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1. The urgency to promote worldwide 
science and technology capacity

1.1 The world is changing at a rapid pace, driven by 
science and technology

The countless manifestations of science pervade our world, and they pro-
foundly affect the social, economic, and cultural outlooks of societies and 
individuals alike. Moreover, the accumulation of scientific knowledge and 
its technological applications is accelerating at a dizzying clip, enabled in 
large part by ever more powerful computers and lightning-fast communica-
tions. 

The Internet, for example, revolutionizes the very meaning of time and 
space. With the click of a mouse and the flight of electrons, vast quantities 
of data and manifold services can move across the globe. Today there are 
billions of pages on the appropriately named World Wide Web; by 2005 
it will likely be eight billion. Thus the integration of the world economy 
through trade, capital flows, and enhanced communications is rapidly 
proceeding as the products of the Information and Communications 
Technology Revolution permeate every corner of society. The economies 
of the world will increasingly become ‘knowledge-based,’ with value-added 
coming more from knowledge than materials.

A revolution is occurring in the life sciences as well. Today we are not 
only decoding DNA – the blueprint of life – we are learning to manage the 
placement and expression of genes and to mobilize microorganisms to do 
our work. We can thereby manipulate – repair, transfer, insert – the con-
stituents of living things in order to improve health, create new and useful 
products, increase productivity, and even transform whole industries. 

Taken together, such innovations have altered and expanded our notions 
of economic and social development, and they often do so not with high-
tech dazzle, but in mundane yet profound ways. We have come to realize 
that better health care, nutrition, and labor-saving devices make it pos-
sible for more young people to attend school and to complete more years 
of schooling. The net result, at least in some societies, has been a major 
increase in the number of able and educated individuals entering the 
workforce – people who have far better prospects of contributing to the 
overall welfare of society and of leading more satisfying lives. 
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Yet the global reality is that many innovations fail to accrue to those who 
need them most, and benefits are not shared equitably around the planet. 
Such maldistribution is further confounded by troubling trends in demog-
raphy, urbanization, public health, and environment, which will continue 
into the foreseeable future even if only from their present momentum. 

Demographic growth will continue until the world population stabilizes 
at between 8 and 9.5 billion persons by the middle of the century, with 
enormous differences in the age profiles of different parts of the world. 
Sub-Saharan Africa, for example, will continue to grow, likely reaching 
some 1.5 billion persons. Conversely, in Japan and most of Europe, popula-
tions will remain stable if not actually decline. The industrialized nations 
will increasingly see the graying of their labor forces and an increase in the 
needs of the elderly, with concomitant shortages in rapidly growing parts 
of their labor market; by contrast, the predominantly young populations of 
the developing nations will be putting enormous pressure on education and 
training facilities and on local labor markets to create adequate employment 
opportunities. 

For the first time, the majority of human beings are now classified as ur-
ban, a phenomenon that will continue unabated, mostly in the developing 
world, even though some will use the new information and communica-
tions technology to work out of more rural surroundings. Urbanization will 
challenge the capacities of developing nations to deal with the enormous 
problems of their ‘megacities’ (those with populations over 10 million). 
Over the next three decades, India alone will face an increment of urban 
population twice the size of the total populations of France, Germany, and 
the United Kingdom combined.1

Poverty, destitution, and hunger still stalk humanity. Despite the enor-
mous improvements that have been achieved in human welfare, 38 percent 
of the people in the least developed nations are malnourished and the 
shadow of starvation and famine still looms large in parts of the world – 
especially in Sub-Saharan Africa, where civil strife has exacerbated an 
already bad situation. One-sixth of the human family lives on less than a 
dollar a day, and almost half of humanity survives on fewer than two dollars 
a day. The richest quintile of the world’s people earns more than 70 times 
the income of the poorest quintile.2

Problems such as HIV/AIDS strike globally, though responses to the 
disease’s devastation vary enormously with a nation’s capacity to deliver 
treatment and modify societal behavior. Some societies are producing a 
generation of AIDS orphans, with large parts of Sub-Saharan Africa and 
South Asia facing enormous and crippling losses. The decimation of young 
adults at their most productive moments is a human tragedy of gigantic 
proportions and a social and economic nightmare. Dramatic policy changes 
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are required to address this issue, as well as persistent diseases such as 
malaria and tuberculosis and the more recent threat of severe acute respira-
tory syndrome (SARS). More research is required to find better responses. 
Scientific collaboration on confronting the challenge – and on making the 
results of the research available to those who need it most – is essential.

Environmental challenges abound. If present production and consump-
tion patterns are not changed, the impact on our biosphere will be astound-
ing: the air and water we depend on will become increasingly polluted; the 
soils will more and more erode; and forests, habitats, and biodiversity will 
continue to be lost. If the entire population of the earth were to produce and 
consume at present U.S. levels, we would need three Planet Earths. The 
need to implement more environmentally friendly and socially responsible 
economic activity has never been greater.

