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NOTICE: The project that is the subject of this report was approved by 
the Governing Board of the National Research Council, whose members are drawn 
from the councils of the National Academy of Sciences, the National Academy of 
Engineering, and the Institute of Medicine. The members of the committee 
responsible for the project were chosen for their special competences and with 
regard for appropriate balance. 

This report has been reviewed by a group other than the participants 
according to procedures approved by a Report Review Committee consisting of 
members of the National Academy of Sciences, the National Academy of 
Engineering, and the Institute of Medicine. 

The National Academy of Sciences is a private, nonprofit, self-perpetuating 
society of distinguished scholars engaged in scientific and engineering 
research, dedicated to the furtherance of science and technology and to their 
use for the general welfare. Upon the authority of the charter granted to it 
by the Congress in 1863, the Academy has a mandate that requires it to advise 
the federal government on scientific and technical matters. Dr. Frank Press is 
president of the National Academy of Sciences. 

The National Academy of Engineering was established in 1964, under the 
charter of the National Academy of Sciences, as a parallel organization of 
outstanding engineers. It is autonomous in its administration and in the 
selection of its members, sharing with the National Academy of Sciences the 
responsibility for advising the federal government. The National Academy of 
Engineering also sponsors engineering programs aimed at meeting national needs, 
encourages education and research, and recognizes the superior achievement of 
engineers. Dr. Robert M White is president of the National Academy of 
Engineering. 

The Institute of Medicine was established in 1970 by the National Academy 
of Sciences to secure the services of eminent members of appropriate 
professions in the examination of policy matters pertaining to the health of 
the public. The Institute acts under the responsibility given to the National 
Academy of Sciences by its congressional charter to be an adviser to the 
federal government and, upon its own initiative, to identify issues of medical 
care, research, and education. Dr. Samuel 0. Thier is president of the 
Institute of Medicine. 

The National Research Council was organized by the National Academy of 
Sciences in 1916 to associate the broad community of science and technology 
with the Academy's purposes of furthering knowledge and advising the federal 
government. Functioning in accordance with general policies determined by the 
Academy, the Council has become the principal operating agency of both the 
National Academy of Sciences and the National Academy of Engineering in 
providing services to the government, the public, and the scientific and 
engineering communities. The Council is administered jointly by both Academies 
and the Institute of Medicine. Dr. Frank Press and Dr. Robert M White are 
chairman and vice chairman, respectively, of the National Research Council. 

The Board on Science and Technology for International Development (BOSTID) 
of the Office of International Affairs, National Research Council, addresses a 
range of issues arising from the ways in which science and technology in 
developing countries can stimulate and complement the complex processes of 
social and economic development. It oversees a broad program of activities 
with scientific organizations in developing countries that includes overseas 
activities, research grants, published reports of studies, advisory committees, 
conferences and seminars, and outreach activities. 

This report was prepared by BOSTID under a grant from the James S. 
McDonnell Foundation and Grant No. DAN-5533-G-SS-1023-00 from the U.S. Agency 
for International Development. 
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U.S. POLICY FOR THE 1990s: 
SCIENCE AND TECHNOLOGY FOR SUSTAINABLE DEVELOPMENT 

INTRODUCTION 

Key issues in science and technology in United States foreign economic 
assistance programs for the decade ahead were the focus of a two-day symposium 
in April 1 988 organized by the Board on Science and Technology for 
International Development (BOSTID) of the National Research Council. The 
symposium was part of a national project organized by Michigan State University 
in cooperation with several other American institutions and organizations to 
study and advise on U.S. policies of economic cooperation with the Third World 
in the 1 990s. A report on the national project, New Challenges. New 
Opportunities: U.S. Cooperation for International Growth and Development in 
the 1 990s. is available from the Center for Advanced Study of International 
Development at Michigan State University. 

While the BOSTID symposium primarily addressed issues in science and 
technology in relation to development, the participants also raised broader 
questions of economic and social development in the Third World. 
Representatives of several U.S. government agencies, universities, foundations, 
international organizations, and the private sector contributed their ideas in 
an informal setting. The objectives of the symposium were to achieve a better 
understanding of the needs in science and technology in developing countries in 
order to highlight major issues that should be addressed in the next 
presidential administration. The participants heard four speakers outline 
major issues and then divided into six working groups on the topics of basic 
and applied research, technology development, policy assessment and management, 
the least developed countries, the advanced developing countries, and 
mechanisms and institutions necessary for implementing scientific and 
technological cooperation programs between the United States and developing 
countries. 

The symposium was chaired by Ralph Smuckler, Dean of International Studies 
and Programs at Michigan State University and chairman of BOSTID. The featured 
speaker at an opening dinner was David Hopper, Senior Vice President for 
Policy, Planning and Research of The World Bank, who stressed that developing 
countries must build up their capacity, especially in human resources, for 
absorbing the rapid advances in science and technology and making informed 
choices about them. The four plenary speakers who set the tone for the working 
group sessions were: 

Nyle C. Brady, Senior Assistant Administrator, Bureau for Science and 
Technology, Agency for International Development (AID), who outlined the 
issues in basic and applied research in developing countries; 

Jordan Baruch, President of Jordan Baruch Associates and former Assistant 
Secretary of Commerce for Science and Technology, who discussed issues in 
technology development; 
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Francisco Sagasti, Chief of Strategic Planning, The World Bank, 
who spoke on science policy and technology assessment; and 

Kenneth Prewitt, Vice President of the Rockefeller Foundation, 
who described the rationale for the Foundation's program in Africa. 

The symposium was held at the National Academy of Sciences in Washington, 
DC. It was supported by grants from the James S. McDonnell Foundation and the 
U.S. Agency for International Development (AID). This report is an account of 
the presentations and working group discussions and does not necessarily 
represent the views of the Board on Science and Technology for International 
Development nor of the sponsors. 

SUMMARY AND CONCLUSIONS 

Symposium participants agreed that science and technology have made vital 
contributions to development and will continue to do so; that it is urgent that 
developing countries have the capability to assess their needs, do the 
research, and apply the results; and that science and technology should be used 
to encourage the development of environmentally sustainable resources, 
including human resources. The goal of science and technology for development 
must be to build indigenous capacity in developing countries, particularly 
those without an infrastructure or S&T base, to enable those countries to make 
informed choices about their own problems. 

Participants also agreed that the terms "aid" and "development" have lost 
their urgency and may need to be replaced. A new vocabulary is needed to 
attract new support. Development problems are global scientific problems and 
should have the highest international priority. The diversity of nations and 
the growing inequality between the developed countries, the more advanced 
developing countries, and the least developed countries calls for a sensitivity 
in our approach to development problems. 

Scientific Research and International Scientific Collaboration 

Basic and applied research provides opportunities for collaboration 
between scientists in developed and developing countries and brings 
universities into a leading role. American universities are training thousands 
of developing country scientists and engineers, many of whom face limited 
opportunities for employment in their home countries. Administrators in 
American universities must find ways to encourage American scientists and 
engineers to focus on developing country problems. 

Developing country scientists should become more involved in international 
scientific collaborative activities. Examples of such programs are the 
International Geosphere-Biosphere Programme - A Study of Global Change (IGBP), 
the International Decade for Natural Disasters Reduction, and the program to 
map the human genome. 
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Cooperative mechanisms for bilateral or international scie ntific research 
should be e ncouraged. In the past, there have been severa l successful 
programs, including the National Academy of Sciences' Brazil Chemistr y  Program, 
the Nationa l  Science Foundation's Science and Engineering for Economic 
Development (SEED) Program, and the BOSTID Research Program. Stable 
international or regional scientific institutions, such as the Third World 
Academ y  of Sciences, the A frican Academy of Sciences, and the United Nations 
University are also n eeded. 

Technology Develoom ent 

The p rivate sector should become more involved in technology developmen t  
t hrough such mechanisms as t h e  U.S.-Israel Bina tional Industrial Research a nd 
Development (BIRD) Foundation and the U.S.-India Program for Acquisition of 
Commercial Technology (PACT). Such programs l ink U.S. and host country 
enterprises, providing loans and encouraging risk-taking, backed by good 
management. 

Alternative a pproaches to development, such as micro-enterprises, should be 
examined. Micro-development produces change slowly and brings about 
i mprovements in the infrastructure when their absence impedes development. 
Micro-developmen t  also builds ind igenous capacities by training local  managers 
on the job. One advantage of such enterprises is that their failure does not 
cripple the country, and the risk-takers are not labelled as failures just 
because the project did not evolve as  planned. 

To develop technology, a n  S&T base or infrastructure must be established 
with technical support facilities, laboratories, etc. Human resources, 
especially managerial skill, upon which technology development depends, must be 
strengthened. Technology development must be for the mutual benefit of the 
United States and the host coun try, and science policy issues such a s  
intellectual property rights a n d  equal access t o  information, research 
facilities, and field sites must be recognized. 

