution of the UNDP. Unlike other UN
organizations or the UN itself, UNDP is supported by voluntary contri-
butions from countries. Any country can contribute without a similar
contribution being demanded from other countries. UNDP then supple-
ments the funding of other UN agencies. Much of the bread-and-butter
research support provided by UNESCO to institutions in LDCs comes from
UNDP funds. In fact, 70% of what UNESCO spends for science comes from
that <ource.

The IAEA is a more specialized agency similar to WHO and FAO.

Its concerns are nuclear research and technology, and it helps LDCs

to advance in these areas. Its program consists mainly of sending
experts to LDCs, offering fellowships to scientists and future scien-
tists in LDCs for futher training, and donating equipment for research
in LDCs. It also deals with organizational and legal matters per-
taining to nuclear energy. IAEA performs research of its own and
contracts for research to be done for the benefit of LDCs. It has an
information service which generates and distributes material on nuclear
energy and related matters.

A special project which has been supported in part by both IAEA and
UNESCO is the ICTP (mentioned in Chap. 4). The two agencies are to be
commended for supporting ICTP, but it should be noted that the creation
and maintenance of ICTP would never have been undertaken by these
agencies in the absence of heroic efforts by a few individuals within
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the scientific community. (Though these cforts were contributed by a
number of people, the lion's share came fron Abdus Salam, an eminent
Pakistani physicist who is the d%rector of .CTP.) In fact, the
financing of ICTP, to which UNESCO contribvtes a relatively small part,
remains a perpetual problem. Furthermcre, ICTP is limited in its cov-
erage of scientific fields and fan accommodate only a limited number
of people. It has been suggested that in other areas of sciencc, the
same aim could be achieved simply b, instituting visiting positions at
scientific institutions in ACs to be filled by scientists from LDCs.
Such a network of positions would require a negligibly small addition
to the existing scientific structure of the ACs, but nothing has been
done to realize this suggestion.

UNESCO has benefited from the so-called associate expert scheme
in which ACs supply younger scientists from their own manpower sup-
ported by their own scientific budgets. These associate experts coop-
erate with regular UN experts in various projects in LDCs. Unfortu-
nately, the number of associate experts is small, and only a few
countries have offered them so far.

The so-called World Bank (International Bank for Reconstruction
and Development) has recently established the post of science advisor
so the scientific and technological content of its projects can be
evaluated more reliably.

A particular form of international scientific assistance that
is often discussed is the bilateral link, a somewhat vague term. It
is sometimes used to designate any scientific assistance program
arranged between two countries. But bilateral links can be developed
on many levels: government-to-government, institution-to-institution,
laboratory-to-laboratory, or even one research group to another. The
great advantage of bilateral Tinks should be the elimination of red
tape through direct contact between the participants, instilling a
sense of personal responsibility for action. To achieve this, the
1inks must be structured in small units. For example, institution-
to-institution links are usually not small enough for this purpose
since they can easily be made ineffective by the interference of
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the pernicidusly sterile patterns of institutional (particularly uni-
versity) administration.

While mary activities within bilateral links can be undertaken
with no new financial resources, others can be greatly aided if outside
funds are available. The organizational task is to find ways for large
organizations to assist many small bilateral links, all generated by
the participating scientists themselves. Present patterns are not
optimal in this direction. AID, true to its style, has dealt with
whole institutions or even with groups of institutions primarily in
technology. Some bilateral links have utilized P.L.480 funds while
others have found support through 0AS. The key is vigorous campaigning
for funds on the part of the scientivic community.

To summarize the status of international scientific assistance at
the present time, it is insufficient in quantity, not catalytic enough
to have sufficiently large multiplying power, and not close enough to
the international scientific community (either at the originating or at
the receiving end) to be sufficiently effective in actually building
science in the LDCs. Much of what is being done has value, but in the
face of the enormity of the problem, the response has been altogether
inadequate.
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Background and Comments

Information on the formal international scientific activities of LDCs
can be found in virtually all of their national plans, reports, and
official documents, as well as in other accounts. A few examples will
suffice. Sabet in NADER 1969 (p.215) discusses international scien-
tific ties for the United Arab Republic. In MORAVCSIK 1973g, such
activities are listed for Nigeria, Turkey, the Republic of Korea,
Brazil, and Indonesia. UNESCQ 1970e (pp.21-2) covers the Philippines
including some of its bilateral links with neighboring countries.
MEXICO 1971 reveals that CONACYT has a special section dealing with
international cooperation. CHINA 1972 advocates more informal ties
involving visits of scientists, particularly of Chinese origin, within
the framework of a formal cooperative agreement with the US (pp.15-23,
95-113, with a list of participants on pp.113-7). NATURE 1968 dis~
cusses the delicate balance in the People's Republic of China between
the desire for international contacts and the tendency toward isola-
tionism and "do-it-yourself" attitude. RAHMAN 1973 (pp.140-8) gives
an exhaustive list of formal international ties for India.

Turning to international scientific assistance, let us consider a
tew of the numerous comments on scientific assistance as part of the
general question of international relations with LDCs. MORAVCSIK 1972c
surveys this topic commenting in particular on the political conse-
quences of not assisting LDCs in the development of science and tech-
nology. The same question is discussed in ZOPPO 1971, particularly
with respect to nuclear science and technology. Both studies conclude
that not assisting is an unrealistic alternative. An earlier essay on
the role of science in foreign policy is NOYES 1957, but, like many
early discussions of this subject, it contains little about LDCs. The
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same is true of SKOLNIKOFF 1967. BULLETIN 1950 describes the so-called
Berkner report on science and foreign policy with practically no men-
tion of LDCs. It appears that during the past 20 years at least some
awareness has been generated about the problems of science in LDCs.

Awareness was certainly accelerated by articles of emotional elo-
quence, such as SALAM 1963 and 1964a. Salam's plea is based on histori-
cal accounts, such as SALAM 1964b (in 1835, Lord Macaulay strove to give
India the best Britain could offer in the way of an educational system,
but this did not include science and technology; later developments on
the Indian subcontinent never quite caught up with this initial
deficiency, p.3).

One of the most comprehensive discussions of scient?fic assistance
in a historical context is BASALLA 1967. WU 1970 (pp.15,20,32,33,57,
64) describes international scientific assistance received by the
People's Republic of China and its predecessors. For example, Kyo
Mo-jo, President of the Chinese Academy of Sciences, states that it was
essential for the People's Republic of China to take advantage of the
advanced scientific experience of the Soviet Union to further Chinese
national construction (p.56).

That international assistance is always small in quantity compared
to the resources of the country to be aided is demonstrated in THOMPSON
1972 (p.7); even at the peak of the Marshall Plan, the flow of aid
never exceeded 4% of Europe's capital needs. RAHMAN 1973 {p.152) re-
ports that in scientific and technological research, about 10% of
India's development is contributed by foreign aid. O0AS 1972 {p.29)
stresses that its assistance in Latin America represents only 2 small
fraction of the resources allocated by the countries of the region for
scier*ific and technological development, but it acts as a catalyst.

In view of this, the report offers some guidelines for criteria of
selectior of such aid projects {p.36).

There are a number of other general discussions of international
scientific assistance dealing with guidelines, principles, and methods.
Much discussion overlaps extensively with the arguments mentioned in
Chapter 1 justifying science in LDCs. OECD 1968a (pp.223-39) and
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BUZZATI 1965 are examples; the latter attempts to establish an optimal
size for scientific infrastructures considerably larger than those of
some LDCs. MITCHIE 1968 examines the problem from the point of view of
education and educational exchange. Further comments can be found in
DEDIJER 1962 (p.7), ALLISON 1960 (in the context of Egypt), and DILLON
1966. MORAVCSIK 1973a outlines some of the conceptual bases for scien-
tific assistance as well as some of the practical difficulties in
administering it. A concise, practical, and remarkably perceptive set
of guidelines for international collaboration with LDCs in mathematics
is JONES 1970 (pp.1-12). It deals with th. choice of components, con-
ferences, seminars, and courses, consultants and short-term visitors,
writing groups, local training, evaluation, and some general pitfalls.
I regret that these guidelines are too lengthy to be quoted in full.

The view that assistance from abroad might be a hindrance to
development is expressed, for example, in PARTHASARATHI 1966: it might
be An impediment to independence and socially detrimental. On the
other hand, BHABHA 1966a and 1966b illustrate how judicious use of
foreign aid can accelerate the attainment of independence. The author
cites the reactors at Trombay as examples.

The specialized question of using local currency for international
assistance projects is discussed in MORAVCSIK 1974f,

The expectation of gratitude in international aid projects is
unrealistic, as mentioned in MORAVCSIK 1973a and TASK 1970 (p.2).

Many commentators stress the importance of trying to think in terms of
the LDCs own priorities (for example, TASK 1970, p.3). That even a
successful assistance program requires patience is amply stressed (for
example, in TASK 1970, p.9, MORAVCSIK 1973a, and most succinctly in
THOMPSON 1972, p.18; the latter quotes the anonymous saying that foreign
assistance often involves a struggle to meet 20-year needs with a

3-year program, 2-year personnel, and 1-year appropriation).

The shortage of high-quality personnel from ACs to participate in
international scientific assistance projects results in a lowering of
standards in some instances. ZACHARIAH 1973 claims, for example, that
long-term educational experts sent to LDCs are, on the whole, useless.
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ZAHLAN 1967 (p.11) believes that many experts loaned by UN organiza-
tions or AID are mediocre, though he speaks highly of the personnel of
British assistance projects. TASK 1970 (pp.29-30) argues that rotating
temporary personnel might help raise quality.

Because of the short-term orientation of most assistance projects,
strengthening of the scientific infrastructure in an LDC is frequently
neglected in favor of specific projects which assume the existence of
such an infrastructure. Numerous appeals in the literature urge that
more attention be paid to building solid foundations for indigenous
science. TASK 1970 (p.29) stresses the importance of scientist-to-
scientist contacts for this purpose. CIMT 1970b (p.457), with regard
to Latin America, urges assistance for general research and training.

A similar argument is put forward in MORAVCSIK 1964c and 1974b.
BURKHARDT 1966 advocates visits, scholarships, and fellowships for
graduate students from ACs to do thesis research in LDCs in cooperation
with local scientists. For the same reasons, TASK 1970 (p.29) recom-
mends channeling more scientific assistance through universities,
scientists' organizations, and other bodies with direct access to the
scientific infrastructure in the US.