Luckily, we have a growing level of international consensus today on 
these demographic, urbanization, public health, and environmental 
issues, among others, that has never before existed. In September 2000, 
the United Nations Millennium Summit of the world’s heads of state 
declared specific goals for reducing poverty, hunger, illiteracy, disease, 
and environmental degradation. (See Box 1 on next page.) Explicit in these 
Millennium Development Goals is a commitment to equity and participa-
tion, rather than polarization and marginalization, as we move toward an 
increasingly knowledge-based economy in the 21st century. The need for in-
ternational cooperation to address these concerns is also recognized in the 
United Nations Millennium Declaration, especially considering problems 
such as environmental issues, which cross national borders. (Box 2 on page 
21 describes the science and technology needs identified in three recent 
international agreements – on climate change, biodiversity, and sustainable 
development.) 

Yet despite the growing consensus on all these issues, despite agreement 
on the inevitability of movement toward a knowledge-based future, the 
international community has overlooked something critical. It has given 
inadequate attention to capacity building in science and technology (S&T)  
as the engine that drives knowledge-based development, that is essential to 
social and economical inclusion, and that alleviates the demographic, 
urbanization, public health, and environmental pressures plaguing the 
world – especially the developing world.

It is precisely the need to correct that critical omission that we address 
here, and we do so in terms of the needed personnel, infrastructure, 
investment, institutions, and regulatory framework available for conduct-
ing scientific research and pursuing technological development in every 
country of the world.
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BOX 1 United Nations Millennium Development Goals

The Millennium Development Goals are an ambitious agenda for reducing pover-
ty and improving lives throughout the world. World leaders agreed on these goals 
at the United Nations Millennium Summit in September 2000. For each goal, one 
or more targets have been set, using 1990 as a benchmark:
1. Eradicate extreme poverty and hunger:
 Target for 2015: Halve the proportion of people living on less than a dollar a day 

and those who suffer from hunger
2. Achieve universal primary education: 
 Target for 2015: Ensure that all boys and girls complete primary school
3. Promote gender equality and empower women: 
 Targets for 2005 and 2015: Eliminate gender disparities in primary and second-

ary education preferably by 2005, and at all levels by 2015
4. Reduce child mortality:
 Target for 2015: Reduce by two-thirds the mortality rate among children under 

five 
5. Improve maternal health: 
 Target for 2015: Reduce by three-quarters the ratio of women dying in childbirth 
6. Combat HIV/AIDS, malaria, and other diseases:
 Target for 2015: Halt and begin to reverse the spread of HIV/AIDS and the inci-

dence of malaria and other major diseases 
7. Ensure environmental sustainability:
 Targets: 

• Integrate the principles of sustainable development into country policies and 
programs and reverse the loss of environmental resources 

• By 2015, reduce by half the proportion of people without access to safe drink-
ing water

• By 2020, achieve significant improvement in the lives of at least 100 million 
slum dwellers 

8. Develop a global partnership for development: 
 Targets: 

• Develop further an open trading and financial system that includes a commit-
ment to good governance, development, and poverty reduction – nationally 
and internationally 

• Address the least-developed countries’ special needs, and the special needs 
of landlocked and small-island developing states 

• Deal comprehensively with developing countries’ debt problems 
• Develop decent and productive work for youth 
• In cooperation with pharmaceutical companies, provide access to affordable 

essential drugs in developing countries 
• In cooperation with the private sector, make available the benefits of new 

technologies – especially information and communications technologies. 

Source: Resolution 55/2 adopted by the United Nations General Assembly, 
September 2000. 

www.un.org/millenniumgoals/index.shtml
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BOX 2 International agreements and S&T capacity

S&T capacity building in developing countries is a critical element for effective 
implementation of international agreements and protocols.

United Nations Framework Convention on Climate Change
Article 5, Research and Systematic Observation
“In carrying out their commitments..., the Parties shall: a) Support and further de-
velop, as appropriate, international and intergovernmental programmes and net-
works or organizations aimed at defining, conducting, assessing and financing 
research, data collection and systematic observation, taking into account the need 
to minimize duplication of effort; b) Support international and intergovernmen-
tal efforts to strengthen systematic observation and national scientific and techni-
cal research capacities and capabilities, particularly in developing countries, and 
to promote access to, and the exchange of, data and analyses thereof obtained 
from areas beyond national jurisdiction, and; c) Take into account the particu-
lar concerns and needs of developing countries and cooperate in improving their 
endogenous capacities and capabilities to participate in the efforts referred to in 
subparagraphs (a) and (b) above.”

www.biodiv.org

United Nations Convention on Biological Diversity, 1992
Article 12, Research and Training 
“The Contracting Parties, taking into account the special needs of developing 
countries, shall:
a)Establish and maintain programmes for scientific and technical education and 
training in measures for the identification, conservation, and sustainable use of 
biological diversity and its components and provide support for such education 
and training for the specific needs of developing countries;
b)Promote and encourage research which contributes to the conservation and 
sustainable use of biological diversity, particularly in the developing countries…”

 www.biodiv.org

World Summit on Sustainable Development, 2002
Plan of Implementation: 
“125. Enhance and accelerate human, institutional and infrastructure capacity-
building initiatives and promote partnerships in that regard that respond to the 
specific needs of developing countries in the context of sustainable development. 
126. Support local, national, regional, subregional and regional initiatives with 
action to develop, use and adapt knowledge and techniques to enhance local, na-
tional, subregional, regional centres of excellence for education, research and 
training in order to strengthen the knowledge capacity of developing countries and 
countries with economies in transition through, inter alia, the mobilization from 
all sources of adequate financial and other resources, including new and addition-
al resources.”

 www.johannesburgsummit.org 
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1.2 Business-as-usual will leave an ever-growing gap 
between ‘have’ and ‘have-not’ nations

Under the impetus of strong forces of globalization, the world is today 
dominated by a market- oriented economy. But while many countries lack 
the policies or infrastructure to support market-oriented mechanisms for 
building their exports or their productive economic assets, not to mention 
their S&T capacity. While the specifics vary, there are points in common in 
many developing nations that enable the Study Panel to highlight in this 
report some areas of special attention.

