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Preface

The World Conference on Science in June 1999 sought to
strengthen the ties between science and society. As the
incoming Director-General of UNESCO and President of
ICSU, we should like to pay tribute to our respective
predecessors, Federico Mayor and Werner Arber, for this
ambitious endeavour.

The Conference came in response to a dilemma:
public support for science appears to be wavering and yet
scientific research and technological development have
become more necessary than ever to solve some of the most
pressing problems facing humankind. This situation calls for a
new commitment — a new social contract — whereby scientists
pledge to be responsive to these needs and governments pledge
support for research.

This commitment appears clearly in the two key
documents adopted by the Conference. We believe they will
prove to be precious tools in the years to come for all
stakeholders committed to seeing science harnessed more
effectively for the promotion of human well-being and
sustainable development. For our part, we pledge our own
personal commitment and that of our respective organizations
to fostering wide implementation of the Conference
recommendations.

UNESCO and ICSU will continue to assume their
complementary roles as catalysts of this new commitment.
Mobilization first requires widespread dissemination of
information. The outcome of the Conference, including the
publication of the present Proceedings, will be transmitted via
our respective networks. UNESCO, with its national
commissions and field offices, not to mention its close ties with
sister organizations of the United Nations system, is rightly

proud of its extensive intergovernmental network and of its
important relays at the grass-roots level through ties with
hundreds of non-governmental organizations around the
world. ICSU links hundreds of thousands of scientists
worldwide through scientific academies and research councils,
scientific unions and associates and is thus representative of
the world scientific community.

Time will tell if the World Conference on Science
has succeeded in its aim of fostering closer mutual ties between
the scientific community and society at large. A better
awareness of each other’s needs and expectations should
translate in the next decade into a myriad of concrete
initiatives. We hope these will include the orientation of
science towards sustainable human development and the
better management of the environment. We also hope to see
greater funding of science education and public research, and
more frequent recourse by scientists to communication
through non-specialist media.

Initiatives reflecting this new commitment need not
be top-down. Rather than waiting for national policy changes,
for example, it is hoped that the practitioners of science will
launch initiatives themselves in teaching and research, which
should then attract government support.

The Budapest Conference has already triggered a
number of new projects and partnerships. We expect there to be
a multiplier effect over the next few years. UNESCO and ICSU
will monitor progress in the implementation of follow-up — as
they were asked to do in the Conference recommendations —
including a joint analysis of the first outcomes to be completed
by the end of 2001. We are counting on all the stakeholders in
science to make that a very full report.

P oo C‘—Fk@t—a b hoese

Koichiro Matsuura Hiroyuki Yoshikawa
Director-General President

UNESCO ICSU



Introduction

Background

The seeds of modern science sown three centuries ago have
since grown and multiplied in an outstanding manner.
Innovations stemming from scientific knowledge have been
greatly beneficial to humankind. Life expectancy has increased
strikingly and cures have been discovered for many diseases;
agricultural output has increased enormously; and techno-
logical developments and the use of new energy sources have
created the opportunity of freeing humankind from arduous
labour. Today, science and scientific applications exert a
profound influence on society — the very organization of
society itself owes much to scientific thinking — and the role of
science promises to be even greater in the future because of
accelerating scientific advances.

However, scientific and technological progress has
also made possible the construction of sophisticated arms that
have the potential to destroy life on the entire planet.
Meanwhile, humanity is being confronted with problems on a
global scale, many provoked by the mismanagement of natural
resources, or unsustainable production and consumption
patterns. It will take a considerable amount of scientific
research to find ways to repair the damage. Societal change
being slow, it may still take many years for sustainability to
become a household concept; yet there is no time to lose, for
there are strong indications that human activity is the cause of
environmental changes that can have serious repercussions for
the planet’s ecological equilibrium in the coming century.

Scientific research alone will not suffice; it will need
to be accompanied by a strong political will — and public
support — if we are to transmit to future generations a world
that today’s citizens would want to live in. And for mentalities
to change, the scientific community must learn to dialogue
with society in order to obtain the means of tackling effectively
today’s pressing social and environmental problems.

For a long time, scientists proclaimed that science
was neutral. At the end of the 19th century, scientists
concerned about the influence of financial considerations on
the choice of research subjects claimed that ‘pure’ science
should be pursued because its findings were building blocks of
the ‘cathedral of knowledge’. Pure science, they argued, should
not be confused with ‘applied’ science, the latter being
oriented toward problem-solving. In 1945, Vannevar Bush, the
US presidential adviser for science, proposed the concept of
‘basic’ versus ‘applied’ science: basic science generated

knowledge that would eventually find its way into
applications. Although Bush clearly acknowledged the social
aspects of scientific progress and the necessity of linking
science to social needs, the scientific community has used
Bush’s concept to claim that basic science is neutral and
therefore cannot be blamed for any misuse it is put to.

The ‘neutral’ mentality may be acceptable in those
sectors of science where applications cannot be foreseen and in
an academic structure that does not interact with industry and
the business community. However, in recent decades, the
scientific community has gone through a metamorphosis. The
interaction between universities and industry has become
commonplace in industrialized countries and is encouraged
everywhere. Moreover, funding agencies allocate financial
resources preferentially to applied research projects. Many
scientists are personally involved with applications of research
and industrial activities. Military applications of science have
been of enormous consequence. Therefore, scientists can no
longer claim today that their work has nothing to do with social
issues. It is interesting to recall the plea made by Albert Einstein
back in 1931: ‘concern for humankind itself and its fate must
always form the chief interest of all technical endeavours. . . .
Never forget this in the midst of your diagrams and equations’.

The success of science was until recently linked to
the reductionistic approach, through which simple model
systems are studied in order to reach conclusions that are
extrapolated to explain natural phenomena. However, a few
decades ago, scientists began studying complex systems and
today are struggling to identify appropriate ways to derive
relevant results. Conclusions based on the study of complex
systems generally involve high degrees of uncertainty. Since
public decision-making often requires the analysis of complex
systems, this uncertainty contributes to undermining the
public trust that science has enjoyed until today.

40000

The United Nations Educational, Scientific and Cultural
Organization (UNESCO) and the International Council for
Science (ICSU) decided that representatives of government,
the scientific community and other stakeholders in science
needed to sit down together to debate what efforts should be
invested to make science advance in response to the
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expectations of society and the challenges posed by human and
social development. This unique forum - the World
Conference on Science — was convened by UNESCO and
ICSU, in cooperation with other partners, from 26 June to 1
July 1999 in the city of Budapest and hosted by the
Government of Hungary.

Close partners in science for the past 50 years,
UNESCO and ICSU assumed complementary roles in the
venture and were able to address and involve representatives of
all stakeholders in science: national governments and
institutions, educational and research establishments, the
scientific community, the industrial sector, the specialized
agencies of the United Nations system and other
intergovernmental organizations, international scientific
unions, the media and other sectors of society.

Preparatory phase

The World Conference on Science was conceived as a process
consisting of a preparatory phase, the Conference itself and a
follow-up programme. Within UNESCO, the Science Sector
worked in close collaboration with the Social and Human
Sciences Sector in the preparation of the programme and key
documents. The members of the International Scientific
Advisory Board of UNESCO and of the International
Scientific Organizing Committee for the Conference played an
important role in the formulation of the programme.
UNESCO and ICSU invited their many partners to associate
their conferences, meetings and other events with the
Conference in order to raise awareness on science and mobilize
general debate worldwide. A total of 69 meetings organized
around the world between June 1995 and June 1999 were
associated with the Conference and 52 reports issued by these
meetings were submitted to Budapest. In this way a wide range
of scientists, decision-makers and representatives of the public
were able to make an important input to the Conference even
if not attending the central event.

A website (www.unesco.org/science/wcs) was created
to diffuse information and for consultation. An interactive
youth page was instrumental in involving young scientists. The
website now contains a wealth of useful information
concerning the Conference.

The Conference documents

Two primary documents were prepared jointly by UNESCO

and ICSU for examination by the Conference:

m Declaration on Science and the Use of Scientific Knowledge
(Declaration), underscoring the political commitment

to the scientific endeavour and to the solution of

problems at the interface between science and society;

and the
m Science Agenda — Framework for Action (Science Agenda),

defining guidelines to orient the action of the different

categories of participant to the Conference.
In the months preceding the Conference, both draft
documents were distributed by UNESCO and ICSU to
stakeholders in science around the world as part of a wide
consultation process that included: the above-mentioned
International Scientific Advisory Board and International
Scientific Organizing Committee; all national delegations and
national commissions of UNESCO; scientific academies and
national research councils; the international scientific unions
of ICSU; intergovernmental organizations, including
organizations of the United Nations system, and non-
governmental organizations.

The Declaration and the Science Agenda were revised

a number of times in response to comments and suggestions
from partners in the Conference. They were subsequently
distributed for final approval to participants in Budapest,
along with an Introductory Note to the Science Agenda which,
unlike the other two documents, would not be subject to
negotiation.

The Conference

Participants included over 1 800 delegates representing 155
countries, 28 intergovernmental organizations and more than
60 international non-governmental organizations; and
approximately 80 ministers of science and technology,
research and education or their equivalents attended.
National delegations were of a mixed nature, being made
up mainly of government officials and scientists. The
Conference also attracted more than 250 journalists from
around the world.

The Conference programme was made up of three
major forums. Forum | focused on a number of scientific topics
of particular relevance; it addressed the intellectual,
institutional and economic challenges the scientific endeavour
faces today and the ample opportunities that science offers for
problem-solving in the years to come; Forum Il examined the
interfaces between science and society and dealt with social
requirements and expectations, ethical issues and the public
understanding of science; Forum Il sought an increased
commitment to science by governments, policy-makers and
other partners, and obligations towards society on the part of
the scientific community.
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Forums | and Il consisted of plenary sessions at which
the broad issues were aired, followed by a total of 25 concurrent
thematic meetings spread over two days. They were organized
in cooperation with a large number of bodies and benefited
from the participation of specialists of worldwide renown. The
summaries of the presentations made at these meetings are
contained in this volume. Two synthetic texts were prepared
by ICSU and a third jointly by the Third World Academy of
Sciences and by the ICSU Committee on Science and
Technology for Development to serve as background
documents to the discussions in Forums | and Il. These
background documents may be consulted at the World
Conference on Science website.

Forum Ill consisted of a single plenary debate
during the course of which the national delegations and a
number of non-governmental and intergovernmental organi-
zations took the floor to outline their vision of science in the
21st century.

A number of ad hoc events were held in parallel with
the official Conference programme to take advantage of the
large numbers of ministers, high-ranking officials and
internationally recognized scientists attending the Conference.

Satellite events involving stakeholders in science
were organized by the Hungarian Local Organizing
Committee. These included a Forum of Young Scientists,
which attracted 150 young scientists and pre-scientists from 57
countries. The forum prepared a Statement containing a
number of recommendations that were subsequently
incorporated into the Conference’s two primary documents
and resolved to create a permanent International Forum of
Young Scientists. A consultation of non-governmental
organizations also took place and the Statement coming out of
this meeting was presented in Forum I11.

The Declaration and the Science Agenda were
thoroughly revised by the Drafting Group, which was open-
ended in nature but which had a core membership of 12
representatives nominated by the six UNESCO electoral
groups, one from ICSU, two from other international non-
governmental organizations, one from the bodies of the United
Nations system and one from intergovernmental organizations
outside the system. Approximately 50 submissions containing
more than 500 amendments were considered over a two-day
period and were dealt with by consensus.

At the final session of the Conference on the
afternoon of 1 July 1999, the participants adopted unanimously
the Declaration and the Science Agenda as amended by the
Drafting Group. The present volume contains the texts of both

documents in their final, approved form, as well as the
Introductory Note to the Science Agenda, which gives useful
background to the latter. All three texts may also be consulted
at the World Conference on Science website.

The Declaration and Science Agenda were
subsequently approved by the ICSU General Assembly and by
the UNESCO General Conference. The General Conference
further invited the Director-General to transmit both
documents to the Secretary-General of the United Nations for
appropriate action.

Future activities: follow-up initiatives

UNESCO and ICSU are now committed to playing a central
role in ensuring that the recommendations of the Conference
are implemented. Although the follow-up to the Conference
will involve many partners — governments, UN bodies,
universities and research institutions, scientists and the
scientific community, funding agencies, intergovernmental
and non-governmental organizations and the private sector —
the World Conference on Science has entrusted UNESCO
with the special task of acting as a promoter and a clearing-
house for all activities and initiatives, in cooperation with
ICSU. Priority issues highlighted by the participants to the
Conference and which will be the subject of follow-up action
are: sharing of scientific knowledge and information; science
education at all levels; communication of science and
improvement of public understanding; meeting basic human
and social needs; problems of environment and sustainable
human development; interaction of science with industry and
the private sector; involvement of women and young people in
all science-related activities; ethics of science; traditional
knowledge; and national policy-making in science and
technology. Many of these issues are interdisciplinary and
therefore, in carrying out the follow-up plan, UNESCO will
involve all its fields of competence.

The World Conference on Science has already
launched a number of new projects and partnerships which are
expected to trigger a dynamic response from the research
community in the form of proposals for redefining existing
research priorities in every country. May | also take this
opportunity to urge the practitioners of science not to wait for
top-down national policy changes but rather to launch
immediately initiatives that will then attract government
support? We are counting on the practitioners of science to
create a ‘multiplier effect’.

| appeal to those involved in the World Conference
on Science to keep UNESCO abreast of their follow-up action.
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In turn, UNESCO and ICSU will develop — together with
their partners — concrete initiatives oriented towards
strengthening international scientific cooperation.

The Conference documents represent a worldwide
vision of the role natural sciences should play in the coming
century and a renewed reciprocal commitment on the part of
the natural sciences and society. | should like to invite readers

who could not be present at Budapest to contribute, through
their own words and deeds, to making the goals of the
Declaration and Science Agenda a reality.

The World Conference on Science was the result of
a collective effort made by many organizations, institutions
and individuals. Without them, the Conference would not
have been possible and | thank them wholeheartedly.

Maurizio laccarino

Assistant Director-General for Natural Sciences, UNESCO
Secretary-General of the World Conference on Science
January 2000
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Opening address

Arpad Goncz
President, Republic of Hungary

Welcome to Hungary, welcome to Budapest! It is a unique
and uplifting occasion for us: on the threshold of a new
millennium Hungary hosts the World Conference on Science
and serves as a home to a world of diversity and, at the same
time, a world of unity.

It must be a historic and thrilling challenge for you: to
take stock of the achievements and shortcomings of science in
the 20th century and have a common vision of the relationship
of science and society in the 21st century. The participants in
this Conference represent different countries, languages,
cultures, religions, organizations, professions, colours of skin,
genders. But | do believe you are united by at least three
common denominators, namely: there is only one science,
there is only one planet Earth and there is only one humankind.

My Chief of Protocol told me that | am entitled to
address you in my mother tongue. So, allow me, please to shift
to another world language: Hungarian, which is widely spoken
all over the world — by Hungarians.

Every single moment of people’s destinies and of the
history of humankind is one and cannot be repeated; therefore
they are all unique and very valuable. Nevertheless, there are
some especially unique and valuable dates and events in
history. In some cases we find out only later that history had
been written; in other cases we know in advance that history
is being made. | consider the World Conference on Science to
be a historic event.

When we think only of the overwhelming events of
this past decade we can consider the evaluation of this single
decade a brave venture and a great challenge. As a Hungarian
I can say of the world that a political and social revolution took
place in our country and in our region that we could hardly
imagine 10 years ago but which we always believed in and
which we always hoped for. At the same time ‘World War
Three’, | mean the Cold War, ended. These events opened new
ways for a radical transformation of Hungary’s network of
international relations and for the redefinition of our
opportunities and responsibilities.

In the meantime, the explosion of globalization and
the information revolution took place. All of us had to realize
that we live in the same global village and that we, as
individuals, small communities and countries are responsible
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for our destinies and for the future of our Earth and of human-
kind as a whole. We have to share responsibility for what we
have to, and can only, solve together; we are responsible for
setting the course of sustainable development for humankind,
for creating harmony between human beings and nature, for
bringing peace and well-being to all the countries and
inhabitants of our planet. I am convinced that the great global
equilibrium will result from the sum of thousands and
thousands of small, local sets of balances. The global village
will be habitable in the long run only if every single house in
it becomes a home, if every single family in it grows day by day
financially, intellectually and spiritually as well.

If we try to capture 10 years of the past, and if we look
only 10 years into the future, even then our task is enormous.
Yet you, the participants in this World Conference on Science,
have come together to summarize the development of science
in the 20th century, to see the extent to which science has
contributed to solving social problems and to outline the
whole system of relationships between science and society in
the 21st century. A very daring venture, indeed! However, you,
scientists and researchers, people who transform the results of
scientific and technological development into social and
economic values, know better than anyone else that there is no
progress, neither scientific nor social, without innovation and
creativity, without brave action.

Looking at my own age (not the information age, but
rather the number of years | have lived) | can say that, when |
was born, Albert Einstein’s theory of relativity was the
intellectual ‘game’ for a few dozen ingenious physicists. Aviation
was in its infancy, even motoring was a luxury reserved for only
a few tens of thousands. The nuclear chain reaction, television,
integrated circuits, personal computers were dozing at the depth
of human imagination, awaiting awakening and creation.
Epidemics and widespread diseases decimated the population;
however, by now science has already found the remedy for
them. Biotechnological processes, certain scientific and
technological solutions which multiply agricultural production
many times over have become everyday practice, yet at the time
even the concepts were unknown. When | was born in the
1920s, some works of imagination had already been created
about the Earth as ‘suspended’ in space, but still lots of years had
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to pass before the first space photo of our planet was taken that
could be considered as epoch-making. Looking at this space
photo, and later on at others, we were awed and shocked to
realize how beautiful and at the same time how fragile our
planet was — and still is. While the astronomers look millions of
light years away into the universe travelling far away in space
and can capture billions of years back in time, we want to
question the future. What will tomorrow bring, what can we do
to make the balance of the undoubtedly great scientific and
technological progress of the 20th century even more positive
for society, how can we serve humankind even better?

To bridge the gap between past, present and future —
this is our greatest challenge. First we have to be able to build
bridges in spirit and intellectually, going deep down and finding
the ‘laws’, so that these bridges can really be built, not only in
time, but in space as well. We have to build bridges among
people and countries, among small and large communities. We
have to create bridges of understanding and unity among our
diverse differences.

Right in the draughty middle of Central Europe, as an
inhabitant of a country with a stormy past, having the
experience | have, | dare say that only values which are created
together can become common values; a solution is a lasting
one only if it takes differences among people into account; and
only those interests which recognize and appreciate each other
are capable of creative cooperation. This is the message | get
from my own country’s history. Surely, many of you know that
Hungary and the Hungarians are preparing to celebrate the
1 000th anniversary of the founding of their state. In the year
2000, it will be 1000 years since the first Hungarian king,
Saint Steven, was crowned, who, as a long-term thinker and a
practical organizer, laid the foundations for the state of
Hungary. The ideals and the teachings of Saint Steven the
First are still valid in a lot of respects. His humanism, his love
of his country, his respect for other nations still send a message
from the distant past to the present; they still encourage
Hungarians and non-Hungarians to embrace wisdom, toler-
ance and perseverance. When my thoughts run through the
past 1 000 years full of anguish and suffering, destruction and
self-destruction, sometimes | ask myself with pain: did this
have to happen? But finally optimism and cheerfulness
overcome me: we have survived and hopefully the worst is
already over. Everything this country has done in the past
10 years in establishing political democracy, in creating a
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market economy and in social progress can justly be called
historic achievements.

We are all obliged to learn from our past. However,
learning the lessons of history is not enough to avoid the traps
of the future. We need forums such as this present one, which
‘maps’ the global problems of humankind and very responsibly
shows us the way to the coming century.

When we look at the 20th century, it is difficult to
express its essence by just a single adjective. Is this the century
of world wars, of a nuclear age, of aviation and space, of biotech-
nology or of the information revolution? | think it is all of them
together. However, it is frightening and should serve as a warn-
ing that, in the 20th century, humankind reached such a level of
technical development that it has become capable of destroying
itself, as well as the Earth. How will we characterize the 21st
century then? | do not know; | can tell you only my hopes. |
hope that the oncoming century will be the age of responsible
knowledge, when scientific achievements will be used for the
benefit of humankind, for maintaining peace and for creating
prosperity. | hope the 21st century will be the age of wisdom.

The great scientists of our century were also the
greatest thinkers of our times, who have had lasting effects on
the relationship between science and society. | hope | am not
too biased if I quote a few useful thoughts of a Hungarian-born
scientist and genius, Janos Neumann (John von Neumann),
who among others was a pioneering figure of modern
computing and the founding father of game theory. In 1955 he
published a strategic study entitled ‘Can We Survive
Technology? He wrote: ‘The Globe is in a fast maturing crisis...
The technology which is just developing and will rule the next
decades totally contradicts the traditional and especially the
currently valid geographical and political units and concepts....
There is no remedy against development’. Then he draws the
following conclusion: ‘It would not be wise to ask for a ready-
made recipe. Only the necessary human characteristics can be
defined: tolerance, flexibility, and intelligence.” Later he adds:
‘and a good sense of humour'. | do believe that these thoughts
and recommendations are still valid today.

Lastly, 1 would like to wish you a very successful
Conference, which, hopefully — besides the hard work — will be
a fiesta of science, a celebration of knowledge and a cheerful
forum of wisdom. Enjoy your stay in Hungary as much as we
enjoy hosting every one of you and the World Conference on
Science as a whole.
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Science in the 21st century

Ferenc Glatz
President, Hungarian Academy of Sciences

On behalf of the Hungarian Academy of Sciences and
the entire Hungarian scientific community, it is a great
privilege for me to welcome all the participants to the
first World Conference on Science here today. First of all,
I think | am speaking not only for Hungarian researchers
but for scientists from every nation represented here when
I express our gratitude to the leading officials of both
UNESCO and ICSU, not only for proposing this Conference
but also for all the efforts they have invested in bringing this
meeting to fruition.

In addition, we must express our special thanks to the
UNESCO and ICSU officials for proposing that the very first
World Conference on Science be arranged in a region — in
East-Central Europe, more precisely in Hungary — where
programmes of great significance are being designed and
implemented in the fields of economics and technology. For
me, this sends a clear message: we must believe that science
may be the most important means to level out the immense
social and economic differences which now exist in the world.
We can recommend that every economically underdeveloped
region embark on this path towards realignment with the more
advanced regions. This process should begin with such
developments as the improvement of the quality of the
workforce, with people seeking to obtain high-level scientific
qualifications, or the formation of a highly qualified local
scientific and technological elite. This should all be achieved
by giving high priority to the support of public and higher
education and science.

The present World Conference on Science forms part
of an extensive worldwide series of conferences sponsored by
UNESCO. One such conference on cultural policy was
recently held in Stockholm in 1998 (World Conference on
Cultural Policies for Development); another focusing on
higher education took place in Paris also in 1998 (World
Conference on Higher Education); and now we are gathered
here for the start of the present Conference on Science. As a
scholar of cultural history, | deem these meetings both highly
topical and very pertinent. Indeed, it was the past decade that
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suddenly made mankind realize that a new epoch has opened
in the life of our world cultures (irrespective of whether we are
at the end of the 20th century according to the Christian
calendar, or whether we are counting in the Islamic, Chinese,
Buddhist or Jewish calendars and whether we term the coming
century 21st or nth century).

We have suddenly come to realize that the advent
of the age of informatics has opened a newer age in the
scientific and technological revolution. It is now clearer to us
than ever before that the driving force behind modern
developments in our earthly cultures was and still is a series
of scientific and technological revolutions which started
back in the 18th century and which over the past 30 years
has brought us into the informatics age. As we look back
today it is this rapid development which warns us that
scientific and technological revolutions have always gone
hand in hand with corresponding changes in everyday life
within our societies.

The machine age of the 18th and 19th centuries
and, within this, the development of iron processing, and in
turn that of combustion and electrical engines, not only fully
transformed such fields as communication, organization of
labour and industrial plants, production of material goods
and foodstuffs, but also revolutionized the structure of
settlements as well as the daily contact between people,
enriched people’s knowledge and widened their scientific
horizons; at the same time, it promoted the development of
individual national languages. They changed people’s culture
of communication and even their emotional experience. In
the same way, in our age, informatics will profoundly change
the production and communication systems of cultures in
our present-day world.

This newer stage of world development will upgrade
globalization but not only economically; the organization of
production, commerce and regional administration as well as
cultural contexts will be affected. Presently, concomitant with
the current scientific and technological revolution, a social
and cultural revolution is taking place.
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We researchers may proudly declare that the
foundations of the scientific and technological revolution rest
on the achievements of scientists. But, pride aside, we must also
demonstrate a sense of responsibility: what kind of social effects
will this scientific and technological boom have? For what
purposes will society — economics and politics — use the research
findings? It is also our task to establish the possible alternatives
mankind may have to choose between. The conferences in Rio
de Janeiro (United Nations Conference on Environment and
Development, 1992), Moscow (International Congress on
Education and Informatics, 1995) and the aforementioned
UNESCO world conferences (1998) have all demonstrated the
responsibility which we ourselves, as researchers, feel for the
future of mankind. It is this sense of responsibility which tells us
that it is us and us alone who can establish the alternatives
which this new epoch has to offer as much at a local community
level as on a national and continental scale. With this task
performed, the responsibility falls to politicians to take notice of
our conclusions and warnings.

As one does in one’s private life, so communities in
the course of their public lives must sometimes stop a while
and reflect upon the road they have travelled so far, take a look
around and perceive the new challenges and opportunities;
only after having done so can they embark upon drawing up
plans for the future. This applies to individuals, families and
national, social, religious or professional communities alike. As
a historian, it seems to me that the ongoing industrial and
technological revolution simply forces us, as researchers, to
stop and take stock of both the social benefits and drawbacks
of what we have achieved so far. In fact, we should also
appraise the changes which the scientific and technological
revolution has brought and which affect our research activities:
changes in the cognitive process as well as in the practical
application of research findings (applied research, angewandte
Forschung), and try at least to formulate questions concerning
the future. | personally see it as the objective of this
Conference to attempt to clarify:

m the place of science in the new world epoch;

m everything that society and production expects of science;
m the relationship between politics and science;

m the responsibility of researchers.

I hope that the documents of this Conference will credibly
reflect the achievement of this objective.

When preparing for this meeting of minds, we all
pondered the problems and hypotheses we wished to raise on
this occasion. | did too. My questions are along the lines of:
What kind of century would I like to see, come the year 2000?

19

How do I conceive of culture, society, the economy and the
state in the coming century? And what can science offer to
realize our current vision for the future?

Within this framework, please allow me to outline a
few thoughts.

Point 1: Cultural diversity

I should like to experience the coming century as one of ethnic
and religious diversity where a variety of customs may freely
prevail. In addition to the great language cultures — English,
Spanish, Arabic, Chinese, French, German, Russian, Japanese
and Indian — the cultures of smaller nations should also
survive. However, in a world of globalization, the cultures of
smaller nations can only survive if they assimilate the high
technological and cultural achievements of the world as a
whole into their local vernaculars — in other words, if these
smaller national cultures, while preserving their traditions, are
able to modernize not only their production and social systems
but their linguistic culture as well.

The next century will thus be characterized by a
double culture. On the one hand, great intermediary languages
or lingua franca cultures (among others English, French,
German, Russian, Spanish) conveying the most advanced
scientific and technological knowledge will become even more
important. The local scientific, economic and political elites
will learn the intermediary languages to acquire the most up-
to-date knowledge. On the other hand, local societies will
certainly preserve their vernaculars in their everyday life.

The question — the question of responsibility — is
now: what will the local elites use their internationally high-
level knowledge for? Will they simply use it to create a socio-
economic advantage within the local community or will they
also undertake to help these small, local vernacular, national
cultures rise to an international level by continually updating
the terms, notions and the vocabulary of the vernacular. A
precondition for the survival of smaller national cultures is that
the national function of science comes into full effect. To my
mind, the real threat is not the extinction of these smaller
language cultures in the next century, but that they might be
reduced to the level of sub-cultures. This also implies that a
part of mankind might easily be excluded not only from
cultural development but also from social development.

Natural sciences speak of biodiversity, diversity of the
natural environment and of the necessity of preserving this
biodiversity. Now, | think, the time has come for social
scientists to introduce the notion of cultural diversity and set
as a requirement the preservation of this cultural diversity.
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Point 2: The knowledge-based society and ‘open
science’

Raising the level of knowledge within societies now living on
Earth is a necessary condition for furthering the scientific and
technological revolution. Should this condition not be fulfilled,
the applications of our inventions would lead to an increasing
number of technological and social catastrophes, as well as to a
shortage of elite professional manpower. Society may not only
promote but also hinder the advancement of science.