This theme of utilizing the scientific community appears in various
other contexts as well. UN 1970b (p.19) states: "There is a great
doubt that the growth of an indigenous scientific community can be
effected without active participation by the international scientific
community.” This point has been emphasized in MORAVCSIK 1972b (aimed
at the US physics community), 1974c (dealing with communication prob-
lems), 1971b (on the role of research institutes in scientific assis-
tance), and 1964a,b (in more general contexts). International research
centers are the subject of NATURE 1964a. The CERN laboratory in Geneva,
the primary focus of Europe-wide scientific cooperation in high-energy
physics, is often mentioned as the paragon of success in international
cooperation. Its success appears to be largely the result of its being
organized and operated alrost entirely by the scientific community it-
self. It was, however, relatively easy to establish such a laboratory
in Europe where indigenous expertise was already present and differences
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among countries were not great. It is not clear whether the CERN pat-
tern can be easily transferred to LDCs.

There are international laboratories involving LDCs. The cosmic
ray laboratory on Chacaltaya Mountain near La Paz, Bolivia, which orig-
inated in a Brazilian-Bolivian collaboration a number of years ago, now
houses local as well as international researchers. The astronomical
observatory on Tololo mountain in Chile was created by a US consortium
of universities but is operated as a joint venture between that con-
sortium and the fledgling Chilean astronomical community. Since at its
remote location it must be completely self-sufficient in supplies and
repair facilities, the observatory also serves as a high-quality training
ground for Chilean technical personnel.

Professional scientific societies are not active in science devel-
opment. The American Institute of Physics, for example, and its
affiliated societies have no program pertaining to LDCs except the
CIEP of the AAPT. On a minuscule budget, CIEP has fostered programs,
such as visitors' registries, the Physics Interviewing Projects, and
surplus journal projects. The recently formed European Physical Society
is also unconcerned with science development. The American Association
for the Advancement of Science is considering orienting some of its
activities toward LDCs. A few active members of the scientific com-
munity take a personal initiative to create science development projects.
An outstanding example is Carl Djerassi's center-of-excellence pro-
grams (DJERASSI 1968) in Mexico (TELLEZ 1968 and ROMO 1973) and Brazil
(CEN 1970). Organizations concerned with development in general are
often quite active (such as the Society for International Development),
but their orientation is seldom toward the sciences. Scientists some-
times get involved in politics, as in the Pugwash meetings, and in that
context formulate pronouncements about science development. But they
usually do not get beyond the stage of pronouncements {(GLASS 1968 and
UNESCO 1969a, pp.92-3).

An interesting program within the framework of the scientific and
technological community in ACs is VITA which recruits members of this
community to work in their own locales on problems of relevance to the
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development of LDCs. The results of this work are then forwarded to
LDCs wherever needed. It has had some 5,000 volunteers from dozens

of countries. Its primary thrust is in the direction of technology,
but it includes social sciences, home economics, medicine, economics,
and other fields. VITA is mentioned, unfortunately with some erroneous
details, in UNESCO 1969a (p.90).

Another interesting product of the scientific community is ICIPE,
described eloquently by its director in CSA 1971a (pp.99-106) with fur-
ther mention in BULLETIN 1972. Its beginnings are related in ODHIAMBO
1967 (p.881). Founded with the collaboration of local African scientists
and their colleagues from ACs, the center provides a locale for collabo-
rative basic research in an area of considerable potential applicability
to Africa. Located in Nairobi, it can house some 30 researchers. The
financial support of ICIPE is an precarious as that of ICTP. Estab-
lished with an initial capital investment of about 3 million dollars,
the institute operates on about 1 million dollars per year.

A different undertaking of the scientific community, barely off
the ground, is the ISF. Brief comments can be found in CSA 1971a
(p.47) and MORAVCSIK 1970b. It is based on the fact that funding of
worthwhile research projects on the basis of individual merit is
largely absent in LDCs (mentioned in Chap. 6). ISF would act as an
international funding agency to fill the gap. As visualized by its
promoters (prominent members of the scientific communities of ACs), the
organization would be operated entirely by scientists but would draw
huge sums of money from various governments. Such an idealistic struc-
ture does not exactly square with political realities, and the project
has not¢ aroused much interest among potential contributors.

Another proposed institution is the World University (see SALAM
1970a). It would be a regular educational and research institution
with a heavy emphasis on the involvement of scientists from LDCs (both
students and staff).

As noted above, US governmental activities in science development
are rather feeble. Science development is certainly of only peripheral
interest in discussions of science and international affairs. For
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example, SKOLNIKOFF 1967, an excellent survey entitled science, Tech-
nology, and American Foreign Policy, devotes about 14 out of 330 pages
to the discussion of science in LDCs (pp.152-9,195-203). As we will
see, governmental documents exhibit a similar pattern.

Total US governmental international assistance is around 3 billion
dollars per year (UNESCO 1969a, p.89, reports 2.5 billion dollars in
economic aid and 0.4 billion dollars in military aid for 1968). This
includes many items not related to science and technology but excludes
extragovernmental contributions. The amount of scientific and tech-
nological aid apparently is not well-known. AID 1973b gives a rough
estimate for fiscal year 1972 as follows: (1) R&D explicitly for the
benefit of developing countries: AID, 100 million dollars; US contri-
butions to multilateral organizations, 70 million dollars; US founda-
tions, 40 million dollars; (2) other R&D in developing countries:
through other US governmental agencies, 90 million dollars; private
industry, 20 million dollars; (3) other R&D of potential short-term
benefit to developing countries: governmental agencies, 500 million
dollars; private industry, 30 million dollars.

The last category is research done in the US which might also
have incidental benefits for LDCs. As such, it should not be strictly
counted as scientific assistance. The first two categories amount to
about 320 million dollars, about 1.3% of the R&D expenditure of the
US. The three categories together constitute about 3% of the US R&D
budget. However, this includes all kinds of research, and the lion's
share of it is in technology. There is no estimate of the science
component of this amount.

Let us now examine the status of science development in the
various branches of the US government. The deliberations of PSAC are
not public, but informal evidence suggests that PSAC was not much con-
cerned with this problem. TASK 1970 is the report of the so-called
Peterson task force mentioned in the first section of this chapter
(none of its 16 members were from the scientific community). The re-
port is, in many respects, to the point. It recommends an initial
annual budget of 1 billion dollars for the proposed International
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Development Institute (IDI). The President’'s message which accom-
panied the recommendations stresses the importance of long-term funding
for IDI to ensure continuity of programs (NIXON 1970). In the 1971
annual report to Congress on the foreign assistance program, there is

no mention of these new proposals (NIXON 1971). Except for matters of
health and agriculture, there is no mention of science at all. Another
interesting feature of this document (in fact, an annual report by AID,
not the President) is the listed membership of AID's advisory committees.
If we exclude university administrators and those in health and agricul-
ture, there is not a single scientist among the 120 members of the

10 advisory committees.

There subsequently appeared a number of commentaries on the pro-
posed IDI, the structure and function of which were left undefined by
the Peterson report. One was NAS 1971d, the result of a project spon-
sored by AID and administered by NAS. Again, apart from health and
agriculture, there was not a single active representative of *the US
scientific community among the 13 members of the committee that pre-
pared the report. (The committee did, however, include ex-officio
member Harrison Brown and regular member Alvin Weinberg, both with
roots in the scientific comunity.) A different, individual commentary
on the proposed IDI is MORAVCSIK 1974b. The two views partly overlap
and partly complement each other. They agree in stressing the long-
tem aspects of scientific and technological development; both empha-
size the need for sponsoring intensified research on development. The
NAS report contains very little discussion on science, concentrating
instead on technolocy; proposals to strengthen scientific infrastruc-
ture occupy only about 1% of the report. The organizational structure
suggested for IDI is similar to the present structure of AID, excepting
size and flexibility. My commentary, on the other hand, deals mainly
with the scientific development of LDCs, stressing the importance of
infrastructure and urging the involvement of a hroad segment of the US
scientific community.

Interest in science development in Congress is weak for reasons
outlined in the first section of this chapter. CSA 1967 reports on
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scientific affairs in the 89th Congress: of its 127 pages, 0.3 are
devoted to LDCs (p.107). Another document of the House Committee on
Science and Astronautics is entitled Policy Issues In Science and
Technology--Review and Forecast (CSA 1968). It consists of 54 pages,
of which 9.5 are devoted to international science; of that, only a
fraction of one page deals with LDCs. The House Committee on Foreign
Affairs produced a document entitled Science, Technology, and American
Diplomacy--The Evolution of International Technology, a valuable work
prepared by Franklin Huddle of the Library of Congress, but it deals
with practically no science (CFA 1970). A better effort is CSA 1971a
and 1971b, records of a hearing on international science policy.
Featuring some eminent and knowledgeable people, about 20% is devoted
to LDCs. The hearings were obviously of an educational nature, how-
ever, not intended to produce specific action programs, and apparently
none have emerged from them. The Senate Conmittee on Foreign Relations
has issued a volume containing MORAVCSIK 1973a. It presents various
individual views on foreign assistance policy in general, but most of
the volume does not deal with science.

AID is the central governmental agency for the administration of
US international assistance. The organization within AID that deals
with science and technology is the Office of Science and Technology
(0ST--not to be confused with the now-abolished 0ST of the executive
branch of the government which was attached to the President's Science
Advisory Committee). A fairly comprehensive summary of 0ST's activities
is given in AID 1973a. While AID is not compietely void of support for
science, such projects are very few in comparison with projects of
technological orientation. Some science programs supported by AID are:
NSF's SEED program; a program for secondary school education in South-
east Asia in mathematics and science; the project to improve science
education in India operated by NSF (described later); the building of
centers of excellence in Kanpur, India and Kabul, Afghanistan; the
Korean Advanced Institute of Science (KAIS); the Asian Institute of
Technology (AIT) in Thailand; and an Asian Research Program providing
funds for "short- to intermediate-term" research at Asian institutions
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“to increase their contributions to the development of Asian nations."
Recently, AID decided to contribute to FORGE. AID has also supplied
the funds for the NAS-CNPq chemistry project in Brazil.