The industrialized, S&T-advanced countries undoubtedly have concerns 
about balancing the public and private domains, improving the quality of 
their educational systems, attracting and retaining talent in S&T fields, 
or the manner in which national investments in research and develop-
ment (R&D) can be optimized. Yet for the Study Panel, as it surveys the 
scene across the globe, it is clear that the starkest problem facing the world 
and the international scientific community is the large and growing gap 
between the industrialized nations and the less-developed countries. As we 
move toward a knowledge-based economy, some 80 percent of humanity 
are deprived of the opportunity to contribute to knowledge and instead are 
relegated to consumption of the resulting technology. Furthermore, many 
new technologies will not be consumable in developing nations without a 
powerful local capacity in the science and engineering that underlie them. 

The industrialized nations have an interest in supporting the expansion 
of S&T capacity in the developing world. Their citizens cannot remain safe 
and prosperous in a world containing large numbers of failed states. Expan-
sion of science and technology also helps in building markets, promoting 
stability, and enhancing trade. For the developing nations, creating the local 
capacity for enhanced cooperation with industrialized nations allows them 
to harness the best of science and technology to address many of the issues 
limiting their development, make use of their vast resources of indigenous 
knowledge (confirmed by rigorous scientific methods), reaffirm national 
pride in their own heritage and achievements, and chart a new course for a 
more sustainable development pattern. International cooperation is to the 
mutual benefit for all.

In addition, the more S&T proficient among the developing nations 
(Brazil, Chile, China, India, Mexico, and South Africa, for example) have 
the opportunity and responsibility not only to help themselves but to work 
with their brethren in other developing nations so that they too may build 
their S&T capacities.3 

In effect, individual human development is now viewed as essential to 
each nation’s – and the world’s – long-term economic development. 
Technological advances – coupled with improved education and training 
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– lead to improvements in human capital, which in turn produce more and 
better goods and services. Along the way, this ‘virtuous cycle’ can promote 
free expression and public discourse, not necessarily out of altruism but as 
an economic imperative.

Yet, despite the remarkable results that scientific advances and techno-
logical innovations can potentially engender, these times are marred by 
conflict, violence, economic uncertainty, chronic deprivation and poverty, 
and far too many marginal, even threatened, lives. Although we know that 
science and technology can indeed help feed the hungry, heal the sick, 
protect the environment, provide dignity in work, and create space for the 
joy of self-expression, impoverished societies lack the wherewithal to apply 
them. 

In fact, a vicious cycle is at work whereby the developing nations 
(especially the S&T-lagging countries) fall farther and farther behind the 
industrialized nations that do have the resources – in financial, as well as 
human-development terms – to apply scientific advances and new technolo-
gies ever more intensively and creatively. Numerous young professionals 
from developing nations often emigrate, or remain in the industrialized na-
tions where they may have received some education and training, instead of 
applying their skills at home – where the need may often be the greatest but 
prospects for present-day opportunities the worst. This ‘brain drain’ actively 
depletes some of the developing nations’ human resources, and it is being 
exacerbated as the populations of wealthy countries get older, more people 
retire, and attractive employment opportunities arise there.

Wide as it is, therefore, the current gap is likely to grow even wider 
– perhaps becoming an unbridgeable chasm – as the industrialized nations 
continue to master the tools of science and invention, vastly outspend the 
developing nations in research and development, and even divert some of 
the developing nations’ most precious human resources for their own use. 
[See Boxes 3 and 4 for descriptions of the current disparities in population 
and Gross Domestic Product (GDP) per-capita across nations, as well as 
population projections for 2015.]

The high-income nations devote a significantly greater share of their 
national resources to science and technology, as reflected in expenditures 
for research and development. (See Box 5 for comparative data on national 
research spending as a percent of GDP.) While the high-income nations 
average 3,281 scientists and engineers per million population, the middle-
income nations average 788. (See Box 6.) While patents granted to resi-
dents of high-income nations average about 346 per million population, 
the middle-income nations average 10. (See Box 7.) Moreover, the quality 
of developing-nation scientists’ local training, not to mention the material 
resources at their disposal, is not on a par with what their industrialized-
nation colleagues typically enjoy. 