Assessment. Management. and Policy Issues 

Because cou n tries and regions have differing needs, capacities, and 
comparative advantages, greater flexibility is required in designing 
development a ssistance. The success of culturall y-sensitive progra ms, such as 
the Nationa l  Center for Industrial Science and Technology Ma nagement 
Development in Dalian, China, and the state-level technology development effort 
based i n  Bangalore, India, u nderscores the importance of transmittin g  c h a n ge 
through existi n g  socioeconomic structures. The importance of science and 
technology to policy formulation must be stressed. Early application of 
rigorous scientific analysis of d evelopment problems is  necessary to generate a 
broad range of su stainable options. 
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I n  these poorer countries, new programs, new institutions, and new 
mechanisms ore needed to target specific, chronic problems. Traditional 
humanitarian motives for f'oreign assistance should be linked with bro3.der and 
longcr�term environmental concerns to halt the degradation of natural resources 
o.ffecting the quality of life of people in the lea$1 developed countries. U.S. 
assistance programs should be directed at survival needs, such as the supply of 
buic foods, emphasizing the applied sciences to rebuild the aaricuhural 
resource base in !lnticipation of Juer economic growth. Governmental or 
bilateral programs should focus on building infrastructure and human resource 
capacity and should encourage innovation by the private sector in sma11-scale, 
teehnology·bascd enterprises in key areas. 

Adv1nnd Devctopln Couptrlcs 

The United States should create •prutnerships• with the advanced 
developing countries based on mutual benefit and broader, long·term national 
interests. Through such partnerships, the U.S. government and its technical 
agencies c-an sucngthcn coHaborative programs and encourage private sector 
involvement. The issues of intellectual property rights and equal access c o  
data and other information deserve special anention. U.S. government programs 
whh -a given counuy should not be centralized i n  one U.S. agency but remain 
decentralized as they are today. However, Pre.sidential·level progrJms, such u 

the Science and Technology lnhi:uivcs whh India and Brazil, could serve as 
models where appropriate. The United St:ates :and the advanced developing 
countries might eoH\lborate co solve problems in the leas1 developed countries. 

Mtchanhmt and Institutional luau 

Many o f  the new 011nd rapidly changing areas of science and technology are 
in frontier fields such as biotechnology, m:atcrials science, :and manufacturing 
technologies, but most of the U.S. governmental delivery mechanism.s for science 
:and technology as.sist:ance h:ave been in phtcc for over a quarter century. U.S. 
foreign assistance progr3ms should draw the private sector into technology 
development and should make usc of private, intermediate organizations and 
institutions. A central agency promoting science and technology for 

development, such as the Institute for Scientific and Technical Cooperation 
proposed tl. decade ago, still has merit. Alternatively, the U.S. foreign 
assistance agency should have a strong division with a ccntrnl focus on science 
and technology, while maintaining a sectoral approach to provide expertise. 
Greacer coordination of S&.T activicics outside AID is needed, possibly along 
t h e  lines of the Presidential Initiatives wich India and Bra:til. Multila1eral 
mechanisms for delivering science and technology, such :as the World B:tnk and 
United Nations agencies, deserve closer attention by the United States. 

PJ.ENAR)' PRESENTATION HIGHI.JGHTS 

Nylc C. Brady: Although the application o f  science and technology has 
brought about accelerated economic and social progre,ss in the industrialized 
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world, it has not had a comparable effect in the developing world. S&T has had 
a significant  effect on solving basic problems in agriculture, health, and 
popula tion in the developing countries, however. As we look to the challenges 
of the future, we must question whether the priorities of the U.S. technical 
assistance progra m  during the last t hirty years are appropriate for the 1990s 
and beyond. We must be prepared to deal with the increasing problems of 
urbaniza t ion and other social and economic pressures in the least developed 
countries, as well as  find methods for S&T cooperation with the a dvanced 
developing or middle income coun tries. 

Jordan Baruch: We must examine alternative models for technological  
cooperation with developing countries. The micro approach to development,  as 
opposed to the macro approac h  with large capital projec ts, should be a pplied 
where appropriate. Models such as the BIRD (Binationa l  I ndustrial Research and 
Development) Foundation with Israel and the PACT (Program for Acquistion of 
Commercial Technology) with India should be encouraged. Such programs l i nk 
U.S. and host country commercial enterprises and provide loans for joint 
ventu res. Some of the advantages of micro-developmen t  are th a t  it prod uces 
change slowly, brings about i mprovements in the infrastructure when their 
absence impedes developmen t, a nd helps build indigenous capa cities by training 
loca l  man agers on the job. The failure of a m icro-en terprise does not cripple 
a cou ntry, and the risk-takers are not labelled failures because the project 
did n ot e vol ve as plan n ed. 

Francisco Sagasti: We must find ways in which to apply scien tific and 
technological  solutions to improving the standard of living i n  developin g  
countries without incurring tremendous social costs. In the next decades, 
slower economic growth, coupled with the explosion of dema nds for housing, 
heal th ca re, and other social services, will create a crisis i n  developing 
countries. Particular a ttention must be paid to technology policy in the 
process of a pplying science and technology to these problems. Developin g  
countries  face t h e  n e e d  for n e w  concepts of economic management a n d  
pragmatism. Generalized solutions cannot b e  applied t o  developing count ries 
indiscriminately. The United States should not adopt narrow n ationa l  policies  
of protectionism, which are cou n terprod uctive to efforts in developin g  
countries. T h e  United Sta tes should live u p  t o  its commitment o f  t e n  years a go 
to contrib ute to a United Nations fin a n cial system for Third World science and 
technology development. 

Kenneth Prewitt: The Rockefeller Foundation's program in Africa is based 
on the following four premises: (a) that scientists in the developed world 
must be constantly mobilized to work on developing country problems, (b) that 
in d igenous capacity for science and technology must be created and 
stren gthened, (c) that policy constra i nts a t  the nation a l  level in the 
de veloping countries must be addressed, a nd (d) that scientists and development 
plan ners must understa nd and overcome the seemingly in nu merable barriers tha t  
frustrate the development process. In Africa, bui ldi n g  indigenous capacity in 
science a nd technology requires working with three sectors: scien tists and 
technical person nel, policymakers, a nd the general population. In African 
cou ntries, the United States must  find ways to work with a nd link these sectors 
to create a dema nd for science-ba sed development strategies. 
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WORKING GROUP DISCUSSIONS 

PURE AND APPLIED RESEARCH 

Moderated by Walter A. Rosenblith, I nstitute Professor a t  the 
Massachusetts I nstit ute of Technology and former foreign secretary of the 
Nationa l  Academy of Sciences, this grou p  focused on the role of American 
uni versities i n  the tra i n ing of foreign scientists and engineers and on the 
benefits of internationa l  scientific cooperation. The large n u mber of foreign 
students in the United States poses a problem of brain drain for the deve loping 
countries, but it a lso offers them the opportun ity to create a cadre of highly 
tra ined scientists and engineers who will eventually return to their  coun tries, 
one way or the other, to contribute to thei r  economic development. Successful  
progra ms tha t have fostered cooperation between scientists i n  developed and 
developi ng cou ntries were c ited: the National  Academy of Sciences' Brazil 
Chemistry Program, the National Science Foundation's Science and Engineeri ng 
for Economic Development (SEED) Program, and the BOSTlD Research Program. 
Internationa l  scientific organ izations such as the Third World Academy of 
Sciences and the United Nations University and global  scientific p rogra ms such 
as the Global Cha nge Program of the International Council  of Scientific Unions 
and the program to map the human genome were also discussed as opportun ities 
for collaboration. 

Role of the Universities 

It was stated a t  the outset of the discuss ion that the s ubject of bas i c  
a n d  applied research is s o  all-encompassi ng t h a t  i n  effec t  "nothing i s  r uled 
out." Basic and applied research are not discrete entities, but rather a 
conti n uum along which different elements are emphasized at d ifferent ti mes. In 
the de veloping cou ntries as  in the United States, research is intimately 
connected to the u n iversities, and the role of the universities is  of great 
importance. Willingly or u nwilli ngly, the U.S. u n i versities have been thrust 
into a role vis-a-vis the developing cou ntries, as the Un ited States has become 
in effect the u n i versity of the world. 

There has been no official or coherent poli cy, and no incentives 
specifically planned for the u n i versities, but uni versities in  the United 
States a re host to a large nu mber of Third World students who are seeking 
higher education outside their own countries. There are about one million 
expatriate students in the world. In U.S. u n i versities, there a rc 350,000 
foreign students, the overwhelming majority of whom a re from developing 
countries, including Chi na. Forty percent of them a re grad u ate stu d ents, 
primarily in engineering, management, and science. There a rc also a large 
n umber of postdoctora l  fellows and v isiting faculty. 