As can be seen from AID 1973a (pp.13,15) which 1lists the various
AID projects having scientific and technological content, the programs
mentioned above are few in comparison with the many others which are
purely technological or industrial in nature. Furthermore, even those
mentioned vary greatly in their scientific content. The NAS-CNPq proj-
ects are indeed legitimate scientific assistance programs. On the
other hand, KAIS has become a technological training center. This was
evident in AID 1970, a survey report on the establishment of KAIS; KAIS
has begun to operate, and the tendency appears to have been realized.
This is regrettable since KAIS was supposed to be a scientific counter-
part to the Korean Institute of Science and Technology (KIST), also an
AID project. KIST was established some years ago to serve as a focus
for research directly utilizable by Korean industry. AID's investment
in KIST was massive (for example, almost 4 million dollars in 1967 and
almost 3 million dollars in 1968). It was supposed to become self-
supporting from indigenous industrial revenues within a few years after
its establishment. However, KIST is now supported primarily by the
Korean government. Its work is overwhelmingly in technology, and not
very high-grade at that. The lavish treatment of KIST caused displea-
sure within the Korean scientific community, particularly among uni-
versity people, KAI5 was, therefore, supposed to be to some extent a
university-tyne scientific counterpart of KIST. It is somewhat ironic
(though perhaps characteristic of AID's philosophy) that institutions
like KIST or KAIS are often hailed as "the local MIT." MIT, whose
name does not even mention science, is one of the great scientific
educational and research institutions in the world. KAIS, whose name
does not even mention technology, is a technological training center.
Further information on the Korean situation can be found in NAS 1969a.

Another difficulty with AID is its mode of operation, which can be
illustrated with a typical example. Early in the 1960s, AID commis-
sioned a report on the existing and potential relationships between
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AID and US universities, The result was the so-called Gardner report
(GARDNER 1964) presenting a sound analysis and good recommendations.
About four years later, AID commissioned another study whose aim was to
apply the criteria established by Gardner for selection of universities
to participate in AID projects assessing on that basis the university
resources in the US for international development (ALTER 1968). The re-
sulting report sampled a fairly large number of universities (lanu-grant
universities, large private universities, junior colleges, etc.). It
then tried to determine whether the Gardner criteria hold for these
groups. It concluded, not very surprisingly, that some groups fulfill
some criteria and not others, and that in general there is a tremendous
potential available within the US university community. The conclusions
are quite obvious to anybody who has lived in the US university commu-
nity for any length of time. The total cost of this second report was
$99,877. The reader may decide, after reading ALTER 1968, whether it
was worth that amount. In my own view, this heavy-handed, wasteful
approach to development projects represents another major hindrance to
AID's becoming a truly effective organ of science development.

However, the point I am making is not that the bulk of present
AID operations are useless. AID is virtually the only source of gov-
ernmental funds for science development projects. Its philosophy and
and mode of operation, which may be quite suitable for other types of
development projects, are nevertheless a serious impediment to US
efforts toward science development. Assigning only 10% of AID's funds
to an independent agency specifically concerned with development of
science in LDCs would make an enormous difference.

Other critiques of AID's scientific activities are NAS 1966
(p.61), NSF 1973 (pp.84,85), EKUBAN 1973, and MORAVCSIK 1973a. KIST is
mentioned breifly in KIM 1969 (p.95). The US AEC's international
activities, mainly oriented toward ACs, involve reactor technology,
exchange of technical information, visits and exchanges of personnel,
conferences, exhibits, IAEA, isotope technology, and other areas.

The National Science Foundation (NSF) is discussed in the first
section of this chapter. Details of its Science Education Improvement
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Project in India are available in NSF 1973, a comprehensive, substan-
tial report on that program. Over 1967-73, it cost 4 million dollars
plus 1" million rupees in local currency (pp.19,20,93,94). The program
involvad summer institutes, college development, secondary school
develcpment, materials development, and special projects sich as con-
ferences. The idea of summer institutes was in fact conceived by the
Indians themselves several years before the NSF project began (NSF
1973, p.4). A zritical essay on these institutes is HAFNER 1967,

As indicated in Chapters 3 and 4, exchange of scientific manpower
is a very important tool of science development. US efforts in such
exchange activities have been commendable, though not enormous. The
total cost of US governmental contributions to educational exchange
(in a1l fields, not only science) grew from about 4 million dollars in
1947 to 28 million dollars in 1966 but was down to 17 million dollars
in 1971 (BFS 1971, p.34). The exchanges sponsored under these programs
received only 53% of their funds from the US government; 34% was con-
tributed by nongovernmental sources, and 13% by foreign governments
(p.28). The .utal number of participants between 1949 and 1971 was
about 104,000, about two-thirds as visitors to the US and one-third
Americans going abroad (p.28). About one-third of the exchanges were
with LDCs (p.87). Unfortunately, there is no breakdown by field of
study so the science component cannot be determined from this report.
It is noteworthy, however, that during 1946-71, the Board of Foreign
Scholarships which operates the exchange program had 73 members, two of
whom were in the natural sciences (pp.68-9). Additional statistics
covering 1972 can be found in BFS 1972.

A more detailed statistical profile is given in STATE 1971, covering
a broader group of exchanges (the total number of persons exchanged in
the US between 1949 and 1971 is given as about 140,000). This source
gives a breakdown 1into disciplines for the 1971 program indicating 10%
for the natural sciences. There is also a breakdewn by countries, but
since there is no classification by disciplines and countries, the sci-
ence component pertaining to LDCs cannot be ascertained. GREENE 1971
(p.10) comments on exchange programs in Latin America.
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Even with the limitation mentioned above, the work of NAS in 3cience
development is impressive. NAS 1965b (p.1) explains the quasi-governmen-
tal nature of NAS. The best overall summary of its activities is NAS 1973c
which 1ists the 12 countries where NAS has been active, records the hun-
dreds of scientists and technologists from around the world who have been
involved in NAS activities, and presents some evaluation of the various
programs. Recent details can be found in NAS 1973d. Some NAS studies
deal with certain areas of technology of general interest to LDCs (e.g.,
NAS 1972a on solar power). Other studies cover specific problems pertin-
ent to a whole geographical region (e.g., NAS 1965a on animal diseases in
Africa). Work has been cone on organizational problems of science in spe-
cific countries (e.g., GHANA 1973, NAS 1971a, and 1971b dealing with sci-
ence in Ghana; NAS 1969b pertaining to Colombia; and NAS 1973e dealing
with Brazil. More specific projects are described in NAS 1970c (visiting
teams in Colombia); NAS 1970a,b (Argentine scientific communications); NAS
1971f (Colombian chemistry); and NAS 1971c (East Pakistan Land and Water
Development in Agriculture). A general report on technical cooperation
with the Republic of Korea is NAS 1969a. (This 1ist is not a complete
compendium of NAS reports.)

In addition to these workshops, seminars, and studies, there is the
NAS-CNPq chemistry project, described in a series of reports (NAS 1970a,
1972b, and 1373b). The cost has been shared, with Brazil contributing
over one-half million dollars. Some organizational problems have been
successfully solved (e.g., the importation of chemicals, described in
NAS 1972b, p.6). It appears that after US as-istance ends, Brazil will
take over entirely on its own, which speaks well for the program.

US national laboratories have contributed very little to science
development in LDCs. The activities of NBS mentionud in the first sec-
tion of this chapter are described in NBS 1971, 1972, and 1973.

Detajls on Canadian activities can be found in SCHROEDER 1973
(pp.8,19) and IDRC 1971. The International Development Research Centre
has a gudget of 1-2 million dollars per year, @ small-scale operation
for a national effort. GREENE 1971 (p.11) comments on the French
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A prominent example of the scientific assistance program of a
small but affluent AC exists in Sweden. The Swedish program is, in
fact, similar to that found in the US, though on a smaller scale. As
in the US, international assistance programs are centralized in one
organization, SIDA. It is structured in 10 divisions and within them
in 29 sections (SIDA 1972b). No section is explicitly concerned with
science. Among other activities, SIDA supports research programs of
benefit to LDCs. In 1970-72, this support amounted to about 7 million
dollars, of which about 5% was spent on scientific projects primarily
in science education (SIDA 1972a). Like AID, SIDA subcontracts proj-
ects through educational institutions. For example, SIDA 1973b lists
courses and seminars cosponsored by SIDA (with UN agencies) in 1973-74.
Of the 46 courses and seminars, five were in the sciences. Support
of ICTP is an important factor in the scientific aid projects under-
taken by SIDA. Sweden at one time had a scholarship program for stu-
dents from LDCs, but it has now been terminated (SIDA 1973a, p.10).
Since the amount of funds available is relatively small, Sweden wishes
(probably wisely) to concentrate or aiding a few countries. The choice
of these countries is strongly influenced by political considerations
(as is RID's choice). Like AID, SIDA has been deficient in recruiting
a significant fraction of the scientific community for active partici-
pation in science development projects (SIDA 1973a, p.11). Even the
general rhetoric explaining the basis of Swedish interna. .nal assis-
tance sounds similar to AID documents enunciating the basis of US
international assistance.

The involvement of private industry in science development in LDCs
has been discussed recently. Two large studies have been released (NAS
1973a and UN 1973b) on the role of multinational corporations in the
development of LDCs, and there have bzen frequent references to the
necessity of industrial companies sponsoring 1ncal research in LDCs
(e.g., MORAVCSIK 1971a, p.64). AID 1973c lists developmental activities
in LDCs sponsored by multinational firms, such as the Creole Foundation
in Venezuela, the Gillette Foundation in Argentina, and the support of
FORGE (described below) by a number of companies. It also mentions
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local subsidiaries with R&D facilities (though not necessarily for
scientific research), such as the Unitec Fruit Company's facilities in
Honduras, the General Tire subsidiary (7ATE S.A.I.C.I.) in Argentina,
G.D. Searle pharmaceutical research laboratories in several Latin Amer-
ican countries, and the Firestore laboratory in Liberia. Yet, the
examples are rather sporadic. Some LDCs have developed links with
industrial organizations in ACs (RAHMAN 1973, p.135), but the links
primarily involve collaboration in the production stage, surh as building
plants and machinery, designing plants, and designing production
processes.

The two reports on multinational companies are quite extensive
(NAS 1273a and UN 1973b). They generally stress the important role
companies can play and to some extent have played in the development of
LDCs, but they also present an extensive list of possible actions, some
to be taken by international firms, some by host countries, and some
by international agencies and agencies of ACs. It is evident that much
remains to be done in this area.