We do not dare face the fact that the rate of
scientific and technological development has left the level
and rate of social development far behind. Raising the level of
knowledge is a requirement on a global scale too. What this
programme of raising the level of knowledge requires is not
only the reform of professional training systems, but also for
society to come to realize the so-called daily utility of science.
Otherwise we, as researchers, will alienate ourselves from the
man in the street who in turn might embark upon organizing
anti-science campaigns.

The scientific community, then, should be more open
towards society. It should not only struggle against unscientific
views. It should not teach society lessons in a haughty manner,
but should learn to think together with society. Science in the
21st century must be an open science. Dialogue and thinking
together — this is the great imperative of the future to which we
have to adhere. For this to happen, however, we have to learn
the language of the modern means of conveying scientific
knowledge (radio, television, the daily press, etc.) and we also
have to learn to write not only scientific papers but scripts for
motion pictures as well.

The researcher’s raison d’étre should change accord-
ingly. Attention should be drawn to the fact that in the coming
century a researcher will not simply be an inventor, but also a
communicator who transmits the world’s most advanced
scientific achievements and thoughts to society, and who keeps
the large scientific and educational ‘factories’ of local societies
in a state of good repair. This means that he is an inventor, an
importer of knowledge and a maintenance man all in one. We
should also make mention of the fact that we, as researchers,
are both globally minded scholars and locally committed
citizens. And we are responsible for the level of knowledge and
also for the competitiveness of the local society.

Point 3: The relationship between the economy and
science

Production offers us, as researchers, not only a clear
opportunity for earning money, but it also imparts
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the challenges of practical life to us as well as to the
educational sphere.

Aside from the state and education, multinational
companies offer us most of our research and development
(R&D) commissions. Indeed, as is widely known, some of
them have established their own R&D bases in Hungary. As
such, capital will remain one of our main allies well into the
next century. But we must realize that capital will always be
profit-oriented, so it will only appear as an ‘R&D customer™
when the anticipated findings will serve the marketability of
the given product. It is only interested in well-defined research
topics and only supports particular branches of research.
Capital’s science-sponsorship activity in the local society is
conspicuous only in those fields of R&D which are connected
with local companies. It will never be the duty of (foreign)
capital to support local science education, innovation or
interconnected research topics which follow from one another.

Therefore, we should study the so-called company-
level science (research) policy and try to ensure that this
company-level science (research) policy balances with the
state science policy. Hence it follows that — besides capital —
the other ally of the researcher will be the state. But the
question remains of what type of state we should like to live in
come the next century?

Point 4: The ‘serving state’ of the coming century

I should like to think of the state in the coming century as a
serving one. That is, the state as a local territorial and
administrative unit will have to delegate more and more power
and economic functions to civil organizations. However, its
serving role — over and above its administrative and policing
functions and its tasks related to health care and infrastructural
development — will have to be extended to encompass
education, culture and the support of science.

As far as science is concerned, the state should in
part guarantee the freedom of research and the proper
conditions for innovation in the local society. The state
should be particularly active in those fields where capital is
less available. It follows that the state must take care of
education and training, professional manpower supply and
further training, and must see to it that the institutions
necessary for innovation are properly financed, at least to
the level of basic provision. And it should also provide for
basic research as well as for applied research which is not
supported by the business sphere. A consensus needs to be
reached between the companies operating within the
country and state science policy.
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It is not by chance that over the past three years new
science policy courses have been adopted by such countries as
the USA, France and Germany. The same applies to other
smaller states, some of the Far Eastern states, Finland, Austria
and also Hungary. The scientific community has to form a new
type of alliance with the political elite and to make the latter
understand the importance of the state’s role in science policy.

Point 5: A new synthesizing approach among
researchers

The onslaught of science is a significant phenomenon of
20th century history. It is often mentioned that, of our present-
day household articles, the actual ‘material’ accounts for 20%
and the value added, that is ‘knowledge’, for 80% of the price.
Less attention is paid to the question of the extent to which
our present organization of research and research culture will
be suitable to receive R&D commissions from the user
community. While the issues raised by production and society
are problem-centred, our science system is discipline-centred.
And we fail to draw proper conclusions from the history of
science over the past three decades and the fact that the really
important discoveries in both the natural and social sciences
have taken place in the so-called borderlands of disciplines.
Nor do we ask ourselves loudly enough how well our
researchers can recognize the user society for which they design
fancy machines or wonder weapons. And if they fail to
recognize the user society — irrespective of power plants,
marvellous edifices, gene technology, chemicals or weapons,
either in the Near East or in the Balkan region — will these
technical devices fulfil the brief for which they have been
constructed? But social researchers should also criticize
themselves: how much do they — we — know of the wonderful
results science and technology have achieved in the past
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hundred years? How much are we, social scientists, able to
prepare the decision-makers for the wise application of this
magnificent storehouse of R&D-based devices? We must admit
self-critically that social scientists always concentrate primarily
on politico-institutional systems and then on socio-economic
changes, and their proficiency in technology, physics,
chemistry and biology is frequently far from adequate.

A new synthesizing approach is needed both in the
training and in the mindset of researchers, and it is with this in
mind that the whole institutional system of higher education
and research, including the system of scientific qualifications,
has to be revised.

As a historian, 1 may perhaps add one more
observation on this topic: just as the first half of this century saw
breakthroughs in physics, so the following decades witnessed
great advancements in chemistry then in biology and, just as
our immediate past has been the age of the development of
informatics, so the scientific and technological revolution will
now offer a big challenge to social sciences. In order to
formulate this new synthesizing approach to scientific matters
we need encouragement and, primarily, progress from scientists.

| trust that during your stay in Budapest you will be
able to enjoy not only the scientific discussions but the beauty
of this city as well. I hope that you will feel at home here and
will take with you pleasant memories when you leave. And
lastly, 1 hope that this Conference will offer you a good
opportunity for making personal contacts. We should
remember that neither the cognitive process nor the so-called
international contacts of science can do without the human
factor. In other words: without the ‘software’ of the human
personality, of the human soul, the human spirit, the
‘hardware’ of science will never function.

In hoc signo, have a nice week in Budapest.
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The delegates meeting at the Institute of Civil Engineers in
London on 1 November 1945 had been invited to the founding
Conference of the United Nations Organization for Education
and Culture, UNECO. Several scientists, however, including
Julian Huxley, who was to become the first Director-General,
had been campaigning for months for the inclusion of science
both in the name of the new organization and in its programme
of action. The President of the Conference, Ellen Wilkinson,
Minister of Education of the UK, proposed in her inaugural
address than an 'S’ be inserted between the ‘E’ of the education
and the ‘C’ of culture.

‘In these days,’ she said ‘when we are all wondering,
perhaps apprehensively, what the scientists will do to us next,
it is important that they should be linked closely with the
humanities and should feel that they have a responsibility to
mankind for the result of their labours’.

On 6 November 1945, the Conference of London
decided to add the ‘S’ of science to the acronym of the
organization, which thus became UNESCO.

The apprehension felt some 54 years ago is still with
us today as | welcome you, on behalf of UNESCO’s Executive
Board, to the World Conference on Science, during which
scientists and policy-makers will reflect together on the major
issues of science and society with the aim of establishing some
kind of contract between the two.

In the dazzling glare of the latest achievements in the
sciences, it is time to pause awhile to ask ourselves questions
and together seek the answers to them. We are gradually
gauging the extent to which scientific and technological
developments are endowing humankind with the power to act
upon the planet and the universe, on the very processes of life.

We realize that this power may set off irreversible
chain reactions. Science, which was long regarded as an
odyssey of knowledge, has become an action-oriented
undertaking. Whether we are bystanders or active participants,
it is increasingly clear to us that, wherever we may be, we are
living in an ever more interdependent world.

As we watch the vertiginous progress of science, we note
at the same time the emergence of a strange phenomenon, or
should | say the revival of one that was long forgotten: the
return of the secret sciences and their inherent dangers.
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The great ambition of the Renaissance was to open
the secret box of knowledge and render the sciences accessible
to everyone; and indeed science did become public property.

But today it is as if the seal of secrecy was back once
more! In scientific research the attraction of the market place
is growing constantly stronger and so the findings of research
financed by the private sector are patented and no longer
circulated. How can we reconcile protection of intellectual
property rights with free access to knowledge? How are we to
safeguard the principle of open science? How are we to
guarantee the sharing of knowledge? The world has need of
your answers.

There is no doubt that something radically new has
happened in the last quarter of the 20th century. A veritable
paradigm shift has occurred as a result of a combination of
various sciences issuing warnings on the hazards and dangers to
which our environment is subject. Today environmental issues
have become part of the daily political life of our societies.
Over and above a somewhat ‘romantic’ appreciation of the
beauty of nature, we are slowly but surely recognizing that
‘business as usual’ will not do, lest the environment rapidly
become a security issue.

Dwindling resources and growing population are
indeed a large question mark over the concept of sustainability,
or perhaps survivability. Bad land management practices,
marine pollution and the looming freshwater crisis are all signs
that unless environmental issues are addressed with a more
coherent political will, and more coherent scientific enquiry
too, humanity may have difficulties in surviving the next
century. We will simply drown in our waste.

I am convinced, and think you would all agree, that
global and national environmental programmes need to be
significantly strengthened.

Without the help of science, policy-makers will be
unable to strike the necessary balance between the often-
conflicting goals of economic growth, social equity and the
protection of the Earth’s resources and life support systems.
How can this balance be struck? The whole world is in need of
your advice.

Au cours de la Conférence de Londres en 1945 les
péres fondateurs ont doté I'UNESCO d'un Acte constitutif
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qui n'a rien perdu de son actualité. Partant du constat que
« les guerres prenant naissance dans I'esprit des hommes,
c’est dans I'esprit des hommes que doivent étre élevées les
défenses de la paix », ils ont créé une organisation de
coopération intellectuelle, préconisant I'idéal d’'une chance
égale d'éducation pour tous, la diffusion de la culture,
I'avancement et la diffusion du savoir, la libre circulation
des idées.

Les impératifs n'ont pas changé, cependant les
chemins de la coopération ont connu de profondes
transformations. Les réseaux des ordinateurs, les autoroutes de
I'information nous permettent de mener des dialogues
constants comme si nous étions assis autour de la méme table.
De toute évidence, cela a transformé complétement les
méthodes de recherches scientifiques, les mécanismes
d’échange entre les scientifiques. Et cela ne manquera pas de
transformer profondément 'UNESCO.
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Francgois Rabelais a écrit en 1532 la fameuse lettre de

Gargantua, dans laquelle celui-ci encourage son fils
Pantagruel, étudiant a Paris, a profiter pleinement des moyens
nouveaux permettant aux jeunes d’enrichir leur culture.
Rabelais emploie dans cette lettre une admirable formule:
« Science sans conscience n’est que ruine de I'ame ».

C’est Science avec conscience que je mettrai en
épigraphe de cette Conférence mondiale qui, comme je
I'espére, formulera des engagements limpides :

m I’engagement des décideurs a adopter des politiques
nationales qui prévoient un appui soutenu a la recherche
scientifique et qui favorisent le partage et le transfert des
connaissances ;

m I'engagement éthique de la communauté scientifique, un
engagement qui souligne le devoir de vérité, I'obligation
d’oeuvrer, dans le respect des droits de I'nomme, en faveur

du bien-étre de I'hnumanité.
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The partnership between UNESCO and the International
Council for Science, ICSU, in the organization of the World
Conference on Science represents a highlight in the long
history of collaboration between our two organizations. In
recent years, particular emphasis has thereby been given to
interdisciplinary research programmes on environmental issues
such as global change and biodiversity.

Let me say a few words on the structure and function
of ICSU. The International Council for Science is a worldwide,
non-governmental organization of scientists. Membership is of
two types, based on either scientific disciplines or on geo-
graphical and political criteria. The 99 national or regional
members of ICSU are often academies of science or other inter-
disciplinary associations. The 49 full or associate disciplinary
members of ICSU are often international scientific unions. The
represented disciplines encompass all the natural sciences and
range from mathematics and astronomy to specialized fields in
the life sciences and include, of course, physics, chemistry and
the earth sciences. Please note that this roughly corresponds to
the definition given to science in the context of our World
Conference on Science. Most of what is commonly understood
under humanities, social sciences, clinical medicine and
engineering is thus not part of our debate on science per se,
although some important segments of these fields of knowledge
are essential in the evaluation of the impact of science and its
applications on society.

While we can assume that UNESCO represents
practically the entire world population of 6 billion people, it is
more difficult to quantify the number of scientists represented by
ICSU. My rough estimate comes to perhaps 3-10 million active
scientists worldwide, which corresponds to about one per mill of
the human population on Earth. In some highly developed
countries, about 1% of the population is actively engaged in
scientific activities; in less developed countries it is considerably
less, sometimes only a fraction of a per mill. Nevertheless the
impact of science on our civilizations is considerable and worth
an intensive debate during the next few days.

Doing science means trying to understand nature and
its laws. The objects of our studies are matter, its components
and the interactions between these components. A major part of
this matter is inanimate, while a smaller part exerts life, to which
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life sciences pay particular attention. As far as we know, the
basic properties of matter and most properties of life are the same
anywhere on our planet and perhaps throughout the universe. It
is for this simple reason that most scientific investigators
communicate intensively with each other on a global scale.
Personal relations thereby develop on the basis of the recognized
quality of the scientific knowledge exchanged. Scientific
communication across political borders is an excellent
contribution to the peaceful development of our world and this
deserves better recognition. Besides its contribution to peace,
science is also an important source of cultural values which
reside in the acquired knowledge. As far as we know, it is the
unique privilege of human beings to explore nature and to
exchange and store the acquired knowledge as a heritage for
future generations. This is at the centre of UNESCO’s aims and
ICSU is glad to be able to foster these activities.

A critical view of human nature can reveal a duality
formed by a trend towards a conservative attitude and an open
mind to benefits from progress. It is in this context that the
general public manifests a degree of anxiety towards some of
the technological advances based on newly acquired scientific
knowledge. Carefully carried out, technology assessment, as
well as policy assessment, can help to guide society towards safe
development. ICSU and its member associations have
frequently been engaged in advising politicians on the basis of
advanced knowledge and they are willing to intensify these
activities. However, we must be aware that, by a long way, not
all developments occurring in nature are fully reproducible or
precisely predictable. This has to do with the complexity
which underlies many of the processes forming the basis not
only of life but also of the inanimate world. | consider it an
important duty of us scientists to remind the general public
that we do not live in a fully domesticated world but rather in
a world with inbuilt uncertainties and a world on which we
can, in many cases, have no influence.

Let me illustrate what | have just said by referring to
some findings of molecular genetics, the field of my own
research activities. Genomics and proteomics are recently
introduced terms to characterize those fields of science which
investigate the structure and function of genes and the main
gene products, the proteins, respectively, which can be
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considered as mediators of life activities. While for some
biological functions both reliability and reproducibility in the
catalysed reactions is essential and is indeed obtained, this is
not the case for some other functions. In these cases, nature
takes it as a privilege to exert flexibility, which offers a
tremendous potential for development. This plays, for
example, a central role in biological evolution. Accumulated
knowledge in microbial genetics provides compelling evidence
that a good number of microbial genes act as generators of
genetic variation, thereby increasing the chance that microbial
populations can adapt to changing environmental conditions.
These observations imply that the same carrier of inheritable
information has also, besides the genes for biological functions
for the benefit of each individual, genes whose functions are to
the benefit of the evolution of the population. It remains to be
seen how general this concept of nature is to actively care for
the evolution of life. Interestingly, generators of genetic
variation do not a priori determine the direction of evolution,
this is accomplished rather by natural selection, i.e. by the
environment in which the organisms live.

The lesson to be learned from this recently acquired
knowledge is likely to become of great importance in the next
century. Generally stated it says that the life of each individual,
as well as the long-term biological evolution of life, depends
on functional genes, but that many of these genes may not act
as genetic determinants in the strict sense of the word. Rather,
many genes influence life processes in tight collaboration with
other, often external factors, such as environmental con-
ditions, chance events, but also intrinsic structural flexibilities
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of biomolecules. | see in these insights great philosophical
values which are likely to influence the world view of future
generations and which may also enrich our potential to use
more responsibly the limited natural resources for the benefit
of mankind.

Science is a gateway to an immense source of
knowledge. The acquired knowledge opens rich possibilities for
applications to improve human life conditions. These
applications range from technological progress deep into the
steady adjustment of our conceptual understanding of the
world in which we live. More and more, human society will
become aware that its future does not uniquely depend on the
well-being of man, but also on the well-being of man’s
environment, the living and inanimate surroundings offering
the essential substrate for our lives. This insight will guide us
from a still prevailing, largely anthropocentric view to a more
holistic one, according to which we are a small though
important part of this wonderful world, the development of
which is based on deeply anchored interdependences.

To finish, let me express the hope that the views
which | have just tried to summarize can provide us with
guidance through intensive, deepening debates during the next
few days. I would like to express my sincere thanks to all those
who have helped in the preparation of the Conference and
who will, by their active participation, contribute to the
outcome of the Conference. Very warm personal thanks go to
our Hungarian hosts and, in the name of ICSU, to UNESCO
for its proposal to join forces for a discussion on science and its
impacts at the turn of this millennium.



Opening address

Federico Mayor
Director-General, UNESCO

I am delighted to be witnessing the opening here today of a
World Conference in which we place high hopes. Allow me to
emphasize how much the stakes, of which we are all aware, are
raised by the symbolic fact that we are about to enter a new
century and a new millennium. This impending event is
sharpening our sense of responsibility.

I am pleased, first of all, to express my gratitude to His
Excellency the President of the Republic of Hungary and his
Government for their generous hospitality, the efficiency of
their preparations and the accessibility of their representatives.
We are glad that Hungary has for so long been providing the
international scientific community with brilliant researchers
whose works have been granted the highest distinctions.

I should also like to express my satisfaction that this
Conference has been organized in partnership with ICSU, the
International Council for Science, which has long been one of
UNESCO’s most important allies, and in collaboration with
other international organizations. | wish to extend a warm
welcome to all the participants, the representatives of states
and intergovernmental and international non-governmental
organizations, as well as to the representatives of the media and
of all segments of society.

With our work about to begin, I should like to stress
that we are inaugurating a new type of conference here today.
Unless | am mistaken, it is the first time that not only the
specialists and decision-makers but all the other actors of
contemporary science, including the social sciences, have
come together around the same table. The questions of science
— the questions which it raises, which it asks itself and which
are asked of it — made it high time for society as a whole to join
in the debate. | am convinced that this innovation will help to
make the discussions more relevant and add to the effective-
ness of the action which will follow.

We are here in Budapest to map a course for science
in the years and decades to come. Mapping has been one of the
most universally shared human activities across the ages. From
the most rudimentary diagrams marked in sand or clay, to the
mapping of the human genome, it has been fundamental to the
organization of knowledge and to the planning of journeys.
Here, we will try to map a new future for science. Now, maps
are never entirely neutral. They reflect standpoints, are
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organized around a chosen centre and according to selected
criteria. Who makes the map, how it is made and what it charts
are therefore of paramount importance.

You, the participants in this Conference, offering a
combination of talents and representing a range of stake-
holders, will give this collective mapping process the
legitimacy it requires. What should feature on our map? I will
give you my priorities: science for development, to uplift
human dignity everywhere, science for peace and democracy-
building, science with women, science in the community,
science offering the solutions that our society and our planet so
urgently need.

I wish now to address in particular the many
government representatives present here. And — if you will
permit me to continue a little longer with the same metaphor —
I must point out that a map has to take into account the
traveller's means of transport. What means do we have at our
disposal for science’s journey into a new future? Are we to travel
on foot, by horse and cart or by jet plane? The scale of our map
depends first and foremost on you. It depends on government
commitment translated concretely into a percentage of
national budgets. It depends on the overseas development aid
commitment of the industrialized nations. This direct, public
support is the lifeblood of basic research and of all levels of
science education. Make no mistake: science needs political
will. It needs funding and structured support and, in return, it
must respond to the needs of society.

There is another point | would like to make very
clear. A government’s responsibility is not over when it has set
aside a budget percentage for science. Reflect for a moment on
the implications for government policy-makers of the pace of
scientific advances. The world as we now understand it
through science differs more dramatically from the world of
Pasteur than the science of Copernicus and Newton differed
from Aristotle’s. And reflect on the context: the world today is
marked by such rapid change, such complex problems, such a
variety of interactions — and of actors — that we cannot just set
funding levels and leave science to ‘get on with it’.

We need a financial commitment that reflects an
equally resolute political commitment, with both translated
into strong research policy. Science is too important to be left
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to the markets. As for so many other areas of human activity,
democracy — active, participatory democracy —is a key part of
the solutions we are seeking.

Let us work out together how to forge a new
relationship between science and society, harnessing the
powerful resources of the private sector and the public sector,
setting sustainable development goals, bridging the knowledge
gap through capacity-building and knowledge transfer, not just
North-South but also South-South, stepping up efforts to
communicate science and — last but not least — facing the
tough ethical questions to which public opinion quite rightly
demands we pay proper attention.

There must be no glossing over the issues here in
Budapest. Our task is not to rally support to the most easily
acceptable aspects of science, avoiding the problems raised by
advances in biology or by the control and ownership of
scientific assets. This is not the time for any of us to throw up
our hands and say, ‘You can’t stop science’, or ‘You can’t
interfere with market forces’. To paraphrase a remark of Jacob
Bronowski, defining the uniqueness of humankind: we are not
figures in the landscape, but shapers of the landscape. Well, let
us make sure that is really so. Technophobia, in my opinion, is
triggered by a perception that runaway science and technology
have become the shapers of the landscape, reducing us to mere
figures. The new relationship between science and society
must prove that this is not the case. It is up to us — all of us —
to shape the landscape, with government policy-makers, public
and private research institutions, international government
organizations and non-governmental organizations working
together to define the goals and the roles, reaching out,
through networks and new forms of collaboration, through
associations for the advancement of science. The dynamic,
participatory nature of this process of transformation requires
each and every stakeholder to play a part. UNESCO is fully
aware of its own responsibilities in this process.

The founders of our organization could not foresee
what extraordinary developments would occur in science and in
the world when they defined UNESCO's roles. But they could
not have made a more propitious choice than when they gave
the ‘intellectual arm’ of the United Nations system a specific
responsibility for science. Then, at the end of the 1940s,
IUCN-The World Conservation Union was born and, later on,
CERN, the European Laboratory for Particle Physics, and the
International Geological Correlation Programme; then we had
the Man and Biosphere Programme, the International
Hydrological Programme, the Intergovernmental Oceano-
graphic Commission, the Management of Social Transform-
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ations programme, the Biotechnology Action Council and the
Global Network for Molecular and Cell Biology.

Half a century later, we are only now beginning to
see just how global scientific research has to be; just how
global, the most crucial problems requiring science-based
solutions; just how global, the successful approach, the
relevant ethical principles, the adequate solutions: solutions
we are seeking jointly with ICSU, academic institutions,
university associations.

And we have UNESCO: a global body — globally
representative, running unique worldwide scientific pro-
grammes ranging from a global ocean observing system to
microbial research and education networks, offering a global
framework for the ethical review process, a global clearing
house for best practice in science education and communi-
cation. | pledge that we at UNESCO will do everything in our
power to put all this experience, which is your experience, all
our capacities, which are your capacities, to work. \We are here
in Budapest to make a new commitment: this is our new
commitment: to interact more; to address global matters in all
their complexity, without trying to simplify them; to offer
decision-makers timely advice.

On the threshold of a new century and a new
millennium, we are confronted with a range of tendencies and
dangers which are increasingly interdependent, and which
require all-round responses from society as a whole and not
only from one specialized sector. Complexity and democracy
are, therefore, two sides of the same nascent reality: the reality
which is just coming into view and which compels us to ensure
peace, consolidate democracy and promote endogenous and
sustainable development. Solutions are always to be found
within; within our own selves and within countries.

One of the fundamental characteristics of the new
century will no doubt be the close link between scientific
criteria and political decisions. For an effective response to be
given to the new challenges, the politicians will have to listen
and take scientific criteria into account; at the same time, the
scientific community must have enough support for society,
expressed in the form of democratic participation in the
institutions. All political leaders are responsible, but those who
wield most power also bear most responsibility. Three
conditions have to be met for this symbiosis between science
and the authorities to bear all its fruit: democratic participation,
medium- and long-term forecasting, and the capacity to share
knowledge and resources, responsibility and hope. As our world
society becomes more and more numerous and diverse, the links
between the need to share, the possibility of participation and
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the capacity of prevention are becoming increasingly obvious.
But prevention and anticipation usually go unnoticed when
they are successful, hence much of our work consists in an
investment in intangible social factors.

The science of the new century will be a more
dynamic activity which, above all, will be conducted on a
world scale. The acquisition, transmission and application of
knowledge have been transformed by the speed of
communications, by the possibility of accessing libraries and
the most advanced research centres from any part of the world
using electronic media, and by an awareness of the social
impact of scientific and technological advances. But the very
speed of technological advance, in the midst of the
inequalities and imbalances from which the present world
suffers, threatens to destroy the moral framework and imperil
the future of civilization. The Spanish poet, Antonio Machado,
wrote a line of verse which I usually quote in this connection:
‘It is foolish to confuse value and price’. We scientists have the
duty of clearly enunciating the values which make up the
ethical framework of our world. The constitution of UNESCO
warns us that economic development is necessary but not
sufficient; and that political development is necessary, but not
enough. It adds that peace and welfare are based on ‘the
intellectual and moral solidarity of mankind’. This same
mission of intellectual and moral solidarity is what should
guide scientific development in the new century if its results
are really intended to contribute to the achievement of liberty
and dignity for all.

28

Budapest is not divided by a river. Buda and Pest are
joined together by a river, the Danube, which we fondly
imagine to be blue. Hungary has experienced the splendour of
an empire and the bitter obscurity of oppression and silence.
We all have a duty to remember, but Hungarians — because of
their deep roots as well as their more recent branches —
remember vividly each day the value of liberty and the
indomitable rigour of the spirit.

All we can do with the past is to record it. It remains
as it was. And we must bear this in mind, learning the lesson of
what should not be repeated. But we can and should write the
future together. We have a duty to remember the future, which
is intact before us. We scientists will not remain silent. Joining
hands with all the other sectors, we shall not stop writing the
future and we must do it differently. The use of force and
imposition has failed resoundingly. And at what price! The price
of millions and millions of human lives. Immense suffering.
Indescribable perversities. We have discovered antibiotics, how
to communicate, the most sophisticated surgical techniques; but
we have not managed to ensure that dialogue and tolerance
prevail over the law of the jungle; we have not succeeded in
blending knowledge sufficiently with wisdom. On the threshold
of the 21st century, the sciences (natural, social and human
sciences), meeting in harmony in Budapest, proclaim to the
world from the heart of Europe that they will contribute to the
transition from the logic of force to the force of reason, from the
culture of war of times past to the culture of those who offer our
children the fruits of love for a new age.
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Let me first warmly thank UNESCO and ICSU for the
invitation extended to me to take the floor at the opening
ceremony of this Conference and address it on behalf of the
Third World Academy of Sciences, over which | have the
honour to preside. | am aware that this distinction is a tribute
to the many colleagues of our generation who, in the
developing countries, under the pressure of necessity, after
training and often working abroad, have been summoned to an
early assumption of responsibilities in science and technology
development, over many years, in their own countries and
sometimes in the international arena. |1 am sure that this
tribute would be particularly fitting for my predecessor and
founding father of our Academy, the late most distinguished
scientist and international personality, Abdus Salam — one of
the great flagbearers of science. First and foremost, he thought
that basic sciences should receive special attention, for there is
no applied science - i.e. technology — without science.

Ladies and gentlemen, allow me to recall that we are
assembled here on the threshold of a new millennium to
ponder the pressing demands for launching a new social
contract under the aegis of science, bearing in mind at the
same time the recollection, not only of the upheavals and
pangs that science has mainly entailed in this terrible century
of ours, but also of the splendid enlightenment it has brought
about, enlarging and deepening our understanding of the
workings both of nature and of the very fabric of society.

A new social contract for and with science and
technology as a lever for improving the lot of the species does
also, of course, remind us of an analogous contract, first
enshrined here in Europe two centuries ago. According to John
Burnett — as cited by Schrddinger — this quest of science for
rational enquiry is deeply rooted in ancient Greece. For him ‘it
is an adequate description of science to say that it is thinking
about the world in the Greek way’, a vision that along the last
centuries has steadily shaped our world.

The pursuit of happiness and the happiness of pursuit,
according to Albert Hirschman, are equally fundamental
human aspirations that the new contract we are now supposed
to search for must not forgo, in spite of the infinitely more
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complex and daunting context of the present age. In fact this
last aspiration is the main source that moves the first pursuit,
for science should, so as to say, be placed at the service of
happiness, to encompass the knowledge not only of humanity,
but also of nature as a whole.