It is i mporta nt to u ndersta nd better how the development process is coupled 
to the flow of students. It is  easy to see the a d vantage that is accru ing to 
U.S. universities. Many university d epa rtments in engineering a n d  science are 
dependent upon these foreign students. They fill  a large proportion of places  
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i n  the classroom, serve as low paid teachi ng and research assistants, and 
u ltimately fill  many faculty positions. Those who study i n  the United States 
are generally  friendly to this country and when they return home, they form a 
backbone of pro-American feeli ng among leaders of the Third World. Man y  do not 
return, however, but stay to work in our universities, industries, and 
government research laboratories. 

These students are educated at the frontier of science and technology, and 
many will  no longer fit  into the academic or scientific env ironments of their 
home countries. Most developing countries simply cannot absorb many PhDs. 
People with masters degrees fare somewha t better, however, since t hey are more 
flexible about career choices. But  some othe r  industrialized countries, such 
as the United Kingdom, do not encourage students to remain after their degrees; 
there is no work for them and they return home. In the United States there is 
a general reluctance to enforce the expulsion laws, and professors often expend 
considerable effort to place their students i n  jobs here. Therefore, some 
developing country governments do not consider h igher education in the United 
States as a development tool. 

Other countries ta ke a broader view. Emigrant scientists represent  a 
resource that may be tapped periodically or mined at a later date. Many return 
periodically to their homeland, invest funds, or offer advice based on broad 
experience in advanced l aboratories. There are organizations, l ike  the 
International Society of African Scientists, which facil itate this process. 
China has  encouraged overseas study despite the danger of brain drain with the 
philosophy "some will retur n  now, others will  return later." This pol icy may 
be cha nging, however. 

Similarly, some reports indicate that there are 2,000 Kore a n  engineering 
facu l ty in the United States, whom Korea is able to "mine" effectively. There 
is  evidence that the benefit to the American side has a l so been substa ntial, 
since Korean students who return to their country i n  positions of a u thority 
often give lucrative contracts to U.S. firms or universities. These retu rnees 
a lso provide a n  effective pro-democracy and pro-science lobby in Korean 
n ationa l  a ffa irs. 

There are other, broader interests served by training la rge numbers of 
developing cou ntry students in the United States or other industrial ized 
countries. For one thing, great scientists are rare events th a t  may occu r  
a nywhere i n  t h e  worl d. Their d iscoveries serve a ll o f  ma n kind when they are 
given a n  opportunity to reach their highest capacity, and it is in everyone's 
interest that they be nurtured. It is a lso in the broad interest of the United 
States to develop an indigenous scientific capability in a l l  cou ntries. Ba sic 
science provides a fou ndation for industrial development everywhere, a n d  
developing country p rosperity benefits the United States i n  t h e  long r u n .  U.S. 
foreign assista nce is directed toward the strategic countries, howe ver, al most 
ignoring those countries tha t need assista nce the most. 

The effective use of science a nd technology in deve lopment has been evident 
i n  the adva nced developing countries (often referred to as "NICs," or newly 
i ndustrialized cou ntries). By and l arge they have followed a common path to 
development. They sent la rge numbers of students abroad and provided 
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incentives for them to come back. They imported technology, improved the 
design, and adapted it to their own industrial capability and situation. With 
some protection in the home market, they were able to lower prices and compete 
effectively with the original technologies. Only when the industrial base was 
secure did they begin to emphasize basic research. The Japanese are the 
prototypical example of successful application of this strategy. 

Why is it that most developing countries are unable to repeat this 
experience and profit from their returning scientists? In many developing 
countries, the science departments are decades out of date, both in terms of 
facilities and technical equipment and libraries and information resources. 
Scientists there do not have the opportunity to remain at the forefront of 
their fields. 

It was observed that the United States also does not make maximum use of 
the potential application of science and technology to development. U.S. 
universities are at the forefront of our research efforts, but they are not 
used effectively in the foreign assistance program. There are few incentives 
for U.S. universities to get involved in development work. The "impedence 
mismatch" is so great that universities should get together, approach this 
problem cooperatively, and decide how they could be better used, what they 
want, and how to make it more "legitimate" for American scientists to work on 
development problems. It is easier for American universities to justify 
working with the advanced developing countries, where the mutual benefit is 
more apparent. The U.S. private sector also has a role to play in 
international training and research, especially in providing opportunities for 
postdoctoral fellowships. 

International Scientific CooPeration 

Science is important to development beyond the training of technical 
personnel. Many of the most serious problems affecting developing countries, 
such as malaria, child mortality and low crop yields in tropical soils, are 
unsolved not only because few resources are devoted to them, but because the 
scientific bases of the problems are poorly understood. Yet most scientists 
work in advanced countries and most of their efforts are dedicated to 
industrialized country problems. The scientific communities of all countries 
must be mobilized in the effort to solve the problems of the Third World. 

Three successful examples of international scientific cooperation were 
noted: the National Academy of Sciences' Brazil Chemistry Program, which was 
organized in the 1960s; the National Science Foundations's Science and 
Engineering for Economic Development (SEED) program; and the BOSTID Research 
Program, which brought U.S. resources and technical assistance to Third World 
scientists working on their own problems in their own countries. All three 
have been phased out or abruptly cut. There are other cooperative mechanisms 
at work in agriculture, such as the Collaborative Research Support Program 
(CRSP) in which AID supports collaboration between U.S. universities and 
developing country institutions, but not in most other fields. 
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The existence of stable i nter national institutions tha t foster science 
development is l ikewise i mportan t. One example is the Third World Academy of 
Sciences. Although it  is  headed by Nobel Prize winner Abdus Salam of Paki stan, 
it  has had difficulty attracting the attention of Third World governments, or 
for that matter advanced country governments, w ith the exception of Italy. 
Unfortunate ly the United States government does not have a mechanism for 
interacting with the Third World Academy. BOSTID, however, has collaborated 
successfully with the Academy in identifying ways to strengthen basic research 
on soil science in Africa. Another useful entity for fostering resea rch and 
internationa l  cooperation is  the United Nat ions University, with which the 
United States is minima lly involved. 

Scientists in developing countries shoul d  be encouraged to p a rticipate in 
global  scientific programs such as the I nternational Geosphere-Biosphere 
Program of the International Council  of Scientific Unions. This progra m  will 
invol ve scientists around the world in the study of the phenomenon of "global 
cha nge." The work will r equire close cooperation a mong scientists in d ifferent 
countries on problems such as the hole in the ozone layer and the greenhouse 
warming of the globe, which a ffect all cou ntries and peoples. Other problems 
that must be attacked on a global scale include species extinction and AIDS. 
The program to map the human genome, which is an effort to ana lyze our genetic 
heritage, is another excellent opportunity for interna tion a l  cooperation. 

However, for understandable reasons, many developing countries do not give 
high priority to these problems. They cannot take a n  active role and 
contribute w hat is necessa ry wit hout adequate resources and a n  a ctive 
scientific community. On the other hand, for political reasons, they cannot be 
used as passive laboratories where foreign scientists can come to do their 
resea rch. The dilemma will  become acute a s  international  scientific efforts 
develop, and a ction must be taken at  an early date to prepa re all coun tries to 
contr ibute to research activities. 

There are multinational centers for training Third World researchers. 
Foremost a mong them has been the International Center for Theoretical Physics 
in Trieste. It has played an active role and become a significa nt center of 
ad vanced research itself, with generous support of the Ita lian government. 
Fou r  a dditiona l  centers in different fields are pla nned, with continued s upport 
from the Ita l i a n s. The Germans a lso have a major p rogram to host developing 
country scie nt ists i n  German laboratories. Why does the United Sta tes 
gover n ment not do as much? In the past the U.S. governmen t helped crea te 
institu tes of technology in India and has cooperated with scientific 
instit utions i n  Latin America. The Age ncy for Internation a l  Development does 
little institution building in general,  however, and almost none in the 
scientific field. 

Global scientific problems, inclu ding development problems, shoul d  ha v e  the 
highest internation al  priority. Perha ps the terms that a rc used h a ve worn out 
their immediacy, a n d  a new vocabulary should be employed to attra ct new 
support. Biodiversity should be called "species extinction." Instead of 
deforestation, we should say "soil loss a n d  water shorta ges." The term 
geosphere-biosphere should be repla ced with "global chan ge." Even the words 
"development" and "aid" h a ve lost their urgency and need to be replaced with a 
term such as "de velopment cooperation." 
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DEvELOPMENT OF TECHNOLOGY 

Moderated by Dale Corson, President Emeritus of Cornell University, the 
working group discussed the need for more private sector involvement in the 
development process and various models were cited as mechanisms for technology 
development. Concern was expressed over issues such as intellectual property 
rights and equal access to information. To develop technology in the 
developing countries, the United States must help establish an S&T base or 
infrastructure through technical support facilities, laboratories, etc. Strong 
educational systems arc also needed. The United States should look to models 
such as the international agricultural research institutes and the Institute 
for Scientific and Technical Cooperation (ISTC), proposed a decade ago. The 
group stressed that U.S. technological cooperation with developing countries 
should be of mutual interest and benefit and that programs must be tailored to 
a country, a region, or a sector--and not be all-encompassing. In the advanced 
developing countries, emphasis should be placed on private sector activities 
and relatively l ittle money spent on bilateral S&T programs. 