The role played by private foundations in science development can
be illustrated by considering briefly two large US foundations, Ford
and Rockefeller. Private foundations seem to assume that science is
well taken care of by the government; hence, their interest in the
natural sciences is rather weak. In 1971, the Ford Foundation distrib-
uted a total of 220 million dollars in grants. Of that, 2.8 million
dollars, 1.3%, was spent on science development in LDCs including sci-
ence teaching. Of the latter amount, 60% went to six projects: Inter-
national Rice Research Institute; birth control in India; University of
the Philippines; birth control in E1 Salvador; education at the Univer-
sity of Chiie; and the Middle East Technical University in Ankara,
Turkey. (The above figures are approximate since the line items in
FORD 1971 are not always specific as to the scientific content of
projects.) There have been suggestions (e.g., RAO 1966) that the
Foundation should broaden its efforts in science development both in
quantity and variety. The existing projects are in part short-range
in their perspectives. Ford activities in India are described in
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ODHIAMBO 1967 (p.878). The grant to the University of Chile was pri-
marily for the University of California-University of Chile bilateral
program. GREENE 1971 (pp.11,12) comments on Ford's performance in
Latin America.

The total value of grants awarded by the Rockefeller Foundation in
1971 was about 33 million dollars (ROCKEFELLER 1971, p.162). (One
should keep in mind the scale of private foundations as compared with
governmental programs. Since its establishment in 1913, the Rockefeller
Foundation has appropriated a total of about 1.1 billion dollars which
corresponds to about four months of US governmental international assis-
tance.) Of the 33 million dollars, it is difficult to ascertain the
fraction spent on science development. Rockefeller's primary approach
in science-related areas has been its University Development Program
(6.6 million dollars in 1971) aimed at “training professional people,
scientists and scholars, in the applied disciplines" (ROCKEFELLER 1971,
p.46). Support under this program has been primarily concentrated on
five groups of institutions: University of Valle (Colombia); University
of the Philippines; University of Ibadan (Nigeria); Mahidol University,
Kasetsart University, and Thammasat University (Thailand); Makarere
University, Kempala, The University of Dar es Salaam, and the Univer-
sity of Nairobi (East Africa). A detailed description of this program
can be found in THOMPSON 1972. The Rockefeller Foundation also sup-
ports the International Rice Research Institute and is in fact famous
for its support of various agricultural projects aimed at developing
bette: varieties of wheat and rice. The Foundation's role in India is
described in RAHMAN 1973 (pp.148-50). The Rockefeller Foundation's
annual contribution to science development is approximately 2 million
dollars.

Other private foundations are much smaller, though some are more
oriented toward LDCs. For example, the Asia Foundation's program for
science and technology development is sketched in ASIA 1972a (p.39).
Its project grants in the fiscal year 1970-71 totaled about $880,000
(ASIA 1972a, p.90), of which approximately 16% was for science projects.
The Foundation also provides individual grants to Asians for study
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outside Asia. These grants numbered about 120 in the fiscal year
1970-71; about 7% were in science, science teaching, and science policy.
The Foundation also maintains the Books for Asia program discussed in
Chapter 4. Examples of its projects are given in ASIA 1971,

Most other US foundations are not active in science development in
LDCs. For example, the Kellogg Foundaticn spends 19 million dollars
annually; about 11% is devoted to Latin American health and agricul-
ture (KELLOGG 1972, p.23), but most of that fraction is spent on social
services and technology. The Danforth Foundation has a general inter-
est in international education and supports ASAIHL (see Chap. 2), but
its programs are not aimed at science as such (DANFORTH 1972, pp.40-2).
0f the more than 1300 fellowships awarded by the Guggenheim Foundation
during a recent four-year period, not one was for work in science
development. Even private organizations specifically oriented toward
developuental problems in LDCs frequently have very little feeling for
the crucial role indigenous science could play. A recent 200-page
publication of ODC (HOWE 1974) with the impressive title, The us and
the Developing World--Agenda for 1974, makes no mention at all of
science development.

Supported by US private industry, and more ri:cently by AID as
well, FORGE distributes small research grants to jromising, usually
young, scientific researchers in LDCs (primarily in Latin America)
(FORGE 1971). The small merit grants are designed to establish high-
quality. scientists in research so they can then acquire local support.
An organization with beautifully simple administrative machinery, it
operates in the best tradition of catalyzing indigenous science.

In the field of science education, IIE serves as a switchboard
for educational personnel traveling to and from LDCs (IIE 1971). CIEP
of AAPT operates the Physics Interviewing Project which interviews stu-
dents in LDCs to evaluate their capabilities for graduate education in
the US. CIEP also plans to organize a summer seminar for science
graduate students from LDCs being educated in the US; it will cover
aspects of science and science policy not usually touched upon in US
graduate schools, but which are important in LDCs. The first attempt
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to organize such a seminar in the summer of 1973 failed for lack of
financial support. Various suggestions for activity in these areas can
be found in MORAVCSIK 1971a (pp.56,57,60,61) and SCHROEDER 1973 (p.19).
The Creole Foundation is described in CREOLE 1966.

There has been much discussion of regional orgainzations for
science development. CERN is usually cited as the shining example;
ZAHLAN 1967 (p.10) analyzes why it works so well. KING 1957 mentions
CERN but does not think its model would work optimally in the context
of LDCs. Some regions have little cooperation, such as parts of Asia
(PERES 1969, p.41). KIM 1969 (p.97) suggests means for Asian coopera-
tion in personnel exchange, regional meetings, documentation, and pro-
duction and repair of instruments. RAKNEMA 1969 (p.60) contributes
some general remarks. GRESFORD 1964 is another commentator on the
situation in Southeast Asia. NAS 1965b (p.9) urges regional coopera-
tion for Africa to overcome the legacy of separatism and to tackle
common problems. It advocates national development which can be
coordinated with a regional plan (p.53). Comments on East Africa can
be found in BANAGE 1967, WORTHINGTON 1948, and ODHIAMBO 1967. Africa
is discussed in WORTHINGTON 1960. NBS 1972 (p.11) points out that
standardization of measures and processes must be regional in Latin
America. Also in the context of Latin America, MORAVCSIK 1973e and
ROCHE 1966 (p.60) urge regional cooperation. JONES 1971 (pp.29,52)
appeals for regional collaboration but emphasizes that a national base
is necessary to realize the advantages of such cooperation., A detailed,
perceptive discussion of the principles of organizing and operating
regional programs appears in UN 1970b (pp.58-60). UNESCO 1968 (p.18)
and 1971a express UNESCO's views on regional organizations.

The OAS has a Department of Scientific Affairs for science devel-
opment projects. The Department's deputy director presents a good
survey of the relevant problems in Latin America in ALONSO 1969. A
factual summary of OAS activities is given in OAS 1972. OAS supports
exchange of personnel (between LDCs in Latin America as well as with
ACs), seminars, fellowships, and research. Between March 1968 and
December 1971, the OAS Regional Program collaborated with 150
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scientific and technological institutions in Latin America and dealt
with about 1600 specialists, professors, and researchers in Latin Amer-
ica and other parts of the world. In the process, the Program spent
over 11 million dollars including science and technology (p.29). The
breakdown shows a fairly balanced distribution among basic sciences,
applied sciences, technological development, "supporting actions," and
scientific and technological planning. A detailed list of projects of
0AS for the fiscal year 1970-71 is given in O0AS 1971, illustrating the
intertwining 1inks among all countries of the region. A similar docu-
ment is 0AS 1970. OAS projects are in good standing with the Latin
American scientific community, though there are some problems. For
example, in some Latin American countries, assistance from another
Latin American country is considered “second-class help"; Peruvian
student would much rather be trained in the US than, say, in Chile
(GREENE 1971). Another source of difficulties is the bureaucratic
inefficiency of OAS causing projects to be postponed, travel grants to
be allocated after the fact, and so forth.

This might be a proper point to comment on the general problem of
bureaucracy in scientific assistance. OAS is certainly not alone in
this respect. Other international and national governmental agencies
are not very different. With some exceptions, the time lag between
input and output is many months. Particular individuals are usually
not responsible for such clumsiness. It is, rather, the "system," the
procedure used to do anything. Apart from the loss of time, serious
enough in many cases, the massive bureaucratization of science develop-
ment raises the cost of any project. AID, therefore, refuses to con-
sider "small" projects (anything costing less than $100,000). Thus,
there is a third detrimental effect: in addition to loss of time and
added cost, there will be automatic rejection of small, novel, and
experimental projects in favor of huge, routine, and frequently unex-
citing ones. Those in developmental assistance agencies often speak
disparagingly of the slowness and inefficiency of the administrative
machinery in LDCs. They might discover, however, that their own opera-
tions are not much more efficient than, say, an LDC customs office.
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CLAF is quite a different organization. Operating on a shoestring
compared with previously mentione1 agencies and foundations, it has an
annual budget of perhaps $100,000 which fluctuates wildly from year to
year. Details and evaluation can be found in CLAF 1971. Recently,
CLAF has been receiving support from UNESCO.

Other regional organizations are discussed in the following. The
Interamerican Bank is described in INTERAMERICAN 1969 and Ismael
Escobar's concise summary in NBS 1971 (p.345). Examples of OECD's
work can be found in OECD 1971a, a report of 110 pages of which about
5 are devoted to LDCs. OECD has published a number of reports quoted
in this book. The relevance of the Colombo Plan to India is discussed
in RAHMAN 1973 (pp.143,144,149,150). Scientific activities of the
Commonwealth are described in COMMONWEALTH 1973 and ROYAL 1968.

As an introduction to UN programs, I strongly recommend KOVDA 1968.
Kovda first establishes the size of the UN's annual expenditure on sci-
ence and technology: at that time it was about 100 million dollars, or
5 cents for each citizen of LDCs {p.14). An immediate conclusion is
that without national efforts to supplement this sum, not much will be
done in the LDCs. Kovda then shows that even that expenditure has been
rather ineffective having been used mainly for collection of data
(p.15). (Since science as such does not even exist as a line item, it
is difficult to trace expenditures for it. But 50% of the amount was
spent on salaries and 25% on transportation [p.15].) Kovda goes on to
make some specific suggestions for further action. KOVDA 1963 is
interesting in that it is a much more abstract and cautious essay.

Overall figures for UN expenditures on science are given in SALAM
1968: 30 million dollars by FAQ, 50 million dollars by WHO, 30 million
dollars by UNESCO, 10 million dollars by IAEA, and 100 million dollars
through UNDP. However, much of this is for technology rather than
science--the actual science figures are not separated here., Salam
remarks that the scientific effort supported by the UN has been mainly
in applied science.