World population

Population under age 15

BOX 3 World population and GDP per-
capita (2001)

Source: United Nations Development Programme, Human 
Development Report 2003: Millennium Development Goals: 
A Compact Among Nations to End Human Poverty (New York, 
N.Y.: United Nations, 2003). See: www.undp.org/hdr2003/
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Brazil 0.91
Spain 0.89
Poland 0.75
China 0.69
SouthAfrica 0.69
Hungary 0.68
Chile 0.63
Turkey 0.49
Mexico 0.34
Malaysia 0.22
Ecuador 0.08

BOX 5 National research and development 
expenditures as a percent of Gross Domestic Product

Sweden 3.70
Japan 3.01
United States 2.63
Republic of Korea 2.55
Germany 2.38
France 2.17
Taiwan-China 1.97
Netherlands 1.95
United Kingdom 1.87
Singapore 1.47
India 1.20
Italy 1.04
Russian Federation 1.06

Sources: U.S. National Science Board, Science and Engineering 
Indicators 2002, (Arlington, VA: National Science Foundation, 
2002), Text Table 4-13, pg. 4-47;and data for India are based 
on United Nations Development Programme, Human Develop-
ment Report 2003: Millennium Development Goals: A Compact 
Among Nations to End Human Poverty.(New York, N.Y.: United 
Nations, 2003) 

Note: Research and development (R&D) includes all expendi-
tures for R&D performed by all R&D sectors within each nation. 
As the figures in this table are based on the latest available data 
on R&D and GDP during 1996-1999, the R&D/GDP percentage 
for any country listed here may have since changed. 

Source: same as box 3
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Such comparisons do not bode well for the ability of developing nations 
to participate in the new age of science and technology, so as to be more 
than mere consumers of the technological exports of the industrialized 
nations. The cultivation and deployment of human capital – building and 
maintaining the infrastructures that assure a nation’s education, skills, and 
connectedness with the rest of the world – will be key to the ability of devel-
oping nations not only to improve their situation but to contribute to the 
welfare of everyone else. Surely the 80 percent of humanity living in those 
countries should have a greater input into the creation of new knowledge, 
not only for the right to shape their own destinies, but for the insight and 
talent that they can bring to the rest of the world. 

The figures are troubling. Social and economic indicators in developing 
nations have not improved in the last decade, and many are getting worse. 
Today, the number of telephone lines per 1,000 persons stands at 592 in the 
high-income nations and at 152 and 30 in the middle-income and low-
income nations, respectively. (See Box 8.) The number of personal comput-
ers per 1,000 persons is 430 for the high-income nations, 35 for those of 
middle income, and 6 for the low income. The high-income nations 
account for 15 percent of the world’s population and 91 percent of its 
Internet connections. (See Box 9.)4

The future does not look any more promising. The industrialized nations 
are pulling farther in front of many of the developing nations in the prepa-
ration of the next generation of talent. In the late 1990s, tertiary-school 
enrollments in the low-, middle-, and high-income countries stood at 5, 15, 
and 58 percent, respectively, of the eligible populations.5 And such quan-
titative indicators do not take into account the enormous differentials in 
quality of education, especially at the primary and secondary levels, between 
countries at either end of the spectrum.

Furthermore, societies continue to discriminate against women, who 
constitute half of the world’s population but in many countries receive only 
one-tenth of the income and own less than one percent of the property. 
Women constitute about three-fifths of the world’s illiterate, and in many 
regions receive less food, education, and health care than do men. In ad-
dition, certain cultural practices adversely affect the well-being of girls and 
women. Bad as it is, the situation is worsening in some ways – over the past 
20 years, the number of rural women living in poverty has almost doubled. 

With regard to cultivating S&T resources in particular, girls are discour-
aged from pursuing careers in science and technology, and the world 
thereby loses the potentially enormous contributions of most of its women. 
Even those few who overcome these obstacles face difficult career choices 
that require special attention. Furthermore, many ethnic, religious, and 
other minorities also face discrimination and are unable to develop to their 
full potential or to make their best contributions to society. This too will 
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require explicit attention in the design of any national program that seeks to 
promote S&T capacity building.

On the whole, an unprecedented large number of young people – many 
of whom would be quite capable of acquiring scientific and technologi-
cal competence if given the opportunity – are coming of age within the 
developing nations without adequate opportunities for intellectual de-
velopment or economic participation. To prevent the economic disparity 
among nations from continuing to increase, with worrisome social and 
political consequences, the talents of many of these young men and women 
should be channeled into productive participation in the global scientific/
technological/industrial enterprise. 

But while wealthy nations have come to understand that the most pre-
cious resource of a country is its human capital, given the knowledge that 
people may generate and their ability to use it, this is often not the case in 
less-developed nations where the urgency to overcome social malaise in 
the here-and-now leads to insufficient emphasis on longer-term needs. It is 
against this backdrop that we must address the role of science and technolo-
gy, acting in a concerted and decisive fashion to apply them to meet head-on 
the challenge of poverty in our interconnected world.

1.3 Local S&T capacity is essential for using and 
contributing to the world’s valuable store of knowledge

 Changes will not occur spontaneously. The political, social, cultural, legal, 
and religious characteristics of a society can either help or hinder advances 
of the kind implied in the preceding sections, but even under the best of 
local circumstances, mere ‘trickle-down’ from the wealthy nations will not 
suffice. Leaving all of the scientific and technological breakthroughs to the 
highly industrialized nations and expecting the rest of the world to benefit 
from the results is an illusory and unproductive policy. The tools involved 
in such breakthroughs are often very sophisticated and their use requires a 
great deal of knowledge at the local level, as well as an ability to adapt and 
extend them to meet local needs. Moreover, collaboration among industrial-
ized and developing nations is needed to address many global issues such 
as biodiversity loss and climate change.