Several issues were identified at the outset of the discussion: the nature 
of the help that the United States can give to the developing countries and 
whether we arc able to attract the best people in the process; private efforts 
as well as official or public assistance to developing countries; humanitarian 
versus commercial interests; whether the United States should focus on the less 
developed or the advanced developing countries; and the recognition that there 
is a growing gap between the technologically capable countries and those less 
capable. Those who have the greatest capability will benefit the most. We arc 
dealing with a changing situation. The economic growth rates will  be less than 
those of the past thirty years, yet there will be an explosion of social needs 
as the population expands, and we will have to learn how to deal with these 
problems. 

During the course of the discussion, several points were made: 

o Any collaboration and cooperation should be of mutual interest and 
benefit. 

o U.S. activities have to be tailored to a country, to a region, or to a 
sector; we cannot devise an all-encompassing program that operates 
from one place with one set of rules. 

o Traditional U.S. foreign aid has little prospect of increasing in the 
next five to ten years because of the mood of the country and the high 
budget deficits. 

o Development assistance should be separated from economic and military 
assistance. Within the smal l  development assistance budget available, 
the United States should emphasize science and technology programs. 
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• It is in the broad self-interest of the United States to help 
developing countries progress. We live in a global world and should 
be concerned with the other 90 percent of the world's population. 

• The definition of "sustainable development" as stated in the report of 
the symposium organized by the World Resources Institute was 
accepted: development must be sustainable in terms of resources and 
environmental impact. Added to that should be an assurance of the 
environmental suitability of technologies that arc transferred. 

• Successful family planning programs in some Asian countries should be 
examined for applicability to Africa. The United States could assist 
by providing the training for those who implement the programs. 

• Risk-taking is critical in development programs, and decision-
making must be in the hands of people in the developing countries. 
Entrepreneurs in developing countries and the United States must each 
recognize that economic development will  serve their self-interests. 

• Recipients of development aid must improve their own technological 
capabilities if the aid is to have lasting impact. The United States 
must be prepared to support an assistance project until  it reaches a 
take-off point. 

The group put particular emphasis on the importance of more private sector 
involvement in development, particularly given the likel ihood of l imited 
official development assistance in the ncar future. One appropriate program 
might be an international parallel to the Small  Business Innovative Research 
program (SBIR) in the United States, in which funding is set aside in all  
government agencies. Another possibility would be to create a brokering agency 
that would bring together entrepreneurs from the developing countries with 
individuals in the United States who are eager to develop innovative research 
programs in other countries. This agency could also assist with transfer of 
appropriate technologies. 

Two other existing mechanisms were discussed: the U.S.·Isracl Binational 
Industrial Research and Development (BIRD) Foundation with Israel and the 
Program for Acquisition of Commercial Technology (PACT) with India. The BIRD 
model might be appropriate in a wide range of countries, but with modification 
and a reduced level of risk. The PACT requires an infusion of funds from AID 
which might not be available for many countries. Also, U.S. venture capital 
firms could be used to identify technology opportunities and match them with 
smal l  companies. 

In response to the discussion on the role of U.S. small business in 
developmen t, two comments were made. First, there should be a range of 
activi t ies involving the macro-, moderate-, and micro-sized businesses. People 
who know how to analyze markets are required, especially those who arc able to 
think not only of U.S. ma rkets but consider world markets as well. It was 
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suggested that the U.S. private sector should become involved in development at 
both the regional and national level abroad. Consideration should be given to 
creating a Trade and Development Institute, with funding by the private sector 
and offices located abroad. 

For successful technology development activities to occur in a developing 
country, a scientific and technological base is needed. The United States can 
help develop the S&T infrastructure in developing countries through support of 
institution-building, education and training, and development of S&T policies. 
Those policies include consideration of intellectual property rights and 
information access. Countries also need policies to encourage local innovation 
and develop managerial talent. Management and administrative skills were 
singled out as areas in which the United States has an edge and could make an 
impact. 

Education is a big factor in all these considerations and any development 
program should have education as a large part of the activity. Current demand 
in developing countries is for more hands-on training rather than long-term 
academic training. Therefore, in the future, the immediate needs should define 
the areas where training efforts should be directed. For example, emphasis 
should be on practical training rather than academic training in many 
instances. The link between basic science and payoff in the Third World is 
tenuous and has no connection with economic productivity. It was cautioned, 
however, that the developing countries need a strong academic system to produce 
home-grown technicians and scientists. Also, some problems can best be solved 
with cutting-edge technologies. 

Since the international agricultural research institutes have been so 
effective, the United States should look into the possibility of establishing 
similar institutions, focused on other problems, such as health, population, 
energy efficiency, or the environment. In addition, perhaps it is time to 
reevaluate the concept of the Institute for Scientific and Technical 
Cooperation {ISTC), proposed a decade ago. 

In the advanced developing countries, emphasis should be placed on 
activities with heavy private sector involvement and relatively inexpensive 
bilateral S&T interactive programs. In the least developed countries, 
particularly in Africa, the United States should help strengthen institutions 
and train people on a long-term basis, both in the countries themselves and in 
the United States. 

Finally, in any future foreign assistance program, the name "AID" should be 
changed and the word "development" should be dropped. 
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ASSESSMENT. MANAGEMENT. AND POLICY 

Moderated by John H. Gibbons, Director of  the Office of Technology 
Assessment, U.S. Congress, the group examined the present  U.S. foreign 
assistance program in  light of its tangled and often contradictory h istory. 
The group attached particular importance to the linkages among science, 
technology, and economics, as well as to the need for greater sensitivity to 
the cultural and environmental  context. Because different countries and 
regions have differing needs, capacities, and comparative advantages, greater 
flexibilit y  is required in the design of development  assistance. The success 
of more culturally sensitive programs, such as the National Center for 
Industrial  Science and Technology Management Development in  Dalian, China and 
the state-level technology development effort based i n  Bangalore, Karnataka, 
India, underscores the i mportance of transmitting change through existing 
socioeconomic structures, rather than a ttempting to transform or  Westernize 
those structures. 

In the policy area, the group felt that in many instances AID had l ittle 
comparative advantage and that a new mechanism for assistance with S&T policy 
was needed. Specific mention was made of the proposed Institute for Scientific 
and Technical Cooperation (ISTC). The importance of science and technology to 
policy formulation was stressed, citing the need for early application of 
rigorous scientific analysis to development  projects to generate a broad range 
of sustainable options. The group also explored issues regarding the 
commercialization of technology and financial aspects of development. 

The participants d iscussed the fact that the history of U.S. development 
assistance is a tangled, often contradictory history, variously driven by 
altruism and self -interest, as well as by paternalism and a growing sensitivity 
to issues of cultural integrity, economic mutualism, and environmental 
quality. Current interest in sustainable development reflects concern for the 
widespread failure of  earlier development strategies, dissatisfaction with the 
use of economic correlates in determining the quality of life, and movement 
toward a better informed, science-based approach to the problems of the Third 
World. 

The participants attached particular importance to the linkages a mong 
science, technology, and economics, as well as to greater sensit ivity to 
cultural and environmental context.  It  was stressed that different countries 
and regions have differing needs, capacities, and comparative advantages. For 
donor organizations, this necessitates greater flexibility in the design of 
development assistance. Some programs and projects require long-term 
continuity; others can simply be catalytic in nature. Some existing 
socioeconomic structures are receptive to conventional development activities; 
others are not.  In some countries, external funding for certain types of 
underta kings is essential; in others, for the same type of activi ty, such 
funding might be unimportant or even detrimental. 
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Examples of flexible, more culturally-sensitive programs were drawn from 
the People's Republic of China and India. In the Chinese example, at the 
National Center for Industrial Science and Technology Management Development in 
Dalian, Liaoning Province, management specialists from the United States worked 
together with Chinese counterparts to develop a system Of management that is 
compatible with Chinese culture, ideology, and priorities. Unlike similar 
ventures in other developing countries, in which Japanese and German experts 
attempted to impose their own systems of management, this program has been well 
received and highly successful. In addition to its practical benefits, the 
Dalian program has generated goodwill and a basis for future collaboration. In 
India, AID supported a state level technology development effort based in 
Bangalore, Karnataka. Although the AID officer responsible for the project was 
trained in community development and knew relatively little about private 
enterprise or technology, he nevertheless spent a year calling small meetings, 
drawing in experts from the United States as appropriate, and generally 
nurturing the initiative. By the end of the year, Indian scientists and 
administrators had assumed responsibility for the initiative and had adapted it 
to their needs. 

The success of these efforts underscores the importance of transmitting 
change through existing socioeconomic structures, rather than attempting to 
transform or Westernize those structures. Against this background, the 
discussions regarding the very low level of United States support for 
technology management assume new meaning. It would appear that the level of 
support is less important than the compatibility of the support with the 
social, economic, political, and environmental structures and processes. 