The UN must operate strictly on an egalitarian basis, a restriction
greatly disapproved of in LEWIS 1961 (p.47): "Members of the General
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Assembly are egalitarian and, if permitted, would distribute aid on
some simple per capita basis which took no account of what was likely
to be done with the aid."

The UN (through its Office of Science and Technology and apart from
its special agencies) publishes study documents, such as UN 1971b.
Well-written and containing some interesting information, this publica-
tion serves as an introduction to computer science for science admin-
jstrators. It was prepared by an illustrious international panel of
experts, though there is nothing in it that would demand the sponsor-
ship of an organization such as the UN. (The UN Office of Science and
Technology also deals with international treaties, such as that per-
taining to the exploitation of sea beds. )

An illustration of the UN at its worst is UN 1973a, the report of
the first session of the UN's COSTED.

The Un World Plan has been extensively discussed. For some
time, the opinion had been expressed (for example, BLACKETT 1967,
p.311) that ACs should make a greater contribution to science devel-
opment in LDCs. The actual flow of international assistance can be
ascertained from such sources as SID 1973 and COOPERATION 1973.
"07ficial development assistance" as percentage of GNP is 0.1% for
the "negligent" European countries (Italy, Austria); 0.3-0.4% for
US, Germany, Ur, and Japan; 0.5% for Sweden; 0.6-0.7% for the "dili-
gent” European cuuntries (e.g., the Netherlands or France); and an
exceptional 1.5% for Portugal. The total flow of assistance (includ-
ing a1l official assistance, private flows, and grants by private
agencies) is 0.4-0.6% for Germany, Sweden, US, Switzerland, Denmark,
Austria, Italy, and Norway; 0.8-1.1% for Belgium, UK, France, Aus-
tralia, Canada, and Japan; and again an exceptional 2.1% for Portugal.
The corresponding percentage for the soviet Union is 0.25% and for the
People's Republic of China between 0.3% and 0.6%, depending on how one
estimates the GNP. SID 1973 gives other figures for flow among LDCs
as well as the amount for the People's Republic of China. As men-
tioned above, the science component of these assistance flows is
generally not indicated.
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Partly because of dissatisfaction with such assistance figures,
studies were undertaken to formulate a world plan for the assistance
of LDCs by ACs. UN 1969 (pp.22-42), 1970a, and 1970b are some of the
documents which preceded the final version of the World Plan. They are
expertly composed, interesting contributions to policy for science
development. The final plan is stated in UN 1971a.

The World Plan is designed to be catalytic, not comprehensive
(UN 1971a, p.5). Bilateral links are emphasized (pp.50,69,¢ -, and
the necessity of cooperation with the international scientific commu-
nity is recognized (p.58). In terms of financial targets to be
reached by 1980, it makes the following proposals (CLARKE 1971, p.51,
or UN 1970b, Table 1): (1) LDCs should reach 1% of their GNP as their
expenditure for research and development (including scientific and
technological public services); (2) ACs should reach 1% of their GNP
as the total international assistance to LDCs; (3) of the previous
item, 5% (0.05% of the GNP of the ACs) should be spent specifically
for assistance to science and technoiogy in the LDCs; (4) of the pre-
vious item, 40% (0.02% of the GNP of the ACs) should be allotted to
supplying financial aid and equipment to the LDCs and 60% (0.03% of
the GNP of the ACs) to sending experts from the ACs to the LDCs; and
(5) in addition, 5% of the nonmilitary R&D of the ACs should be de-
voted to problems of primary interest to LDCs.

Some of these figures have substantial implications. For example,
0.03% of the GNP of the ACs could support about 20,000 scientists and
technologists from ACs for work in LDCs, Since the number of LDCs is
roughly 100, this procedure would supply an average of 200 experts per
LDC, a significant number. The targeted amounts are not exorbitant.
For example, the total international scientific and technical assis-
tance of the US is estimated to be about 320 million dollars; the tar-
geted amount of 0.05% of the GNP would be 500 million dollars. In
general, the targets are a factor of 2-3 above present levels. Since
the target date is 1980, the goal seems realistic. A brief mention of
the Plan is made in JONES 1971 (p.30). The main difficulty with the
Plan is not that its requirements are unreasonable, but that no
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provisions are made for its implementation. In particular, no pro-
cedure is suggested to involve the scientific community itself. This
criticism of the Plan is also presented in ZIMAN 1973,

In discussing UNESCO, it is interesting to follow its history by
examining references chronologically. NEEDHAM 1948 and BOK 1948 de-
scribe the optimistic beginnings. (The latter mentions that on the
long 1ist of official advisors for UNESCO, there is not a single scien-
tist.) The same optimism is revealed in STAKMAN 1952 with its long list
of planned programs. ZWEMER 1957 is a rather generalized essay. How-
ever, at this time critical remarks begin to appear: KING 1957, for
example, remarks on the heavy hand of international bureaucracy and on
UNESCO's remoteness from the scientific community. Perfunctory com-
ments on UNESCO can be found in NOYES 1957 (p.236). An outline of
UNESCO's situation in the early 1960s is presented in RODERICK 1962,
Its activities at that time involved communication, documentation,
science policy, education, and fellowships. The two-year budget for
the natural sciences was 4.3 million dollars {compared with 15 million
dollars 10 years later). An additional 10.8 million dollars in 1962
came from "extrabudgetry funds" (compared with 35 million dollars from
UNDP 10 years later). The breakdown of these amounts in RODERICK 1962
shows that most of the funds going directly into the scientific struc-
ture of LDCs came from the "extrabudgetary funds." Other general out-
lines of UNESCO's structure are given in MAHEU 1963, BULLETIN 1964,
UNESCO 1964b, 1968, and 1969b (the last two describe situations not very
different from the present one). At about the same time, ZAHEER 1968
(p.11) criticizes UNESCO for spending too much on itself while
RICHARDSON 1969 finds fault with performance as opposed to plans and
with efforts made to recruit experts. ZAHLAN 1972c and 1972d are crit-
ical along the same lines claiming, for example, that six years after
the UNESCO-sponsored conference in Algiers in 1966, none of the re-
sulting recommendations have been implemented. The present effort of
UNESCO in the natural sciences is described clearly in UNESCO 1973a.
The section of UNESCO called "Natural Sciences and Their Applications
to Development" has a budget of 50 million dollars (30% being regular
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UNESCO funds, the rest from UNDP). Of the total, about 70% is spent
on salaries of project personnel. There are three main groupings:
Science Policy and Promotion of Scientific Communication (9% of the
funds); Scientific and Technological Research and Higher Education
(61%); and Environmental Sciences and Natural Resources Research (25%).
The remaining 5% is divided between field offices and the office of
the Assistant Director General.

Many UNESCO documents are valuable sources of information on sci-
ence development. Examples are UNESCO 1970g (educational research
institutes in Asia), 1966b (world directory of science policy organs),
1967b (a general study of science policy), 1969e (a specific study in
biomedicine), 1970b (a theoretical work on economics in science devel-
opment), 1969b (dealing with a region, Africa), and 1970f (dealing with
a single country, Argentina).

According to UNESCO 1972b, the Science Policy Division conducts
normative activities, cooperative activities, research activities,
collection and diffusion of information, coordination, exchange of
information, some training, and occasional operational programs on
request from LDCs. An example of the latter is the case of Nigerian
science policy being developed through the efforts of UNESCO
(MARTIN 1970).

A good summary of IAEA activities is IAEA 1973b. IAEA spent a
total of 44 million dollars on assistance in 1958-72 (pp.60-1). The
annual amounts have been increasing; in 1972, the budget for assistance
was 8.5 million dollars. The total budget, however, was about 15
million dollars in 1972 (not counting UNDP funds.). This total was
contributed by some 100 countries in proportion to their abilities.
Roughly speaking, the US contributed one-third; the USSR, West Germany,
France, UK, and Japan contributed one-third; and the rest of the world
contributed one-third (IAEA 1973a, pp.66-7). Expenditures for assis-
tance are about equally divided among experts, equipment, and fellow-
ships (IAEA 1973b, p.30). The organizational structure of IAEA is
described in SZASZ 1970. Other information on activities of IAEA can
be found in IAEA 1972 (publications), IAEA 1973c, and USMANI 1969,
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the latter stressing the role of IAEA from the point of view of
an LDC.

Information on ICTP can be found in ZAHLAN 1967 (p.10) which advo-
cates locating such institutions in LDCs; in many papers by Abdus Salam,
such as SALAM 1965a, 1965b, and 1966; and in ZIMAN 1971 which describes
the so-called "Winter College" pioneered by ICTP. SAAVEDRA 1973 pays
eloquent tribute to ICTP: "After a couple of years back in Chile I felt
like a squashed lemon. I just could not be of any further help, and
I thought the only honest thing to do was to give up and to return to
Europe. At that time the International Centre for Theoretical Physics
was opened in Trieste, and it was given to me the possibility to stay
there for three months every year, for a few years (this is the scheme
called 'Associateship'); it was thanks to that that I could remain
in Chile."

It is too early to say much about the scientific activities of
the World Bank since they have just begun. A comment from some time
ago is in LEWIS 1961 (p.47).

The documentation of bilateral links can be found in much of the
literature. Regarding the country-to-country level, TASK 1970 (p.22)
states that US scientific assistance should, if possible, be channeled
not into bilateral activities but through multinational or interna-
tional agencies. COPISAROW 1970 remarks, however, that even in that
case assistance will be basically bilateral in nature because an expert
of definite nationality will still work in one particular country.
MORAVCSIK 1973a urges a mixed approach in which bilateral aid is com-
bined with assistance through international channels. On a smaller
scale, institution-to-institition or even research-group-to-research-
group, such links are likely to be more effective, as stressed in
MORAVCSIK 1971a (p.57). THOMPSON 1972 (r. " offers a critique of AID's
bilateral approach calling it poorly imp »minved. AID's bilateral pro-
gram (in all areas) in 1967 amounted to 166 million dollars. Partici-
pants included 71 US universities and 39 LDCs (UNESCO 1969a, p.90).

An example of such a program with some scientific content is found at
Cornell University directed by chemist Franklin Long. A good general
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discussion of bilateral links, examining both assets and dangers,
is UN 1970b (pp.57-8).

The "theory" of bilateral links is well-treated in GLYDE 1972, an
intelligently conceived analysis of bilateral links between Britain and
Thailand (its main conclusions are listed in Chap. 4). Glyde's work
supports the position that bilateral links should be organized in small
units in which the contact between scientists is direct and the admin-
istration decentralized.