Most technological challenges require interdisciplinary approaches 
involving science, engineering, economics, sociology, and public policy. 
Likewise, engineers increasingly need to think in terms of systems engi-
neering – not only to improve the utilization of resources but because solu-
tions in one area tend to create problems in others. Traffic problems, urban 
growth, industrial processes, and environmental protection, for example, 
are all areas that require this combination of problem-solving skills and a 
systems way of thinking, coupled with interdisciplinary teams and 
approaches.
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In working with less-developed countries to forge advancements that 
could bring about a more equitable balance of the wealth of nations, it 
is important that the highly industrialized nations provide infusions of 
capital and know-how to help people in the developing nations acquire, 
understand, and effectively apply these scientific and technological tools. 
The S&T-proficient countries – such as Brazil, Chile, China, India, Mexico 
and South Africa – can also fill a particularly useful niche in this regard. 
They can utilize some of the lessons learned from their own evolution, for 
instance, to help train young scientists, engineers, and medical profession-
als of S&T-lagging countries in critical fields. 

Science and technology can play important roles in assuring developing 
nations’ transitions to sustainable development – whereby human well-be-
ing is enhanced, the environment and natural-resource base are preserved 
and maintained for future generations, and consumption patterns support 
the goals of health and prosperity over the long term. Recommendations on 
these issues will prove more acceptable if backed by the advice of the inter-
national S&T communities, and of other thoughtful professionals, than if 
they result only from the interplay of political and power relations between 
nation-states.

Thus members of S&T communities – and in particular the academies 
of sciences, engineering, and medicine of many countries – should expand 
their contributions. While recognizing the deficiencies of some academies, 
by and large the membership of academies is drawn from the most emi-
nent and influential persons in the national universities and the profession-
al societies. They can help galvanize these institutions, working to establish 
high standards of quality in all S&T enterprises, to provide independent 
expert advice for helping to assure wise decisionmaking, and to build collec-
tive mechanisms for building understanding and meeting global, regional, 
and local challenges.

Such an expansion of the goals of academies is already under way. For 
example, as promised in their May 2000 statement on the role of science 
and technology in a transition to sustainability.6 The world’s scientific 
academies have committed themselves to applying the resources at their 
disposal along three main avenues to help developing nations achieve sus-
tainable development: 
• Promoting the use of existing knowledge more widely and effectively by im-

proving education, strengthening worldwide S&T capacity, and building a 
global information network. 

• Generating new knowledge and beneficial technologies by sustaining long-
term basic research and linking it to societal goals; coupling global, 
national, and local institutions into effective research systems; linking 
academia, government, and the private sector in collaborative research 
partnerships; and integrating disciplinary knowledge into interdisciplin-
ary, locally focused, problem-driven research and application efforts.
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• Applying the values of the practitioners of science and technology – openness, 

community, quality, and respect for evidence – through involvement in the 
broad interactive processes of establishing societal priorities, analyzing 
the implications of policy directions, and fostering public understanding 
and the political will to ensure steady progress toward the realization of 
those priorities. 
Science and technology, of course, do not automatically produce 

unmitigated good. Integral to the promotion of worldwide S&T capacity is 
the need to take potential ethical issues into serious account, as well as to 
assess the risks and dangers created by the greater ease with which modern 
capabilities can be misused. 

Science and the practitioners of science should be constantly engaged in 
a dialogue with society at large. Not only will this benefit the decisions of 
society by bringing to bear the outlook and knowledge of scientists in the 
decisionmaking process, it will also help science to recognize the nonscien-
tific aspects of decisions that affect scientific research and the deployment 
of its products. Through this dialogue of science and society, society will 
gain a scientific outlook while science will gain a new social contract.

So many obvious benefits are offered by the activities of scientific and 
technological research and development that they will continue to move 
forward, even if slowly or spottily, regardless of the relative disadvantage of 
some nations or the reservations on the part of some cultures. But we can 
do far better by working together to lower barriers and ease the minds of 
doubters – or at least achieve viable compromises. The challenges we face, 
therefore, concern our ability to help guide and quicken the ways in which 
development might proceed so as to serve the positive goals of as many 
countries and regions as possible.

A fundamental reason for global cooperation is this: the world is under-
going a transformation so profound that its contours can only be dimly 
perceived and the momentous consequences barely imagined. We are all 
passengers on the same ship, facing major challenges together as we sail 
into the unknown, and insights from all of our cultures and peoples are 
essential.

Can global cooperation be fostered in this time of unfettered competi-
tion? Can we find the means of reaching those at risk of being marginalized 
or left behind and seek out ways to assist their participation in the extraordi-
nary S&T enterprise of the 21st century? That will depend on our collective 
ability to modify some aspects of current trends in order to help move the 
likely outcomes from business-as-usual extrapolations to more desirable 
outcomes. Systematic actions should occur throughout the world. In many 
countries, reforms are needed across the board in most local institutions. 
But that is beyond the scope of this report, which focuses on the institu-
tions of science and research per se. We fully recognize, however, that the 
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enabling framework – the education and training system, political will and 
public support, for example – are all important parts of the equation.