The pursuit and achievement of science and of
technology — which is intrinsically more and more ancillary to
science — has contributed powerfully, via growing energy
production and utilization, to diminishing human toil; it has
improved health and increased the span of human life; through
progress in transportation and communication, it has fostered
the mutual knowledge of individuals and of cultures — millions
of human beings cross national borders every day and hundreds
of millions of written, visual and sound messages are
exchanged almost instantaneously, all around the world.

We rejoice, as we indeed should, at these many
blessings of science. However, these high-sounding claims
should not divert us from the awareness of the terribly dire
consequences of the inconsiderate use that society has made of
science and technology throughout history, in war and in
peace. Most of the time, the social contract we are referring to
has been broken — as has been abundantly demonstrated in this
part of the world, where the pursuit of collective happiness was
ultimately doomed by the sacrifice of the right to the pursuit of
happiness by the individual. And so, the fruits of the happiness
of pursuit have indeed met with much more success than those
born from the pursuit of happiness.

Firstly, the fruits of science and technology have not
significantly benefited the majority of human beings living in
the Third World. The asymmetry in the distribution of wealth,
of safety and of comfort has, in fact, increased in recent times, as
testified by the 1998 United Nations Human Development
Report. ‘Some 80% of the world’s people live in the Third World
countries but they have just 22% of the world’s wealth. The
poorest fifth of the world’s nations held 2.3% of the world’s
riches 30 years ago; today they possess exactly 1.4%. In more
concrete terms, the assets of the three richest individuals in the
world exceed the combined GNPs of the 48 least developed
countries; some 358 global billionaires have wealth equal to the
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combined incomes of the world’s 2.2 billion poor people, that is,
nearly half of the global population.” And more: ‘of some 4.4
billion people in the Third World — still characterized as
developing countries by the United Nations, even though most
of them have not been developing at all — three-fifths lack access
to safe sewers, two-thirds lack toilets, one third have no access
to clean water and a fifth lack any kind of modern health care.
About one quarter of Third World people are illiterate’. A new
social contract conducive to peace must as of necessity squarely
face and tackle this situation with all intent and determination
to start solving these unbearable misfortunes. In all fairness, the
richest countries of the world have just decided to forgo about
one-third of the debt incurred by the poorest ones with the
international finance and government institutions. Although
this decision is in the right direction, far more must be done.

Secondly, the growing adverse impact on nature
resulting from human actions in the exploitation and
transformation of natural resources may severely compromise
our life-sustaining systems on a global scale, to the detriment
of future generations. Of particular concern is the warming of
the planet by the greenhouse effect resulting from human
actions, mostly taking place in the industrialized countries.

Thirdly, the new information and communication
technologies, despite their immense potential to deal with
developmental issues for the dissemination of culture and
education, are bringing forth new risks affecting not only
fundamental individual rights such as the right to privacy, but
also the safety of trade and even national security itself in the
face of a growing potential for war: the cyber war.

This baffling picture is further reinforced when
consideration is given to the potentially harmful consequences,
for both individuals and for society’s very texture, arising from
the new findings in biology, particularly those bearing on genetic
manipulations. Besides some risks and uncertainties related to
these new applications of science, scientists of the Third World
are deeply concerned about the proprietary aspects of genetically
modified seeds, which conflict with the millennial rights of
farmers to keep their seeds. It has to be stated that life forms
belong to all of humanity and are not patentable entities.

While these risks may affect us all, they do so
asymmetrically for, again, it is the poorest sections of our
society, both at the national and at the global levels in the
economically underdeveloped regions, that bear the brunt of
these inconvenient facets of progress.

Admittedly, risks do also create immensely useful new
opportunities for the developing world. So, there is hope and
scope for actions.
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On the international scene, the reversion of the
traditional North-South flow of scientific information as a core
aspect of the ever-increasing number of cooperative research
projects calls for immediate action. In fact, the need for
Northern scientists to work closely with their counterparts in
the South constitutes an important part of an intricate chain
to advance problem-solving scientific research on a global
scale — moving, for instance, from global climate change,
biodiversity conservation and utilization, to geographically
distributed research equipment on astrophysics to support
large-scale operations. This approach would for example
extend the ongoing cooperation of scientists from the South
with international laboratories such as the European
Laboratory for Particle Physics (CERN), the Fermilab and the
International Space Station, dealing mainly with fundamental
big science physics problems.

The need for South-South cooperation stems from the
sharing of many concerns related to science, technology and
development by Third World countries, despite the differences
in their geography, culture and economy. Many of them, which
are arid, semi-arid or tropical, also share problems resulting from
their biogeographical similarities over and above their geo-
political locations. Some of these problems could be tackled, for
instance, by the utilization of modern space technology.
Brazilian, Indian and Chinese data-collecting and remote-
sensing satellites could address down-to-earth concerns:
changes of temperature, humidity, carbon dioxide concen-
tration in the atmosphere and real-time data on alterations in
soil and water quality, which are important for the examination
of critical environmental problems, are also of great social and
economic importance for many other developing countries.
Brazil has in fact offered the use of its satellites and data-
collecting platforms to African countries through UNESCO.
Ultimately, the entire scientific community, both in the North
and in the South, reaps benefits likely to accrue from using
scientific data and knowledge to solve real problems faced by
real people, especially the two-thirds of the world’s population
—some 4 billion people — living in the developing world.

Another the
establishment, by scientists from the South, with the

approach worth exploring is
cooperation of their colleagues from the North, of networks
devoted to the solution of pressing concrete science-based
problems. The present Third World Network of Scientific
Organizations, TWNSO, could, in collaboration with ICSU,
set the pace for such initiatives.

Culture and languages in their diversity constitute an
essential and rich component of humanity’s heritage, but they
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are also barriers to communication and mutual understanding
among peoples. The project to allow the on-line translation in
real time via the Internet of different languages opens the way
to overcome these barriers and offers a most extraordinary
opportunity for the effective creation of a world virtual
university, in fact for the development of virtual education at
large, accessible to millions of individuals all over the world.

This project — Universal Networking Language —
presently involving scientists of 15 countries under the
leadership of the United Nations University Institute for
Advanced Studies in Tokyo, is most exciting and constitutes
perhaps the greatest contribution that information science may
offer to peace, overcoming the Tower of Babel syndrome, while
at the same time preserving the linguistic diversity of cultures.

In fact, education at all levels is present, as it
certainly should be, in every single agenda item of our meeting
and | shall not therefore dwell on it further.

The immense task of overcoming this dramatic
situation demands also the appropriation by all of the
accumulated experience of those countries that have lately
emerged to industrialization. One should however bear in
mind that developing countries comprise an extremely diverse
ensemble and that no single prescription for development is
valid for most of them.

Although industrialization in itself should be a
desirable goal to be eventually attained, the choice of the
development route, as pointed out before, should take into
account not only the social and cultural environment, but also
the physical local production factors.

However, it is to be emphasized that underdevelopment
should not be comprehended as an early stage of the
industrialization process. The industrialization route observed
by developed countries during the last two centuries, from the
Industrial Revolution on, in practice, is really not reproducible
in the developing countries. Late-industrialized countries, like
Brazil and others, must credit their own relative success, on the
one hand, to the massive access to, and transfer of, technology
made possible by the political use of the many power disputes
which characterized this last century — with its two World
Wars and a long-lasting Cold War — and most significantly, on
the other hand, to a concomitant comprehensive science
education policy. In the last 50 years the Brazilian university
population has, for instance, been multiplied by a factor of 34,
leading to a considerable expansion of scientific production
and to important technological developments in some key
areas. Furthermore, it should be recalled that part of the
success must be credited also to various tariff barriers and

31

secluded market reserves. Such a policy seems manifestly most
doubtful in the present globalized liberal world and is certainly
not sustainable for those nations that have not yet succeeded
in attaining a certain level of development, unless new major
policy initiatives are adopted for their benefit.

One should bear in mind, in agreement with the more
helpful considerations expressed by Surendra J. Patel, that
during the three decades which are considered the ‘Golden Age’
of the South’s development (1950-80), the South as a whole
with its over 140 states and 4 billion people bettered the 80-year
record of the North’s 19th-century advance (1820-1900). The
South did this in half the time, at twice the growth rates and
with six to seven times (on average) the North’s population. So
according to Patel, ‘no matter how severe the current crisis, it is
good not to forget these monumental achievements. The lessons
of this rich experience need to be distilled’. This may help to
forge future strategies for overcoming the past weaknesses and
building confidence on its strengths.

Admittedly, these new strategies will depend heavily
on finding a successful solution for the present anarchic
situation prevailing in the world’s financial system, dealing
necessarily with a new definition of the roles and functioning
of the World Bank and the International Monetary Fund
(IMF). Indeed, the recent financial crisis that has affected
some major emerging nations may, for instance, entail a 2-3%
reduction in their gross national products (GNPs). If this is in
fact to happen, 3 million people would cross the poverty line
in Brazil alone. It would also lead to a reduction in GNP of
about US$ 25 billion, which represents more than double the
total current yearly science and technology expenses of my
home country.

The approach that will lead to any meaningful
success in facing the disparities among nations must, in
addition, put a stop to the accelerated reduction of inter-
national development aid, now amounting to a mere 0.25% of
the industrialized countries’ GNP. This corresponds to US$ 30
billion. In fact, in the 1990s alone, international aid was
reduced by 40%. The re-establishment of these funds should
support science development in Third World countries, in
addition to their own national efforts.

One should strive to avoid this Conference repeating
the frustration in reaching its goals that happened with the
Vienna United Nations Conference on Science and
Technology for Development, on which many of us present
here today placed extremely high hopes 20 years ago. First of
all, one should realize that the overall state of the developing
world is worse today than it was in 1979.
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The new social contract shall only prevail if these
factors, among many others that make up the present world
scenario, are faced with courage and determination by our
societies through a reinforced United Nations’ system, the
non-governmental organizations and the organized efforts of
the world scientific communities. | am sure that organizations
like TWAS and TWNSO, together with ICSU, have an
important role to play, making an outstanding contribution to
this new commitment.

Bertrand Russell, one of the intellectual giants of the
20th century, has told us that his thoughts and actions were
profoundly influenced by the content of Emmanuel Kant’s
epitaph, which refers to the two wonders of life, the starry
heavens above our heads and the moral law within our hearts.
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The new social contract that is being discussed here shall
transcend the new millennium only if the fruits of star-gazing,
fulfilling the right of the happiness of pursuit, go together with
the commitment, within our hearts, to the moral law in our
pursuit of happiness.

This should be our pledge in this new contract.
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Science In response to
basic human needs

M.S. Swaminathan
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Basic human needs: a 20th century balance sheet
Poverty and social and gender inequity are increasing globally
and nationally. According to the World Bank, 1.2 billion
people lived on less than US$ 1 per day in 1987. This number
increased to 1.3 billion in 1993. About 3 billion people
worldwide lived on less than US$ 2 per day in 1993. Nearly 1.5
billion of the world population of 6 billion will live in severe
poverty at the dawn of the new millennium. The gap between
the rich and the poor is increasing day by day, with disastrous
consequences for achieving the United Nations goal of
reducing poverty by half by 2015. Achieving the Food and
Agriculture Organization of the United Nations’ (FAQ?s)
World Food Summit goal of reducing the number of children,
women and men going to bed hungry by half from the present
number of over 800 million by 2015 may also not be achieved,
since hunger today is essentially poverty induced. In addition
to energy-protein under- and mal-nutrition, over 2 billion
suffer from micronutrient deficiencies.

Global per capita water supplies are declining and are
now 30% lower than they were 25 years ago. By 2050, as much
as 42% of the world’s population will live in countries with
insufficient freshwater stocks to meet the combined needs of
agriculture, industry and domestic use. In addition, water is
needed for the maintenance of ecosystems. Water conflicts are
likely to grow. Hence, a Committee chaired by me has
recommended the establishment of an International Centre
for Cooperation in Water Management at Valencia in Spain,
in order to initiate proactive action in resolving potential
water conflicts.

Contaminated drinking water causes diseases that
account for 10% of the total burden of disease in developing
countries. Also in 1996, about 1.4 billion low-income and
over 400 million middle-income people lacked access to
sanitary facilities. At the present rate of progress, over 900
million persons will lack adequate sanitation in the year 2015.
In one out of four major cities surveyed by the United Nations
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organization Habitat, fewer than 10% of households had
sewerage connections.

The International Conference on Health Research
for Development planned for the year 2000 should accord
priority to developing an implementable strategy for reaching
the unreached in the health sector.

Disparities are also growing in access to technology.
For example, 97% of all Internet hosts are in developed
nations, home to 16% of the world’s population. The rapid
expansion of proprietary science covered by intellectual
property rights is leading to the emergence of ‘technological
apartheid’ and to ‘orphans remaining orphans’ in relation to
the choice of research areas for priority attention. Support
from public funds for research aimed at public good is tending
to decline.

The coming century is being referred to as a
‘knowledge century’, a century of innovation, enterprise, eco-
entrepreneurship and genetic enhancement. Yet, UNESCQO'’s
goal of literacy for all is still a far cry in many developing
nations. Enrolments by female students are catching up with
those of boys in some regions but continue to lag in others.
Intensive efforts have, however, significantly increased primary
school enrolments during the 1990s. In India, an innovative
Education Guarantee Scheme was first introduced a few years
ago in the state of Madhya Pradesh. This approach is now
being extended to the entire country in order to accelerate
progress in achieving the goal of total literacy. However, in
many countries of the Middle East, North Africa, South Asia
and sub-Saharan Africa, girls’ enrolments continue to lag
behind boys’ and illiteracy rates are still high.

It is not only in opportunities for education that
children of many developing countries remain handicapped
but, even more alarmingly, in opportunities for the full
expression of their innate genetic potential for physical and
mental development. For example, 25-50% of children born in
several developing countries are characterized by low birth
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weight (LBW), caused by maternal and foetal under- and mal-
nutrition. The United Nations Commission on Nutrition in its
recent report (1999) has warned about the serious con-
sequences of LBW for both brain development in the child as
well as the health of the child in his/her later life.

The rich-poor economic and technological divide is
not only causing inequity at the level of the present
generation, but is also enhancing inter-generational inequity.
For example, Panayotou et al. (1999) point out that the
affluent economies of the temperate zone are likely to impose
severe net costs on the tropical regions because of their
excessive consumption of fossil fuels leading to a large release
of greenhouse gases. Since the temperate-zone economies are
rich and the tropical-zone economies tend to be poor, global
climate change represents a burden imposed on the poorer
countries by the richer nations.

Panayotou et al. (1999) also point out that much of
the damage caused by a continuous rise in carbon dioxide
(CO,) concentrations in the atmosphere will occur in tropical
countries, especially Africa and India. India and countries in
Africa are predicted to suffer adverse agricultural consequen-
ces, possibly severe vector-borne diseases, increased risks of
severe tropical storms, vulnerability to rising ocean levels and
other stresses from an increase in temperature from already
high levels. The temperate zone countries are either little
affected in general or may even benefit on average by the
prospects of global climate change. Agricultural productivity is
predicted to rise in the high latitudes, through a combination
of longer growing seasons plus CO, fertilization of crops.

Thus,
environmental damage leads to multiple forms of inequity,

affluence as well as poverty-induced
namely, inequity at birth in mental capacity, inequity in
opportunities for a productive and healthy adult life, and inter-
generational inequity.

Among the more serious dangers to sustainable
human development is the increasing damage to our basic life-
support systems comprising land, water, flora, fauna, forests,
the oceans and the atmosphere. The number of environmental
refugees is increasing day by day due to damage to
environmental capital stocks resulting in the loss of rural
livelihoods (Myers and Kent, 1995).

The various United Nations conferences held during
this decade have led to global plans of action which, if
implemented, could lead to a better life for all. The
conventions on climate, biodiversity and desertification, the
Law of the Sea and Agenda 21 of the United Nations
Conference on Environment and Development (UNCED)
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provide a framework for the sustainable and equitable
management of nature and natural resources.

In my view, the World Food Programme (WFP),
FAO, the United Nations Children’s Fund (UNICEF), the
World Health Organization (WHO) and the United Nations
Development Programme (UNDP) should immediately launch
in collaboration with interested national governments a global
programme to fight maternal and foetal undernutrition,
thereby helping to minimize the frequency of children with
low birth weights. The programme may be entitled Global
Movement for Children for Happiness. A similar programme
involving horticultural and direct intervention approaches
needs to be launched to eliminate hidden hunger caused by the
deficiency of micronutrients in the diet. Without these two
steps, the foundation for achieving the goals of the United
Nations conferences listed above cannot be laid. Millions of
children will continue to be born for mere existence and not
for happiness if this area of nutrition continues to receive
inadequate priority. This is why the proposed WFP-FAO-
UNICEF-WHO-UNDP initiative for fighting the incidence of
LBW children is urgently called for.

A stripe review of the recommendations of these
international conferences reveals that, apart from political,
social and gender rights, the goal of poverty eradication should
receive the highest priority from both national governments
and bilateral and international organizations. Poverty is the
root cause of hunger, lack of shelter and access to clean
drinking water, illiteracy, ill health and other forms of human
deprivation. The pathway to meeting the basic needs of every
human being is poverty eradication.

Science, technology and economic and social inequity
The contributions of India, China and Greece to scientific
discovery and knowledge since prehistoric times are now
widely acknowledged. In contrast, modern science in the
European tradition is only about 500 years old, dating from the
time of Copernicus. Maddox (1998) has urged a clear
distinction to be drawn between modern science and its
precursors. The interplay between observation and
explanation was formerly less important than it is now. A
theory qualifies as an explanation only if it can be and has been
tested by experiment or observation, employing when
necessary measurements more sensitive than the human senses
can yield. Similarly, a distinction should be drawn between
science and technology. Science helps to advance the frontiers
of knowledge, whereas science-based technologies help to
advance the frontiers of economic wealth. Maddox (1998) has
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also emphasized that, while we are right to marvel at what has
been accomplished in the past 100 years, we should not forget
that there would have been the same sense of achievement at
the end of each of the preceding centuries. Thus, we should
celebrate many different visions and technologies, both
historical and contemporary.

Virginia Postrel (1998), in her book The Future and its
Enemies, points out that knowledge, like experience, is in many
ways cumulative. Dynamism and innovation are about creating
the future. However, we should not ignore the past from which
the future evolves. It is this concept which led Professor Federico
Mayor of UNESCO and the late Commandant Jacques
Cousteau to propose the concept of ecotechnology.
Ecotechnology is a blend of the ecological prudence of the past
and modern science. It involves an interdisciplinary approach
and a proactive and continuous interaction among social
scientists and technologists working in frontier areas like space
and information technologies, biotechnology, nuclear science
and renewable energy technologies (see von Weiszacker et al.,
1983, for approaches to technology blending). Ecotechnologies
are more knowledge- than capital-intensive and provide
opportunities for decentralized production supported by a few
key centralized services.

Postrel (1998) points out that ‘loss of rural employment
and migration from the countryside to the cities causes a
fundamental and irreversible shift. It has contributed throughout
the world to the destabilization of rural society and to the growth
of vast urban concentrations. In the urban slums congregate
uprooted individuals whose families have been splintered and
whose cultural traditions have been extinguished’. The
proliferation of urban slums as a result of the loss of rural
livelihoods presents a grave threat to achieving the goal of
ensuring every human being access to basic human needs like safe
water, sanitation, balanced diets, health care and education.

To develop an effective strategy for poverty
eradication, it is important to understand how poverty first
arose and why it is affecting developing countries more. Jared
Diamond (1997) points out that until the end of the last Ice
Age, around 11 000 BC, all peoples on all continents were
hunter-gatherers. Different rates of development of different
continents occurred between 11 000 BC and AD 1500. While
aboriginal Australians and many native Americans remained
hunter-gatherers, most of Eurasia and much of the Americas
and sub-Saharan Africa gradually developed agriculture,
herding, metallurgy and complex political organization.

One of the interesting questions in comparative
economic history is the gap in levels of real income between
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developed and developing countries. David Landes (1969)
pointed out that ‘Western Europe was already rich before the
industrial revolution because of substantial technological
progress, not only in the production of material goods, but in the
organization and financing of their exchange and distribution.
The appropriation of extra-European resources and labour
further increased the wealth of Western Europe’. Angus
Maddison (1983) generally supports this view. The Industrial
Revolution in Europe led to a widening of the prosperity gap
between industrialized and developing nations. The transition
to the technological and industrialized age also marked the
transition to a world with increasing economic inequity.

Roger Farmer (1998) has stressed that, although
differences in rates of growth in standard of living seem like
small numbers, they can have a very big impact on real
standard of living because of the increase each year getting
compounded. Today, developing countries face additional
handicaps including severe debt and debt-servicing burdens,
an unfair trade regime where trade is becoming free but not fair
and an expansion in social exclusion through patents and
other forms of intellectual property rights.

Fortunately, there are no human differences in
intelligence that parallel human differences in technology.
Hence, it should be possible to embark upon a dynamic
programme for the technological empowerment of the poor.
Diamond (1997) points out that people who until recently
were technologically primitive — such as aboriginal Australians
— speedily master industrial technologies when given
opportunities to do so. We have seen in India, especially in the
Punjab and Haryana, barely literate farmers acquiring
sophisticated electrical and mechanical engineering skills.
Therefore, UNESCO, UNDP, the World Trade Organization
(WTO), ICSU and other interested multilateral and bilateral
donors should develop a plan of action for mobilizing
technology, training, techno-infrastructure and trade for
poverty eradication. Trade policies should be formulated in
such a manner that they will strengthen and not erode the
livelihood security of the women and men living in poverty.
Developing countries should ensure that their import and
export policies are based on a livelihood impact analysis.

The pervasive poverty we witness today is the most
serious indictment of contemporary developmental pathways.
The poor are poor because they have no productive assets — no
land, no education and no technical skill. They earn their
livelihood largely through unskilled work. They have been
bypassed by modern technological advances. They suffer from a
sense of exclusion from the exciting scientific adventures we are
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witnessing today. Their sense of frustration is enhanced when
they see on television the benefits of technological progress
enjoyed by a section of humankind. Reaching the unreached
and including the excluded have to be important components
of the science and technology policy and strategy for the new
century, if the huge stock of scientific and technological
knowledge and innovations with which we will be entering the
next century is to become a blessing for humankind as a whole.
A priority task for the Inter-Academy Center proposed by
Professor Bruce Alberts, President of the US National
Academy of Sciences, should be the closing of the vast
knowledge and skill gap prevailing between rich and poor
nations on the one hand and between the rich and the poor
within all nations. New information technologies provide a
unique opportunity for the knowledge and skill empowerment
of the poor. The women and men now living in poverty can be
helped to experience a better quality of life only by increasing
the economic value of their time and labour. A transition from
unskilled to skilled work resulting in value addition to labour
and time will be needed for enabling the poor to experience a
productive and healthy life. Opportunities exist today for
achieving such a transition speedily.

Gender dimensions of poverty: women in S&T and
S&T for women

UNDP’s Human Development Report of 1995 states ‘human
development, if not engendered, is endangered’. The report
further states that the revolution towards gender equality must
be propelled by a concrete strategy for accelerating progress.
The Beijing Platform for Action adopted by the Fourth World
Conference on Women on 15 September 1995, says:

‘In the past decade, the number of women living in
poverty has increased disproportionately to the number of
particularly The
feminization of poverty has also recently become a significant

men, in the developing countries.
problem in the countries with economies in transition as a
short-term consequence of the process of political, economic
and social transformation. In addition to economic factors, the
rigidity of socially ascribed gender roles and women’s limited
access to power, education, training and productive resources
as well as other emerging factors that may lead to insecurity for
families are also responsible. The failure to adequately
mainstream a gender perspective in all economic analysis and
planning and to address the structural causes of poverty is also
a contributing factor.

‘Science curricula in particular are biased. Science
textbooks do not relate to women’s and girls’ daily experience
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and fail to give recognition to women scientists. Girls are often
deprived of basic education in mathematics and science and
technical training, which provide knowledge they could apply to
improve their daily lives and enhance their employment
opportunities. Advanced study in science and technology
prepares women to take an active role in the technological and
industrial development of their countries, thus necessitating a
diverse approach to vocational and technical training.
Technology is rapidly changing the world and has also affected
the developing countries. It is essential that women not only
benefit from technology, but also participate in the process from
the design to the application, monitoring and evaluation stages.’

The Beijing Conference recommendations concerning
the technological empowerment of women were considered at
a meeting of women scientists and technologists in Asia and
the Pacific region at the M.S. Swaminathan Research
Foundation, Chennai, in December 1996 under the auspices of
UNDP and the United Nations Development Fund for
Women (UNIFEM). The meeting recommended several
institutional and policy devices to enlarge the role of women
in science and technology development and dissemination.
Recommendations were also made to mainstream gender
considerations in ongoing and technology
programmes. A major requirement for women entrepreneurs is
flexi-time and flexi-duration of work. Also, women engaged in

science

micro-enterprises supported by micro-credit will need
institutional structures which will provide them with the
power of scale, particularly in marketing.

An example of the kind of support needed is provided
by the Biotechnology Park for Women coming up near
Chennai in India. This park will provide centralized services
like information, training and electronic marketing facilities
for many women entrepreneurs seeking to find avenues for
remunerative self-employment. There is need for a global
movement for the knowledge, skill and technological
empowerment of women living in poverty. Because of the
multiple burden on their time, they are overworked and
underpaid. Hence, the aim of scientific research designed for
helping resource-poor women should be to add economic value
to each hour of work and reduce the total number of hours of
work. The Biovillage programme of MSSRF aims to achieve
these twin goals.

Successful examples of women’s technological
empowerment need to be replicated worldwide. Opportunities
for assured and remunerative marketing will determine the
success of the micro-credit supported micro-enterprises now
being advocated to end the feminization of poverty. It would be
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useful if UNIFEM, the International Labour Organisation
(ILO), Women's World Banking and WTO undertook a
careful study of the public policy support needed at the
national and global levels to make women’s enterprises
supported by micro-credit economically viable.

Science and food and water security

The 20th century began with the rediscovery of Mendel’s laws
of inheritance. It ended with moving specific genes across
sexual barriers with the help of molecular mapping and
recombinant DNA technology. The impact of science and
technology in every field of crop and animal husbandry, inland
and marine fisheries and forestry has been profound. Let me
illustrate this, taking the improvement of wheat production in
India as an example.

Emerging farming technologies will be based on
precision farming methods leading to plant-scale rather than
field-scale husbandry. Farming will be knowledge intensive,
using information from remote sensing, Geographical
Information Systems (GIS), Global Positioning Systems
(GPS), and information and computer technologies. Farmers
in industrialized countries are already using satellite imagery
and GPS for early detection of diseases and pests, and to target
the application of pesticides, fertilizer and water to those parts
of their fields that need them urgently. Among other recent
tools, the GIS methodology is an effective one for solving
complex planning, management and priority-setting problems.
Similarly, remote-sensing technology can be mobilized in
programmes designed to ensure drinking water security.

Let me cite two examples of their value from our
recent work.

First, GIS was applied for determining priorities in a
programme designed to launch a total attack on hunger in the
Dharmapuri district in Tamil Nadu, India. Socio-economic
data like the percentage of poor population, percentage of
unemployment, literacy rate, and infant and maternal
mortality rates were mapped in GIS. The layers were prepared
for each factor and registered together. Different levels were
given to classify each factor. They were overlaid to get a profile
map showing the poorest villages which need to be accorded
priority in the hunger-free area programme.

Second, GIS proved to be an invaluable tool in
developing strategies for the conservation and sustainable and
equitable use of biodiversity. The Gulf of Mannar region in
South paradise.
anthropogenic pressures and the unsustainable use of coral

India is a biological Unfortunately,

reefs, sea-grass beds and mangroves are causing serious damage
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to this priceless heritage. With financial support from the
Global Environment Facility (GEF), a Gulf of Mannar
Biosphere Reserve Trust is being created by the Government of
Tamil Nadu. The aim is to make all stakeholders regard
themselves as trustees of this area. This evolution of the Gulf
of Mannar Biosphere Reserve into a Biosphere Trust held in
trust for posterity is an example of UNESCO's vision of
Biosphere Reserves for the 21st century articulated at Seville
becoming a reality:

‘Rather than forming islands in a world increasingly
affected by severe human impacts, biosphere reserves can
become theatres for reconciling people and nature. They can
bring the knowledge of the past to the needs of the future.’

Under a programme of the Government of India
designed to provide drinking water to all, groundwater surveys
through satellite remote-sensing data were wused for
hydrogeomorphological mapping. Based on statistics of over
170 000 bore wells dug with these maps, it was found that the
success rate of finding water was as high as 92%. Without such
data becoming available, it would have been impossible to
cover 445 districts of India, totalling over 300 million hectares
with diverse terrain, diverse climate and diverse cultural
conditions within a few years.