Another valuable document on bilateral links is UNESCO 1969a, a
summary and tabulation of a worldwide survey of bilateral links in sci-
ence and technology. It reports on 584 links between 84 "recipient"
countries and 21 “donor" countries. Of these, 85% involve four "donor"
countries: US, 179; West Germany, 155; France, 112; and UK, 59. Of the
179 US links, about 16 are in the sciences; the rest are in technology,
social sciences, and other areas, MORAVCSIK 1973g (p.107) lists the
disciplines in which bilateral 1inks have been established in Nigeria,
Brazil, Tvrkey, Republic of Korea, and Indonesia. Many informal
bilateral relations exist which are not reported in such documents.
CIEP is in the process or establishing some in Latin America with the
help of 0AS. OAS also assisted the University of Texas in making
arrangements with the University of Mexico. Other references and de-
scriptions are SCHROEDER 1973 (p.58), a Brazil-Canada link; AID 1972a
(pp.76,80-2,104,115), 1inks with Iran; and NICHOLLS 1969 {p.81), links
with Thailand.

There is a substantial 1ink between the University of California
and the University of Chile. It was perhaps stimulated by contacts
between California and Chile developed during a rather unsuccessful
general bilateral AID project in the mid-1960s (described, for example,
in DVORIN 1965). The new link was established in the late 1960s, and
in its first six years of operation spent about 6.5 million dollars.
Its main categories of activity are agriculture and veterinary medicine,
arts and literature, sciences and engineering, and social sciences.

The expenditure for sciences and engineering in the first six years
was about 1.8 mi‘lion dollars. Some of its actions have been
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controversial, such as the donation of a cyclotron (proton accelerator)
to the University of Chile by the University of California at Davis and
the subsequent exchange of staff members in connection with research

on this machine. This example of "Big Science" is disapproved of by some
Chilean scientists (GREENE 1971, p.7), but it is not at all clear that
this feeling predominates in Chile.
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Eight
The Big Intangible

Frevious chapters discuss those elements of science development re-
quired by =ven the simplest model of "scientific method": education,
manpower development, communications, research institutions, organiza-
tional matters, and international connections. These can all be dis-
cussed in fairly objective terms and, as far as input is concerned,
even in quantitative terms. The measurement of output is, as we saw,
a more subtle task, but even certain rudimentary yardsticks can be
used, at least for a general orientation.

This chapter is concerned with a different element in science
development. It cannot be pinpointed in objective terms, it cannot
be measured quantitatively, and it usually does not appear at all in
theoretical discussions of scientific method. Yet, it is perhaps the
most important ingredient in science development by holding the other
elements together and making the whole structure move. I refer to the
factor of morale.

The importance of this ingredient results from the fact that sci-
entists must be taken care of as human beings before they can function
.- effectively as scientists. JIn addition to obvious material needs, psy-

chological needs must be accommodated.



What motivates people to work as scientists? It appears that a
combination of elements are usually present simultaneously in the
"onilosophy" of every scientist, though in ratios which may vary with
the individual and, for a single individual, with time. These moti-
vations are:

(1) Scientists have a curiosity about nature, about the unknown,
about the esoteric. In evolutionary terms, this seems to be a favored
trajt: human curiosity throughout the centuries has "paid off" in ma-
terial dividends. Fascination with new and unknown things is certainly
not confined to scientists. In their case, however, it takes the form
cf an interest in the laws of nature, There is hardly a scientist of
any substantial achievement who cannot recall the excitement of gaining
understanding of some part of the structure of nature. This excitement
is present even in cases when the discovery is purely personal (that
is, when the law of nature is already known to others and it is a
“first" only for the person in question). I stress this because ex-
citement over a discovery is distinct from the joy of discovering some-
thing for the first time, that is, winning the "race" with other
scientists.

(2) Most human beings have an innate urge to convert whatever
talents they may have to actual accomplishments. Presumably this also
is favored by evolution, and it too is widespread whether we are con-
sidering an athlete, a lawyer, a farmer, a doctor, or a scientist. In
the last case, the urge can manifest itself in achievements in scienti-
fic research, science teaching, science organization, or related
activities.

(3) Humans are competitive. Scientists are motivated by the satis-
faction of being the first human being ever to grasp the laws of a cer-
tain part of the universe. Science is a particularly suitable arena
for competition because the rules are very well-prescribed and the
Judges are, on the whole, quite objective.

(4) Scientists are motivated by recognition ¢f their work. Because
of the relatively obiective nature of scientific research, recognition
is awarded according to fairly clear rules. The form of the recognition
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depends on the community which awards it. Within the scientific com-
munity, the best forms of recognition are frequent references in other
scientists' work to the person's scientific papers and awards of leading
roles in international conferences. Outside the scientific community,
the most appreciated form of recognition is appropriate supnort for the
scientists' work and the freedom to conduct research according to the
scientists' best judgment. Special medals, prizes, and honorary awards
are also used for this purpose, but they make less of an imprint on the
scientific community than the daily expression of support for research.

(5) Scientists are motivated by the zonviction that science is an
intellectual and material contribution to humanity. The cumulative
structure of scientific knowledge makes use even of small contributions
by second-rate scientists. (In contrast, for example, the work of
second-rate artists appears to have less long-term justification.)
While this may appear to be a strong motivation to those outside the
scientific community, within the community it is generally not very im-
portant. In particular, it appears to play a rather minor role in deter-
mining a young person's decision to go into science. It is, in fact,
double-edged since the uses of science, 1ike the uses of anything else,
can be either beneficial or detrimental depending on the user and on
the values of the viewer. Nevertheless, scientists responsible for
research leadirg to widespread technological applications are usually
proud of having played a role in that development.

If scientists are to become creative, and remain so, it is essen-
tial that their motivations to do science are tended to satisfactorily.
In a society typical of many LDCs, scientific curiosity will be on a
collision course with the resistance to change ana novelty and with the
fea~ of plunging into the unknown prevalent in static societies. The
scientists' desire for free exploration and the opportunity to turn
talents into accomplishments may be suppressed by ideological orthodoxy
which prescribes the path each individual must follow. Such obstacles
will put scientists to a test and may cause weakened motivations.

Recognition of scientific work is hindered in LDCs for several
reasons. The scientific community is 1ikely to be small, and small
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scientific communities tend to have more internal strife and infighting
than large ones. In many LDCs, bitter personal conflicts rage in the
midst of the scientific community preventing the awarding of normal
scientific recognition for significant contributions. Recognition from
society is often lacking partly because of plain ignorance about science
and partly because of antiscience attitudes rooted in cultural, r:li-
gious, or political preconceptions. In many countries, science is still
considered esoteric without much social prestige, societal influence,
or communal respect. Even the pragmatic aspect of science remains un-
appreciated either because no connection is made between the efforts

of scientists and improvement in the country's living conditions or be-
cause the connection is perceived as negative.

So far, I have discussed psychological factors in the motivaticn
of scientists which can be related to specific shortcomings in the sci-
entists' environment. They cannot be measured quantitatively, but
they are amenable to specific remedies.

There is, however, an additional factor, a truly intangible one
which plays a decisive role in the creativity, productivity, and vigor
of a scientist. Different words have been used to describe this fac-
tor: high morale, will, personal strength, optimism, self-confidence, and
positive mental attitude are only some. I will use the term "morale"
to describe this characteristic which is so pivotal to the welfare of a
scientific community.

Morale is intangible because, at this stage of our knowledge, its
state cannot be predicted solely on the basis of the numerous factors
discussed previously. For example, one may encounter two LDCs with
virtually identical external factors influencing science and scientists.
In one country productivity is flourishing and steady progress is being
made while in the other stagnancy seems to prevail. During my visits
to various countries, 1 have witnessed scientists working under the most
adverse conditions and yet working with enthusiasm, energy, determina-
tion, and purpose and achieving correspondingly. On the other hand, 1
have seen scientific communities with good physical and social environ-
ments which were nevericheless demoralized and unproductive. 1 have
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known scientists from LDCs who produced admirably while temporarily in

an AC. When they returned to their own countries, the physical facili-
ties there were at least equal to those they had just left behind, and
their social status was higher than in the AC. They nevertheless stopped
functioning as creative scientists because, they said, "in our country
you just cannot do science.”

Morale is, of course, a familiar phenomenon. Each of us knows
people who can overcome the most severe obstacles--material, psycho-
logical, or social--and reassert their faith in their goals and activi-
ties. We also know people with no internal strength who buckle under
the siightest misfortune. But low morale is particularly damrging in
the sciences because of the highly collective nature of scientific re-
search. Low morale can be extremely contagious and can spread from
scientist to scientist. One of the crucial requirements for an LDC,
therefore, is high morale among its scientists. Without it, the best
of plans will fail.

In sum, then, the detrimental psychological factors which can ham-
per the development of science in LDCs are the following: suppression
of curiosity through fear of the unknown or through dogmatic cultural
or political attitudes; impeding scientists' efforts to make use of
their talents through resistance to change or negative social or polit-
jcal pressure; societal indifference or hostility to scientific achieve-
ments because of ignorance or the fear that knowledge may be misused;
resorting to nonscientific criteria and personal animosities in allo-
cating recognition within the scientific community jtself; and low
morale, a lack of belief that certain goals are worthwhile or attain-
able and a general demoralization which degrades the values and per-
sonal satisfaction found in pursuing science.

However, there is an important point to be brought out here. Does
the above 1ist of maladies characterize science only in LDCs? Defi-
nitely not. In many ACs, there has recently been a decrease of interest
and confidence in science, an upsurge of antiscientific sentiments, and
an increasingly strong claim that science is "irrelevant"” to our age.
Fears are frequently expressed of the consequences of new scientific
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knowledge. There is a more prevalent belief that change is usually
for the worse, and a widespread weakening of personal initiatives and
motivations to explore new fo,ms of creativity and to undertake new and
complex tasks.