We also recognize that some local institutions may place obstacles in the 
path of needed S&T reforms. Some of these obstacles result from misper-
ceptions – that science and technology will be expensive propositions or 
that basic science is a luxury that poorer countries cannot afford. Some 
obstacles are created by fear of the potentially disruptive consequences 
of free-ranging inquiry and expression, which can threaten (or appear to 
threaten) the religious foundations, as well as the secular ideologies of 
various societies. Other barriers result from science and technology being 
seen as synonymous with types of modernization that some local leaders 
believe will disrupt the continuity and integrity of well-established cultural 
patterns. Still others reflect fear of the economic and social costs of techno-
logical transformations in production.

Another set of concerns focuses on the potentially hazardous aspects of 
new technologies and the continued use of old technologies with harmful 
side effects. Whether we think in terms of massively destructive weapons, 
environmental degradation, biological and chemical threats, or other chal-
lenges, it is obvious that we can now create highly dangerous materials and 
products far more easily than we can limit and control their use. In this 
sense, science and technology – broadly defined – have presented us with 
increasingly deep ethical, political, and human dilemmas whose resolution 
will test the capacities of all societies. 

It is essential that the S&T communities, including all those favoring the 
expansion of S&T capacity building, engage the reluctant parties, recognize 
the merits of concerns where they are justified, and focus on how science 
and technology can be of fundamental importance in helping to allay many 
other concerns. With a strong political will, less bureaucratized administra-
tion, a change in the mindset of the S&T community itself, and committed 
resources, the desired goals could well be achievable.

1.4 Universities have an essential role to play in 
building S&T capacities

In most countries, the major focus of scientific research is located within 
the organizational framework of universities. Research performed within 
universities has an added value because of its beneficial effects in raising 
the level of education provided to the professional elites who are trained 
there. 

Yet in many of the developing nations, higher-education systems have 
been subject to enormous social and political pressures to massively in-
crease their enrollments. Some of these changes have caused significant re-
ductions in quality and vitiated the ability of universities to play the role that 
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is expected of them. But other institutions have succeeded in enormously 
expanding enrollments and weathering political pressures while maintain-
ing research programs on par with the best in the world. 

The university in developing counties has a special function as a locus 
for the modernizing forces of society, for the promotion of the ‘values’ of 
science, and for mediating between the political and industrial spheres of a 
nation’s life. The university’s research facilities in particular must orches-
trate the brainpower of the faculty, take responsibility for training new 
generations of talent, and participate in the transformation of the nation’s 
S&T base. Regrettably, the current structures of higher-education systems 
in many countries are inadequate to meet the challenges of the 21st century. 
Wide-ranging reforms are needed, as the university system should be the 
centerpiece of any human-resource development strategy for S&T capacity. 

The reform of higher-education systems – in the industrialized S&T-
advanced countries as well as in the developing nations – has been the 
topic of several studies and reports.7 Although a fuller treatment of such a 
complex topic is beyond the scope of this report, the Study Panel points out 
that special attention to university governance, balancing autonomy with 
national purpose and ensuring institutional pluralism in the education and 
training system, will all be necessary. More specifically, university reforms 
should encompass the following actions:
• Modify academic and governance structures that create barriers for 

change and for the conduct of interdisciplinary and transdisciplinary 
research. This reform should include promotion of an interaction of the 
physical, biological, and earth scientists with academics in the humani-
ties and social sciences.

• Strengthen merit-based academic policies and procedures that allow 
young brilliant academics to climb the academic ladder and gain intellec-
tual independence.

• Promote the regular evaluation of university departments, institutes, and 
faculties by external reviewers, including international experts.

• Establish transparent and rigorous systems of institutional and program 
accreditation at the national and international levels. This is especially 
crucial for post-graduate level programs.

• Emphasize systems of accountability for public investments in higher 
education.
In particular, the promotion of special world-class research programs in 

universities will be essential for meeting the challenge of building capacity 
for science and technology. Such research programs should have a great de-
gree of autonomy and should develop and exert their influence in the short 
term, even while the needed reforms of the entire system proceed over a 
longer-term horizon.
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1.5 The culture and values of science are critical for 
building a global community

In most nations and in most international forums, there is increased open-
ness and debate as scientific exchange flourishes more than ever. Indeed, 
science has developed a set of complex experimental methods and symbolic 
languages, the broad acceptance of which has allowed it to cross the ordi-
nary linguistic barriers that so often separate people from one another. In 
this sense, science has achieved more universality than any other distinctive 
mode of knowledge. A new finding, theory, proof, conjecture, set of com-
putations, or formula can be ‘read’ and evaluated by individuals and groups 
across very different cultures. This is essentially because the receiving 
parties, despite their widely varying local cultures, share with the originator 
certain ways of observing, analyzing, describing, and interpreting natural 
phenomena.

As a consequence, there is a considerable ‘world community’ of scientists 
who know each other’s work, frequently collaborate on projects, and build 
on one another’s discoveries. Not only does this process add to the vigor 
of scientific advancement, it also creates many personal and professional 
international friendships that aid mutual understanding – strands of con-
nectedness across cultures that represent an especially important asset at 
this moment in history.