The group felt that in many instances AID had little comparative advantage 
in the area of policy formulation. The character of the agency lends itself 
better to the development of constructive working relationships than to 
involvement in direct policy dialogue. The group felt that a new mechanism for 
foreign assistance policy was needed. Particular importance was attached to 
the creation of a policy-oriented institute to guide assistance efforts, such 
as ISTC. It was noted that as science moves toward technology, nationalism 
asserts itself and new, often unfamiliar, policy issues arise. This is 
reflected, for example, in concern for intellectual property rights. 

It was noted that in many instances effective programs require efforts 
encompassing more than one economic sector. In such instances, bilateral 
assistance is often viewed as internal interference. It was also noted that 
the controversial nature of certain efforts, such as the Narmada Basin 
Development Programme in India, render policy dialogue on a bilateral basis 
politically awkward. It is appropriate that multilateral agencies, rather than 
bilateral agencies such as AID, assume leading roles relative to the involved 
national governments. This implies that United States foreign assistance 
policy should perhaps be more sensitive to low-risk options afforded through 
collaboration with multinationals in an increasingly interdependent world. 
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The discussion of the Narmada Basin Development Programme also underscored 
the importance of science to policy formulation. Historically, river basin 
projects have been plagued by poorly informed political decisions based upon 
hopeful economics. Assessments of water quality, soil types, proposed 
management systems, and projected cropping patterns indicate that the Narmada 
program will yield few long-term benefits, will result in widespread 
environmental degradation, and will adversely affect the human populations of 
the Narmada basin. The early application of rigorous scientific analysis to 
the development of the basin could have generated a broader range of 
sustainable options for decision makers. A sound understanding of 
environmental process is basic to successful development planning. It is 
essential that policy be reconciled with environmental process, rather than 
being more narrowly formulated on the basis of political considerations or 
incomplete economic analysis. 

Finally, the working group explored issues regarding the commercialization 
of technology. practical and philosophical aspects of cost sharing, debt swaps, 
and the general need to think in new ways about the financial aspects of 
international development. AID's flexibility in these areas is constrained by 
restrictions contained in foreign assistance legislation. The need to reassess 
creatively international development in a rapidly changing world argues further 
for the creation of an ISTC-like institution. 

THE LEAST DEVELOPED COUNTRIES 

Moderated by Robert Morgan, Professor of Technology and Human Affairs at 
Washington University, this group discussed the rationale for U.S. assistance 
to the approximately 40 countries with GNP per capita below $500 concentrated 
in Africa and South Asia. Because many of these countries are experiencing 
environmental degradation, traditional humanitarian motives for foreign 
assistance should be linked with broader and long-term environmental concerns 
to halt the degradation and restore the quality of life. Various types of 
development assistance programs were discussed. 

In general, it was agreed that assistance to the least developed countries 
should be directed at survival needs rather than economic growth, emphasizing 
the applied sciences to rebuild the resource base. Governmental, or bilateral, 
programs should focus on building infrastructure, including S&T capacity 
through strengthening universities and national research institutes, building 
research networks through regional programs, and involving scientists in global 
scientific programs. Utilizing the private sector to introduce S&T into 
small-scale, technology-based enterprises in key areas was recommended. 
Funding for S&T development programs in these countries was judged grossly 
inadequate and may be further impaired by the attitudes of leaders in 
developing countries who do not place a high value on science and technology in 
the allocation of their limited resources. New programs, new institutions, and 
new mechanisms specifically aimed at the chronic problems in these countries 
are needed. 
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Nature of the Countries 

The meaning of •least developed• was discussed. While the United Nations 
has a specific definition, the participants considered various alternatives. 
From a narrow economic standpoint, there are 40 countries with GNP per capita 
below $500 according to World Bank statistics. In view of their higher 
capacity to absorb both science and technology, several of the large, 
technologically advanced Asian countries in this set (India, China, and 
Pakistan) were eliminated from further consideration. The remaining countries 
are mostly in Africa, and they share a number of characteristics, often 
landlocked, resource poor, and faced with problems threatening basic human 
survival. 

Since many of the least developed countries (hereinafter designated as 
•LLDCs•) presently include unassimilated tribal populations, and since their 
original societies had been disrupted during the recent colonial period, some 
group members felt that it  was especially important to consider the social 
impact of past and future technologically-driven development on populations in 
these countries. 

Rationale for Cooperation 

It was argued that traditional humanitarian motives should be key to 
programs of assistance in the LLDCs, and there is reason to believe that the 
public (and thus Congress) would be especially supportive of such programs. In 

· 

addition, many of the LLDCs are in Africa where environmental degradation and 
erosion of the natural resource base has been severe. For this reason, food 
supplies are generally inadequate and the quality of life for many, but 
especially for the urban poor and rural populations, is declining. The group 
felt that scientific understanding of processes driving environmental change 
would be essential to assist local people in the restoration of these 
environments. 

In recognition of rising public awareness of global interdependence (see 
the World Environment Commission's report on •our Common Future•), participants 
felt that in addition to short-term humanitarian aid (emergency food relief, 
for example) the public would a lso support long-term efforts to halt  
environmental degradation in the LLDCs. Consequently, the group concluded that 
the basic humanitarian rationale should be linked effectively to broader 
environmental concerns. 

Since long-term commitments are needed if one is to discuss cooperation 
realistically involving science and technology, consideration should also be 
given to including in the rationale economic, political, and cultural 
components (e.g. the interest of Black Americans in African development) that 
would broaden the base of popular support for longer-term development programs 
including those that would draw upon science and technology. 

Types of Programs 

There was consensus on the need to increase substantially the 
effectiveness of development programs in this particular set of countries where 
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large AID programs commonly do not work well in contrast with people-to-people 
efforts. It was suggested that LLDC programs should be focused primarily on 
survival needs such as the supply of basic foods. Consequently, it seemed 
important to learn from past successes with agriculture and to place emphasis 
on those applied sciences needed to rebuild the agricultural resource base in 
anticipation of later economic growth. In view of rapid population growth in 
many of the LLDCs, it was further agreed that more external assistance will be 
needed just to hold the line. 

Regarding bilateral programs, government to government assistance was 
thought to be most useful for building infrastructure. It was agreed that, 
even in the LLDCs, infrastructure building must include programs to strengthen 
S&T capacity although these programs could be small and carefully selected. It 
was suggested that even one percent of the existing development assistance 
budget could be very useful in building important elements of S&T capacity in 
some of these countries. 

Small-Scale Programs 

The group observed that grass-roots approaches to development are working 
well in many areas but that these approaches do not usually include S&T. Since 
there is evidence of Congressional interest in promoting more small-scale 
programs, it was felt that an attempt to include S&T programs expl icitly under 
the banner of these grass-roots approaches might be successful. For example 
programs might be developed to involve private sector entrepreneurs in the 
promotion of small, technology-based businesses in key areas such as health 
products, food processing and storage, and construction materials. 

Participants felt that universities and national research institutes in the 
LLDCs should be strengthened in order to be able to provide trained personnel 
to advise local entrepreneurs in the establishment of small businesses that 
would make good use of local materials and craftsmen. 

Global Change Program 

The international global change program, organized by the International 
Council of Scientific Unions {ICSU) was discussed. Involving the poor nations 
in this program seems justified both because desertification and tropical 
forest destruction in these countries are damaging the natural resource base 
and because the poor will suffer most with the consequences of rapid climate 
change. The group thought that the LLDCs might best participate in the program 
through their membership in multilateral institutions. There was some feeling 
among the group that the increasing pollution from industrialization in some 
LLDCs points up the need for involvement by the private sector as well as the 
governments. 

Programs to Build the Human Resource Base 

Participants agreed that long-term programs to build the human resource 
base, especially in science and technology are needed in the LLDCs. Local 
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capacity is needed for both basic and applied research. Universities, research 
institutes, and other institutions of higher education may be linked by 
computer networks and other communications technologies so that geographical 
isolation should not be an impediment to education. 

In order to consider which of the successful past efforts in countries such 
as Brazil and India might be applicable to the LLDCs in the 1 990s, the group 
discussed U.S. experience with mechanisms for building research capacity such 
as the NSF program in Science and Engineering for Economic Development (late 
'60s), the National Academy of Sciences' Brazil Chemistry Program (early 70's), 
and the BOSTID Research Program. It was generally believed that programs that 
place U.S. researchers in developing country institutions arc of lasting 
benefit when good matches arc made. It  was suggested that such matches often 
occur when the research involved has an important field component such as 
agricultural or ecological research. 

This review highlighted the importance of bringing in outside personnel to 
help build research institutes by training local students and by transferring 
the culture of science as well as scientific knowledge. In contrast, training 
in the United States was thought to be useful only in selected fields and then 
only at advanced levels that can help build professional networks among LLDC 
scientists and engineers; in addition, the need for enrichment and life-long 
learning was noted. I t  was stressed that every training program supporting 
LLDC students or professionals in the United States needs to consider the 
absorptive capacity of the recipient country if the trained individuals are 
expected to return. 