But the decrease of public morale is perhaps not the most impor-
tant phenomenon. The most significant signs are evident within the
scientific community itself. Legitimate concern with the uses of sci-
ence is increasingly degenerating into an antiscientific attitude toward
scientific and technological issues. The attitude is seldom exhibited
with respect to the scientist's particular program (though there are
instances of scientists directly involved in experiments using rockets
and space vehicles who oppose the space program; they argue that funds
should not be wasted on space research while other, allegedly more im-
portant probiems remain unsolved). It is increasingly common, however,
for scientists to oppose scientific and technological expenditures af-
fecting areas other than their own or to object to proposals for experi-
mental determination of unknown effects in applied sciences (such as the
building of prototype supersonic commercial aircraft to test the claims
of an altered ozone balance in the upper atmosphere). Scientists more
frequently advocate the "when in doubt, do nothing" approach to public
issues with scientific or technological components. For example, some
claim that since the precise effects of extremely low-level radioactiv-
ity on human beings are not known, all nuclear power gencration must be
stopped. Or ithey demand that the distribution of new drugs badly needed
be postponed until "it has been proven that there are no side effects,"
a condition that is patently impossible to satisfy. Other scientists
are swayed by the argument that the elimination of war can only be
achieved by de-emphasizing science and technology; hence, they begin to
feel quilty about practicing science as a profession. Sti1l others are
troubled by the claim that the modern world has been dehumanized by
science and technology; they are becoming dubious about science because
of its presumed role in suppressing human values and relationships.

It is not my purpose to argue the merits of these claims and con-
cerns. MWhatever the merits are, the point is that such tendencies
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greatly contribute to a weakening of morale with respect to the pur-
suit of science. For quite different reasons, psychological problems
now exist in ACs and LDCs.

It is indeed possible that the psychological factors working
against science development will become more intense in the ACs but
will lessen in the LOCs. If so, the LDCs would have an exciting op-
portunity indeed. If one disregards the psychological factors and
considers only the tangible constituents of science development, one
could easily conclude that the gap between ACs and LDCs will continue
to increase for the foreseeable future. If, however, one includes the
factor of morale and hypothesizes that morale will continue to sink in
the ACs and continue to rise in the LDCs, one can conceive that purpose-
ful and strong-willed LDCs might rise to scientific leadership in the
world in a relatively short time. From a historical point of view,
there is precedent for a reversal of roles. Civilizations rise and
fall; invincible giants collapse and vanish while "lowly barbarians,"
deemed outcasts forever, become the new leaders of emerging civilizations.

However, new civilizations are generally based on new values,
ideals, and areas of excellence. If LDCs were to assume the leadership
of the world, it is not obvious that they would also adopt the predi-
lection to do science, the system of values in which the exploration of
nature has a prominent role. There are two reasons, however, why the
transmission of a scientific civilization appears rather 1ix« First,
scientific and technological excellence have become closely related to
political and economic strength. The cultivation of science, there-
fore, scews a necessary prerequisite for the evolution and survival of
a new civilization. Second and perhaps more important, science has a
substantial degree of objectivity which should make it compatible with
different value systems, Throughout this book, 1 have emphasized the
international character of science. Scientists from any combination
of countries, no matter how different their cultural, traditional, re-
ligious, ideological, or other backgrounds may be, can easily accept,
discuss, and pursue the same kind of science. This aspect of science
might enable it to be transmitted from one age to another.
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Though much of this is speculative, one might ask what LDCs should
do to take advantage of a possible opportunity to close the gap. The
answer is simple in principle though probably difficult in practice.
LDCs must acquire an increased purposefulness, a determination to de-
velop their science in the most rapid and effective manner possible,
and they must do this in the face of opposite trends in the ACs. They
should adopt and adapt as much scientific know-how and organizational
skills from the ACs as possible. At the same time, they must reject
the fears, insecurities, doubts, and negativism to which they may be
exposed through contact with the ACs. This is, of course, a supremely
difficult task requiring scientists with rare qualities. Yet, the op-
portunity is so momentous and exciting that this task deserves the
primary attention of the whole scientific community of LDCs.

The specific provisions for science that were discussed in Chap-
ters 1-7 are necessary for building an indigenous scientific community
in LDCs. However, these provisions will produce results only if they
are generated in a satisfactory psychological environment. A crucial
psychological factor is high morale which will give the members of the
scientific community the purposefulness and strength to tackle the
challenging task of science development.
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Background and Comments

By its very nature, the problem of morale has received much less atten-
tion in the literature on science development than the tangible inputs,
such as funds, manpower, and organization. Intangibles do not appear
in development plans, quantitative estimates, or budgets; furthermore,
morale is a sensitive issue in political, hi-an, and interpersonal
terms. Whenever the matter is brought up in the open literature, it
becomes controversial. As a "debate" develops, positions harden and
1ittle is accomplished. In many aspects of human development, secret
diplomacy has no equal, and problems of morale might belong in this
category. In that sense, it may be unwise to discuss the subject here.
On the other hand, since morale is such a decisive factor in science
development, and the present discussion does not castigate any partic-
ular country or individual, I felt it necessary to include this problem.
The importance of morale is emphasized often in the literature,
though the terms vary from commentator to commentator. Skyes in NADER
1969 (p.553) talks about the right "mental attitude." MORAVCSIK 1964a,
1964b (p.9), 1964c (p.197), 1965b (p.19), 1966¢ (p.389), 1971c, 1972a
(pp.198-9), 1973e, and 1973f examine the importance of morale to local
development (in the sciences and elsewhere), its bolstering through
international exchange, and its manifestations in specific instances.
In the context of the latter, MORAVCSIK 1965b (p.19), MURIEL 1970, and
MORAVCSIK 1971c 1llustrate the type of controversy that can arise.
DEDIJER 1963 (p.68) gives examples of statements indicating low morale
in the context of science development in LDCs. Both COPISAROW 1970 and
LEWIS 1961 (p.46) use the term "will" and suggest ways to improve it.
SNOW 1964 uses the term "optimism" contrasting what he perceives to be
"individual"” tragedy with "social optimism." While the context is not
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jdentical, many of Snow's ideas have applications in science develop-
ment. BHABHA 1966b (pp.337-9) describes the construction of the first
reactors in India and remarks on the resulting pride and self-confidence
generated in the indigenous scientific and technological community. Psy-
chologists and sociologists have undoubtedly discussed the problem of
morale in the general development literature, but to delve into that
would take us too far afield.

The question of what motivates scientists has also been exten-
sively treated. It may suffice to cite a few discussions by people
involved in science development: DEDIJZR 1963 (p.69); LONSDALE 1968
(p.373); MORAVCSIK 1974a; and PRICE 1968. The latter is of particular
interest since it makes the following claim: "Science and technology
are both creative occupations. They both set a premium on those who
can combine thoughts in interesting ways that simply would not occur
to other people. Edison and Einstein can agree completely that the
biggest part of their motivation is indeed 'getting there first, before
the other fellows.' Contrary to popularly held beliefs that they are
beset by natural curiosity or by the hope of doing good, it appears from
many modern researches that it is competition that holds first place in
incentive.” Unfortunately, the "many modern researches" are not cited
in PRICE 1968.

Social and political factors impeding science development have
been mentioned throughout this book. A few additional references should
be noted. ZAHLAN 1972c discusses the problem of insecurity in LDCs as
a consequence of perpetual crisis (mentioned in previous chapters). In-
stances of political control of thought are recorded in WU 1970 (pp.42,
48,50,56,81,83,95,97,100,460). JONES 1971 (p.22) emphasizes the need
to overcome resistance to change. The fear of plunging into the unknown
is characterized aptly in CLARKE 1971 (p.5): "How then are we to pro-
ceed? We must first beware of false fears--because, as one wit put it,
'if we had stopped to think through all the implications of inventing
the wheel, we would probably never have done it'."” "Desacralization,"
used by Skyes in NADER 1969 (pp.555,557), represents an intolerance of
taboos which hinder the exploration and utilization of nature for the
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bettering of human 1ife. BASALLA 1967 (p.620) comments on nationalism
and science: "While I do not hold with the Nazi theorists that science
is a direct reflection of the racial or national spirit, neither do I
accept Chekhov's dictum that 'there is no national science just as there
is no national multiplication table'....In emphasizing the international
nature of scientific inquiry we have forgotten that science exists in a
local social setting."”

The social status of scientists is a frequently discussed aspect
of morale. SHAH 1970 (p.370) urges explicit social recognition of the
importance of science, and the conspicuous inclusion of scientists in
prestigious sccial functions. He argues further that industry should
pay tribute to the role science can play in its development, and ex-
plicit attention should be paid by senior science administrators to the
psychological needs of scientists. UNESCO 1970a (p.37) discusses the
social status of science and scientists complaining that administrators
have more prestige than working scientists (p.38). It also points out
that the negative social implications of manual labor in certain so-
cieties constitute a handicap to the development of science. ROCHE
1966 (p.60) observes:

Social intercourse {in Venezuela] is based most often on the use

and abuse of a quick wit which loves to destroy, a mocking irony

as distinguished from the soft humour of the Anglo-Saxons, and a

very basic doubt as to our capacity for real achievement. In such

an atmosphere, the serious-minded and constructive scientist cannot
but suffer. Progress has been made, and the research worker no
longer feels as a complete social outcast; he is beginning to in-
tegrate into the social purposes of the country. Yet there is still

a long road to be travelled in that direction.

The social role of science and society's approval (or lack thereof)
is also the subject of DEDIJER 1963 (p.68), BASALLA 1967 (p.617), and
Katzir's remarks in GRUBER 1961 (p.227).

Various devices may be used to reassure scientists about their
place in society. Prizes are common in many countries. For example,
in the People's Republic of China, prizes and medals are awarded for
research work or academic writing. The monetary value of a prize can
reach several times the yearly salary of the recipient (WU 1970, p.62;.
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An unusually interesting sociological survey is GASPARINI 1969,

It is a study of the Venezuelan scientific community, not only in terms
of technical facts but also in terms of the self-images which Vene-
zuelan scientists have of themselves. On the basis of individual sur-
veys of several hundred scientists, it gives an extensive tabulation of
opinions (pp.117-84) on certain questions: Is Venezuela in the process
of mo¢2rnization? What is your role in such development? What are the
main obstacles to such development? What is your gereral image of
Venezuelan scientific investigation? Do you think that most Venezuelan
scientists are incompetent? Do you think that most Venezuelan scien-
tists are neurot.:? These opinions are cross-correlated with the age,
Jength of career, number of papers published, and other characteristics
of the respondent. This is perhaps the only systematic way to ascer-
tain the general morale of a scientific community, and it should be
pursued in many other countries.