Biotechnology will play an increasingly important
role in strengthening food, water and health security systems.
Recent widespread public concern relating to genetically
modified (GM) food stresses the need for more effective and
transparent mechanisms for assessing the benefits and risks
An
internationally agreed Biosafety Protocol on the lines

associated with transgenic plants and animals.
recommended in Article 19 of the Convention on Biological
Diversity (CBD) is an urgent necessity. Biotechnology
companies should agree to the labelling of GM foods in the
market. All food safety and environmental concerns should be
addressed with the seriousness they deserve. Broad-based
national commissions on genetic modification for sustainable
food and health security should be set up, consisting of
independent professionals, environmentalists, representatives
of civil society, farmers’ and women’s organizations, mass media
and the concerned government regulatory authorities. This
will help to assure both farmers and consumers that the
precautionary principle has been applied, while approving the
release of GM crops.

Article 27(b) of the TRIPS component (trade-
related intellectual property rights) of the World Trade
Agreement will come up for review later in 1999. All nations
should agree to incorporate in this clause the ethics and equity
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principles enshrined in articles 8(j) and 15 of CBD. The World
Intellectual Property Organization (WIPO), which has
launched a study of the need to recognize the intellectual
property rights of the holders of traditional knowledge, should
complete this study soon and help to make the principles of
ethics and equity the foundation of intellectual property rights.

UNESCO, FAO and WHO should formulate a
Universal Declaration on the Plant Genome and Farmers’
Rights along lines similar to the Declaration on the Human
Genome and Human Rights. If such steps are taken, biopiracy
will give way to symbiotic biopartnerships. Conservation and
commercialization will then become mutually reinforcing.
Such a step will not only help to strengthen biodiversity
conservation but will make an important contribution to
poverty alleviation. The life sciences industry based on the
modification of living organisms to create new products and
services will then have a sustainable future.

The biotechnology industry should lose no further
time in giving a helping hand to evolve internationally agreed
protocols for biosafety, bioethics and biosurveillance. If this is
not done, biotechnology and other life science industries,
which can be invaluable allies in a global ‘science and
technology for basic human needs movement’, will remain
clouded in controversies, suspicion and rich-poor conflicts.

Emerging scientific revolutions and an ecology of

hope

Fortunately, as we approach the new century we are experiencing

three major revolutions in science and technology, which will

influence agriculture and industry in a fundamental manner. It
will therefore be appropriate to make a brief reference to them:

m the gene revolution — which provides a molecular
understanding of the genetic basis of living organisms, as
well as the ability to use this understanding to develop new
processes and products for agriculture, industry, the
environment, and for human and animal health;

m the ecotechnology revolution — which promotes the
blending of the best in traditional knowledge and
technology with frontier technologies such as biotech-
nology, space and information technologies, renewable
energy and new materials;

m the information and communication revolution — which
allows a very rapid growth in the systematic assimilation
and dissemination of relevant and timely information, as
well as a dramatically improved ability to access the
universe of knowledge and communicate through low-cost
electronic networks.
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In principle, these three types of advance — when coupled with
improvements in management and governance — greatly
increase the power of a scientific approach to genetic
improvement, the integrated management of natural resources
and ecosystems, and the management of local and regional
development strategies. Ecotechnologies enable the adoption
of 1SO 9000 and ISO 14000 standards of environmental
management. These scientific revolutions seem to be
proceeding at an ever-increasing pace, with most of the action
occurring in industrialized nations. Also, new discoveries of
great relevance to sustainable food and health security are
coming under the purview of proprietary science, since they
are covered by intellectual property rights. How then can we
mobilize recent advances in science and technology for
meeting the basic needs of the economically and socially
underprivileged sections of the human family?

The gene revolution
The past 10 years have seen dramatic advances in our
understanding of how biological organisms function at the
molecular level, as well as in our ability to analyse, understand
and manipulate DNA molecules, the biological material from
which the genes in all organisms are made. The entire process
has been accelerated by the Human Genome Project, which
has poured substantial resources into the development of new
technologies for working with human genes. The same
technologies are directly applicable to all other organisms,
including plants. Thus, a new scientific discipline of genomics
has arisen. This discipline has contributed to powerful new
approaches in agriculture and medicine and has helped to
promote the biotechnology industry.

Several large corporations in Europe and the USA
have made major investments in adapting these technologies
to produce new plant varieties of agricultural importance for
large-scale commercial agriculture. The same technologies
have equally important potential applications for addressing
food security in the developing world.

The key technological developments in this area are:
= genomics: the molecular characterization of species;
= bioinformatics: data banks and data processing for genomic

analysis;

m transformation: introduction of individual genes
conferring potentially useful traits into plants, trees,
livestock and fish species;

m  molecular breeding: identification and evaluation of useful
traits by use of marker-assisted selection, which greatly

speeds up traditional breeding processes;
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m diagnostics: identification of pathogens by molecular
characterization;

m vaccine technology: use of modern immunology to develop
recombinant DNA vaccines for improved control against
lethal diseases of animals and fish.

Let me cite one example from the work of MSSRF scientists to
illustrate the value of the new tools. As a part of the
anticipatory research programme to meet the consequences of
sea-level rise arising from global climate change, genes
responsible for conferring the ability to withstand sea-water
intrusion were identified in a few mangrove species through
molecular mapping. They have been transferred to annual
economic plants through recombinant DNA technology.

The sequencing of the genome of rice (Oryza sativa
L.cv.Nipponbare) by an international consortium supported by
the Rockefeller Foundation and the International Rice
Research Institute will permit allele mining for all genes of rice
and possibly for other cereals. Thus, altogether unforeseen
opportunities for creating novel genetic combinations have
been opened up.

The ecotechnology revolution

Knowledge is a continuum. There is much to learn from the
past in terms of the ecological and social sustainability of
technologies. At the same time, new developments have
opened up new opportunities for developing technologies
which can lead to higher productivity without adverse impact
on the natural resource base. Blending traditional and frontier
technologies leads to the birth of ecotechnologies with
combined strengths in the following areas:

m  economics;

= ecology;

= equity;

= employment;

= energy.

The information technology revolution

New communication and computing technologies are already

influencing life on our planet in a profound manner.

m  Access to the Internet will soon be universal and it can
provide unrestricted low-cost access to information, as well
as highly interactive distance learning. The Internet will
not only facilitate interactions among researchers, but also
greatly improve their ability to communicate effectively
with the potential users of their research knowledge.

s Computing makes it possible to process large-capacity
databases (libraries, remote-sensing and GIS data, gene
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banks) and to construct simulation models with possible
applications in ecosystem modelling, preparation of
contingency plans to suit different weather probabilities
and market variables.

m The software industry is continuously providing new tools
that increase research productivity and create new
opportunities for understanding complex agroeco systems.

m Remote-sensing and other space satellite outputs are
providing detailed geographic information useful for land
and natural resources management.

The

dissemination, the effective adoption of integrated systems of

gene and natural resource management and the effective
harnessing of information technologies should become
essential elements of the ‘science and technology for basic

promotion of ecotechnology development and

human needs’ movement.

Harnessing resources for a ‘science for basic human
needs’ movement

Since the onset of the Industrial Revolution in Europe,
technology has been a major source of economic inequity
among nations and among communities within nations. If
technology has been a cause of economic and social inequity in
the past, today we have an opportunity for making technology
an ally in the movement for social, gender and economic
equity. Modern information technology provides this
opportunity. Knowledge and skill empowerment can now be
achieved at a fast pace. However, the technological and skill
empowerment of the poor cannot be achieved through
programmes designed on the basis of a patronizing and a top-
down approach. The information provided should be demand-
and need-driven and the knowledge centres should preferably
be managed by women belonging to the socially and
economically underprivileged sections of the society. Our aim
in the early part of the coming century should be the initiation
and spread of a Knowledge Revolution for ending economic
and gender inequity.

The accomplishment of the tasks | have outlined so
far requires considerable technical, managerial and financial
resources. Scientists of the International Peace Research
Institute, Oslo, have studied the causes of armed conflicts
during the last 10 years. They found that violent conflicts in
most cases could be traced to economic rather than ideological
differences (de Soysa and Gleditsch, 1999). They have hence
suggested that investing in agriculture which helps to promote
food and livelihood security in many nations is an effective
strategy for preventing future wars, eradicating poverty,
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preventing environmental destruction and reducing violence.
Unfortunately, even now, far too high a proportion of national
gross domestic product (GDP) is being spent on arms and
military equipment as compared to programmes designed for
poverty eradication and meeting the basic needs of the
underprivileged sections of humankind. The so called ‘peace
dividend’ still remains only in the realm of possibility
(Swaminathan, 1994).

The year 2000 has been appropriately designated the
International Year for the Culture of Peace. Without peace and
human security, it will not be possible to ensure the basic
human needs of every child, woman and man. It will be
appropriate to recall on this occasion what Dwight D.
Eisenhower, a great war leader who subsequently became
President of the USA, stated on 16 August 1953:

‘Every gun that is made, every warship launched,
every rocket signifies in the final sense a theft from those who
are hungry and are not fed, from those who are cold and are not
clothed. This world in arms is not spending money alone. It is
spending the sweat of its laborers, the genius of its scientists,
the hopes of its children.’

Harnessing science and technology for fulfilling the
basic minimum needs of every child, woman and man living on
our planet will be possible only if this message becomes central
to the ethos of human culture.

Conclusion

To sum up, we are ending the 20th century with a huge
stockpile of scientific discoveries and technological
innovations. This stockpile is more than adequate to help all
nations to provide every adult human being with an
opportunity for a healthy and productive life and every
newborn child a happy future. It is therefore a sad commentary
on our political, social and spiritual value systems that the
number of children, women and men living in poverty today
exceeds the entire human population of our planet at the
beginning of the century. Unsustainable lifestyles and
degrading poverty co-exist everywhere. This is the greatest
failure of the developmental pathways and strategies adopted
during the century. Can we lay the foundation at this
Conference for the emergence of a new political, social and
scientific commitment to end the irony of widespread human
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misery and deprivation prevailing in the midst of uncommon
opportunities for a better common present and future for all? In
my view we can, provided every one of the nearly 2 billion
persons who are enjoying a healthy and productive life today
will keep the following the advice of Mahatma Gandhi as the
guiding principle in his/her day-to-day life and work:

‘Recall the face of the poorest and the weakest man
whom you have seen and ask yourself if the steps you
contemplate are going to be of any use to him. Will he gain
anything by it? Will it restore to him control over his own life
and destiny?

In other words, the formidable power of science and
technology can benefit mankind only if we know how to
temper it with humanism. Let us hope the new millennium
will throw up a new crop of leaders of science who will be able
to usher in an era of humanistic science. It is the duty of
scientific establishments and science academies to nurture and
foster the growth of young men and women research leaders
capable of initiating and managing change in goals and
strategies in the coming century.
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The scientist as global citizen
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Director, Office of Science and Technology Policy, Washington, DC, USA

(Delivered by Bruce Alberts, President, National Academy of Sciences, Washington, DC, USA)

Neal Lane wanted me to say at the start that it was a great honour
for him to be one of the opening speakers at this Conference. By
bringing together thousands of scientists and policy-makers, this
meeting provides a compelling demonstration of both the scope
and the importance of scientific knowledge. We are all privileged
to be at the centre of an activity that will have such a profound
influence on humanity’s future. And we are fortunate to be
working in science and technology during this exciting time of
ferment, progress and change.

Looking to the future, we see that we have a busy
agenda ahead of us. We must coordinate research projects that
are global in scale. We must choose, from an ever-widening
array of possible projects, those that have the greatest potential
scientific returns. We must ensure that scientists everywhere
on the planet are able to contribute effectively to problems
that will require all of the effort we can muster.

The growth of scientific knowledge is certain to be the
single most influential force of the next 100 years, as it has been
for the past 100 years.

We cannot predict how science will continue to
change the world, but it will change it profoundly. We can only
lament, as did the American Benjamin Franklin 200 years ago,
that we will not be here a century from today to see the wonders
that science has wrought.

The implications of science for society go well
beyond the results of research. We can learn much about 21st
century society by examining the nature of science. We can
also predict that the links between science and society will
become tighter and more numerous.

One critical aspect of this close relationship between
science and society is the increasing role for what Neal Lane
has termed ‘global citizen-scientists’. Our social institutions
have an increasing need for individuals who can stand at the
interface between new knowledge on the one hand and major
national and international societal needs on the other hand,
and act as a channel to pass information in both directions
between them. These individuals have responsibilities that
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extend both internally to the scientific community and
externally to the broader society.

There are two social trends that are generating the
need for global citizen-scientists. The first trend is the advent
of a global, information-based economy and the second is the
growing internationalization of science itself.

During the second half of the 20th century, the
industrialized societies were undergoing a transformation so
profound that some have labelled it the third major revolution
in human history: after the development of agriculture and
then the Industrial Revolution. This transformation has many
aspects, some of which are scientific, some technological and
some purely cultural. But the driving force behind many of
these changes is the transition from societies based on tangible
resources to societies based on knowledge.

For the past several centuries, the modern world has
been organized around resources, such as land, fossil fuels,
heavy industry or armaments. These resources will remain
important in the 21st century, just as the Industrial Revolution
did not diminish the importance of agriculture. But the most
valuable resource of the 21st century will not be a tangible
object. It will be knowledge — along with the educated and
well-trained people who can take advantage of that knowledge
— in short, people who can think!

Knowledge differs in a fundamental way from conven-
tional resources. Physical resources are inherently limited. And
their distribution is a limited-sum game. In contrast, the
distribution of knowledge is an unlimited-sum game.
Knowledge can be reproduced at virtually no cost. The pursuit
of knowledge is self-catalytic: knowledge generates more
knowledge in an exponentially increasing, feedback spiral.

The shift towards a knowledge-based economy has
revolutionary implications for national governments. Consider
foreign policy. Diplomacy changes in fundamental ways when
information from CNN television reaches policy-makers and
the public in real time, or when industrial competition rivals
military competition as a determinant of national power. The
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foreign affairs agencies and ministries of countries around the
world now face the formidable task of reinventing themselves
for the information age.

The ground rules for governments as a whole have
changed. Non-governmental organizations now have budgets
in the billions of dollars and deliver more official develop-
mental assistance than does the United Nations. They are
active partners in international negotiations over such crucial
issues as the global environment, the delivery of health care
and debt restructuring.

The fundamental relations among governments are
themselves being transformed by the advent of the information
age. North-South relations typically have been dominated by
considerations of natural resources. In the 21st century, issues
affecting the flow of knowledge among industrialized and
developing nations will take centre stage.

Science has in many ways been the instigator of these
changes, yet it, too, is being substantially altered by the
growing role of information in modern society. These trends
call for an increased involvement by global citizen-scientists.

In recent years, Neal Lane has become famous among
US scientists and engineers for his focus on the need for
scientists to use their technical knowledge to help address
societal objectives. In their new capacity of ‘civic scientists’,
scientists and engineers must step outside their campuses,
laboratories and institutes to engage in active dialogue with
their fellow citizens. They must learn about the many ways in
which technical knowledge is used in the broader society and
discuss with their fellow citizens the issues that are critical to
the future.

Of course, this does not mean that researchers should
reduce their efforts to identify and probe the seminal scientific
and technical questions, wherever they may lead. The history
of science demonstrates the enormous benefits that scientific
knowledge can deliver to society, very often in completely
unanticipated ways. As a global scientific community, we
must maintain a strong and balanced research effort to
push forward the frontiers of fundamental knowledge wherever
we can. Only in that way will we make the great discoveries
and advances that enrich our culture and that will ultimately
lead to a healthier and more prosperous life for all inhabitants
of our planet.

But science has become so integrated into the rest of
society that scientists must also look beyond the intriguing
research questions into questions that examine the ways
in which new scientific knowledge may be most effectively
used in society.
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Engaging in a dialogue with the public involves
listening as well as speaking. There is a great need for the
public to have a better understanding of science. But there is
an equally great need for scientists to have a better
understanding of the public.

It is particularly important that this dialogue with
scientists extend to policy-makers. Scientists traditionally have
served as advisers to policy-makers, providing input as needed
to policy decisions. Now the flow of information in the
opposite direction must intensify. Scientists must listen
carefully to the needs expressed by policy-makers and work
creatively and energetically to meet those needs.

When Neal Lane makes this argument to US
audiences, the implied context is typically local, regional and
national. He urges scientists and engineers to get involved in
societal issues in their communities, in their states, or at the
national level.

But the case for the civic scientist applies just as
forcefully at the international level. Of course, science has
always been among the most international of human activities.
The Russian writer and physician Anton Chekhov made this
point when he observed: ‘“There is no national science just as
there is no national multiplication table’. Similarly, the
statutes of the International Council for Science (ICSU) call
upon the organization to ‘observe and actively uphold the
principle of the universality of science’.

In recent decades, this international character of
science has become institutionalized in common practice.
The percentage of papers with authors from more than one
country has steadily grown. Scientific meetings draw
attendees from around the world. The growing sophistication
of the scientific communities in many countries has
diversified and strengthened our mutual pursuits. This will
only continue.

Modern communications have been both a tool and
a catalyst in this internationalization of science. The Internet
now makes it as easy to communicate with someone on the
other side of the world as with someone across the hall. The
international scientific community has become what Marshall
McLuhan termed a global village. The consequences of this
rapid communication and sharing of ideas are not only
scientific; they are social and cultural as well.

A second factor contributing to the internationalization
of science is the increasing number of fundamental scientific
challenges that are either too complex or too resource
intensive for any one nation — or those that are intrinsically
global in scope and importance.
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There are many such areas of investigation, from the
Human Genome Project to global change research to
elementary particle physics. Neal Lane wanted to mention one
with which he has had some recent experience. Since 1995,
UNESCO has provided critical financial support for the
formation and conceptual design of the Pierre Auger project,
which consists of a pair of observatories dedicated to
determining the origins of the highest-energy cosmic rays that
strike the Earth.

These cosmic rays are among the most mysterious
phenomena in nature. An observatory now under construction
in Argentina, which is arranged in a grid 10 times the size of
Paris, will record the so-called air ‘showers’ caused by the entry
of these high-energy particles into the atmosphere. A second
observatory, to be built at a location yet to be determined, will
allow studies of cosmic rays that strike the Northern
Hemisphere. To date, this project has involved more than 250
scientists from almost 20 countries. It is an excellent example
of the kinds of collaborative efforts that organizations like
UNESCO and ICSU can generate.

A third factor behind the internationalization of
science is the emergence of issues with dire societal conse-
quences that transcend national boundaries. These include
climatic disruption, loss of biodiversity, the degradation of
marine environments, the emergence of new infectious
diseases, the proliferation of nuclear materials and inter-
national trafficking in narcotics.

Several remarkable statistics help to convey the
magnitude of these problems. Between one-third and one-half
of the land surface of the Earth has been transformed by human
action. More than half of all the accessible fresh water on the
planet is now put to use by humans. Two-thirds of our major
marine fisheries are fully exploited, overexploited or depleted.

The practical importance of these problems does not
make the science involved in addressing them less challenging or
less intellectually stimulating. On the contrary, these problems
with profound societal relevance have become the focal points
around which much of today’s most exciting research is arrayed —
issues such as global climate change, industrial ecology and the
properties of complex computer networks.

We need also to emphasize what | believe is the
greatest problem we face — the remaining and, in many cases,
the growing inequities within and among nations. This is the
point made so well today by both Dr Vargas and Dr
Swaminathan. Pervasive poverty degrades the dignity of all of
us, no matter where it occurs — North, South, East or West.
There is a global imperative to close the widening gap between
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the haves and have-nots in the world — not through hand-outs,
but through building knowledge and very importantly the
capacity to use it.

The two trends that | have described — the advent of
an information-based economy and the growing international-
ization of science — reflect and reinforce each other. In turn,
these two trends have created new roles and responsibilities for
scientists and engineers.

These responsibilities are of two types, which I
characterized earlier as looking inward towards the rest of the
scientific community and looking outward towards the broader
society. With regard to the first — those directed towards the
scientific community — scientists have long appreciated the
importance of maintaining strong domestic science and
technology bases. Furthermore, they recognize that advances
by one research group or in one discipline contribute to the
progress of other groups or disciplines, so that strengths in any
strengthen the whole enterprise.

With the rapid internationalization of science, the
same arguments apply just as forcefully on a global scale. By
helping science anywhere, scientists strengthen science
everywhere. This win-win characteristic of modern science is a
consequence of the cumulative nature of scientific knowledge.
Science has undergone incredible growth over the past half-
century. More than 80% of all the scientists who have ever
lived are alive at this moment. Of all the science ever
performed in human history, most has been done by people
who are alive right now.

This growth of the scientific community has
produced a tremendous quickening of scientific thought.
Advances anywhere in the world race along formal and
informal lines of communication, speeding the generation of
more knowledge. Strengthening the worldwide scientific
community is therefore to the advantage of all scientists.

There are many possible ways for scientists to
strengthen the international scientific community. For
example, the US Government manages approximately 33
bilateral science and technology ‘umbrella agreements’ with
other nations. Under these umbrella agreements are hundreds
of implementing agreements between US technical agencies
and their counterparts in those countries. By engaging in
collaborative efforts under these agreements, scientists advance
their own research programmes, while also contributing to the
infrastructure of international cooperation.

These international collaborations have many other
benefits. For example, they have proved to be an extremely
valuable tool for engaging with former Warsaw Pact countries at



SCIENCE FOR THE TWENTY-FIRS]-CENTURY:A NEW COMMITMENT

the end of the Cold War. Based on the success of those
agreements, the USA is pursuing similar cooperative efforts with
other countries in transition, including Russia and South Africa.

The internal responsibilities towards the scientific
community that | have been discussing are important, but the
responsibilities of scientists do not stop there.

The major problems facing our global society — such
as poverty, environmental degradation, disease and unsustain-
able energy production — are complex human problems. None
of these problems will be solved solely with science and
engineering. But none will be solved without science and
engineering.

There are many examples of the ways in which
scientists and engineers have stepped up and begun to grapple
with these questions, and I'll cite just a few. For example,
President Clinton’s Committee of Advisors on Science and
Technology — called by its initials, PCAST — has taken on a
number of crucial international issues. In one such recent
effort, they looked at energy research and development with
particularly high pay-offs to future society. As the world moves
towards competitive energy markets, it is important for
governments to build mechanisms into these markets that can
advance public benefits. For example, the PCAST report
encouraged increased collaboration with developing countries
on technology and environment issues, international
demonstration and commercialization activities, and support
for equitable access to energy resources.

Neal Lane also wanted to emphasize the good
example set by the scientists, engineers and policy-makers who
are attending this meeting. We are here to strengthen existing
mechanisms of cooperation in science, as well as between
scientists and policy-makers, and to create new mechanisms
that will address both national and international needs. There
are few more important tasks in our interconnected world.

The years ahead will see many new and exciting ways
in which scientists can contribute to this task. For one,
scientists have an opportunity and a responsibility to become
much more engaged in foreign affairs. As | mentioned earlier,
traditional diplomacy faces great challenges in adapting to a
networked world. By working with or within foreign service
agencies, scientists can help them make the transitions needed
to deal with our new knowledge-based global system.

Finally, scientists have many new roles to play in
education. Fostering a continued, lifelong engagement in
science and technology among citizens of all ages is a challenge
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that both Neal Lane and | are addressing in the USA. But all
countries need to build a cadre of well-trained scientists and
engineers who can work at the frontiers of science and its
applications. And all countries need to foster public
understanding of science and technology so that people
support and can take advantage of the products of new
knowledge. As with science itself, excellence in science
education should know no national boundaries. There is much
here also that we all need to begin to share.

Let me end by admitting that the world today faces
great challenges — as severe as any that human beings have
ever faced. We scientists could declare the task of solving these
problems too great, too complex, and thus impossible. We
could then go back to focusing exclusively on our narrow
scientific concerns. But | would draw a parallel with the
founding of the United Nations. There were some who said it
could not be done and should therefore not be attempted. But
there were many more who said: ‘This will not be easy, but we
cannot risk not trying'.

It is certain that our responsibilities extend beyond
the world of science. We are the ones who will help determine
the ways in which new knowledge intersects with societal goals
and values. We are the ones who can stand at the crossroads of
human knowledge and human needs, and help our world chart
the course ahead. This is a challenging task, but also a
necessary and an important one. Science has been a great
source of good in our world. It had an important role in my
country’s own revolution, through which we won our
independence. One of the architects of the US government,
and our third President, was Thomas Jefferson, who — as many
of you know — was a practising scientist.

| believe that people all over the world — not just
Americans — can look up to Jefferson as a model of the civic
scientist. Jefferson loved scientific inquiry and he made it a
practice to carry in his pockets some of the scientific tools of
his day — thermometer, surveying compass, magnifying glass,
even a small globe. But he coupled his love of science with a
passion for freedom and human rights and it is for these
activities that he is famous today. In fact, Jefferson saw a link —
not a contradiction — between the two main pursuits of his life.
He wrote, ‘The main object of all science is the freedom and
happiness of man.” It is our responsibility to continue to strive
for Jefferson’s noble goal.

Thank you for the privilege of being able to address
this great Conference.
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Science and human values

Joseph Rotblat
Past President, Pugwash Conferences on Science and World Affairs, London, UK

Should scientists be concerned with the ethical issues and the
social impact of their work? Should they accept responsibility
for the human and environmental consequences of scientific
research? Those questions did not arise in the distant past,
because there hardly were such consequences. In those days
science had no role in the day-to-day life of people or — with a
few exceptions, such as Archimedes and Leonardo da Vinci —
in the security of states. Science was largely the pursuit of
gentlemen of leisure. They would collect plants or fossils; they
would gaze at the sky and note unusual events. There was no
Internet then, so they communicated their observations to
other gentlemen with similar hobbies at gatherings of a social
character, a sort of salon entertainment. The impulse for those
pursuits was sheer curiosity — the same that drives scientists
today — with no proclaimed practical aims.

In the course of time, science began to be taken up
as a full-time profession; learned societies and academies of
science were established, with highly exclusive memberships,
and this widened even further the detachment of scientists
from society. When the Royal Society — which is now the
national academy of sciences in the UK — was formed 340
years ago, one of its founders, the famous physicist Robert
Hooke, stipulated that the Society ‘should not meddle in
Divinity, Metaphysicks, Moralls, Politicks, Grammar,
Rethorick or Logick’. This rather odd assortment of banned
topics does not figure in the Charter of the Royal Society, but
the spirit of exclusivity is still there, in the election to
Fellowship. In the list of objectives of the Royal Society, the
first item is ‘To recognise excellence in science and its
application, through election to the Fellowship...’. The
procedure for election of members is still one of the main
preoccupations of academies.

The detachment of scientists from general human
affairs led them to build an ivory tower in which they
sheltered, pretending that their work had nothing to do with
human welfare. The aim of scientific research — they asserted — was
to understand the laws of nature; since these are immutable
and unaffected by human reactions and emotions, these
reactions and emotions had no place in the study of nature.
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Avrising from this exclusivity, scientists evolved certain
precepts about science to justify the separation from reality.
These precepts included: ‘science for its own sake’; ‘scientific
inquiry can know no limits’; ‘science is rational and objective’;
‘science is neutral’; ‘science has nothing to do with politics’;
‘scientists are just technical workers’; ‘science cannot be blamed
for its misapplication’. John Ziman, in a paper on the basic
principles of the social responsibility of scientists (in a joint
Pugwash-UNESCO project in 1982) analysed each of these
postulates and found them all wanting in the current context.

The ‘ivory tower’ mentality was perhaps tenable in
the past, when a scientific finding and its practical application
were well separated in time — the time interval between an
academic discovery and its technical application could be of
the order of decades — and implemented by different groups of
scientists and engineers. Pure research was carried out in
academic institutions, mainly in universities, and the scientists
employed there usually had tenure; they were not expected to
be concerned about making money from their work. Taking
out of patents occurred very infrequently and was generally
frowned upon. This enabled academic scientists to absolve
themselves from responsibility for the effects their findings
might have on other groups in society.

On the other hand, the scientists and technicians
who worked on the applications of science were mainly
employed by industrial companies whose chief interest was
financial profit. Ethical questions about the consequences of
the applied research were seldom raised by the employers and
the employees were discouraged from concerning themselves
with these issues. All this has changed. The picture that | have
presented is so much different from current practices in science
that we may as well speak of being in a different set-up.

The tremendous advances in pure science,
particularly in physics during the first part of the 20th century
and in biology during the second half, have completely
changed the relation between science and society. Science has
become a dominant element in our lives. It has brought great
improvements in the quality of life, but also grave perils:
pollution of the environment, squandering of vital resources,
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increase in transmittable diseases and, above all, a threat to the
very existence of the human species on this planet through the
development of weapons of mass destruction.