The problem of convincing young American faculty to spend time in LLDC 
institutions was discussed. Field research, especially in applied disciplines 
such as restoration ecology, might be an enticement. It was suggested that a 
new program would be needed to bring important skills to bear on the problem of 
scientific institution-building in the LLDCs and in selected regional 
institutions especially in Africa. Regional programs linking researchers at 
work on common problems were considered important. The possibility of 
increasing the science emphasis in the Fulbright program was also mentioned. 

Fundln1 

The group considered both economic and political realities that affect 
funding for development programs. It was agreed that funding for S&T related 
to development in the LLDCs has been grossly inadequate. In particular, it was 
noted that there had been a distinctly unfavorable change in the prevailing 
attitude of developed countries toward support for scientific exchanges that 
would benefit the LLDCs. Because of the short-term perspective of Congress and 
most aid agencies, even the meager funds that arc available for development are 
not being used to address chronic problems including the need to strengthen 
S&T. In the present economic environment, funding problems are further 
compounded because of the bureaucratic tendency to cut budgets across the board 
rather than to decide which are the most critical programs. 
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The funding situation is even more grim when attitudes in the LLDCs 
themselves are considered. In general, LLDC policymakcrs sec little or no 
value in S&T. This has caused despair among the S&T communities there. The 
lack of support for science can be traced in part to the failure of the LLDCs 
and their partners to articulate a compelling strategic plan for applying S&T 
to LLDC development. The issues of how to allocate extremely limited internal 
resources and of how to direct dwindling external resources have not been 
addressed adequately. Should health come before agriculture or environment 
before alternative energy for rural development? How important are 
environmental concerns? The latter are invisible to LLDC economic ministers 
who do not want to sec "green conditionalities" placed on economic development 
schemes. These strategic issues are considered in more detail in the next 
section. 

With regard to the vagaries of funding and the tendency in the United 
States of both the executive branch and the Congress to "fiddle" with 
development assistance, the group felt that consideration should be given to 
the need for a government funded foundation that would support S&T for meeting 
both the short and long-term development needs of the LLDCs. In the absence of 
a special program, it seemed hard to imagine how support could be maintained 
for the kind of steady and often unspectacular approaches that will be required 
to solve chronic problems characteristic of the LLDCs. A suggestion was made 
that a high-visibility cooperative program be established at the National 
Academy of Sciences to involve also the Soviet academy and draw upon Japanese 
intellectual and financial resources. 

Strategic Planning and Analvsls 

The group examined the way decisions are made on cooperative S&T programs 
with the LLDCs. Since the LLDCs generally lack technically trained personnel, 
such programs are often directed by outside interests. Moreover, these 
programs are sometimes poorly conceived because the development agencies lack 
people with the capability to analyze S&T problems in LLDCs. There was a 
consensus on the need to build this capability into our development assistance 
agencies. It was also agreed that priority setting must come from within and 
that local people should be trained and brought into the process of analysis 
and strategic planning. Further, participants agreed that capacity to conduct 
environmental analyses is especially important to guide program decisions. In 
this regard, it was noted that no internationally supported center for training 
in S&T policy and analysis exists; consequently, a program to help build 
capacity for analysis and S&T policy formulation would help meet this important 
need. In those countries currently torn asunder by civil war, a program to 
train expatriates for future planning might be considered. 

Because of its strength in systems analysis, it was thought that the United 
States could make a special contribution to programs designed to build capacity 
for strategic planning. A program to support U.S. specialists working in LLDCs 
for two to three years or more was suggested. It was thought that the land 
grant institutions on islands in the Caribbean and the Pacific could be better 
used for tropical ecosystem analysis. 
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The group did not have time to consider the specific contribution of 
appropriate technology to LLDC development or the particular role of important 
groups such as American universities, the advanced developing countries 
(through trilateral approaches), the private sector and multinational 
corporations, and the local people who need to be given prominence, status, and 
a sense of participation in their own development. 

Sum marv 

The key rationale for applying science and technology to development in 
the least developed countries links humanitarian interests to  environmental 
concerns. Programs should focus on human resource building where the United 
States has particularly good experience. Funding has been grossly inadequate. 
New programs, new institutions, and new mechanisms specifically aimed at  the 
chronic problems in these countries arc needed. Also needed arc communications 
networks linking isolated institutions and programs to build indigenous 
analytical capacity that is required to guide policymakcrs on the usc of S&T. 
Working closely with the leadership in the recipient countries, planners must 
decide what kinds of institutions arc needed. They must be prepared to fund 
them well and to make strong efforts to identify and attract the best people to 
these institutions. 

THE ADVANCED DEYELOPING COUNTRIES 

Moderated by Deborah Wince, Deputy Director of the White House Office of 
Science and Technology Policy, the group discussed the rationale for U.S. 
scientific and technological cooperation with the middle income or advanced 
developing countries (ADCs). Because S&T activities arc directly linked to 
broader national economic and trade interests, the United States should 
recognize that there arc long-term benefits of S&T cooperation with the ADCs. 
The United States should develop "partnerships" with the advanced developing 
countries, which take into account American concern for intellectual property 
rights and equal access to information and resources. Although such 
partnerships cannot be applied to the private sector, government pol icies can 
facilitate the involvement of U.S. companies in the programs. Closer links 
should be encouraged between professional associations in the United States and 
the ADCs and exchanges of scientists promoted. Official governmental 
collaboration should not be centralized in one U.S. agency but rather 
implemented in the current decentralized mode, with technical agencies making 
decisions on programs. The United States should consider collaboration with 
the ADCs on programs that would benefit science and technology development in 
the least developed countries. 

The purpose of the working group was to develop recommendations for U.S. 
science and technology cooperation with the advanced developing countries on 
the basis of the long-term national interests of the United States. Rather 
than define or categorize the advanced developing countries, the participants 
acknowledged that all countries arc developing along a continuum and that the 
United States could interact with different countries in different ways. 
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Two questions were raised: ( 1 )  How can we deal with the growing specter of 
protectionism in R&D? In other words, how can the United States maintain an 
open science and technology system in i ts universities and national laboratories 
when this open system may be used by our competi tors in a negative economic 
sense? and (2) How many export-driven economies such as Korea and Taiwan can the 
world economic system tolerate? This seems to be the model that so many 
developing countries want to pursue. 

It  was observed that our S&T activities are directly linked to our broader 
economic and trade interests as a nation. Our future economic security is very 
much related to how we maintain our leadership in science and technology, 
generate advanced technologies, and introduce them into the marl<etplace. We have 
to keep in mind how to balance our cooperation with potential economic 
competi tion and strain. Do we want to encourage the advanced developing 
countries to develop and pursue the Japan model? Recent governmental 
negotiations with Japan over issues of reciprocity, balance, two-way flow of 
information and people, and symmetrical access were difficult. Such problems 
arise when a balanced relationship is not created in the beginning with a country 
with which we have significant economic interests. I t  was pointed out that while 
the United States leads the world in basic science, Japan is the leader in 
applied technology. The close relationship between the government and the 
private sector is an important element in Japan's success. 

U.S. National  Interests 

Several broad national interests that should be taken into account as the 
United States develops S&T cooperation with advanced developing countries are: 

• Reciprocal access to resources and data. The recent negotiations with 
Japan, the difficulties in obtaining data on monsoon research under 
the U.S.-India Science and Technology Initiative, and tense 
discussions with Brazil over the issue of research by U.S. scientists 
in the Amazon under the presidential initiative program were cited as 
examples of this issue. 

• Intellectual property rights, which arc becoming increasingly 
troublesome because some developing countries have no patent or 
copyright laws. 

• Existing models for S&T collaborative programs, such as the 
Presidential initiatives with India and Brazil, the U.S.-China Joint 
Commission on Science and Technology, and the innovative AID S&T 
assistance program with Thailand, should be studied carefully for 
possible application to other countries. An example of a different 
type of situation is Turkey, in which there is no AID program nor is 
there sufficient interest on the part of U.S. technical agencies to 
wa rrant a presidential initia tive. 

• The role of private organizations and insti tutions and in ternational 
agencies should be examined, especially for their multilateral 
dimension. 
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The group accepted the defini tion of "sustai nable development" con tained in 
the report of the World Resou rces Institute symposium. which implies a bala nce 
between the desire for economic growth and protection of the environment. The 
qu estion was raised whether certain areas in the Third World could be set aside 
as environmental preserves. 

The remai ning discussion cen tered on defining a rationale for U.S. science 
and technology coopera tion with the advanced developin g  cou ntries. I t  was 
a greed that the rationale should be based on our broad n ational interests and 
the potential benefits to the United States. The rationale should be that 
cooperation with these cou ntries advances our overall foreign policy objectives 
and our economic i nterests. our S&T i nterests. and ultimately our security 
interests. 