Two important assumptions that scientists share are also critical to the 
process of international collaboration and the building of a global commu-
nity. First, there is the paramount goal of seeking truth without being con-
strained by ideologies or their possible forms of interference. Essentially, 
scientists trust that their work, if done with care and integrity, will eventu-
ally lead to conclusions that contribute to a deeper understanding of nature. 
In that spirit, the ‘openness’ of science is profoundly important. Given the 
fact that some scientific findings, if they are held in confidence, can lead 
to substantial financial rewards – or that the findings can be very useful, if 
kept secret, to national security – it is significant that most of the world’s 
universities are committed to the prompt communication and publication 
of research findings. In this way, new ideas are made widely available in 
order to be studied, critiqued, and tested by others. This moral, ethical, and 
professional commitment to openness is what upholds the integrity of the 
scientific enterprise.

And second, a dynamic such as the one just described – involving the 
swift exchange and intense scrutiny of new findings – creates consider-
able energy that, in effect, takes on a life of its own. The rapid international 
circulation of new discoveries or theories accelerates the process of generat-
ing new ideas, which in turn leads to additional discoveries. Indeed, looking 
back over the past half-century, it seems clear that the major investments 
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made in basic and applied research after World War II have had a cumula-
tive and compounding effect, the benefits of which we have begun to reap. 
The rate of significant observations and discoveries, across all scientific 
fields, has quickened noticeably in the past 10 to 15 years, and the decades 
immediately ahead could potentially become one of the most significant 
eras in the history of scientific advancement.

There is a central core of universal values – rationality, creativity, the 
search for truth, and an adherence to codes of honorable behavior – that 
any truly modern society should possess, and these are values that science 
promotes. They are corollaries of independence, of dissent against received 
wisdom that require the ability to challenge the established order – the right 
to be heard however outlandish the assertion – subject only to the test of 
rigorous method. 

Without independence of inquiry, there can be no true scientific research. 
The safeguards that independence requires are obvious: free inquiry, free 
thought, free speech, tolerance, and the willingness to arbitrate disputes on 
the basis of evidence. These are societal values worth defending, not just to 
promote the pursuit of science but to yield a more open-minded society that 
adapts to change and embraces the new. 

Thus science is not only itself a culture of global dimensions, it induces 
a cultural current that strongly and positively affects societies in which 
it flourishes – including those that at first were wracked by poverty and 
hunger, riven by civil strife, and embedded in fiscal crisis. Science brings 
imagination and vision to bear not only on theoretical speculations but on 
practical problems and critical decisions, allowing people to analyze present 
(and future) situations, make sounder choices, and invest their resources 
more wisely. The culture of science and the open, honest values it engen-
ders are enormously important above and beyond the material benefits that 
they help produce for human welfare. 

1.6 Investments in science and technology are 
increasingly important for economic growth

While it is not possible to demonstrate a direct causation between the rates 
of investment in research and development8 and outcomes in terms of 
increased GDP, it is true that a growing level of investment in research and 
development is generally correlated with improved GDP-growth outcomes. 
But how much should countries invest in research and development, and in 
what kind, to ensure for their citizens the material benefits that science and 
technology can bring? Alternatively put, given the many competing claims 
on scarce public resources, what would be an ‘appropriate’ level of invest-
ment for countries at different levels of economic development?9 

When national activities in research and development are taken as a 
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whole, it is seen that the wealthy industrialized nations – Australia, Canada, 
Japan, South Korea, the United States, and northern and western Europe 
– all spend between 1.5 percent and 3.8 percent of their GDP on research 
and development, whereas the countries of eastern and southern Europe 
tend to have R&D/GDP ratios of less than 1.5 percent.10 It is clear that 
countries making heavy investment in research and development also have 
strong high-technology industrial and service sectors. And it is noteworthy 
that the private sector finances most of the research in these countries.11

By contrast, the lower the per capita income of a country, the greater 
tends to be the role of government in funding research and development. 
With severe competitive pressures for limited government budgets, the re-
sult is modest overall spending for research and development and relatively 
low R&D/GDP ratios. While developing nations with large economies 
have approached the lower-end R&D/GDP ratios of OECD countries 
(for example, India allocates 1.2 percent; Brazil, 0.91 percent; and China, 
0.69 percent), most developing nations devote less than 0.5 percent of their 
GDP to research and development.12 

This situation makes it essential that efforts to improve the overall capac-
ity in science and technology be accompanied by increased public spending 
on research and development, with initial investments normally occurring 
at the development end of the spectrum and supporting more fundamental 
research as an economy grows. National governments in developing na-
tions should increase their spending considerably, certainly above 1 percent 
of GDP and preferably closer to 1.5 percent, if there is to be any hope of not 
falling farther behind the industrialized states. 

Precedents do exist. Successful economies, such as those of the ‘East 
Asian Tigers,’ have achieved much by focusing on education and investing 
in research and development. The figures from South Korea (2.55 percent), 
Taiwan-China (1.97 percent), and Singapore (1.47 percent), and the con-
siderable material benefits accruing to the people of those countries, are 
renowned stories of success.13

A strong S&T capacity can thus translate into accelerated industrial and 
economic development in what can be termed a positive spiral of mutual 
reinforcement. However, the Study Panel is also convinced that simply 
limiting actions in science and technology to the utilitarian needs of the 
‘productive sector’ will limit the effectiveness of the effort in this very 
rapidly changing environment, especially in areas where scientific and 
technological knowledge are likely to play an exponentially increasing role.
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1.7 Building capacity in agriculture, engineering, health, 
and the social sciences is essential for national 
development

Science and technology, as described in this report, encompass the full 
range of fields and disciplines, including aeronautics and astronautics; 
agricultural sciences; anthropology; biology; brain and cognitive sciences; 
chemical engineering; chemistry; civil and environmental engineering; 
earth, atmospheric, and planetary sciences; economics; electrical engi-
neering and computer science; systems engineering; health sciences and 
technology; materials science and engineering; mathematics; mechanical 
engineering; nuclear engineering; physics; political science; psychology; 
and sociology. 