The hugely increased role of science in the life of the
community, brought about by the great discoveries in science,
has in turn resulted in an immense increase in the magnitude
of the scientific endeavour; a process of positive feedback, in
which success breeds further success. Thus, we saw an
exponential growth in the number of scientists and
technicians; in the number of publications; in the number and
size of scientific meetings. In parallel with this there has been
a radical change in the methodology of scientific research, its
scope, its tools, its very nature. We can truly speak about a
scientific revolution.

Not all of the success was propitious. For example,
the success of the Manhattan Project during the Second World
War brought home to military leaders the great importance of
science, particularly physics; they became eager to provide
financial support to any project, even if remote from military
applications. No peer review of the scientific value of these
projects was required, with the result that some bad science
was done and much money was wasted. Industry, with its close
connections with military establishments, also increasingly
promoted research projects.

Governments, always on the lookout for ways to
reduce spending, were only too eager to unload on industry the
burden of scientific research. Gradually this resulted in a definite
shift in the way scientific research was supported. Universities
were told that they had to seek financial support from industry,
indeed that their research must be such as to be financially self-
supporting. In some disciplines, such as molecular biology and
genetic engineering, much of the research is being funded by
industry, largely the pharmaceutical industry, and the main
purpose is to secure patents from the discoveries. Financial
profit, rather than intellectual advancement, seems to have
become a major motivation for research.

An important outcome of the change of emphasis in
scientific research is the narrowing of the gap between pure
and applied science. In many areas this distinction has become
very difficult to discern. What is pure research today may find
an application tomorrow and become incorporated into the
daily life of the citizen next week (or even earlier if it has
military value). Scientists can no longer claim that their work
has nothing to do with the welfare of the individual or with
state politics.

Scientists cannot make such claims, but many of
them do. Amazingly, many scientists still cling to the ivory
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tower mentality, they still advocate a laissez-faire policy for
science. Their logic rests mainly on the distinction between
pure and applied science. It is the application of science that
can be harmful, they claim. As far as pure science is concerned,
the only obligation on the scientist is to make the results of
research known to the public. What the public does with them
is their business, not that of the scientist.

As already shown, the distinction between pure and
applied science is largely non-existent. And the amoral
attitude adopted by those scientists is unacceptable. It is — in
my opinion — an immoral attitude, because it eschews personal
responsibility for the likely consequences of one’s actions.

We live in a world community with ever-greater
interdependence, an interdependence due largely to technical
advancement arising from scientific research. An inter-
dependent community offers great benefits to its members, but
by the same token it imposes responsibility on them. Every
citizen has to be accountable for his/her deeds; we all have a
responsibility to society.

This responsibility weighs particularly heavily on
scientists for the very reason stated above: the dominant role
played by science in modern society. Michael Atiyah, former
President of the Royal Society and currently President of
Pugwash, further developed the reasons for the special
responsibility of scientists. In his 1997 Schrodinger Lecture, he
said: ‘Scientists will understand the technical problems better
than the average politician or citizen and knowledge brings
responsibility’.

Both in that lecture and in a presidential address to
the Royal Society, Sir Michael stressed the need for scientists
to take responsibility for their work for yet another reason: the
consequences for science of having a bad public image. The
public does hold scientists responsible for the dangers arising
from scientific advance: nuclear weapons are a menace and the
public rightly blames the scientists; human cloning is
distasteful and viewed by the public as immoral, and science is
castigated for the few scientists that want to pursue it. The
general public, through elected governments, has the means to
control science, either by withholding the purse, or by
imposing restrictive regulations harmful to science. Clearly, it
is far better that any control should be exercised by the
scientists themselves.

It is most important that science improve its public
image, that it regain the respect of the community for its
integrity and re-establish trust in its pronouncements.
Scientists must show by their conduct that it is possible to
combine creativeness with compassion: letting the imagin-
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ation roam with caring for fellow creatures, venturing into
the unknown yet being fully accountable for one’s doings.

I hope that this World Conference on Science will
finally convince the scientific community that modern science
must take human values into account. By adopting the
Declaration on Science and the document Science Agenda —
Framework for Action, the participants in this Conference
commit themselves to taking responsibility for the ethical
issues arising from the pursuit of science.

The fulfilment of this commitment calls for certain
measures to be taken. | would like to make a few suggestions of
concrete measures, but first a recapitulation of the purpose of
science. While the main purpose is simply to push forward the
frontiers of knowledge, this pursuit should contain an element
of utility, namely, benefit to the human community. In this
respect | find a statement made nearly 400 years ago by Francis
Bacon fully applicable to the present time: ‘I would address one
general admonition to all: that they consider what are the true
ends of knowledge, and that they seek it not either for pleasure
of the mind, or for contention... but for the benefit and use of
life... that there may spring helps to man, and a line and race
of inventions that may in some degree subdue and overcome
the necessities and miseries of humanity.” To bring it up-to-
date, | would add ‘...and to avert the dangers to humanity’.

These desiderata should be expressed in an ethical
code of conduct for scientists, and formulated in some sort of a
Hippocratic Oath. An ethical code of conduct for medical
practitioners has been in existence for nearly two and a half
millennia. In those days — and still today — the life of a patient
was literally in the hands of the doctor and it was essential to
ensure that the doctor would wield his power responsibly, with
the care of the patient being his foremost duty. Hence the
Hippocratic Oath taken by doctors when they qualify.

Nowadays, scientists can be said to have acquired a
somewhat similar role in relation to humanity. The time has
thus come for some kind of oath, or pledge, to be taken by
scientists when receiving a degree in science. At the least, it
would have an important symbolic value, but it might also
generate awareness and stimulate thinking on the wider issues
among young scientists.

Various formulations of oaths, to suit specific
conditions, have been suggested and introduced by some
professions. A formulation suitable for young scientists, to be
taken at graduation, has been adopted by the Student Pugwash
Group in the USA. This Pledge, already taken by thousands of
young scientists in several countries, reads: ‘I promise to work
for a better world, where science and technology are used in
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socially responsible ways. | will not use my education for any
purpose intended to harm human beings or the environment.
Throughout my career, | will consider the ethical implications
of my work before | take action. While the demands placed
upon me may be great, | sign this declaration because |
recognize that individual responsibility is the first step on the
path to peace.’

It should be noted that the Pledge refers to harm to
the environment, as well as to human beings, that may result
from science and technology. Universities should be asked to
adopt the practice of graduates in science taking the Pledge at
degree ceremonies. A precondition for this should be the
introduction to the university curriculum of a course of lectures
on the ethical aspects of science.

While it is very important that new entrants into a
scientific career become aware of their social responsibilities, it
is also important that senior scientists acknowledge their own
awareness of such responsibilities. For this purpose, | suggest
that national academies of sciences (or corresponding bodies
in countries where there are no academies) should explicitly
include ethical issues in their terms of reference. The charters
of some academies already contain clauses that allow them to
be concerned with the social impact of scientific research. But
I would like to see these clauses made mandatory; there should
be explicit statements that ethical issues are an integral part of
the work of scientists.

As a follow-up to this general commitment, | suggest
a specific task for the academies: the setting up of ethical
committees — another practice borrowed from medicine. In
many countries, a research project that involves patients has to
be approved by the ethical committee of the hospital, to ensure
that the investigation will not put the patient’s health and
welfare at significant risk. This practice should be extended to
research work in general, but perhaps, in the first instance, to
genetic engineering, an area of research which has a direct
impact on the health of the population.

I suggest that ethical committees, composed of
eminent scientists from different disciplines, should be set up
for the task of examining potentially harmful long-term
effects of proposed research projects. Such projects have
normally to be reviewed for other reasons — for scientific
merit, for budget justification, for compatibility with other
projects, etc. To these | would add ethical considerations and
possible harmful applications. The assessment for this could
be carried out in parallel with the other assessments and
would not therefore cause a significant delay. The ethical
committees should work under the auspices of the national
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academies of sciences in the country, but it would be essential
for the criteria used in the assessment of projects to be agreed
internationally so that the same standards are applied
everywhere. The International Council for Science (ICSU)
seems to be the appropriate organization to coordinate the
task. In some countries ethical vetting is already carried out
by formal or informal bodies, but there is a need for general
acceptance and for an implementation mechanism, and this
is where ICSU should come in.

While on the subject of organizations of scientists, |
should mention that there is also an important role for fully
independent organizations specifically concerned with the
ethical issues arising from scientific research and its
applications. A large number of such organizations of sci-
entists are in existence. Among those familiar to me |
would mention the Federation of American Scientists, the
Forum on Physics and Society of the American Physical Society,
the Union of Concerned Scientists, Scientists for Global
Responsibility, and — above all — the Pugwash Conferences on
Science and World Affairs, to which | have already alluded
several times. Non-governmental organizations (NGOs) can
take on the task which the academies of science might find it
inexpedient to be involved with, because of their restrictive
terms of reference; in some countries academies are officially or
indirectly organs of government establishments.

I have mentioned earlier a negative aspect of the
current trend of scientific research, namely, that it is becoming
motivated by financial gain. Frequently, this is detrimental to
one of the main postulates of scientific research: that results of
research are available to everybody. The financial promoters of
research projects tend to impede the publication of findings,
either prohibiting it altogether or delaying it considerably. The
whole practice of patenting scientific findings goes against a
basic tenet of science; it also affects the pursuit of science by
exacting payment for the use of essential materials, or the
technology covered by patent rights. To overcome these
inequities, action should be initiated, for example to ban the
granting of patents for certain results of scientific research,
particularly on basic materials such as genes. A radical solution
would be to buy out the patents on findings that directly or
indirectly affect human health.

Secrecy in scientific research for the financial profit of
a commercial company is only one aspect of a multi-faceted
problem. Another is secrecy imposed by scientists themselves, in
the pursuit of a Nobel Prize, for example, to safeguard against
other scientists stealing their ideas or techniques. This too may
cause a delay in the publication of results and thus be an
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impediment to scientific progress. It is an ethical issue which
scientists have to tackle among other undesirable practices, such
as announcing results to the media before their presentation for
peer review, or publication of fraudulent research.

However, the worst aspect of secrecy is that imposed
by governments in national research laboratories, such as Los
Alamos or Livermore in the USA, the Chelyabinsks or
Arzamases in Russia, Aldermaston in the UK, etc. Many
thousands of scientists are employed there doing pure and
applied research for specific purposes, purposes that | see as the
negation of scientific pursuit: the development of new or
improvement of old weapons of mass destruction. Among
these thousands there may be some scientists who are
motivated by considerations of national security. The vast
majority, however, have no such motivation; in the past they
were lured into this work by the siren call of rapid advancement
and unlimited opportunity (according to Herbert York, the
first director of the Livermore Laboratory). Theodore Taylor,
one of the chief designers of the atom bomb in Los Alamos,
said: “The most stimulating factor of all was simply the intense
exhilaration that every scientist and engineer experiences
when he or she has the freedom to explore completely new
technical concepts and then bring them into reality.” What is
going on in these laboratories is not only a terrible waste of
scientific endeavour but a perversion of the noble calling of
science. It should not be tolerated.

The Nobel Laureate Hans Bethe, one of the most
senior living physicists and one-time leader of the Manhattan
Project, said: “Today we are rightly in an era of disarmament and
dismantlement of nuclear weapons. But in some countries
nuclear weapons development still continues. Whether and
when the various Nations of the World can agree to stop this is
uncertain. But individual scientists can still influence this
process by withholding their skills. Accordingly, | call on all
scientists in all countries to cease and desist from work creating,
developing, improving and manufacturing further nuclear
weapons — and, for that matter, other weapons of potential mass
destruction such as chemical and biological weapons.’

I would like to see an endorsement of this call by
the scientific community. I will go further and suggest that the
scientific community should demand the elimination of
nuclear weapons and, in the first instance, request the nuclear
powers to abandon the policy of nuclear deterrence —an excuse
for keeping nuclear arsenals indefinitely and, in essence,
seeking to maintain peace by a balance of terror.

I am aware that by making these suggestions |
am entering the domain of political controversy, but | am
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doing so without contrition. We are gathered here under
the auspices of UNESCO, which has a clear mandate to
abolish the culture of violence that characterized the
20th century and usher a culture of peace into the
new millennium. But how can we talk about a culture of
peace, if that peace is predicated on the existence of
weapons of mass destruction? How can we persuade the
young generation that they should cast aside the culture of
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violence, when they know that we are relying for peace on a
balance of terror?

Let me, in conclusion, remind you that the theme of
my speech was science and human values. The basic human
value is life itself; the most important of human rights is the
right to live. It is the duty of scientists to see to it that, through
their work, life will not be put into peril, but will be made safe
and its quality enhanced.
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The nature of science

Paul Hoyningen-Huene
Director, Centre for Philosophy and Ethics of Science, University of Hannover, Germany

What is the nature of science? Of course, it is virtually
impossible to answer this question in a short text. The
scientific endeavour is just too complex. But sketching some
of the most salient features of scientific knowledge highlights
one of the most distinctive characteristic features of science —
its systematicity. This is not to say that other forms of
knowledge are entirely unsystematic. For instance, if you want
to know how many people are in a room, you would use a
systematic procedure, namely counting, but this does not
make you a scientist. However, scientific knowledge is
typically more systematic than other forms of knowledge, and
it expands its systematicity into new domains. The
systematicity of scientific knowledge concerns more than one
single aspect of science.

The systematicity of science

In this short essay, the systematic character of scientific
knowledge is examined with respect to five features of science:
how science describes, how science explains, how science
establishes knowledge claims, how science expands knowledge
and how science represents knowledge. These features of
scientific knowledge are systematic, though not in exactly the
same sense. But systematicity is always distinct from the purely
accidental and random. Thus, my account of the nature of
science will not really be an answer in terms of one single
defining quality. Instead, the systematicity of science will
concern all five of these features. Together, they articulate the
specific nature of science, one of the most spectacular cultural
achievements of humankind. In this essay, | will only deal with
the natural sciences, but the analysis can easily be extended to
cover the specific features of the social sciences and the
humanities as well.

How science describes

Scientific descriptions represent a first aspect of the
systematicity of scientific knowledge. In the historical natural
sciences, like cosmology which describes the history of the
universe or palaeontology which describes the history of life on
the Earth, descriptions of particular events and processes are
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predominant. For example, palaeontologists attempt to
describe the particular chain of events which led to the
extinction of the dinosaurs some 60 million years ago. With
respect to these particular descriptions, the historical natural
sciences share much with other historical disciplines such as
political history or art history. However, in the laboratory
sciences, like solid state physics or protein chemistry, the
situation is quite different. In these fields, scientists are not
interested in a particular historical event or process, but always
in groups of events or processes. Thus, while investigating a
particular metal like copper, scientists are not interested in the
behaviour of the particular piece of metal in their hands. They
are interested in the behaviour of every piece of copper, or
perhaps even more generally, in all metals. In other words, in
the laboratory sciences, scientists aim for general descriptions,
that is, descriptions that provide generalizations about a
certain domain of phenomena, or the regularities holding in
this domain. Making such general descriptions presupposes a
classification appropriate to the respective phenomena.
Similar phenomena must be grouped together, otherwise a
generalized description is not possible. Here we find the first
aspect of the systematicity of science. Science classifies
phenomena in a systematic fashion. The systematic scientific
ordering, or classification, of phenomena is mirrored by the
large number of scientific disciplines and sub-disciplines, each
of which deals with a particular domain of phenomena. For
these domains, science aims at generalized descriptions which
express the common nature of the phenomena in that
respective domain.

Why does science aim at generalized descriptions?
The reasons are the same as in everyday life and in
engineering. Generalized descriptions can be used to predict,
control, or explain phenomena of the same kind. Having
general knowledge about how a certain material behaves
enables one to use that material in a predictable way in the
design of some apparatus. Knowing regularities of the weather
enables one to predict its probable future course. But scientists
want to dig deeper than a mere knowledge of these regularities
that can be observed and described. Scientists want to
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understand the regularities of the world. This leads to the
second aspect of the systematicity of science.

How science explains

Science typically creates theories. Theories serve many
functions in science, and a complete description of all these
functions is well beyond the limits of a short article. What is of
main concern here is the explanatory, unificatory and
predictive power of scientific theories. Typically, some domain
of phenomena which is well described, but not really
understood, finds an explanation through a scientific theory.
Consider the planetary motions, for which fairly accurate
mathematical descriptions have been known for quite a long
time. But explaining why these motions take place as they do
is a different kind of story. In the history of science, extremely
diverse explanations have been given for these motions. For a
long time, the most successful one had been that given by Isaac
Newton. Newton’s theory postulated a gravitational force as an
explanatory device. This gravitational force is a typical
ingredient of scientific theories as it is an entity that cannot be
directly observed. In a sense, it is a speculative component of
science. Because theories contain such speculative elements,
they are risky, but | will return to this risk a little later. At this
point, the systematic aspect of scientific theories is more
important, namely their power to provide causal explanations
which unify entire domains of phenomena. Thus, Newton’s
gravitational theory explained and unified such diverse
phenomena as the free fall of apples, the motion of the planets
and the occurrence of the tides. It systematically structured a
vast domain of apparently diverse phenomena by providing a
unified, quantitative, causal explanation: all of these
phenomena are caused by gravitation.

Furthermore, with the use of theories, the predictive
power of science increases tremendously. For example, many
cultures had discovered the regularities in the motions of
celestial objects, including knowledge of the temporal pattern
of eclipses. On the basis of these generalized descriptions, it
was possible to predict eclipses of the sun and the moon. But
once these regularities were explained by an appropriate theory
of gravitation, additional novel predictions became feasible;
for instance, the prediction of the existence of a previously
unknown planet. On the basis of the 20th century theory of
gravitation — the general theory of relativity — even the
existence of entirely novel entities has been predicted, among
them black holes.

One particularly successful explanatory strategy is the
use of reductionist explanations. These make systematic use of
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the fact that, very often, the behaviour of a particular system
can be explained with reference to its constituent parts
together with the laws governing their interactions. Large
areas of science, such as solid state physics or quantum
chemistry or molecular biology, rely on this sort of explanation.
However, this explanatory strategy is only successful under two
conditions: if the system’s interaction with its environment
can be neglected and if the internal organization of the system
is not exceedingly complex. Evidently, systems that interact
strongly with their environment cannot be explained with
recourse to their component parts alone. Instead, approaches
are needed that take these interactions into account.
Additionally, complex systems may exhibit behaviour that is
unexpected on the basis of knowledge of their component
parts. In these systems, reductionist explanations may reach
practical, or even in principle, limits.

How science establishes knowledge claims

The third aspect of science which exhibits systematicity is
probably one of the most popular features of science. Science
purports to provide a form of knowledge that is particularly
reliable and trustworthy. What is the basis of this claim? The
central insight, which science takes extremely seriously, is that
human knowledge is constantly threatened by error. Error may
arise as the result of mistakes, false assumptions, entrenched
traditions, belief in authorities, superstition, wishful thinking,
prejudice, bias and even fraud. Science is extremely careful and
successful in detecting and eliminating all sorts of error. It is
not that it is invariably successful, but it is the most systematic
human enterprise in its attempt to eliminate error in the search
for knowledge. Finding adequate generalized descriptions of
some domain of phenomena is hard enough. It is all too easy to
overgeneralize and fall prey to prejudices. But the real difficulty
with error elimination concerns the fact that science strives for
explanatory theories that contain entities which cannot be
directly observed. How can the purely imagined be
distinguished from an unobservable reality? How can science
distinguish between a theory which uncovers some invisible
mechanism that secretly governs some set of natural
phenomena from a mere flight of fancy?

In this respect, the most outstanding characteristic
feature of modern science is its use of experiment. Although
experiments have been performed in various contexts across
many cultures, the systematic use of experiment, as a means to
test and confirm knowledge claims, is a unique feature of
modern science. Of course, observation has been used by many
other knowledge-seeking traditions, including the Western
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scholarly tradition out of which modern science emerged
historically. But the systematic use of experiment to generate
new knowledge and to test knowledge claims underwrites some
of the outstanding features of modern science. First, the use of
experiment allows scientists to test purported causal
connections. Whereas, by observing, one can only see a
temporal succession of events, by experimenting one can test
whether the temporal succession is causal. Roughly speaking,
this is accomplished by repeatedly producing one event and
observing if the other event occurs thereafter. Second,
experiments allow scientists to test claims about the existence
and properties of postulated theoretical entities much more
rigorously compared with observation alone. In an experiment,
one can create a situation in which the postulated theoretical
entities should behave in a particular manner. If these effects
can indeed be observed, then one has indirect evidence for the
existence and properties of the postulated entities. Finally,
knowledge that has been experimentally tested can
immediately be used practically. This is because applying
knowledge technologically is basically the same series of
physical actions as experimenting, but with different
intentions. An experiment which tests a hypothesis about the
causal connection between events A and B produces A then
observes whether B occurs. Technologies which apply
knowledge about the causal connection between A and B
produce A in order to generate the desired effect B. In this way,
the experimental character of scientific knowledge lies at the
heart of its technological fertility.

The intellectual integrity of science crucially depends
upon its willingness to assess its knowledge claims systematically.
In mathematics, the most rigorous of all sciences, no statement
that expresses more than a convention is accepted unless it is
backed up by a proof. The natural sciences share a similar
feature. Although one cannot prove statements from the
natural sciences with mathematical certainty, no statement is
accepted unless it is supported by a variety of empirical evidence
and no statement is immune to revision or even refutation in
light of empirical evidence. Systematically discovering the
strengths and weaknesses of particular knowledge claims is one
of the hallmarks of science. Experiments also play a crucial role
in generating new knowledge, which brings me to the fourth
aspect of the systematicity of science.

How science expands knowledge

From a sociological point of view, one of the most astonishing
facts about science is its remarkably rapid growth over the
course of several centuries. Science is entirely a dynamic
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enterprise. | think that this feature best distinguishes science
from all other knowledge systems, past and present. Many
other knowledge systems remained stable over centuries or
even millennia, providing orientation to humankind. But
science has managed to improve and expand its knowledge to
an unprecedented degree. Of course, the growth of science
depends on the availability of the appropriate material
resources, but the mere availability of these resources does not
explain why science strives towards, and succeeds in,
improving and expanding its knowledge. Why does science
always attempt to expand its knowledge and how does it
manage to succeed so consistently?

First, science is driven by the ideal of systematically
completing its knowledge. Scientists are not simply after some
scattered facts about a certain domain. Ideally, they want to
know everything about it. Physicists want to know all of the
fundamental interactions of matter. Chemists want to
understand the chemical bond completely. Biologists want to
know everything about the human genome. Geologists want to
have a complete grasp of the dynamics of the Earth’s crust. For
this reason, scientists are typically aware of the gaps in their
knowledge of a certain domain and they systematically try to
fill these gaps. But how do they go about it?

The essence of science’s astonishing ability to expand
our knowledge is the fact that the stock of already existing
knowledge is systematically used in order to create new
knowledge. Thus, every piece of newly gained knowledge
provides additional resources for increasing knowledge further.
Put succinctly, science is a self-amplifying process. To express
this in cybernetic terms, there is a positive feedback loop such
that the already existing knowledge enhances the production
of new knowledge. This may be surprising to those who are
more familiar with the traditional idea that science proceeds by
applying the scientific method — understood as a set of rules
which guarantee reliability of scientific knowledge and its
progress. During the last few decades, close scrutiny of science
has led to a move away from the idea of the scientific method.
The procedures of science appear much more individually case-
based. Productive scientific work is largely fuelled by existing
scientific results which it takes as models then extends.
Abstract rules or principles are not a major governing force.
Science, especially fundamental science, is much more artful
and playful than a strictly rule-governed procedure. Instead,
the extension by analogy and metaphor from what is already
known into unknown domains aids the creative process.

In addition, science exploits another body of
knowledge in an extremely successful way. Science exploits
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technology. Of course, in the 20th century, technology is largely
science based in the sense that many scientific results enter
technological innovations. But it would be far from the truth to
assume that technology is developed by a rather thoughtless,
mechanical application of scientific results. On the contrary,
engineers have their own creative traditions, quite distinct from
the scientist’s. But regardless of the extent to which a certain
brand of technology is science based, science is always eager to
exploit the latest technology. This is because of science’s
systematic use of experiment which | mentioned earlier. The
import of new technology into science provides a whole host of
opportunities for constructing new experiments or building
more precise measuring instruments. In the second half of the
20th century, the use of computers and software has had
innumerable applications in science. Completely new fields of
research have emerged as the result of the possibility of
electronic computing and many existing fields have been
thoroughly revolutionized in the process. Again, we see a
positive feedback process between science and technology.
Science is used to create new technologies and new technologies
are used to improve and extend scientific knowledge.

I have been talking about the intentional, planned
expansion of scientific knowledge. But knowledge generation
may also contain an element of chance, in particular with
respect to surprising, novel knowledge. Paradoxical as it may
sound, science is even systematic in exploiting chance for
generating new insights. There are several aspects of this
systematic use of chance. One aspect concerns so-called brute
force approaches, where a vast number of cases are systematically
searched, one by one, until an interesting case arises. An
example is the search for pharmacologically active compounds
by systematically examining a large number of chemical
substances. A second way of forcing chance is by explorative
experimentation into a comparatively unknown system.
Bringing that system into different experimental conditions
reveals its properties. A third way of exploiting chance for the
generation of new knowledge is a by-product of experiments
which aim at testing hypotheses. In these experiments, one has
expectations about the outcome if the hypothesis is acceptable.
Deviations from these expectations are readily noted. Such
deviations may be due to the falsity of the hypothesis tested, but
they may also be due to the falsity of some auxiliary hypothesis
that was tacitly used, or even taken for granted, in the
experimental setup. In the latter case, quite unexpected
discoveries — chance discoveries as they are sometimes called —
may be made. Scientific research procedures are such that these
chances have a good chance of being noticed.
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How science represents knowledge

The last aspect of science’s systematicity that | will briefly
discuss concerns the representation of scientific knowledge. The
background idea is that knowledge itself is internally structured
and that an adequate representation of this knowledge must
take this internal structure into account. The results of science
can and must be represented in an orderly, systematic fashion.
Once again, a prime example is mathematics in which the
systematic representation of knowledge is pushed to its extreme.
But in the empirical sciences, important distinctions also have
to be made with respect to the representations of knowledge:
the general has to be distinguished from the particular, the well-
established from the merely hypothetical, the descriptive from
the theoretical, the logically dependent from the logically
independent, etc. It is quite clear that the systematicity in
representation is instrumental for other aspects of the
systematicity of science. The systematic representation of
existing knowledge may reveal gaps, errors or weaknesses of all
sorts that might otherwise go unnoticed.

Drawbacks

Having reviewed those aspects which exhibit science’s
systematicity, let me now turn to those features that are, as a
consequence of systematicity, drawbacks of science. There are
two issues that seem to be most important in this context.

Specialization and fragmentation

The systematic character of scientific research leads to
specialization. Specialization is an effect of systematically
pursuing questions that present themselves in the course of
research. Specialization is the price one has to pay for
systematic, in-depth knowledge. There are also counter-
tendencies in science that tend to overcome specialization.
These tendencies are due to systematic attempts to unify
science with the use of overarching theories, and by internally
driven interdisciplinary research. But the main fact remains
that scientific knowledge is quite fragmented due to
specialization, at least in practice. There are various negative
consequences of this kind of specialization and ensuing
fragmentation. There is a communication problem between
science and the public, between science and science policy,
and within science between different disciplines, even between
sub-disciplines in the same field. These communication
difficulties give rise to a variety of problems. It is difficult for
the public to understand what is going on in science; policy-
makers have difficulties setting priorities; interdisciplinary
research poses special challenges; and so on.
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Over-extension of science

A second negative consequence of the systematic and
comprehensive character of science is the seductive thought
that science really addresses everything. But there are limits to
science. | do not mean this in the trivial sense that there are
limited resources for science. Rather, we must be prepared to
accept that there are essential problems which do not admit of
scientific solutions. In the century ahead, we will have to
confront problems of drastically new proportions. Science will
be an absolutely indispensable means for tackling the
challenges ahead. But it would be unrealistic to expect that the
solutions to all our problems will be provided by science by
itself. Instead, we will have to make decisions concerning
priorities, concerning values, and concerning conflicting
priorities and values — and this both at local and global levels.
In short, we will have to make decisions that are essentially
political, not scientific. For these decisions, science can only
be of subsidiary help. Of course, there is no substitute for the
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kind of help science, including the social sciences, can provide,
especially in predicting the probable consequences of our
decisions and actions. But the decisions will be ours and we
will not be able to avoid painful responsibilities by delegating
them to science.