Criteria for Collaboration 

For future cooperative programs. we should design "partnerships" between 
the United S tates and the advanced developing countries, which include the 
concepts of protection of i n tellectual property rights and reciprocal  or equal 
access to resources. data, and facilities i n  basic and applied research i n  the 
public  sector. Although such partnerships cannot be applied to the private 
sector, government policies can facilitate the involveme n t  of the U.S. 
compa nies in the programs. Long-term benefits from the par tnershi ps wil l  
accrue to the United States and to the worl d  as a whole, especi a l ly in areas  of 
basic and applied research on global problems or  issues. 

Programs such as the U.S.-Israel  Binational Industrial Research and 
Development (BIRD) Foundation should be encouraged. The BIRD program was 
init iated with money from the governments of the United States and Israel, and 
on ly the interest is  used to give loans to private compa nies. The AID program 
entitled PACT (Progra m for Acquisition of Commercial Technology) i s  also a 
possible model. I t  was suggested that a public/private foundation be 
established as a catalyst for cooperation. 

U.S. techn ical agencies now engaged in collaborat i ve programs with advanced 
developing cou ntries should forge closer l inks with the Forei gn Commercial  
Service  of the Department of Commerce and with the commercial offices of U.S. 
sta tes abroad. It was pointed out that the I nterna tional Development Office of 
the National Governors Association might be a useful resource. The technical 
qualification s of U.S. commercial officers a broad should be strengthened. 
Likewise, the role of the U.S. science at taches i n  advanced developing 
countries shoul d  be strengthened. 

U.S. scientifi c and technical collaboration with advanced developing 
cou ntries cou ld benefit  the lesser developed cou n tries i n  areas of agriculture, 
health, environ men t, etc. and could possibly follow the CGIAR (Consu ltative 
Group on International Agricultura l Research) model. 

S&T cooperation between the United States and advanced developi ng cou ntries 
shou ld not be ad min istered by one U.S. governmen t a gency. Rather, the 
plura l i stic opportu nities fou nd u nder existi ng programs with i n  the technical  
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agencies should be encour aged and expanded. Where a pplicable,  the India and 
China models could be adopted, in which overall policy coordination is vested 
i n  one agency but implementa tion resides with individual agencies. Another 
option is  to create a Presidential  Commission to study U.S. S&T collaboration, 
especially the policy aspects, with the advanced developing countries. 

Closer l inks between professiona l  societies in the United States and the 
adva nced developing countries should be e ncouraged to promote exchanges, 
mee ti ngs, and exchange of publications. 

U.S. scientists and engineers should be trained in the languages and 
cultures of developing countries. Specifically, a "Section C" should be added 
to Title VI of the Higher Education Act of 1 965 to add support for 
international science and technology programs. Similarly, recommendations in 
the rece n t  study published by the National Academy of Engineering enti tled 
Strengthen ing U.S. Engineering Through International Coopera tion ( 1 987) should 
be implemen ted. Among the recommendations were calls for federally-sponsored 
fellowshi ps and u niversity support for U.S. engineering gradua tes to spend a 
year or more a broad, and establishmen t  of links between engi neering schools and 
other campus units specializing in i nterna tional economic and cultural a ffairs. 

In conclusion, the grou p recommended that the success of curre nt or future 
colla bora tive programs with ADCs be measured by the degree to which they become 
se lf-sustaining and arc i n tegrated into mainstream domestic research and 
development programs in each coun try. 

MECHANISMS AND INSTITUTIONAL ISSUES 

Moderate d  by Ralph Smucklcr, Dean of International Studies and Programs 
at  Michigan State University, the grou p considered delivery systems used by the 
United States government in S&T assistance and cooperation. It  was a lso 
concerned with mecha nisms to enable private resources to play an i m portant role 
as well. While many of the new and rapidly-cha nging areas of S&T a rc i n  
frontier fields such a s  biotechnology, materials science, and ma nufacturing 
tech nologies, most of the governmental delivery mechanisms have been i n  place 
for over a quarter century. Technology development needs greater emphasis and 
the role of private orga ni za tions in technology developmen t  and intermediate 
institutions such as the International Centre for Insect Physiology and Ecology 
(ICIPE) in Africa, is extremely importa nt. The idea for a centra l i nsti tution 
such as the Institute for Scientific and Technological Cooperation (ISTC) put 
forward a decade ago still  has merit. Even if no new institutes were created, 
the U.S. foreign assistance agency should have a strong divi sion that gives a 
central focus to science and technology, a nd it should retain its sectoral 
approach to S&T as  a means of giving focus and providing expertise. There is 
n eed for better coordination of U.S. government activities in science and 
technology outside AID; a n  interesting mechanism i n  this regard i s  the 
Presidential Science and Technology Initiative with India.  Multilateral 
mechanisms for deli vering S&T, such as the World Bank and the United Nations 
agencies, deserve closer a ttention by the United States. 
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The task of this working group was to consider the delivery systems used by 
the United States in scientific and technical assistance and cooperation with 
the developing countries. Clearly, the range of such activity is very wide, 
from poor, largely agrarian countries in Subsaharan Africa or South Asia to 
industrialized, scientifically sophisticated countries of East Asia or Latin 
America. 

Because the focus of the symposium was on science and technology in foreign 
aid, the deliberations of the group naturally centered on the governmental 
apparatus for funding, implementing, and facilitating programs to increase 
scientific and technological understanding of development-related problems and 
applying this knowledge effectively. Yet it is clear that much of the related 
information and experience is in nongovernmental organizations, and that a key 
role of government must be to devise a range of mechanisms that will enable 
these private resources to play an important role in applying science and 
technology to development needs. 

Programs for economic and social development will not realize their 
greatest potential unless they are designed to be sustainable. The group 
agreed that in the context of their discussions, sustainable programs arc those 
that are environmentally sound, that are acceptable socially and culturally, 
that provide incentives for being continued beyond the active involvement of 
outside donors or technical assistance groups, and that build local capabil
ities in  sciences and technology. 

Many areas of science and technology of great relevance to development 
needs have experienced almost explosive change over the past decade. In 
biotechnology, materials science, information science, and other fields, the 
applications to food production, health, population control, manufacturing 
technologies, and other areas arc of enormous significance to developing 
countries. Yet many of the principal governmental mechanisms for planning and 
conducting programs of cooperation and assistance in  science and technology for 
development have been in place for a quarter century. 

At the beginning of the 1 980s, an analysis was made of U.S. mechanisms for 
promoting the usc of science and technology in development. During the 
preparations for the 1 979 UN Conference on Science and Technology for 
Development in Vienna, a proposal was put forward to establish an Institute for 
Scientific and Technical Cooperation (ISTC) as the U.S. government agency to 
fund research on development problems and engage in a variety of cooperative, 
capacity-building activities with developing countries in science and 
technology. The ISTC was never funded by Congress, however, and although some 
of its functions were addressed by several new programs in the Agency for 
International Development, major new mechanisms have not been established. 

Nonetheless, the working group strongly emphasized its belief that science 
and technology arc cri tical elements in the effort to achieve economic progress 
and to improve the quality of life of people in developing countries. The 
United States has a comparative advantage in the quality and depth of its 
scientific and technological resources and thus should give emphasis to these 
resources in its foreign aid programs. 
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Science and technology, however, are necessary but not sufficient elements 
of the development process. They are important instruments for meeting 
development needs, but so are good management, investment, physical 
infrastructure, and human resources. As one participant put i t, •If a 
country's most pressing need is for a road to a port, then build the road!" 
All countries need good scientific and technological capabilities, however, 
whether for generating original research or for making good decisions about the 
value or imported technologies. 

The group felt  that active programs in science and technology are also in 
the long range best interests of the United States. Working toward global 
economic and political stability is a key objective of foreign poli�y that 
promotes our own trade and national security concerns. With the poorer 
developing countries, improvements in  health, agriculture, population rates, or 
natural  resources management ult imately benefit  the entire global community. 
With the advanced developing countries, we have much to learn as well as to 
contribute in  science and especially in  technology development. In advancing 
these relationships, the scientific community offers a ready-made channel of 
communication that can be useful. 

Special note was made of the importance of employment issues in considering 
the role of science and technology in development. Most of  the developing 
countries must give high priority to the creation of jobs for their young and 
growing populations; for example, a participant  said that in the next twenty 
years the number of  new jobs that will  be needed in  Africa is equal to the 
entire labor force of  Western Europe. 

Technology DeveloPment 

The need to stimulate the application of technology in  developing 
countries deserves more emphasis than i t  presently receives in  U.S. foreign aid 
progra ms. Man y  technologies are  available for  usc, but what is often lacking 
is a mechanism that will  help match local entrepreneurs with the technologies. 
Incentives are needed that  will encourage healthy risk-taking, backed with good 
planning and management. The marketplace provides clear ind ica tions of the 
success of a particular technology development project, but it  is important to 
realize that  projects that fail teach importa nt  lessons as well  as those that  
succeed. 