The areas of agriculture, engineering, and health, however, loom large in 
addressing the challenges of developing nations. The study of agriculture, 
engineering, and health is closely related not just to research but to practice. 
Therefore the nature of the training enterprise and the types of 
research institutes, such as teaching hospitals, agricultural research 
centers, or S&T parks located near or linked to university complexes, are 
somewhat different from the more standardized image of scientific labo-
ratories and academic departments that this report may seem to imply. Yet 
these differences can be overdrawn. Our primary focus is on the develop-
ment, mastery, and adaptation of knowledge – something shared among 
the sciences and engineering and medicine. The distinction lies simply in 
the type of knowledge that is particularly valued. 

Although the social sciences differ from the physical, biological, and 
mathematical sciences in their focus on human behavior, the development 
of social-science capacity should be regarded as no less important. The role 
of well-trained and insightful economists, sociologists, anthropologists, 
political scientists, public-administrators, and other social-science profes-
sionals is specially important in providing policy analyses, developing the 
S&T culture, building institutions, and maintaining the public-private 
interface for S&T promotion.

In the developing world especially, the need for problem-solvers work-
ing together in an interdisciplinary and systems-level fashion is critical. 
Technical experts who labor essentially alone are necessary there, but not 
sufficient. 
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1.8 Our recommendations represent universal needs for 
inventing a better future

There is much that individual countries can do to change the course of 
events so that the benefits of science and technology flow more equitably 
to all members of the human family. The outcomes that should be sought 
are the strengthening of S&T capacity everywhere and the stemming of 
the growing divide between the industrialized and developing nations. A 
stronger S&T capacity in the developing nations – for research and practice 
alike – is not a luxury but an absolute necessity if they are to participate as 
full partners in the world’s fast-forming knowledge-based economy.

The stunning example of South Korea in recent decades shows what can 
be accomplished by a nation devoted to building up its S&T capacity. But 
the prescriptions that worked in the past will not necessarily be those that 
work in the future. In addition, each country’s circumstances are different, 
so that the areas they need to focus on and the issues they have to address 
will vary. 

However, as a result of its extended inquiries the Study Panel has been 
able to make numerous recommendations that should have wide 
applicability. Some are oft-repeated items where, regrettably, actions and 
achievements have not matched the rhetoric. Others are relatively novel 
and deserve broad distribution and serious consideration. For the reader’s 
convenience, these topics have been grouped into five clusters, respectively 
addressed in each of the five succeeding chapters:
• Science, technology, and society: Major issues of policy for promoting 

science and technology and their use for policymaking.
• Human resources: The attraction, development, and retention of talent in 

the fields of science and technology.
• Institutions: Centers of excellence are needed for science and technology 

to flourish. Virtual networks of excellence (VNE), linking professionals 
from different locations working on similar problems through the power 
of new information and communications technology, can multiply the 
potential effectiveness of individual centers, as can regional cooperation 
between countries.

• Defining the public-private interface: The private (and the literally 
‘productive’) sector is now the primary global force in research and 
development for science and technology, and clear distinctions between 
public goods and proprietary interests help in the establishment of true 
public-private partnerships.

• Financing: To complement national efforts, creative new mechanisms are 
needed to ensure adequate funding for S&T capacity building.
Many of the recommendations have applicability to both developing and  

industrialized nations. For example, those pertaining to an insistence on 
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merit reviews, the direction of young talent toward science and technology, 
involvement of the science and technology communities in public issues, 
interaction of scientists and technologists with the productive sectors, 
clarification of the relationship between the public and private domains and 
protection of public-goods research, and support for universities’ research 
functions are universally applicable measures that can benefit the industri-
alized and developing nations alike.

Because capacity building in science and technology is likely to be 
demanding and far-reaching – and, ultimately, tailored to each country’s 
particular situation – it will require the involvement of all pertinent social 
actors for its implementation. This is especially needed in pursuing a 
comprehensive approach: one that recognizes the recommendations as an 
integrated package – a whole that is considerably more than the sum of its 
parts.

These social actors include: 
• S&T-proficient and S&T-developing countries;
• S&T-lagging countries;
• S&T-advanced countries;
• United Nations agencies and regional intergovernmental organizations;
• Educational, training, and research institutions;
• Academies of sciences, engineering and medicine;
• National, regional, and international S&T organizations; 
• International development-assistance organizations;
• Foundations; 
• Local, national, and international private sectors (for-profit entities);
• Nongovernmental organizations;
• The media 

A program of action for global capacity building in science and 
technology would not necessarily be seen by most of these actors as 
topmost on their agendas, much less as beckoning them to work together 
to pursue it. The community of scientists – national, regional, and inter-
national – must therefore take the lead in reaching out to other actors, 
especially the media and decisionmakers, in order to forge a coalition that 
reflects a clear appreciation of each of the five clusters of recommendations 
and their ‘greater than the whole’ interconnectedness.