Conclusion

Let me summarize this overview of the systematic character of
science by quoting Albert Einstein, one of the greatest
scientific minds of the 20th century. He claimed, ‘The whole
of science is nothing more than a refinement of everyday
thinking'. Replace ‘refinement’ with ‘systematization’ and you
have the essence of this account.
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The universal value of
fundamental science

Miguel A.Virasoro
Director, Abdus Salam International Centre for Theoretical Physics, Trieste, Italy

As Director of the Abdus Salam International Centre for
Theoretical Physics (ICTP), | feel honoured at having been
invited to address the World Conference on Science on the
subject of basic science and its universal value.

The ICTP was conceived and shaped in 1964 by its
founders Professors Abdus Salam and Paolo Budinich as both
an intercultural bridge across political divides and a privileged
instrument for international cooperation between the North
and the South. It has become an extraordinary reality thanks
to two umbrella United Nations organizations — the
International Atomic Energy Agency (IAEA) in Vienna and
UNESCO in Paris — and, most of all, to the generous interest
expressed by the Italian Government and the people of Trieste.

I want here to relate the rich experience accumulated
during these 35 years to the relevance and need for a solid
infrastructure in basic sciences and a strong academic
community in order to achieve full cultural and intellectual
realization and economic development.

By the word ‘basic’, or ‘fundamental’, | intend to
refer to that kind of research that seeks to increase our
knowledge without aiming explicitly at a possible application
and is therefore mainly driven by curiosity, internal
consistency or the search for the ultimate consequences of
previous results.

It is relevant to make this distinction in the context
of this Conference because society relates differently to ‘basic’
and ‘applied’ science. The ethical aspects may also be radically
different when possible far-reaching applications are difficult
to foresee a priori.

A word of caution is in order on this terminology. |
do not share the idea that there is a natural hierarchy in
science that puts the study of the components of any system
at a more basic level than the study of the organization and
interactions of those same systems. Thus, for me, there is
basic physics but also basic chemistry, biology and even
behavioural sciences.
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Modern science: its universal value
Science, as a collective venture spanning across generations,
strongly depends on the social environment.

However, to different degrees, all societies have
practised science, perhaps because the scientific method,
despite its imposing name, is the simplest, most natural and
universal way of acquiring knowledge. It is the extension, in a
way that allows transmission of results, of an innate instinct to
discover regularities in the world surrounding us. Our brains
are pre-wired to build models where assumptions of regularity
and constancy of the environment are assumed. They are also
pre-wired to detect exceptions to the rule.

From the prehistoric hunter trying to uncover the
traces of possible prey or the ancient Egyptian seeking to
understand the cycles of the Nile floods, to the modern
scientist, reasoning has always been the same. A farmer
comes back home to discover mice have been inside the
pantry. How does he or she decide where to put the traps? A
scientist examining the energy spectrum in a nuclear reaction
notices mass is missing. Something is going on undetected.
How does he or she design a new detector to uncover what is
happening?

In both situations, the attitude is the same. In both
situations, different hypotheses will be proposed and discarded.
The only difference lies in the amount of past experience
brought to bear on the situations.

The scientific method, simply put, is timeless and
It is the
common heritage of all mankind. Abdus Salam revolted

universal. It is neither Northern nor Southern.
against the idea that modern science and its cosmo-vision is a
Western product. The Arabs, Persians and Hindus played a
crucial role in building and shaping science at times when
Europe was still sleeping its mediaeval dream and we all owe to
the Greeks and the Egyptians the basic foundations of science.
We should also remember the Chinese contribution and how
the Mayas seem to have followed parallel paths.
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We must use the intercultural value of scientific
language and its capacity to build bridges across cultural rifts.
For example, in several parts of the world (e.g. the Middle
East) a process of peace has started. We hope that programmes
of scientific cooperation in those regions — such as the recent
proposal to locate a synchrotron laboratory in the Middle East
— will strengthen these movements towards peace. The ICTP
stands committed to such goals and encourages other
organizations to join us in these efforts.

What should be a cause for concern instead is that, in
all historical civilizations, at some moment, progress in science
slows and sometimes stops. Why this happened is an important
question if we care for the future.

Let me offer a possible explanation. Knowledge in
general, and scientific knowledge in particular, means power.
Therefore, it is only natural that the dominant sectors of a
society try to appropriate it and limit its access. They do that
by ritualizing knowledge, hiding its experimental roots and
above all discouraging further questioning. They may even
create a kind of ‘clergy’ in charge of preserving the ‘truth’ but
who in practice shield it from further scrutiny. The dominant
sectors in power ultimately become content with this stasis.

Today science seems unstoppable. However, we
should not underestimate the new dangers that could arise if
more stringent intellectual property rights are approved
allowing new types of appropriation. At this moment, when
technological progress is making dissemination of information
S0 easy, it would be tragic to create new obstacles in the way of
accessing information. It could, once again, leave developing
countries outside the common endeavour of creating know-
ledge. Of course, in the long run, all countries will suffer.

Knowledge/information is that special kind of
resource that cannot be exhausted when we share it. We lose
nothing if we share our knowledge. Most probably we enrich
ourselves. Society would draw maximum benefit if everybody
had free access to every bit of information.

The threat comes from the otherwise valid concern
that creators need incentives which some suggest should be
derived from copyright. Independently of the ethical objections
that can arise from preventing access to those who are not able
to pay, it is in practice extremely difficult to correctly assign
copyright to basic science results and it is impractical and costly
to guarantee excludability for this type of knowledge.

The Abdus Salam ICTP would therefore like to propose
that (at least basic) science results be declared an international
public good and that their access be made free for everybody.
We should defend science as our common endeavour.
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The economic dynamics of basic science research
There is a related dilemma when decisions have to be taken
concerning basic science funding. The private sector is not
happy with the idea of paying for something that could benefit
a competitor. A private firm could support basic research either
if it enjoys a monopolistic situation or if it estimates that the
time lag between the basic research result and its application is
so short that it can reasonably expect to reap sufficient benefits
from being the first to know the result (this is the case today
with genetics research).

Even then it is a theorem in economics dynamics that
the private sector alone would strongly under-invest in basic
research. This is due to the fact that, in any case, the social
returns are larger than the benefits a private investor can
appropriate. An analysis of social returns on investments in
academic research in the USA (which are either in basic
science or share the same problems of appropriability) deserves
quoting. In the period 1982-1985, 76 firms belonging to seven
industries identified new products that could not have been
developed at all or would have suffered substantial delay in the
absence of recent academic research (Table 1). Those products
accounted for about US$ 24 billion of sales in 1985 alone. The
mean time lag between the successful research result and the
appearance of the product in the market was calculated to be
seven years. Taking into account total spending on research and
development (R&D) in the academic sector and other expenses
needed to generate the final product (industrial R&D, plant
and equipment and start-up activities), this study (Mansfield
1991, 1992) estimates a social rate of return that exceeds 20%.
This is very high and it is still an underestimate because it does
not include, for instance, the educational value of research.

Another analysis worth quoting is the work by
Boskin and Lau (1990, 1992) on the percentage of economic
growth that can be assigned to R&D investment. These
authors pooled growth data from the G7 countries (to which
they later added data from East Asian emerging countries) into
the same aggregate production function. This is a strong
assumption but with it they could then isolate what fraction of
economic growth was due to technical innovation by using
regression of the residual on R&D investment. Two interesting
findings deserve consideration.

m They analysed the rapid growth of some East Asian
countries that have invested little in R&D and found that,
in fact, they have compensated for it with huge capital
investments.

m  They found a positive correlation between the size of the
residual growth and the R&D investment.
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Table 1. Percentage of new products and processes based on recent academic research, seven industries,

USA, 1975-1985

Percentage that could not have been developed (without
substantial delay) in the absence of recent academic research

INDUSTRY PrRODUCTS
Information processing 11
Electronics 6
Chemicals 4
Instruments 16
Pharmaceuticals 27
Metals 13
Petroleum 1
Industry mean 11

Source: Mansfield (1991)
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While this second analysis refers to all investments in
R&D, the first one is more restrictive and more relevant to the
subject of this talk. If we add that private rates of return come
out typically a factor of two or three smaller than the rates of
return for society, the moral is simple: the public sector should
take on the burden of the necessary investment in basic
science research, either directly or indirectly (by tax
incentives) leaving, if they wish to do so, the technological
applications to the private sector.

The second analysis indicates that countries are able
to appropriate at least partially the economic returns on
science (because the technical growth is correlated with R&D
investment). However, again it is not clear to what extent. If
countries conclude that they can exploit the investment made
by others in basic science research, this would again lead to
global under-investment.

Table 2. Research and development effort
in North America (1996)

USA

Total R&D spending US$ 184 billion
Percentage of GDP 2.5%

R&D performed by

academic or non-profit institutions ~ US$ 34 billion
Percentage of GDP 0.46%

Basic research spending US$ 30 billion
Percentage of GDP 0.40%

Canada

R&D spending US$ 10.2 billion
Percentage of GDP 1.6%

R&D performed by

academic and non-profit institutions  US$ 2.4 billion
Percentage of GDP 0.38%

Source: UNESCO, World Science Report 1998
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Therefore, in parallel to the proposal that basic
scientific knowledge be declared an international public good,
every country should pledge minimum support to basic science
at a level that is commensurate with its resources.

In order to have at least some idea of how much
investment in basic science research would be reasonable, |
quote here some figures from UNESCO's World Science Report
1998 (Table 2).

Developing countries should aim at a higher rate of
investment because they have to build infrastructure. As a
consequence, a pledge for a rate similar to that of Canada or
the USA is not at all a sacrifice.

Figure 1. Attitudes towards federal support
for basic scientific research, 1985-1993
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Figure 2. US public assessment of research and technologies, 1985-1995
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Public perception of science and basic science
It is interesting to observe that all studies show that the positive
perception of pure science remains intact despite the growth of
those who declared themselves concerned and worried by the
possible applications of science. Thus, the polls conducted in
the USA (Figure 1) indicate a high level of support for, and
trust in, pure research that does not extend to applied research.
Our experience indicates that pure science is also
very popular in developing countries although, given the
urgency of other problems, this does not necessarily translate
into the political will to financially support it. (Compare
instead the data again from the USA, Figure 2.) In the next
section we try to show the absolute necessity for strong
investment in developing countries and the role that
international cooperation can play.

Why basic science in developing countries?
If the opportunity of investing in basic science is questioned
in rich countries because they assume that they can free-ride
on the results obtained in another country, the dilemma
becomes dramatic in developing countries. Here well-
intentioned decision-makers may recognize the importance
of basic sciences, but worry whether they can afford to invest
in them given the depth of their immediate economic and
social problems.

International aid agencies have been particularly
sensitive to these arguments so that some of them (e.g. the
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current Fifth Framework Programme of the European
Commission) explicitly rule out any support to basic science.

However, the consequences for the developing
world, especially the least developed countries, could be
disastrous. Here | am speaking on behalf of thousands of
scientists from the Third World who bring their experience to
the ICTP.

One cannot forget the real suffering faced by
millions of people in the developing world; nor can any-
one suggest that nations should postpone those urgent
immediate steps necessary to improve the economic and social
well-being of their people. However, if the effort to solve
immediate problems prevents the build-up of indigenous
know-how, then the problems of today will be the problems of
tomorrow. More specifically, and as an example of possible
plans of action, when international agencies finance goal-
oriented projects, they should simultaneously help in building
up a solid scientific establishment so that knowledge is
effectively transferred.

Applied research is of direct relevance and importance,
but it requires:

m a critical mass in several basic sciences;

= continuity of management and funding;

m either international collaboration or local expertise.

A
indispensable ingredient. Basic scientists will educate young

good foundation in basic sciences is therefore an

researchers who will profit from applied research projects. In
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many cases in developing countries, basic scientists have gone
into applied research programmes. Last but not least, basic
science, being from the start international and academic in
character, is subject to that tight and transparent quality
control that every society is entitled to expect.

This problem of quality control has been generally
overlooked, though the consequences of such an attitude
could seriously jeopardize valid efforts to build up a scientific
infrastructure. In general, the problem can be rephrased in the
following way: how can non-experts (the public in general,
government officials) judge the quality of an expert? Or
equivalently, in a world where solutions to problems
increasingly involve scientific knowledge, how can public
officials and citizens determine which experts to trust when
there are competing opinions? Issues that call for a science-
based solution normally elicit competing proposals that rely
on powerful lobbies to gain support — and ultimately funding
— for the different strategies. Without access to university-
based scientists capable of assessing the merits of each
proposal, public officials and citizens alike will be at the mercy
of those who have vested interests in the proposals that they
are presenting.

As normally happens in developed countries, the
practical solution relies on strong academic institutions and,
more specifically, on the fact that scientists working in basic
research can be objectively evaluated. This is because of the
free dissemination of basic scientific knowledge and because
the open problems are shared and known by all those working
in the same discipline. Such an assessment will never be exact
but even if approximate it can be extremely useful.

For applied research, this information is more
difficult to obtain. First of all, publications are less relevant.
Second, experts are not necessarily organized into disciplines.
Third, by definition, the problems they address are unique
events that do not reproduce exactly.

The North has long called on its basic scientists to
serve as impartial judges for assessing controversial science and
technology issues of vital national concern. An interesting
relatively recent example was the calling of Richard Feynman,
Nobel Laureate for Theoretical Physics, to assess the causes of
the Challenger Shuttle disaster. The story is known but it
shows how society used his name and impeccable credentials of
impartiality to recreate the trust that had been torn between
NASA and the public.

In short, well-trained basic scientists have the power
to bridge the gap between scientific experts and the public in
ways that make science-based development possible.

61

International cooperation on basic research capacity-
building

There are profound ethical reasons but also practical,
economic reasons to make a case for richer countries to aid
poorer ones to build up human capacity in basic sciences.

The first reason, and perhaps the most important
one, is the deep moral conviction that, in the big adventure of
exploring nature, no cultural group, no nation should be left
aside. It is an ethical-political issue. Ethical because it has to do
with equal dignity for all the people of the world. Political
because it stresses the ultimate unity of our planet.

We would like to suggest that this Conference
recognizes participation in scientific research projects as one of
the fundamental human rights of each individual, as the
natural continuation of the already recognized right to higher
education and as a part of the cultural rights indispensable for
dignity and the free development of the personality, as
discussed in Articles 22 and 26 of the Universal Declaration on
Human Rights.

But there are other more practical reasons that
suggest that it is in the interest of rich countries to act in this
way. With globalization, problems are also becoming global.
Environmental deterioration is one example but there are
others such as natural resources management and preventive
health care programmes. We have already argued that
capacity-building in basic sciences is an important preliminary
step towards creating networks of experts capable of addressing
these global programmes.

On 15 and 16 June 1995, an
Conference on Donor Support to Development-Oriented

International

Research in the Basic Sciences was held at Uppsala University,
Sweden!. Among the convenors, there were several agencies
with pluriannual experience in basic science cooperation.
They included: International Programme for Physical Sciences
(IPPS), Uppsala, Sweden; International Foundation for
Science (IFS), Uppsala, Sweden; Third World Academy of
Sciences (TWAS), Trieste, Italy; International Centre for
Genetic Engineering and Biotechnology (ICGEB), Trieste,
Italy and New Delhi, India; Swedish International
Development Cooperation Agency (SIDA), Sweden; Institut
francais de recherche scientifique pour le développement en
coopération (ORSTOM), Bondy, France. The conclusions are
worth quoting.
m A foundation in the basic sciences is essential for all research
in the applied sciences and for long-term development.
m Adequate funding for the basic sciences from domestic
support and external aid programmes is necessary.
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The measures proposed were:

m capacity-building in basic sciences;

m support for research and higher education in the basic
sciences. In particular, donor support to applied projects
should include grants to research and higher education in
basic sciences.

The World Bank has recently introduced its own programme

and proposes the Millennium Centres project with special

emphasis on excellence. During this Conference the French

Government has pledged to increase its support to the Centre

International de Mathématiques Pures et Appliquées, Nice,

with whom the ICTP has many programmes in common in

Africa. We also salute the steady progress of the Asia-Pacific

Centre for Theoretical Physics in the Republic of Korea, which

may count on the strong support of Japan and Korea and which

could become an associated centre of UNESCO. And last but
not least, the continual and still growing support of the Italian

Government for the Trieste Centres.
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I am confident that the time has come when we do
not have to argue any longer whether basic research is a luxury
that developing countries cannot afford.

Note

1. This meeting was associated with the World Conference on Science. The
meeting report may be consulted at:
http://www.unesco.org/science/wcs/meetings/eur_uppsala_95.htm
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The scientific approach
to complex systems

Robert May
Head, Office of Science and Technology, London, UK

This paper will focus on specific technical aspects of our
emerging understanding of complexity. It will include elements
of pure science and will end by briefly setting out some of the
implications that this work has for policy formation and public
awareness, public confidence and the use of scientific advice in
policy-making.

First we must consider whether the scientific approach
provides understanding and help in approaching complex
systems. The short answer is ‘yes, with reservations'.

For the last several hundred thousand years, humans
have thought about simple and complex aspects of the world
around them. The origins of science, that is, the pre-scientific
thinking in prayers, magic or sometimes codified fatalism, paved
the way for the scientific revolution of the Enlightenment in the
17th and 18th centuries. Since that time, in an ever-accelerating
way, we have come to understand much of the world around us
and to change the world with that understanding. The last 50
years have seen more advances than in all our previous history.

Fifty years ago the average life expectancy at birth on
this planet was 46 years. Today, it is 64 years. Fifty years ago,
however, the difference in life expectancy at birth for a typical
First World birth compared with a typical Third World birth
was 26 years. Today the difference is only 12 years. And that
has come about as a result of using scientific methods to bring
about advances in medicine and food production.

The hope has been that essentially the same methods
can be expanded to encompass ever more complex Systems.
This hope is important because, as is said in the US National
Science Foundation’s programme on complexity, humanity
depends upon increasingly complex systems for food, fibre,
breathable air and other vital natural resources. Such systems
establish the parameters for, and the environments in which
occur, all human economic and social interactions.

It is therefore important to recognize that relatively
recent advances actually do change the way we must think in
very fundamental ways in relation to many complex systems.
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The ‘traditional’ Newtonian view of the world said the world
does obey rules. The world is not governed by gods and
demons. The world is an orderly place. When the rules are
relatively simple, it is possible to make predictions and to fully
understand. The Newtonian paradigm says when the rules are
very complicated, as in a roulette wheel, with many things
happening, then it is more difficult to make predictions.

The emerging message of disciplines such as ‘chaos’
and ‘complexity’ is that the simplest rules which can be
imagined, with nothing random or probabilistic in them, can
generate behaviour as complicated as anything which can be
imagined. Such behaviour is not merely complicated, but so
sensitive to the initial conditions that long-term prediction is
effectively impossible — and therefore the end, in many ways,
of the Newtonian dream.

For example, a sequence can be generated if a number
between 0 and 1 is multiplied by 1 minus the number and then
multiplied by a rigidly predetermined constant to produce the
next number. The Newtonian intuition says that should give
you a stable steady point eventually: and that is true if the
constant is in a certain range. But, as that non-linear equation
is the thing that says the next x is not just a multiple of x but
has some feedback (1 minus x), then, as the expansion and
contraction of the non-linear relation — increasing at low
density, decreasing at high density — becomes more
pronounced, that simple thing may generate regular cycles
(which still causes no problem with prediction) or it can
generate a sequence of numbers that look utterly random.

It could be argued that the relation could be
calculated because, since it is not random, it is therefore
predictable. But the really key point is that in the ‘chaotic
region’ the tiny errors that occur in the starting point lead very
rapidly to completely different trajectories. For example, if the
starting point is 3.9 x (1 - x), and x = 0.3, a particular
trajectory will result. But if a very small error, as little as 0.1%,
is made, within around 10 time steps an utterly different
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trajectory will result. This seriously undercuts the notion that
complex systems are like simple systems with big computers.

Nature can produce very complicated behaviour from
very simple rules. A good illustration can be produced by
plotting the movements of a child on a swing being pushed by
a parent — effectively a forced frictionless pendulum. If the
parameters are right this will generate regular clockwork. For
other values of the parameters the child may end up going
round clockwise or anti-clockwise depending on the initial
conditions. There will also be two other distinguishable orbits.
If on the imaginary graph the horizontal axis plots the initial
angle of the child, and on the vertical axis the initial angular
speed, Newtonian intuition says if an initial point for the
clockwise endpoint is coloured red and for the anti-clockwise
endpoint blue, there will be a broad area of blue and red which
will, in general, enable prediction. However, in reality, a
hugely complicated, ultimately fractal array of end states will
be seen. Indeed, depending on the initial angle at the initial
pushing speed, totally different endpoints will result.
Moreover, magnification of the results to achieve ever finer
detail will demonstrate beyond doubt that the outcome of that
piece of clockwork cannot be predicted.

Other examples are found in the very simple rules
governing the dynamics of the interplay between HIV and
immune system cells. It is this interplay which generates the
huge complexity of different strains and helps explain why
there are such long, variable and unpredictable intervals
between infection with HIV and the onset of AIDS.

The basic message is that these new approaches teach
us that complex systems governed by simple rules can form
complex structures, which vary widely on different spatial scales
depending on the size of the system, and which vary greatly on
different time scales depending on the temporal scale of
investigation. And most importantly, very often the probability
distributions of events are not normal bell-shaped distributions,
but distributions where so-called exceptional events are not that
rare, but are much more common than intuition would suggest.

Conversely, since we know that very simple rules can
result in very complicated behaviour, it must also be true that
sometimes very complicated behaviour can originate from
relatively simple rules. This offers new approaches to many areas
of science. For example, data on the Canadian lynx and the
snowshoe hare have oscillated about a 10-year cycle for over 100
years. There is much academic quarrel about what drives that
cycle. Is it a predator-prey cycle? Is it the hare driven by food or
a disease, with the lynx responding to this? Some 20 years ago |
suggested that this is not a sensible way of thinking about it, and
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probably you need at least two variables to explain it. Nils
Stenseth, at the University of Oslo, has used the new methods
based on complex systems to deduce that you need at least two
variables to understand the hare, but only one variable to
understand the lynx. We don't, however, know what the
variables are.

Some final thoughts on these issues. Galileo,
articulating the triumphalist scientific dream, said, essentially,
that the grand book of nature is written in the language of
mathematics where the characters are triangles, circles and
other geometric objects. And there is actually a deep piece of
mathematics there that relates geometry to dynamics.

I also believe that the grand book is essentially written
in mathematics; and that mathematics is just a way of thinking
clearly. However, Galileo was wrong about the simple world of
Euclidean geometry and triangles. We now understand that the
real world has many fractal objects, objects with finite area and
infinite perimeter, objects with fractional dimensions. The
world of Galileo had simple, stable points, stable cycles. The
world of chaos has in the simplest instance strange attractors,
curious deterministic but unpredictable orbits. It is a richer and
more interesting world, and it has been summarized and
interpreted poetically by Tom Stoppard in his play Arcadia
where he puts these words into the mouth of a young post-
graduate student working on chaotic cycles in grouse:

‘The unpredictable and the predetermined unfold
together to make everything the way it is. It is how nature
creates itself, on every scale, the snowflake and the snowstorm.
It makes me so happy. To be at the beginning again, knowing
almost nothing. People were talking about the end of physics.
Relativity and quantum looked as if they were going to clean
out the whole problem between them. A theory of everything.
But they only explain the very big and the very small. The
universe, the elementary particles. The ordinary sized stuff,
which is our lives, the things people write poetry about — clouds
— daffodils — waterfalls — and what happens in a cup of coffee
when the cream goes in — are full of mystery; as mysterious to us
as the heavens were to the Greeks. We are better at predicting
events at the edge of the galaxy or inside the nucleus of an atom
than whether it'll rain on auntie’s garden party three Sundays
from now. Because the problem turns out to be different. We
can’t even predict the next drip from a dripping tap when it gets
irregular. Each drip sets up the conditions for the next, the
smallest variation blows prediction apart, and the weather is
unpredictable the same way, will always be unpredictable.
When you push the numbers through the computer you can see
it on the screen. The future is disorder. A door like this has
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cracked open five or six times since we got up on our hind legs.
It's the best possible time to be alive, when almost everything
you thought you knew is wrong.’

All this makes for enormous problems, in dealing, as
we must, with complexity in a post-Newtonian world. It makes
for a huge problem in science advice and policy-making.

The 20th century draws to a close with many good
things having happened but many unintended consequences from
our understanding of the world: human-created climate change,
desertification, and so on. These problems are but the shadow on
the wall compared to the problems that will be upon us in the next
century as we begin to unravel the molecular machinery of life.

Current debates about genetically modified crops,
cloning, xenotransplantation are but the beginning. We cannot
imagine the problems that will arise as we increasingly have the
capacity to change ourselves. And particularly in truly democratic
countries, the dialogue between government, the policy-makers
and the governed, the populace who must have confidence, is
going to be a dialogue about questions which are inherently
scientific. They are constrained by scientific realities, they are
governed by scientific complexities, and we are only beginning to
learn how to manage that dialogue.
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The answer is not simply more education. Numerous
public studies show that the countries that understand science
best — Denmark always comes first in these international
comparisons — are the countries that distrust science most.
That is how it should be. The more you understand, the more
you understand the complexities and the Faustian nature of the
bargain. The answer must be that government conducts its
dialogue with the public in an open, consultative way.

The United Kingdom government now has formal
protocols for science advice and policy-making backed by a
cabinet committee. They assert: consult widely, involve people
that are expert in areas other than the area in question to get
a wide range of perspectives, and then publish the results. But
this has a cost. It is much more comfortable to obey the old
mode of saying this is what the scientists told us, trust us. But
it does not work any more, and as democracy increasingly
spreads to every country in the world, this approach will
become less and less acceptable.

There is a lesson in all of this which is encapsulated
in words that were put into Galileo’s mouth by Bertolt Brecht
in his play about Galileo: ‘The aim of science is not to open a
door to infinite wisdom, but to put a limit to infinite error.’



FORUM | KEYNOTE SPEECH

International cooperation In science

Julia Marton-Lefévre
Executive Director, Leadership for Environment and Development, USA

I am particularly proud that this important Conference is being
held in Hungary, the country of my birth. Hungary is a most
fitting host for such a meeting for, in spite of its small
population and turbulent history, it has always been recognized
as a country that has nurtured good science, with an impressive
number of Nobel Laureates (one measure of excellence) and
other world-class scientists, especially in mathematics, physics,
chemistry and economics.

Allow me to celebrate our host country by reminding
you of only a few brilliant Hungarians who made major
contributions to knowledge in this century:

m Joseph Galamb (1881-1955), who designed the famous
Ford Model T;

m Theodore von Kéarman (1881-1963), father of modern
aerodynamics;

m  Albert Szent-Gyorgyi (1893-1986), who was awarded the
Nobel Prize in 1937 for his identification of vitamin C
from the famous Hungarian paprika;

m Leo Szilard (1898-1964), who discovered the nuclear
chain reaction and proved the case for neutron multipli-
cation for uranium fission; and who drafted the letter,
signed by Einstein and sent to Roosevelt, which persuaded
the President to launch the Manhattan Project;

m Zoltan Bay (1900-1992) recorded the first radar echoes
from the Moon, marking the beginning of radio astronomy.
He also developed the new international meter standard
based on the speed of light;

= Dennis Géabor (1900-1979), whose 1971 Nobel Prize was
for his invention and development of the holographic
method;

m  Eugene Wigner (1902-1995), whose 1963 Nobel Prize in
physics was for his contribution to the theory of the atomic
nucleus and the elementary particles;

m John von Neumann (1903-1957), father of modern
computers and of games theory;

m Thomas Balogh (1906-1981), economist at Oxford
University and  important adviser to the British
Government which gave him a peerage;

m Nicholas Kaldor (1908-1984), economist at Cambridge

University and influential adviser to the British
Government which gave him a peerage;

m Edward Teller (1908- ), who was among the first to study
thermonuclear reactions and played a key role in
producing the American hydrogen bomb. He was the first
chairman of the Committee for the Safety of Nuclear
Reactors established after the Second World War;

m Paul Erdés (1913-1996), mathematician, recipient of the
Wolf Prize;

m John C. Harsanyi (1920- ), who was awarded the 1994
Nobel Prize in economics, which laid the groundwork for
the fast-developing research area, the economics of
information;

m John Kemény (1926-1996), mathematician, computer
scientist and president of Dartmouth College;

m George A. Olah (1927- ), who was awarded the 1994
Nobel Prize in chemistry for his contribution to
carbocation chemistry. Unleaded gasoline is one of his
most recognized achievements;

m  Ferenc Pavlics (1928- ), the chief engineer of the team that
designed and produced the Lunar Roving Vehicle (LRV),
dubbed ‘moon buggy’, for the Apollo Program.

I could list many others, such as Andrew Grove, George Soros,

Arthur Koestler, Elie Wiesel, all of Hungarian origin and all

having made important contributions to knowledge and to

making our world a better place.