The role of private organizations in technology development is very 
importa nt. I l lustrations of several  successful private initiatives were 
discussed by the other working groups in this symposium. Other examples were 
cited of organizations established entirely with private funds, such as the 
Rockefeller Brothers Fund, which has been instrumental in  establishing a 
privately-funded init iative to support biotechnology projects in developing 
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coun tries. Another a pproach has been the R&D limited pa rtnership, in which 
private capi tal is  i nvolved but government or donor agencies help with loa ns. 

It is critical that ways be found to stimula te ind ustrial productivity in 
developing countries, and i t  was pointed out tha t  this is just as true for 
centrally-planned, state-owned systems as for capitalist  economies. Productive 
enterprises make practical use of the fruits of science and technology and 
provide incentive s  for continued local technology development and 
entre preneurial activity. The barriers to development of t hese productive 
enterprises frequen tly are not in the science or technology, but in how to get 
the activities into the economy. 

I ntermediate Inst itutions 

The discussion on technology developmen t  institutions led to a more 
general discussion of the kinds of institutions that  promote science and 
technology for development. The International Center for Insect Physiology and 
Ecology (ICIPE) i n  Africa was cited as  a regional institution that  docs 
important research of great practical benefit to the region, but a lso mai n tains 
strong links to the international scien t i fic commun ity. The International 
Agricultural Research Centers clea rly have made a vital contribution to world 
food production. Organizations like Intercicncia (South and North America) or 
the African Academy of Sciences contribute to coopera tion a mong scientists on 
important region a l  matters. In the United States, grou ps like BOSTI D  involve 
American scientists i n  developmen t-related activities. 

Ind ia was d iscussed as an example of a country where AID is using a variety 
of mechanisms for scientific and technological  i n teraction. Science receives 
support through a range of cooperative activ i ties i n volving different U.S. 
insti tutions. Technology developmen t  is given attention through a Center for 
Technology Development established in south India, drawing on the U.S. 
experience wi th sta te-level cooperation a mong state governments, private 
industry, and uni versities. 

The point made was that there is an important role for intermediate 
organizations to play in focusing science and technology on development 
problems. Such orga nizations are smaller than the governme n t  foreign aid 
agencies and have a sharper topical  or geographic focus. They sometimes a re 
established with government help, but operate privately. They can provide 
expertise, flexibility, and continuity that are very i mportant i n  programs of 
technical a ssistance or scien tific cooperation. Moreover, they can often 
provide a degree of i nsulation from the vagaries of political  cha nge or funding 
fluctuation. Government agencies should support more programs using this 
mecha nism. 

B i l a tera l R el a t i onsh i Ps 

Duri ng the course of the discussion, participants clearly expressed the 
view that  there is no si ngle prescription for scien tific a nd tech nological 
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assistance and cooperation that fits all cases. There arc tremendous 
differences among the approximately 1 40 countries usually categorized as 
"developing.• Even within countries, the climatic and cultural and economic 
variations may be great. The United States, therefore, should extend 
assistance and cooperation with a full realization of the need to consider 
carefully the cooperating country's own analysis of its development objectives 
and needs. 

While the reality is that governments must be involved to some extent in 
planning and conducting bilateral programs in science and technology, there is 
a need to involve a variety of public and private institutions on both sides to 
the greatest possible extent. The kind of intermediate institutions described 
earlier as useful mechanisms for carrying out assistance and cooperation can be 
equally useful on the developing country side and should be encouraged. 

Building local capacity of both people and institutions is the great need 
in developing countries. Through this approach, the developing countries can 
participate as full partners in the search for solutions to some of the 
pressing problems that affect all countries, developing or industrialized, and 
choose scientific and technological objectives that fit their own aspirations 
and national goals. To assist in the capacity-building process, the United 
States must have programs that provide continuity of effort. Programs must 
also be tailored to different needs. In the least developed countries, for 
example, there may be a need for long-range help with education and with the 
strengthening of key scientific and technical institutions, while the advanced 
developing countries may provide the opportunity for cooperative research and 
many interactive projects that  will be of mutual benefit and will establish a 
broad array of institutional linkages with the United States. 

Central ized Proarams 

Although many programs in science and technology will involve bilateral 
relationships, there arc important development-related problems that simply 
cannot be addressed effectively on this basis. For example, many problems of 
agricultural production, disease, or environmental management affect large 
numbers of countries and will  benefit from research efforts or other 
interventions that arc carried out with central support and direction. Thus 
there will  continue to be a need for U.S. foreign aid programs that arc 
organized and administered centrally and take a global view. 

Many in  the group fel t  that the idea of an Institute for Scientific and 
Technical Cooperation (ISTC) put forward a decade ago still has merit. 
Government-supported but quasi-autonomous organizations to foster research on 
development-related problems and carry out cooperative programs in science and 
technology with developing countries have worked well in Canada, Sweden, 
Australia and elsewhere. [In Canada, for example, the In ternational 
Development Research Centre (IDRC) is a large agency with both Canadian and 
overseas offices that covers the full  range of projects in  science and 
technology for development. The Australian effort is much more narrowly 
focused on agricultural problems through the Australian Centre for 
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International Agricultural Research (ACIAR).] Those countries a l so have 
government foreign aid agencies that deal  wi th more traditional aid 
a ctivities. There was not a consensus among the group, however, that  creation 
of such an organizat ion i n  the Un ited States is  a n  urgent priority. 

The group did feel that the U.S. foreign aid agency should have a strong 
division that gives a central focus to science and technology. Given the 
nature of AID's p rograms and personnel structure, its  overseas staff have to 
fu nction as development generalists and ofte n  do not have expertise in areas of 
science and technology. Moreover, staff members rotat e  to new assign ments 
every few years so that i t  is difficult  to have the continuity that is critical 
for good science and technology projects. A strong central science and 
tech nology div ision can assist  country and regional  units with needed 
expertise, whether internal or from outside the agency, can organ ize and 
s upport research on critical problems of importance to many cou ntries, and can 
prov ide much-needed continuity. The central focus on science and technology 
established in AID eight years ago is commendable, but needs to be strengthened 
and continued in some form i n  the fu ture. 

The group d iscussed the current sectoral  a pproach to science and technology 
in AID in the context of whether this is  an effective wa y to deal with t h e  
complex issues involved. T h e r e  w a s  a feeling that  the sectoral approach has 
certain constraints, but that  they tend to be marginal.  Moreover, science and 
tech nology are so special ized that sectoral organizat ion offers benefits in 
giving focus and providing expertise. There clearly are important  
i ntersectoral  considera t ions, however, such as management and social  context. 
In addition, the evol u t ion of technology and the importance of related trade 
and foreign policy in terests indicate the need for mechanisms to address 
progra ms outside the usual sectoral  a pproach when a ppropriate.  

Government Programs ou tside AID 

Man y  i mportant  programs i n  science and technology with developing 
cou ntries are c a rried out by U.S. government agencies other t h a n  AID. To 
mention only a few examples, the National  Science Foundation, N ational  
Institutes  of Health, Env iron mental Protection Agency, and Department of 
Agriculture all  have active international p rogra ms, and m a ny more could be 
c i ted. I n  general,  these programs must  be justified i n  relation to the ongoing 
domestic acti vi ties of an agency, and i t  would be useful for t h e  agencies to 
have a clearer legislative mandate to cooperate in developmen t-related 
activities. 

The group felt that there is a need for better coordination of U.S. 
government activities in science and technology, especia lly wi th k ey developing 
countries. A n  interesting mechanism has  been t h e  U.S.-India Science and 
Tech nology Initiative {STI), in which the NSF has been the coordinating body 
for a group of governmen t agencies involved i n  cooperative research activities 
with Indian counterparts. The Indian side has a sim ila r coordinating 
mecha nism. 
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Interesting funding mechanisms have been established with several countries 
that support i nteractive p rojects with a variety of U.S. institutions. both 
public and private. In Portugal. for example, the Luso-American Developmen t 
Foundation. funded with U.S. rental payments for airbases i n  the Azores. 
supports i nterchanges including science and technology. In India. surplus PL 
480 rupees have been placed in a fund to support similar cooperative 
activi ties. Although these sources of funds will  not be available for many 
countries. such innovative funding mechanisms should be established wherever 
possi ble. 

Multilateral Mechanisms 

Al though focusing i ts discussion primarily on U.S. programs. the group 
took cognizance of the fact that this country is  a major supporter of mul ti
l a teral development programs through organizations such as the World Bank and 
UN agencies. Some of the multilateral institutions have had big programs in 
science and technology. at  a scale larger than AID. These organizations can 
have certain political advantages over bilateral programs. Their programs i n  
science and technology t e n d  to get relatively little attention both inside a n d  
outside the organizations. y e t  t h e y  could easil y  devote more resources in this 
area. The United States should examine the possibili ties more closely. 
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