It was suggested in the first section of this chapter that a
marked decline of morale in the ACs and a marked strengthening of
morale in the LDCs could produce a relatively quick reversal of roles
in scientific leadership. This possibility is discussed by Skyes in
NADER 1969 (p.558), MORAVCSIK 1973d, and 1973i, and FLEMING 1967.
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Nine
Where Do We GO
From Here”

The previous chapters summarized the present state of science development.
It is now appropriate to consider the future. To do that, however, a
brief glance at the past is necessary. Prior to World War II, science
everywhere was a small undertaking. There were scientifically advanced
countries but in a sense very different from that of today. Even among
the scientific leaders, the scientific community was small and intimate,
the material requirements of science very modest, and the operation of
science rather inconspicuous. Science and technology were much less closely
linked than today; hence, the technological Jeaders of the world were not
necessarily the scientific leaders.

At that time, many countries now called LDCs had already begun
some indigenous scientific activity though usually on an even smaller
scale than that of the scientific leaders of the day. Some of those
countries were under colonial rule, and some had independent governments.
China, India, and Argentina are examples. Other countries now considered
LDCs had at that time no science whatever, such as some of the African
countries.

There is little doubt that World War II served as a tremendous
stimulus for the development of science. It was during 1938-48 that the



present scientific leaders developed "Big Science," increasing their
manpower and percentage expenditure in science by a factor of 10. At
the same time, science became more intimately associated with technology
and acquired public prominence in terms of national policies. A simi-
lar phenomenon began to occur in LDCs approximately a decade later.

The delay was partly because LDCs in general were not involved in the
war, partly because some of the upsurge of scientific activity was a
result of decolonialization, and partly because it takes time for a new
idea to spread around the world. In a way, this delay of a decade was
costly for the LDCs. They were generally unable to expand science as
rapidly as the ACs had done. This is particularly true with regard to
quality; the rapid expansion in LDCs often resulted in an infrastructure
of mixed excellence, constituting a burden difficult to shed.

During this time the development of science was primarily a private
or perhaps national undertaking. International scientific assistance was,
on the whole, not practiced beyond the usual international scientific in-
teraction. The few exceptions were those under colonial rule where the rul-
ing powers undertook programs far science development in the colonies.

International scientific assistance to the LDCs began only zbout
25 years ago in the early 1950s (or perhaps late 40s). During the 50s it
was inconspicuous and directed mainly to a few LDCs which already had
some science. In the meantime, however, more and more new countries
were coming into being, and "closing the gap" between LDCs and ACs was
proclaimed as an objective in scores of LDCs. Nevertheless, the gap
did not close but appeared to widen, at least in terms of standard of
1iving and access to the benefits to technology.

The 1960s might be called the decade of awareness-building. It was
necessary to impress upon the governments of LDCs the importance of
science in the modernization of their countries. It was also important
to persuade the ACs of their proper role in science development. At the
same time, there was need for theoretical discussion of how science should
be developed. Thus, the 1960s were a period of conferences, workshops,
symposia, science plans, and so forth. If one compares a conference held
at the beginning of the decade, such as the Rehovoth conference in 1961,
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with a meeting held several years later, such as the UNESCO conference
in New Delhi in 1968, it is apparent that progress was made. Awareness
was created in a general way, and on a purely theoretical level considera-
ble clarification was achieved.

Spending 10 years on preliminary activities, though perhaps necessary,
can also seem rather wasteful in time. It was, therefore, natural that
by the end of the decade a feeling of urgency gripped some involved in
science development, both in LDCs and in ACs. An expectation developed;
after the preliminaries it was time to enter a decade of action when
many of the ideas previously formulated and propagated could be converted
into rzality, activity, and actual development.

While it is, of course, premature to judge the decade of the 1970s,
so far those expectations have proved completely futile. Except for a
very few countries which seem to have "taken off" toward self-propelled
scientific development, the LDCs continue to struggle with their problems
as they did in the 60s. International assistance aimed at promoting and
accelerating science development is as inadequate in quantity, quality,
and effectiveness as it was in the 1960s.

It would bz gratifying to be able to blame this state of affairs on
a few influential villains who conspire to prevent science from spread-
ing around the world and keep its benefits to themselves. If that were so,
the task would be easy: identify the villains and slay them. Suddenly,
science would be evenly distributed worldwide, technological differences
would vanish, and standards of living would equalize. Though the conten-
tion here is an extreme one, conspiracy hypotheses of this type are often
voiced in connection with science development. Depending on whom you listen
to, you will be told about different villains: the imperialists, the com-
munists, AID, the local government of an LDC, the senior scientists in
power in an LDC, the scientific community in ACs, UNESCO, etc. The sugges-
tion is usually that if we could only do away with that obstacle, science

development would suddenly blossom with unprecedented intensity.
Unfort'nately, the reality is quite different: blame for the

paucity of results must be shared among almost all participants in the
process. This statement can be supported by conclusions reached in
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previous chapters concerning the shortcomings of present efforts in sci-
ence development. I must first emphasize the assertion that should not be
construed as a personal criticism of the many dedicated and energetic in-
dividuals in LDCs and ACs who have devoted themselves during the past
decade to science development. They are pioneers in an exciting and im-
mensely challenging field. But we have now passed the stage where isolatad
pioneer work could constitute the whole of international scientific assis-
tance. ICTP, ICIPE, and IRR] are valuable institutions, but the) address
themselves only to specialized needs. Trere has been no action on a large,
general scale during the 60s and early 70s~-a condition 1 deplore.

In the LDCs, governments have generally been negligent in realizing
the role of science, in arranging adequate c¢rganizational frameworks
for its development, and in devoting sufficient funds to it. Instead,
they have allowed bureaucracy and politics to play havoc with the little
that has been established. Society in the LDCs has been equally remiss
in not providing a suitable environment for science and in making no
effort to assimilate science. In particular, the technological and
industrial sector in the LDCs, however rudimentary, should have estab-
lished better 1inks with and better utilization of indigenous science.

The scientific communities in LDCs have been, on the whole, too
lethargic in reforming their educational systems, in building their own
scientific institutions, and in educating those around them on the needs
of science. These communities have often been dominated by scientists of
lesser accomplishments who are reluctant to share policy-making with
their more deserving colleagues.

Scientists from LDCs have been too timid in presenting their cases
to the international scientific community. It is ironic that a large
faction of the people involved in international scientific assistance
programs, in writing for science development journals, and in making oral
pleas for this cause have been scientists from ACs. Some voices from
LDCs have been ineffective because of the nonfunctional, general nature
of their message. It is extremely rare that a realistic international
scientific assistance program originates from LDCs, proposed by the in-
digenous scientific community, Since I have been involved in science
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development for the past dozen years, I get ample correspondence from
many LDCs. Rarely does a letter contain novel, specific suggestions

for programs. This is regrettable if only because eminent spokesmen from
LDCs, personally pleading their case before the scientific or even po-
litical community of ACs, could be much more effective instruments of
science development than scientists from ACs pleading the same case.

The dictum that nobody is a prophet in his country is applicable here.

The ACs, however, do not fare any better than the LDCs with respect
to sharing the blame for past inactivity. Governments of ACs have sup-
ported programs generally inadequate in size, crippled by bureaucracy,
and short-sighted in scope and purpose. Science development has been
almost entirely ignored by society in AC<. Private industry takes little
interest, private foundations ascribe low priority to it, and educa-
tional institutions neglect it in the face of local problems. One
might say the issue is treated as a matter of charity. The extent of
involvement is determined not by the magnitude of the task, but by how
much the donor chooses to spend on charity.

International agencies must also share the blame. They are insuf-
ficient in size, overbureaucratized, and timid in approach. Too much
of their funds is spent on routine, often ceremonial items, and their
mode of operation keeps them distant from the working scientists they
are supposed to aid.

These are general criticisms. A list of specific needs would re-
quire repetition of much of th2 previous chapters. Instead, I will iist
a few particular problems that I consider exceptionally urgent.

(1) Scientific assistance programs place too much emphasis on dis-
cussion instead of action. Conferences, seminars, workshops, and symposia
were in ordar in the 1960s, and it was appropriate that they constitute
the bulk of the programs. They must now be the exception rather than
the rule, and programs must be oriented toward action.

(2) Personal contacts arranged within science development programs
are usually too brief. Hurried visits by experts, though useful in certain
contexts, must not supplant opportunities for exteided research, work,
or consultation.

245



(3) Scientific contacts are not sufficiently and directly channeled
through scientists; the scientist-to-scientist relationship s impeded
by intermediary organizations and channeis.

(4) Relatively 1ittle assistance is awarded directly to the deserving
scientist in the LDC. Before funds reach the working scientist, they are
delayed, decimated, and misdirected by a complicated array of national
and international organizations and officials. Excellence tends to be-
come a secondary consideration as creativity and initiative are dampened
to produce deadly mediocrity. The result is a scientific infrastructure
which only appears to function.

(5) Scientific assistance is generally overbureaucratized at all
stages, national and international alike. Decisions even in the simplest
and least controversial cases take many months; meanwhile, science moves
onward at a rapid pace in ACs. This disparity is a serfous cause of
demoralization among scientists working in LDCs.

(6) The education in ACs of students from LDCs needs improvement.
Techniques of selecting students must be refined; their curriculum must
be made appropriate for the conditions awaiting them on their return
to their country; ways must be found to maintain contact with them after
they have returned so they receive assistance during the most difficult
period when they establish themselves as scientists.

(7) There are few opportunities in ACs for scientists from LDCs to
visit periodically for a year or so in order to mitigate the isolation
they may experience in their own countries. Visiting positions should
be awarded to scientists from LDCs after, say, five years of domestic
service. A minute increase in the number of scientific positions in
ACs (e.g., 1%) would generously satisfy this need.

(8) Patterns of scientific communication involving journals, pre-
prints, and conferences tend to ignore scientists in LDCs. The patterns
should be adjusted so as not to handicap these scientists.

(9) Only a small fraction of the scientific community in ACs
takes an active interest in science development. A much larger percentage
must become actively involved if anything significant is to be accomplished.

(10) Individuals and agencies are sometimes surprisingly intolerant
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of approaches to science development which differ from their own. Any
differences that may exist among those involved in science development
should be laid aside. Nobody can claim to have the recipe for science
development; any energetic and experienced person who wants to try a
different approach should be allowed and encouraged to do so. It seems
ridiculous to argue about problem- versus program-oriented approaches and
institutional versus problematic development when the problems are so
numerous and the challenges so large. Theoretical discussions are appro-
priate, but they must not interfere with the quickest and most extensive
action possible.

What is needed for the future? The problems have been clarified;
the work has been marked out. What is needed is conviction, enthusiasm,
energy, and persistence on the part of many more people. Hopefully, this
book has brought you a step closer to participating in science development.
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