I wonder how the social scientists among us would
explain the ‘Hungarian phenomenon’? | am not sure if I fully
agree with Leo Szilard, Francis Crick or Leon Lederman in
accepting that we Hungarians are ‘infiltrators from Mars’.
Surely there must be a more earthly explanation. Perhaps it is
due to the uniqueness and complexities of the Hungarian
language, or to the precarious geopolitical position of this small
country which has forced its people to be ready for the
unexpected at all times. | will always remember how Lars
(Laszlo) Ernster, the late respected biochemist, once a
secretary-general of ICSU, explained what a good combination
Swedes and Hungarians make: the Hungarians always ready to
face a sudden, unexpected enemy and the Swedes, with their
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long winters, able to take time to think strategically about
their next move.

The role models, widely cited in this small country,
of the past giants in science, technology, and culture have
also contributed to this Hungarian phenomenon, as has,
perhaps, the heavy use of paprika with its vitamin C in the
daily Hungarian diet. Credit must also be given to the
education system which has always been selective and
demanding, stressing the highest performance at all levels and
by all its students. | have my own parents to look to as role
models in this. Both are in their late eighties, both have their
PhDs and both can still recall the dates of most major world
historic events and recite Hungarian, German and French
poetry by heart.

Now let me turn to the important and yet often
elusive topic of international cooperation in science. The title
of this presentation already tells you that one cannot take
credit for any accomplishments or failures in international
the words ‘international’,
‘cooperation’ and ‘science’ imply working as a part of a team.

science on one’s own. All

Thus, | accepted to give this address as a member of that team,
having begun my international career at the United Nations
Environment Programme (UNEP) and UNESCO, then
having spent many years at ICSU and now building a new
programme in international cooperation, about which 1 will
tell you a little before I conclude.

The huge network of scientists and science policy-
makers who contribute to the work of the two principal
sponsors of this Conference, ICSU and UNESCO, as well
as the numerous partner organizations with which they
cooperate, are the principal institutional actors in inter-
national science. The objective of this network has been, for
100 years, ‘to encourage scientific cooperation for the benefit
of humanity’.

The President of ICSU, when | first joined that
organization, was the late F Bruno Straub, the eminent
Hungarian biochemist, who later became President of
Hungary. He was succeeded at ICSU, some years later, by the
late Sir John Kendrew, British Nobel Laureate, who also had a
deep interest in music and in science in developing countries.
These two eminent scientists, mentors of my younger years, are
appropriate examples of the stress | will place in this address on
the need for science and scientists to be involved in society, as
scientists and as public servants. Professor Hadmori, who is both
a distinguished scientist and government minister, is also an
eminent example of this and | could cite many more just from
this audience. | hope one lesson we will take away from this
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Conference will be that the world needs more such scientists
involved in public life.

In the time allotted to me, | want to comment on a
number of issues. First, I will say a few words about the history
of international science; then 1 will refer to the case of
international cooperation in the environment; and finally |
will outline some challenges for the future and make
recommendations for action.

Brief history of international science

I will not go back as far as Copernicus in this talk, nor
remind you of the contributions made by thinkers in far
corners of the world for Copernicus to come to his
revolutionary conclusions; nor will 1 dwell here on the
importance of Chinese astronomical records and Indian
mathematics, or on the contributions of alchemists to
chemistry, or on the significance of Galileo’s, Newton’s,
Linnaeus’ and Darwin’s theories and discoveries. | will also
not speculate which was the century in which scientific
progress was the most remarkable.

I will concentrate on the century which we are
about to leave behind and remind you of some of the major
actors in international science. In some ways calling science
‘international’ is hardly necessary — by definition it is
international. Think of any discipline of science and imagine
it without the free and open communication between scholars
from other parts of the world. This is certainly true of the
natural sciences, and hopefully increasingly so in the social
sciences and, even more importantly, between the social and
the natural sciences. Individual scientists are the key and
natural actors in international science and they were
communicating, travelling and meeting already in the 19th
century and even earlier.

However, in the last year of the 19th century, a group
of scientists wisely decided that the pursuit of science would be
facilitated by the establishment of an organization that would
be truly international and devoted to the advancement of
science through international activities. This led to the
creation of the International Association of Academies, with
10 founding members. The objective of the association, set up
in 1899 (just 100 years ago) was to ‘initiate and otherwise to
promote scientific undertakings of general interest, and to
facilitate scientific intercourse between different countries’. A
few years after the establishment of the IAA there were already
concrete signs of the kind of action which justified it in, for
example, the creation of a world system of seismological and
geological observation stations.
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After the outbreak of the First World War, the IAA
lost its energy and it was not until a conference in Paris in 1918
that a new organization was created: the International Research
Council, with only five academy members, none from the
central powers nor from countries which remained neutral
during the war. Thus, the new body was far from respecting the
tenets of the international or universal nature of science. The
IRC remained in existence until 1931 and had as one of its goals
the initiation or the ‘formation of international Associations or
Unions deemed to be useful to the progress of science’. The fact
that the IRC excluded many countries led to its demise and in
1931 it was dissolved and the International Council of Scientific
Unions, ICSU, was born. The new name was meant to recognize
the non-political nature of science as represented by the
independent scientific strength of the unions. At the formation
of ICSU there were 40 national members and 8 scientific union
members. Last year ICSU’s name was changed slightly to reflect
its reality even better. ICSU is now known as the International
Council for Science, although the acronym of ICSU has been
kept to remind us of its long history. Today ICSU’s membership
comprises over 90 national scientific members, 25 international
scientific unions and some 60 interdisciplinary bodies and joint
undertakings with other organizations.

The strength of the
community, as represented by ICSU, is based on a clear

international scientific
adherence to a non-political agenda in which only science can
determine the programme, and to a strict adherence to the
principles of the universality of science. Thus, since its
establishment in 1931, having learned the lessons of its more
politicized predecessor, the IRC, ICSU has ‘vigorously pursued
a policy of non-discrimination, affirming the rights and
freedom of scientists throughout the world to engage in
international scientific activity without regard to such factors
as citizenship, religion, creed, political stance, ethnic origin,
race, colour, language, age or sex’.

It is regrettable that the social sciences and even the
engineering and medical sciences are not better represented in
ICSU. The reasons for this are understandable, especially from
a historical perspective. The time has come, however, to
seriously revisit this matter.

Although ICSU was well on its way to carrying out
its mission of promoting international scientific cooperation
before the United Nations system was established, it would be
impossible to describe international science without referring
to United Nations bodies, most notably to UNESCO.
UNESCO, being the only United Nations body with the word
‘science’ in its title, has made a number of contributions to the
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development of international scientific cooperation in the
second half of the 20th century. Our meeting here in Budapest
is clearly an important undertaking.

International cooperation in science: the case of the
environment

I will illustrate how international cooperation works by
referring to environmental research, which exemplifies
international collaboration and the

scientists’ interest in

capacity found in both the non-governmental and
governmental structure to create productive opportunities for
joint efforts.

Scientists have been involved in studies of the
environment or the earth system for a very long time and in
the mid-1950s, in response to pressures from governments and
the scientific community, ICSU launched the important
International Geophysical Year, whose political and scientific
legacy is still with us. The IGY may be called one of the early
‘mega-science’ projects. It was after the IGY that scientists felt
confident enough to initiate programmes on a larger and more
international scale than ever before.

In the late 1950s and the 1960s, therefore, a number
of important international scientific programmes, which are
still in existence, were set up, devoted to Antarctic research,
oceanography, hydrology, and to the scientific problems of the
environment.

Starting in 1964, the decade-long International
Biological Programme (IBP) began and left its important
contribution to the ecological sciences. The IBP was the
direct predecessor of UNESCO’s Man and the Biosphere
Programme (MAB).

In the 1970s, the Geological
Correlation Programme (IGCP) was established by the
ICSU Union on the Geological Sciences and UNESCO;
and the Global Atmospheric Research Programme (GARP),
the first undertaking in full partnership with another United

International

Nations body, the World Meteorological Organization
(WMO), was begun to study the transient behaviour of the
atmosphere and the factors that would lead to better
understanding of the physical basis for climate. In that
decade, the scientific community also became much involved
in the 1972 Conference on the Human Environment, held
in Stockholm.

Early in the 1980s the International Biosciences
Networks (IBN), jointly sponsored by ICSU and UNESCO,
came into being to assist developing countries gain access to the
latest findings in the biological sciences. ICSU and UNESCO
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both increased their activities in science and technology for
development in this decade, thus involving scientists from
more parts of the world in international collaboration.

The 1980s also saw the fruition of the work of
SCOPE (ICSU'’s Scientific Committee on Problems of the
Environment) and collaborating United Nations bodies on the
biogeochemical cycles, especially the carbon cycle, which
helped turn political attention to the greenhouse effect. Other
excellent examples of international cooperation aimed at
increased understanding of the earth system include the
notable work of UNESCO, WMO and ICSU in the
hydrological sciences and in oceanography.

The World Climate Research Programme (WCRP),
sponsored first by ICSU and WMO and later also by the
Intergovernmental Oceanographic Commission (I0C) of
UNESCO, succeeded GARP to study the physical climate
system. The International Geosphere-Biosphere Programme
(IGBP), a study of global change, was set up by the entire
ICSU family in 1986 to describe and understand the
interactive processes that regulate the total earth system and
the manner in which these are influenced by human activities.

In the 1990s a number of global observing systems were
also launched as a result of a common concern by governments
and scientists of the need to keep the earth system in its totality
under continuous observation. These observing systems — GCOS
(on climate), GOOS (on the world’s oceans) and GTOS
(terrestrial observations) — are jointly sponsored by a number of
United Nations bodies, including UNESCO, and the single non-
governmental partner ICSU.

The international research programme on the structure
and function of biological diversity, DIVERSITAS, involving
various ICSU bodies and UNESCO, was set up early in the
1990s, whereas the study of the interactions between human
society and its environment on a planetary scale, the
International Human Dimensions Programme on Global
Environmental Change (IHDP), was established jointly by ICSU
and the International Social Sciences Council only in 1996.

With this vast number of important global
programmes as a part of the development of international
science, it was natural for ICSU to become a full partner, with
five United Nations bodies, in the organization of the Second
World Climate Conference in 1990, then to accept the
challenge to move the international scientific effort to a more
noticeable policy level by participating in the preparation of
the 1992 United Nations Conference on Environment and
Development, the Earth Summit, held in Rio de Janeiro,
Brazil. A group of organizations led by ICSU put together a
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very ambitious conference just a year before Rio, on An
Agenda of Science for Environment and Development into
the 21st Century: AGENDA 21. This was the first time that
scientists: physical, chemical, biological, medical and social,
with engineers, came together to contribute their knowledge
to the issues of grave common concern. The outcome provided
an important input to the United Nations conference in Rio
including the chapter on Science for Environment and
Development in Agenda 21. It also resulted in a solemn
‘commitment on the part of the international scientific
community as a whole to work together so that improved and
expanded scientific research and the systematic assessment of
scientific results, combined with a prediction of impacts, would
enable policy options in environment and development to be
evaluated on the basis of sound scientific facts'.

All the activities | have referred to here were
launched in response to the growing realization of the extent
to which human activities on our planet increasingly threaten
the Earth’s environment, and the growing recognition by
governments that scientific knowledge of the earth system is
a necessary ingredient for wise policy-making. Changes in
the earth system extend across national boundaries and
scientific disciplines, thus, the programmes put in place have,
by necessity, become international and interdisciplinary.
However, systematic investigation on a global scale has only
recently become feasible. Given the high cost and the lack of
adequate human resources in any national programme to carry
out these investigations, the coordination and cohesion of the
international research programmes and observations systems
are vital, as they will benefit us all. All these mega-science
projects have therefore included networking, sharing of
facilities, information and ideas. But, the wide interest in the
environment has also resulted in some ‘turf’ battles and
duplication of efforts, which are easy to resolve, and should be
resolved, as we move towards the 21st century.

I have used the example of environment in
international cooperation in science simply because this is
what was the most visible during the past 20 years of my own
involvement in the world of science. There are many other
examples of course. | could have given you a talk about the
intensity of cooperative action during this same period in the
mathematical sciences, in astronomy or the biological
sciences. What characterizes all of these activities is that they
involve thousands of scientists throughout the globe driven by
the common language of science, a shared curiosity to
understand our planet and the belief that science is a truly
international endeavour.
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Challenges to international cooperation in science
and recommendations for action

While all these accomplishments deserve to be recognized and
celebrated, there is also some cause for concern that
international science has developed resting on its past glories,
without taking into consideration the vast and rapid changes
that have occurred during the past 50 years. Our world today
has become truly a global village and, while science may have
been its first international citizen, it now needs to adjust even
more rapidly to the reality and pressures of globalization.
Given the long experience in thinking beyond their borders,
scientists should be able to do this with ease, but a great deal
of new action is needed if further progress in scientific
cooperation is to be made.

Although science is not an explicitly recognized
subject in the new study sponsored by the the United Nations
Development Programme (UNDP) on Global Public Goods,
many of the recommendations contained in it deserve our
attention. A chapter in this study calls knowledge ‘one of the
most crucial of public goods’. The challenge, therefore, is to
ensure that knowledge is accessible to all, that intellectual
property rights do not impede this access and that a knowledge
bank is created to assemble, sort, store, disseminate and cons-
tantly update knowledge of relevance to all segments of society.

The usual manner of dealing with the world’s problems,
by using knowledge or science in a series of quick, patchwork-like
fixes, will need to be seriously revised. Thus, while it is widely
recognized that knowledge, or international science, holds the key
to solving many of the world’s problems, the mechanism to use
this key needs some fresh thought. The problems must be
addressed in a more interdisciplinary and also global manner and,
while this is slowly occurring, more lip service is paid to this
notion than should be the case. Scientific programmes should
demonstrate real links between the natural, social, medical and
engineering sciences as well as relevance to situations ranging
from the global to the local. Elements of all this are slowly being
put in place, but much more needs to be done.

The separate international research programmes |
described earlier, dealing with global change, climate change,
biodiversity and the human dimensions, should begin to move
towards a merger, which we were not ready for when they were
set up. ICSU and UNESCO should take the lead by both truly
embracing science in its totality so that the natural,
engineering and social sciences are closely linked in all the
actions of these august bodies.

In order to prepare ourselves for the 21st century,
which many call the ‘century of biology’, much more cohesion
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in the organization of international cooperation in the
biological sciences will be needed. In today’s ICSU, nearly half
of the 25 unions are from the biological sciences. Surely such
fragmentation cannot be helpful.

International cooperation in science also needs to
reach out much more vigorously to those countries where the
organization of science is young and those countries which have
only recently become convinced of the need to reach beyond
their borders. No one has made more contributions to science
in the ‘developing’ world than the late Professor Abdus Salam,
Nobel Laureate in physics and founder of the Third World
Academy of Sciences (TWAS). At the ceremony launching
TWAS in 1985, Abdus Salam described international science
better than | ever could: ‘Even as we are gathered here in a
Third World context, | remain conscious of the fact that
science as such has no national affiliation. The history of
science, indeed, involves the history of diverse civilizations.’

This is, of course, true and yet, as we gather here in
Budapest, the gap between rich and poor countries becomes
wider and wider. All the statistics in UNESCO’s excellent
World Science Reports point to this disparity and to the powerful
correlation between wealth and development and investment
in science. It is not enough to take note of these stark statistics.
Much more needs to be done in and with developing countries
so that their scientists are not isolated, so that they are able to
remain at home while keeping their full citizenship in the
world of international science, so that future generations of
scientists are encouraged to flourish and opportunities for
training, research and publications are provided and constantly
refreshed. This will require significant investments in training
and research facilities in the developing world, not necessarily
in every country, but perhaps on a regionally shared basis.

As science becomes more universal, it should also be
more accessible to women as well as to younger scientists from
both genders. An excellent International Forum of Young
Scientists was held in Budapest a few days before this
Conference and | encourage you to read and consider the
recommendations of that forum.

The direct and sometimes indirect contributions by
indigenous communities must also be recognized and
respected, and international science must find ways to be
inclusive of traditional forms of inquiry.

In addition, more international networks of scientists
should be created and supported, involving those scientists
doing basic research and those interested in applied science
and from as many parts of the world as possible. Several of
these networks do exist and, while the concept of networks is
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still fashionable, there are too few donors and examples of
success to emulate. Networks are the first steps in creating
partnerships, which will be needed more and more if science is
to take its just place in the 21st century. While the initial step
in the establishment of scientific networks is to link like-
minded scientists from various countries, laboratories and
institutions together, thereby encouraging them to collaborate
and cross-fertilize each other’s ideas, wider networks are called
for in today’s complex world. Scientists will need also to
increase their cooperation at the regional level and build
bridges to governments, non-governmental organizations
(NGO:s), business and industry, consumers, the media, younger
generations and educators.

International research and training organizations
with truly international staff and facilities accessible to
scientists from all parts of the world should also be established.
The examples of the Abdus Salam International Centre for
Theoretical Physics in Trieste, the European Laboratory for
Particle Physics (CERN) near Geneva and the Consultative
Group on International Agricultural Research (CGIAR)
system are excellent, but the list is much too short to meet the
challenge of the 21st century. | hardly dare to list here
northern universities such as the Massachusetts Institute of
Technology (MIT) or the London School of Economics,
because they are not international by mandate and yet both
institutions attract and encourage students and faculty from all
over the world. These institutions have learned that
intellectual potential, not national identity or adherence to
some ideology, is the key element for advancing knowledge.
Why can’t the world have more international teaching and
research facilities such as these or, even better, institutions that
are internationally governed and financed?

What concrete measures will be taken to reduce the
isolation of scientists in some parts of the world and therefore
to encourage free and open access to scientific knowledge? The
President of the US National Academy of Sciences, in a recent
address in Washington, expounds the dream of ‘connecting all
scientists in the world to each other through the Internet’, a
dream | support fully, but how do we facilitate and channel all
this information flow and exchange? More attention also needs
to be paid to protecting the integrity and authenticity of the
scientific process while encouraging electronic publishing and
open access to information.

There is clearly also a fundamental problem with
funding that slows down the process of truly internationalizing
scientific efforts and of creating strong institutional mech-
anisms to accomplish this. If science would benefit from being
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ever more international, as | have tried to make the case, then
the funding mechanisms must be created to support this
science. In today’s world most of the funding comes through
national budgets, with a few brave exceptions such as the
European Union and some US foundations. What mechanisms
can we think of promoting that would provide the funds for
international science to flourish and to meet the challenges of
tomorrow, without the sort of narrow perspectives national
funding agencies are frequently forced to have?

If science is truly international, why is there no
obvious international forum where those making high-level
decisions about science can sit around the same table? Where
do science ministers and heads of national research agencies
come together on a regular basis to share policy discussions and
decisions? This occurs more and more on the regional level, but
should it not also take place internationally? Do the national
and the few regional associations for the advancement of
science have an effective meeting-place internationally? Could
the two sponsors of this Conference add this to their already
heavy responsibilities?

Perhaps the answer to all these questions lies in the
scientific community’s own hesitation in making its case
clearly and firmly to policy-makers, to the media and to the
general public. Scientists are not known to be the best bridge-
builders to other sectors of society, but they, or someone on
their behalf, will need to learn better communication skills so
that the nature and wonder of science, its promise as well as its
risks, are clearly explained not once but on an ongoing basis.
Should there not be a renewed effort to provide this interface
between science and society and science and policy, so that
science can finally be heard as it provides impartial advice on
issues key to decisions about the welfare of human beings and
this planet, which is our only home?

The role of future leaders
I myself left ICSU nearly two years ago, not because | stopped
believing in all that | have told you but simply because | had a
chance to contribute specifically in the area of capacity-
building in a newer organization, to which | hope | have taken
all the valuable lessons | learned at ICSU. My new programme
is also an ambitious one, based on many of the elements of
international science that | have described here: global
capacity-building and partnerships, interdisciplinarity and
great energy to bring about change.

The Leadership for Environment and Development
(LEAD) programme is a global, independent, education
foundation set up by the Rockefeller Foundation in the years
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just before the Rio conference to provide continuing pro-
fessional education for outstanding mid-career individuals in
both public and private sectors, introducing them to the
scientific and policy issues of the environment and develop-
ment and honing their skills as future leaders who will deal with
these problems around the world. LEAD is now an independent
foundation with programmes in most parts of the world and |
have the challenge of being its first chief executive officer.

LEAD associates are generally drawn from five
sectors of society: academia, business, government, media and
NGOs. They are between the ages of 30 and 40 and are fully
employed in their organizations and are expected to play key
roles in their countries, regions or internationally. Their
employers contribute to the LEAD programme by allowing the
associates to be periodically absent from their jobs during two
years while they participate in LEAD training.

Once they complete the training phase of the
programme, the associates become LEAD fellows for whom
there exists a special programme designed to nurture this
growing network of leaders. LEAD ensures that all members of
the family (associates and fellows) are kept in close touch with
each other and with other, relevant organizations through
LEAD's own electronic network, LEADnet.

LEAD presently has just over 1000 fellows and
associates through its member programmes which are found in
all parts of the world. Of this network, about 30% are drawn
directly from the scientific community. The programme gives
them a chance to meet and work with peers from other sectors
in their own and in other countries, thereby nurturing an
international community of leaders committed to bringing
about harmonious change in the way the planet is managed.
LEAD fellows are here at this
Conference, having agreed to leave their busy jobs to help

Twenty-four

contribute to the outcome of our deliberations and to ensure
that the follow-up that we will commit ourselves to will take
place not only in their home countries but, with the help of the
LEAD network, in other parts of the globe as well. | hope that
they will bring youthful and fresh perspectives to our
deliberations.

Conclusion

I hope that these brief remarks have persuaded you that | am a
strong believer in international scientific collaboration, which
has made enormous contributions to improving human
welfare. We can certainly point to discoveries in many fields of
research, such as medicine and agriculture to mention but two,
which have made our lives better. | firmly believe that many of
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these positive developments could not have happened without
international cooperation.

At the same time, | also hope to have adequately
conveyed my concerns that our ways and organizations of the
past 50 years or so will not suffice for the 21st century. The list
of future demands is daunting and long. | have tried to touch
on a number of these. The institutions fostering international
science will need to be further strengthened and be made more
responsive to the new challenges. Funding organizations
will have to develop better and more global visions and
approaches. Scientists will have to give greater attention to
improving their ways to communicate with the public, and
something needs to be done urgently to increase the scientific
capacity of the developing world. Ultimately, new and truly
international research institutions will also be needed and
securely supported.

Hence | urge this distinguished assembly of
representatives from the international scientific community
not to rest on its laurels. A conference such as this one is
a wonderful occasion to allow us to deservedly applaud our
many significant past accomplishments. But even more
important than the past is the future and we should
concentrate on what challenges and requirements science can
and must deal with in the 21st century. While the future by
definition is uncertain, we do know that it will pose new issues
for us. This Conference provides a unique and not-to-be-
missed opportunity to explore these.
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L enseignement des sciences

Guy Ourisson
Président de I’Académie des Sciences de I'Institut de France, Paris, France

Jenvisage de traiter briévement la fagon dont on pourrait
enseigner au plus grand nombre le minimum de connaissances
scientifiques afin de limiter les dommages engendrés par trop
d'ignorance scientifique. C'est donc un objectif limité : je ne cher-
cherai pas a discuter de I'enseignement de I'optique quantique,
de la génétique moléculaire ou de la chimie supramoléculaire,
mais il me semble nécessaire de chercher a limiter le risque
d'illettrisme scientifique total. Jémettrai quand méme ensuite
quelques idées relatives a des moyens simples de renforcer certains
aspects de I'enseignement scientifique de plus haut niveau.

Je commencerai donc par me poser la question des
connaissances minimales permettant & un de nos contemporains
de mener une vie « normale », une vie « adulte » ne le condamnant
pas a étre exploité par d'autres, qui, eux, « savent ».

I 'y a bien sOr d’abord les « Three Rs » : « Reading,
'Riting and 'Rithmetic ». Ce serait déja beaucoup dans
beaucoup de pays. Mais admettons que les étapes de
P'illettrisme total ou partiel aient été franchies — et ensuite ?

Quand j'étais a I'école primaire, nous avions chaque
semaine deux ou trois heures de « Lecons de Choses » (« case
studies »). C’étaient des cours pendant lesquels nous étions
évidemment, a I'époque, passifs et sages, et pendant lesquels on
nous expliquait le pourquoi et le comment de choses simples
faisant partie de notre expérience quotidienne ou pouvant en
faire partie. Ces le¢ons de choses étaient illustrées de dessins
schématiques, dont je garde la mémoire photographique. Je
revois par exemple le bateau a voile disparaissant a I’'horizon
mais dont le haut du mat reste visible — ce qui était une des
facons de démontrer la rotondité de la Terre. Je revois les
dessins en perspective montrant une riviére presque a sec puis
en crue, la différence entre un estuaire et un delta, la formation
des méandres de la Seine. Je revois le dessin des microbes vus
au microscope pour expliquer que nous devions nous laver les
mains de temps en temps, et ne pas cracher par terre. Je revois
le dessin montrant qu’un kilo de plumes pése autant qu’un kilo
de plomb, mais n'a pas le méme volume. Je revois le beau
dessin, sur toute une page, d’un paysage dans lequel étaient
combinés tous les météores : un arc-en-ciel, un nuage tombant
en pluie, un orage avec éclairs, une étoile filante, une
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météorite, et je crois méme une trombe (« tornade »). Je
revois la Terre tournant autour du Soleil, avec un hémisphére
en grisé — donc dans la nuit — et la Lune tournant autour de la
Terre. Et tout de suite apreés, un joli paysage avec un pommier
en fleurs, puis le méme en feuilles, puis le méme couvert de
fruits, et enfin le méme nu : les quatre saisons, qu’expliquait le
premier schéma...

Dans tous les cas, les explications étaient rudimentaires
et s'appliquaient a des faits « premiers », que nous connaissions
tous plus ou moins ou que nous étions tout a fait préts a
accepter, comme dans le cas de la voile disparaissant a
I'horizon. Il n'y avait donc pas besoin d’expériences faites en
classe : il suffisait de regarder les dessins.

Et pourtant, jai I'impression que ces Lecons de
Choses ont constitué a I'époque précisément ce que nous
voudrions, avec aujourd’hui sans doute plus de prétention, que
tous les enfants de la Terre puissent apprendre : voir le Monde
avec leurs yeux, et que leurs expériences quotidiennes ne
soient pas I'occasion de questions sans réponse ou, pire, avec
des réponses fondées sur la superstition.

Ma premiére proposition serait de revoir, modeste-
ment, mais en utilisant les moyens modernes d’illustration,
comment présenter dans chaque pays le cadre général de vie
des enfants de ce pays sur la base de leur expérience
quotidienne ou d’images simples. Des photos de la Terre
prises de la Lune ou de satellites remplaceraient évidemment
avantageusement le voilier s’éloignant. Des photographies
simples des saisons locales devraient évidemment remplacer
notre pommier et nos quatre saisons européennes : le temps
n'est plus des manuels colonialistes apprenant, nous disait-
on, aux petits Africains que « Nos ancétres les Gaulois
étaient grands, forts et blonds... ». La mise en garde contre
I'alcool pourrait prendre des formes plus strictes que celle
qui, de mon temps, nous recommandait de ne jamais boire de
vin « que coupé d’eau ». Mais peut-&tre pourrait-on toujours,
ici ou 13, reprendre pour montrer que, chauffé, un métal se
dilate, la méme image du charron cerclant de fer une roue de
charrette, ce que je n'ai vu faire qu'une fois, et il y a bien
longtemps ; mais ce que j'en ai retenu me sert encore, par
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exemple, pour ouvrir le couvercle résistant d’'un bocal de
cornichons.

Cette proposition, d’adapter ce genre d’enseignement
aux conditions de chaque pays, devrait étre complétée par une
autre, tout aussi évidente : il serait nécessaire de I'adapter aux
conditions de la vie en ville, devenue pour beaucoup la régle,
et qui a complétement changé les conditions d’observations
premieres : combien d’enfants citadins ont-ils pu voir la Voie
Lactée ? Combien savent-ils que les poissons n’existent pas
seulement sous forme de parallépipedes ? Enfin, il aurait été
utile de faire un inventaire des notions que I'on peut considérer
comme ne devant pas étre omises : jai parlé de la
compréhension de notre cadre de vie géographique et
cosmologique, et de la dilatation thermique. Des notions
premiéres comme celles de poids, de force, de température, de
temps, de distance, d’aire, de diversité biologique, ou des
notions élémentaires mais plus subtiles comme I'existence des
gaz, ou méme l'existence des molécules, devenues notions
premieres depuis qu'on les voit, pourraient sans doute y étre
jointes. Mais mieux vaut un catalogue court et a coup sr utile
qu’une liste trop longue et mal maitrisable.

A ces Lecons de Choses, on peut et on doit faire une
critique évidente. Leur domaine d'application est limité a donner
une explication simple a des choses vues ou connues, ou aisément
imaginables. Mais elles ne conduisent & aucune nouvelle
expérience personnelle, exigeant d'y mettre les mains et d’observer.

Cette remarque avait, déja de mon temps, conduit a
introduire ce qui, fort habilement, avait été appelé des « loisirs
dirigés », qui nous ont permis de construire avec nos mains des
planeurs en balsa ou de voir avec un microscope rudimentaire
les merveilles qui se cachaient dans une mare. En outre, des
livres déja anciens, maintenant centenaires, invitaient a faire
des expériences « amusantes ». Je crois bien que c’est en faisant
un tourniquet avec un bouchon, une aiguille et deux
fourchettes, que j'ai pour la premiére fois compris I'importance
de la position du centre de gravité par rapport au point d’appui
— notion utile pour tous, dans bien des circonstances. De
nombreux petits journaux pour enfants reprennent ces
« expériences amusantes ». Mais beaucoup d’enfants n’ont
évidemment jamais I'occasion d’en lire : ce sont des journaux
pour enfants riches ou au moins pour enfants de pays riches. Ce
pourrait &tre un objectif utile que de monter un site Internet
comprenant de telles expériences pouvant étre faites avec les
moyens du bord — je veux dire de la rue ou de la campagne.

Je ne crois donc pas que I'ancienneté de méthodes
d’enseignement soit en elle-méme une raison de les
condamner; au contraire, il faudrait adapter les méthodes qui
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ont fait leurs preuves. Mais des expériences nouvelles sont en
train de s'imposer. Je veux parler en particulier de ce qui, en
France, s'appelle « La Main a la Pate ». 1l s’agit d’expériences
réalisables sans investissement notable en matériel, mais au
contraire exigeant une participation intellectuelle de
I'enseignant, guidée par des consignes élaborées avec soin par
des scientifiques de trés haut niveau qui tiennent compte
constamment du «retour d’expérience ». Le succés de ces
méthodes nouvelles est incontestable, et elles se répandent peu
a peu, a un rythme sage. En France, cette expérience a un
caractére d’autant plus exemplaire que, contrairement a nos
habitudes de pays centralisé, elle n'a pas été élaborée dans le
secret des bureaux de I'administration, et que son expansion n'a
pas été soudaine, universelle et décrétée par une circulaire
ministérielle, mais qu'elle est progressive, et fondée sur le
volontariat. Elle n’en est pas moins spectaculaire : actuellement,
en France, ce sont 4000 classes qui sont concernées par cette
opération, et le mouvement prend de I'ampleur.

Nous ne devons évidemment pas oublier que La Main
a la Pate n'est qu'une adaptation de programmes hands-on
similaires mis au point aux Etats-Unis dans des quartiers difficiles
de Chicago et qui doivent tant a Leon Lederman. 11y a aussi une
liaison évidente entre les ambitions de ces programmes et les
intiatives de I'lCSU, telle le Programme for Capacity Building in
Science, avec son bras armé, le Science Corps.

Il peut étre enfin intéressant de comparer ces
initiatives avec celles qui sont appliquées dans un grand
nombre de Musées des Sciences interactifs, comme le British
Museum, I'Exploratorium de San Francisco, ou le Palais de la
Découverte et la Cité des Sciences et des Techniques a Paris.
La différence essentielle est évidemment, du point de vue
universel de 'UNESCO, que n'ont accés a ces derniéres
expériences que ceux qui peuvent rendre visite a ces Musées,
dont on peut mal imaginer la multiplication dans les pays
pauvres. Méme si l'ont peut espérer que, dans ces pays,
I'utilisation d’'Internet facilitera des contacts directs, ce n’est
pas ainsi que pourront étre réalisées des expériences hands-on.

Je voudrais quitter le domaine de I'enseignement le plus
élémentaire, encore que je sois persuadé que c’est celui qui devrait
étre I'objet du plus de soins de la part de FTUNESCO, et passer
quelques instants sur I'enseignement universitaire spécialisé.
Spécialisé ? C’est précisément sur ces mots que je voudrais revenir.

Il est en train de s'introduire sans fanfare, entre les
Universités du Monde, des différences énormes sur le plan de
la spécialisation.

En France, certains enseignements sont par nature
trés diversifiés. Par exemple, les études de pharmacie, dont le
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niveau est traditionnellement trés élevé — au moins par
comparaison avec d'autres pays développés, comprennent des
enseignements de mathématiques, de droit, de chimie, de
botanique, de zoologie, de pharmacologie, de biochimie, et j'en
passe. Au contraire, il est considéré comme normal qu'un
Docteur en mathématiques n’ait suivi aucun enseignement
autre que de mathématiques. Avec une pré-spécialisation
avant I'entrée en Université, comme au Royaume Uni, la
spécialisation peut méme étre extréme : j'ai connu un collegue
chimiste qui n'avait, dans toute sa scolarité secondaire et
universitaire, suivi aucun cours d’électricité et seulement un
bref cours d’optique, comme toute initiation & la physique.

A l'inverse, je recois en stage d'été des étudiants en
cours d'étude a Harvard, qui combinent des cours de tres bon
niveau en chimie et en biologie avec des cours d’histoire de
I'art ou de pratique de la danse classique. Mon sentiment est
qu’ils sont mieux préparés a une vie riche, et méme a une vie
scientifique productive, que nos étudiants hyperspécialisés.

Enfin, il a été beaucoup question en Europe ces
derniéres années de cours par alternance, combinant des
périodes d'activité universitaire normale avec des périodes
d’emploi dans des entreprises. L'objectif est de mieux les
préparer & pouvoir choisir entre plusieurs types de carriére a
Iissue de leurs études. Je crois en fait que, méme pour ceux qui
se sentent de toute éternité destinés a faire une carriére dans un
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domaine précis, une formation rudimentaire a la vie en
entreprise, aux exigences d'un travail ayant des conséquences
économiques immédiates, a une socialisation plus hétérogéne,
est une expérience utile. Dans le cadre de mon laboratoire, j'ai
ainsi utilisé la bonne volonté d'un réseau de collégues
industriels amis, pour permettre a tous mes éléves de these ou
presque de faire des stages industriels d'été — habituellement
dans un pays étranger pour les «européaniser » plus
complétement. Quand un thésard soutient son Doctorat en
ayant accumulé 11 mois de stages industriels dans cing pays
différents, non seulement il n'a pas grand mal & trouver une
situation intéressante dans I'industrie, mais on peut étre assuré
qu'il ferait aussi un bon enseignant, qu’il sera un meilleur
scientifique.

Javais aussi initialement I'intention de passer en revue
quelques-unes des caractéristiques positives et négatives des
stages post-doctoraux, qui sont devenus une part si importante
de I'enseignement des sciences au niveau le plus élevé et de la
création de la communauté universelle des scientifiques. Mais
j'ai peur que cela ne dilue mon propos essentiel : il me semble
beaucoup plus important de concentrer nos efforts, et pour
I'instant nos réflexions, sur I'enseignement des sciences au
niveau le plus élémentaire, celui qui doit permettre au plus
grand nombre de nos concitoyens, méme défavorisés, une
meilleure compréhension du Monde ou nous vivons.
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Reformation of scientific disciplines

Hiroyuki Yoshikawa
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I am honoured to have an opportunity to make a presentation
to this important conference. | will talk about some problems
about scientific disciplines.

Past evils

Issues concerning the global environment are getting serious. They
have already passed the stage of warning and are now entering a
stage where action is required. We need to act quickly to sustain the
Earth. Governments, corporations and universities have already
started making efforts to cope with problems related to the
worsening of the global environment, each in their own way.

This, however, is just a beginning. Perhaps deeper
thoughtfulness is necessary for humankind to create a really
effective approach to sustaining the Earth. This is due to the fact
that global environmental problems are newly emerging and
humankind has never experienced such problems in the past.

Destruction of the global environment is doubtlessly an
evil that attacks and threatens humankind. Historically, we,
humankind, have countless experiences of being attacked by evils.
Those evils were in many cases huge and powerful, for example
pestilences, which killed so many people repeatedly throughout the
long history of humankind. For a long time we dealt with diseases
in the wrong way, but finally, at the end of the 19th century, the
germ, the cause of disease, was identified and methods of preventing
infection and of curing disease were found.

Generally, it is said that, although humankind is
physically weak, we have conquered the Earth. The reason for this
conquest is our physical weakness. In proportion to our weakness,
we achieved an intelligence that helped us in our conquest.

In the case of germs, humankind identified them and
invented methods to control them. But more importantly, the
experiences of fighting against various diseases were collected and
systematized into an academic field: bacteriology. Knowledge
systematized as an academic field can never be lost through the
generations and can be usefully utilized by anyone thereafter.
Therefore, academic fields are assets that will never disappear.

Bacteriology is an example of how a domain of useful
knowledge was established through an opportunity to fight an evil.
It should be stressed that the present example is not a special one.
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Moreover, we can say that many useful knowledge systems were
initiated by humans fighting evils that threatened humankind. It is
easily understood that intellectual power is fully brought out and
revealed in such dangerous opportunities where we fight for the
survival of all human beings.

Actually, we may point to many examples where
knowledge was acquired through conquering evils. When
knowledge is well systematized, it is called an academic domain.

Civil engineering was derived from floods and droughts.
Naval architectural engineering was born of the efforts to fabricate
better, safer boats. Structural engineering is a knowledge system that
was acquired through another knowledge system that was acquired
through various activities for eliminating or mitigating damage to
houses, bridges and other structures due to storms or earthquakes.

Not only engineering knowledge — we can give examples
in other fields. Greek philosophers created methods of rightful
discourse in order, at the risk of their lives, to criticize politicians.
The result of systematic knowledge is the theory of logic. Even
Newton’s dynamics can be traced back to the astrology by which
people wished to avoid bad luck.

Bad luck, despotic politicians, storms, earthquakes, causes
of wrecks, floods, droughts and germs: they are all evils for
humankind, which hopes to build a safe and comfortable life.
Through the long history of humankind, we have successfully
eliminated or mitigated the harm done by these evils. Not only
have we created the practical means for elimination and mitigation
of harm, but we have also integrated the knowledge acquired and
established systematic knowledge of various subjects. In other
words, technology triggered a domain and grew into science. The
highly systematized academic knowledge that is now available can
therefore be said to be a glorious asset reflecting the history of
human conquest on the Earth.

Modern evils

If we have completed an academic knowledge system that may be
applied to cope with and solve any problem confronting us, we
should be able to solve the newly emerging problem, the
destruction of the environment, by utilizing some of the
knowledge systems we have created. It is necessary for us to fully
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apply the existing knowledge domains and of course we must
develop the domain itself using basic research to solve
environmental problems relevant to the domain.

However, this alone is not sufficient. The reason why
the respective application of knowledge domains cannot be
sufficient is because the problem — destruction of the global
environment — is an evil that carries intrinsically different
characteristics from other evils or older evils. The above-
mentioned evils, such as pestilence, were foreign enemies to
humankind. These evils existed outside normal humans and
sometimes came into the human world and threatened us.

In contrast, the destruction of the global environment
is not foreign to us. Phenomenologically, many environmental
problems seem to attack humankind from the outside, such as the
greenhouse effect or the warming of the Earth, deterioration of
water, change of the constituents of air, extinction of useful
species, emergence of poisonous substances in soils, etc. If threats
exist outside the human world and sometimes attack humankind,
we may utilize traditional means to conquer them. When that
attack seems similar to one of the evils that we experienced in
the past, we may select a relevant existing domain and apply,
sometimes develop, the domain to conquer the evil.

If the attack does not seem to belong to any existing
domain, then we must initiate a new domain, inventing new
practical means and establishing a new knowledge system as a
result. We should not be frightened by its newness, because
humankind has many experiences from the past where we have
encountered new evils and successfully conquered them.

However, the destruction of the global environment is
neither a similar evil nor one of the new ones mentioned above.
Itis not only new but is also of an intrinsically different character.
It has already been pointed out that many abnormalities observed
in the global environment, such as those mentioned earlier, may
be attributed to human activities. And of course, there are many
other abnormalities that are obviously attributable to human
activities such as atmospheric pollution by exhaust gas,
deterioration of soil by waste chemicals and extinction of insects
by agricultural chemicals.

The intrinsic character of environmental destruction,
whether it is obvious or not, is that the cause is attributed to
human activity. More importantly, these human activities have
always aimed at creating safer and more comfortable lives for
human beings.

Therefore, we are obliged to say that this new evil exists
within human good intentions. Regrettably, this character is
often observed in the problems of modern society. We may
enumerate many examples. Coexistence of rich areas and
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starving areas on the Earth must be caused by the existence of
borders that have been constructed to eliminate the useless
struggle between nations but now prevent people from freely
moving from starving areas to other abundant areas. An increase
in the size of accidents due to the enlargement of automated
systems, outbreak of new diseases due to too much application of
new medicines, solitude in urban life, ethnic disputes, crimes in
cyberspace, educational difficulties for children, etc., are familiar
examples. We should not overlook that serious new problems are
arising in the medical field. Cloning and gene therapy are mostly
expected to be used as curative means, but deep ethical
considerations must be examined before proceeding with wider
applications, otherwise this will produce an ethical distortion in
society. These are all modern evils.

Therefore, we may categorize the evils into two types.
One is foreign evils that exist outside of the human world and
sometimes attack us. These are past evils. The other is the inner
evils that come unintentionally from human activity. They may
be called modern evils.

What is necessary?

If the destruction of the global environment has already started,
how should we establish principles to cope with the situation and
what actions should we take most urgently?

Because the observed phenomena, such as environ-
mental destruction, cover a very wide range and are related to so
many knowledge domains, it seems almost impossible to utilize
only a few existing knowledge domains, either for eliminating
the cause of destruction or for remedying the damage. As
mentioned earlier, the phenomena categorized in the destruction
of the global environment are: first, changes or deterioration of
the natural environment, which have causes that are not easy to
identify; and second, deterioration which has causes that are easy
to identify but difficult to eliminate because of social and
sometimes economic reasons and a low availability of
environmentally better alternatives. These two categories require
different approaches. When we deal with the first one, we need
to utilize observational methods to analyse the causes of the
deterioration. Fundamentally, this approach may be similar to
basic science. On the other hand, when we deal with the second
category, we should utilize not only the methods of basic science
but also the methods of engineering, economics, social sciences
and policy-making. In addition to the wide range of problems due
to the above-mentioned categories, we may easily find another
factor that widens the range of domains. Just by looking at
examples of the destruction, we must realize that so many
knowledge domains are related to the destruction phenomena.
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Deterioration of water is related to geology, meteorology,
chemistry, agriculture, urban engineering, manufacturing
engineering and, of course, water purifying engineering. If we
think of waste processing, we need to invite many different
specialists from science, engineering, economy, law and
the humanities.

It is doubtless necessary for a vast number of academic
domains to be involved in research on environmental issues,
each of them taking a different approach according to their
subject. It should be stressed here that it is necessary to develop
new knowledge and methodologies not only in each domain in
parallel, but also through collaboration between fields. It is easily
seen that phenomena observed in the destruction of the global
environment are the results of the complex integration of many
different causes. No phenomenon is the result of an activity
related to a single knowledge domain. Collaboration of different
specialists is essential in analysing the complex phenomena and
proposing feasible plans.

What is sufficient?

Here, can we think that the collaborative involvement of
researchers from relevant academic fields is enough to create
useful results contributing to practical actions to eliminate the
cause and remedy the damage?

It is absolutely necessary to collaborate, but this alone
is not sufficient for the following reason. We must consider again
the intrinsic character of modern evils. They are inner evils.
That is, the true causes are invisibly included within our well-
intentioned activities.

In the past, engineers were motivated to improve the
performance of products in their engineering domain. They
strived to be faster in transportation, more reliable in mechanical
structure, more rapid in calculation and more accurate in
measurement and manufacturing. These are consistent with
corporative purposes and appreciated by consumers. Here, we
can observe harmony between specialists’ motivations and
consumers’ wishes.

If the destruction of the global environment is an inner
evil, the cause could exist invisibly in human intentions and
therefore this harmony could be destroyed. We should conclude
theoretically that it is to be destroyed. Moreover, we are required
to see that this destruction actually takes place.

In the past, a car was thought better when the size was
larger and the speed was higher because the basic purposes of the
car, comfort and usefulness, were both more fully realized. The
original function of the car was to move people more quickly
with more comfort. Correspondingly, the knowledge system,
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mechanical engineering, motivates automotive engineers and
intrinsically incorporates the value that the faster and the more
comfortable a car is, the better.

Generally, as mentioned earlier, many knowledge
systems have intrinsic values, whether they are visible or not,
depending on their origins. A domain was initiated for fighting a
past evil and later grew into systematic knowledge to be utilized
for the development of more comfortable tools, devices,
conditions and environment in the relevant domain. This very
concept of comfort in this domain backs up the value that is
intrinsic to the domain.

If an engineer is asked to design a car that minimizes
the burden on the environment, he must moderate the
intentions intrinsic to his specialty to a considerable extent. In
most cases, engineers are required to moderate their original
dreams coming from their specialty into ones that are
compromises and this generates some frustrations. In actual
situations, we often appeal to their morality as citizens asking
them to moderate their ambitions as specialists.

Is this the inevitable attitude by which people act
in a society where sustainability is the central concern?
Unfortunately, we cannot deny this when we consider the history
of the development of knowledge. Here is a serious gap between
motivations of normal people and specialists, and consequently
there will be a rising deterioration of human morale to conquer
any evils they encounter.

It is reasonably easy to understand that a techno-
logical domain intrinsically carries a value that affects the
motivation of specialists, even if it becomes mature enough to
be described in purely scientific terms, as is often seen with
fundamental subjects of engineering education. On the other
hand, many people may believe that any one of the domains of
pure science is perfectly free of values. But this is doubtful, in
spite of its being common sense.

Let us think of a simple example. Traditionally,
the subjects of scientific studies have been divided into
domains. Most fundamentally they are divided into two
domains as living things and non-living things. Living things
are divided further into plants and animals, establishing botany
and zoology.

Taxonomy has been one of the most important
methods used for the development of science historically and
this has resulted in many scientific domains. Sometime in the
past, scientific studies used to be conducted independently of
other domains. A typical example is the study of matter:
studies of plants and animals had been conducted inde-
pendently and consequently knowledge was separated between
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botany and zoology. And needless to say, both of them were
independent of mineralogy.

This is exactly the reason, unfortunately, why
humankind has long been losing sight of the circulation of matter
through plants, animals and minerals on the Earth, which is now
identified as being one of the most important ‘natural’
phenomena to be studied scientifically.

More than 2000 years ago, a Greek philosopher,
Democritus, was the first to point out that matter was made of
atoms and emptiness, and secondly that atoms would never
disappear from natural things. Strangely, modern scientists were
only interested in the first point by Democritus and investigated
deeply the atom, that is the structure of matter. They have been
attacking the secret of matter and have already reached the
extremity of the elementary particles level.

On the other hand, they paid little attention to the
second point by Democritus, that is the law of indestructibility of
matter. This is a thing left behind by modern science. The law
implies that matter circulates. However, modern scientists have
not yet developed a theory that explains the total system of
circulating matter on the Earth, except local circulations within
individual domains. Recently, it has suddenly been realized that
the global destruction of the environment seems to be attributed
to the abnormality of circulation of matter on the Earth. Then,
we should conclude that modern science is seriously responsible
for the destruction.

We may say that the fundamental cause of the
global destruction of the environment is the morphology of
scientific knowledge: that is, the over-fragmented structure
of scientific domains. Here, we conclude that the necessary
condition for resisting the deterioration of the global
environment is the cooperation of scientists and engineers from
various fields, while the sufficient condition for recovering the
environment is thorough reformation of the structure of
scientific knowledge.

A proposal
We have elaborated the characteristics of the problem of global
destruction of the environment and concluded that it can be
attributed to the artefacts developed by the separate efforts of
people utilizing particular knowledge from the fragmented
scientific domains. Thus, the most fundamental cause is the
morphology of knowledge.

The environmental problem is an example of a modern
evil and we have already mentioned other examples such as the
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coexistence of rich and starving areas. The analysis of the
problem of destruction of the global environment is also
applicable to other modern evils. They are all caused by
particular artefacts, either material or institutional, that were
created by human efforts in order to solve individual problems by
applying the particular knowledge that was useful, at least for
solving them primarily. Those artefacts have interacted with
others gradually and generated new problems that could never
have been expected within the particular domains.

We need to apply useful knowledge in fighting those
modern evils. This useful knowledge would be obtained from
the corresponding scientific domain. Then how can we
establish the scientific domains from which we can develop
useful knowledge for the fight? We must select an alternative
to the traditional scientific method successfully applied to fight
past evils.

Let me propose a method for creating useful
knowledge that will confront emerging modern evils, that is, a
bird’s-eye-view project for scientific research. In this project,
researchers will come together from various scientific fields
categorized into two groups. The first group works on realizing
the main target of the particular project, creating new
knowledge, while the second group works on analysing the
influences of knowledge on society. The second may not only
estimate the scientific result of research itself but also forecast
the state of the society to which the result might be applied
after the project is finished.

Researchers from both groups, each of which may
include respective different domains, are requested to work
together and concurrently, not only integrating knowledge
from their domains but also cooperatively reforming individual
research motivations that are expected to grow wider than
those enclosed in their particular scientific domains, including
natural sciences, engineering, social sciences and letters.
Sometimes, it is necessary to invite policy-makers to the
second group. We may say that this reformation of motivations
will generate a birds-eye view.

This kind of project will be one of the promising
practical devices where researchers can widen the scope of
their research activity. Needless to say, the most crucial point
is the opening of a researcher’s mind to emerging problems that
are quite new and different from the past. As scientists or
engineers, we must try to open our minds to new problems and
also should not hesitate to reform our research motivations
through collaboration with researchers in other domains.
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What makes science unique in the experience of mankind?
The specificity of the scientific approach

Maria Carla Galavotti
Department of Philosophy, University of Bologna, Italy

Defining the nature of science is the main task of the philosophy
of science. In what follows, the traditional approach of science
philosophers will be counterpoised by a more recent approach
more suitable for science in the 21st century.

The traditional stream in the philosophy of science,
namely the analytic-empiricist (or neo-positivist) tradition
followed by authors like Rudolf Carnap, Hans Reichenbach and
Carl Gustav Hempel (to mention but a few) holds a strong view
of science according to which it is possible to formulate general
standards of scientific procedure; to analyse the logical structure
of scientific knowledge; and to show that science serves the
rational pursuit of acquiring reliable knowledge of the world in
which we live. The tool adopted by such authors in order to
analyse science is logical analysis based on formal logic developed
by Peano, Frege, Russell, Whitehead and others. The idea is that,
by making use of logical analysis, one can show that scientific
language has a very special character, namely that of being unam-
biguous. In this connection, analytic-empiricist philosophers put
forward the ‘verificationist’ view according to which the propo-
sitions belonging to the empirical sciences are meaningful if they
are verifiable by experimental observation. A ‘physical theory of
truth’ provides a verification procedure which consists first in
defining an ‘observational language’ describing experimental
data, and secondly in translating the whole language of science
(usually including also theoretical terms referring to un-
observables) into sentences of an ‘observational language’ shaped
on the language of physics. This position has been called
‘reductionism’. Reduction to the empirically given, or at least the
possibility of performing such a reduction, plays the double role
of a criterion of meaningfulness and a criterion of demarcation
between science and pseudo-science. While scientific statements
are anchored to experience in the way just specified, statements
lacking this property do not have any content and are therefore
deemed meaningless. Such are the expressions belonging to
metaphysics or to pseudo-sciences like astrology. This is the core
of the so-called ‘verifiability theory of meaning’, which also offers
a criterion of demarcation between genuine scientific statements
and statements belonging to pseudo-science.
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Logical analysis also gives us the means to perform a
‘rational reconstruction’ of the nature and methods of
scientific knowledge. Performing a rational reconstruction
amounts to exhibiting the logical structure of science. This
may require rearranging scientific knowledge in a consistent
scheme, filling conceptual gaps and specifying connections
that are not explicitly stated in the reports made by scientists,
such as making tacit assumptions explicit or showing the
relationship between theoretical and observational statements.
Analytic-empiricist thinkers see rational reconstruction as the
main task of epistemology and consider the capacity to
undergo this process as a distinctive feature of science.

The ideal of rational reconstruction is based on a
sharp distinction between a ‘context of discovery’ and a
‘context of justification’. The context of discovery covers the
process leading to the formulation of scientific hypotheses,
including experimentation. According to analytic-empiricist
philosophers, the context of discovery is of the exclusive
concern of scientists, whereas philosophers are committed to
the context of justification, aiming at the clarification of the
logical structure of scientific theories and the inferential
methods employed first to obtain then to verify these theories.
In this perspective, the analysis of the structure of scientific
knowledge is confined to its syntactical aspects.

In addition to analysing the structure of scientific
theories, rational reconstruction applies to explanation and
prediction, considered the main goals of science. The latter are
taken to be ‘nomological’ conceptual operations, namely
activities which require the use of empirical laws (or empirical
generalizations), expressing correlations between phenomena
of different kinds. The emphasis on the importance of
explanation and the insistence on the adoption of laws as
essential ingredients of the rational reconstruction of science
are typical of analytic-empiricist epistemology. Indeed, this
tradition stresses the capacity to formulate laws that enable us
to explain facts and to predict future events with accuracy as
being another important, distinctive feature of science.
Furthermore, laws — as well as explanation and prediction — are
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obtained by means of inferential procedures that are
themselves definable in a clear and unambiguous way. This
brings us to induction and deduction, both of which play a
crucial role within this view of science. According to neo-
positivists, a hypothetico-deductive procedure, resulting from a
combination of induction and deduction, is needed in order to
obtain the theoretical constructs that make explanation and
prediction possible.

To sum up, according to the neo-positivistic picture,
science is a rational enterprise because of its explanatory and
predictive power. Moreover, science is intersubjective, being
endowed with an unambiguous language and a methodological
apparatus whose structure can be fully analysed and clarified.
By 1929 (when their Manifesto was published) neo-positivists
believed that their conception of science, namely science seen
through the lenses of logical analysis and modelled upon
physics, could serve as the basis on which to build the unity of
knowledge. In quite a utopian manner, they patronized a
‘scientific conception of the world’ intended to shape a new
way of life, free from prejudice and open to intersubjectivity.

The neo-positivist conception of science was too
strong not to have any weaknesses. And objections were not
slow in coming. A first objection is that the picture of science
devised by neo-positivists does not suit the social sciences,
where the use of general laws and theories is more restricted
than in physics. Furthermore, Popper rejected both induction
and verification, to which he opposed his epistemology of
‘conjectures and refutations’. Together with induction and
verifiability, Popper gets rid of the other keystones of analytic-
empiricist epistemology, namely the distinction between
theoretical and observational terms and that between context
of discovery and the context of justification, to which he
opposes the conviction that all terms are theoretical to some
degree and that observation is always ‘theory-laden’. Popper’s
work has opened the door to an alternative stream in the
philosophy of science, namely the post-positivist school,
including Norwood Russell Hanson, Thomas Kuhn, Imre
Lakatos and Paul Feyerabend. These authors call attention to
the pragmatic aspects of science. With the work of these
authors, the analysis of science flees from the safe shores of
logical analysis, sharp distinctions and all-encompassing
methodology to embrace relativism. Feyerabend goes farther,
advocating methodological anarchism, on the claim that there
is no way of giving a univocal account of ‘scientificity’ or
‘scientific rationality’. No room seems to be left for an
epistemological analysis of the nature and specificity of
science.
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While the debate between neo- and post-positivists
has been occupying the limelight, other authors — Patrick
Suppes, Bas van Fraassen, Brian Skyrms, among many others —
have been addressing science in yet a different way, which can
be broadly characterized as ‘constructivist’ for its interest in
model building and experimentation. As a matter of fact, these
authors take diversified positions, but I will refer to what | take
to be the common traits of their work. The approach in
question gives up the search for a univocal description of
science and, instead of looking for a monolithic image of it,
adopts a pragmatic attitude according to which both science
and epistemology are problem-solving activities directed to
particular issues. The task of epistemology becomes that of
scrutinizing the theoretical and methodological apparatus of
single disciplines taking into account their experimental
aspects, which are considered no less important than their
theoretical structure.

The interest in experimentation is a crucial aspect of
this approach, which does not take empirical data for granted,
but makes an attempt to analyse them. The neo-positivist
distinction between theoretical and observational language
gives way to an image of science as a hierarchy of models,
ranging from empirical models, or ‘models of data’ (in Suppes’
terminology), to the mathematical models of theories. We
might call this a ‘bottom-up’ approach to stress the fact that it
moves from the structure of observation to the structure of
theories. This approach is inspired by the conviction that the
methodology of observation not only shapes empirical
evidence, but can also suggest new theories.

In this perspective, the distinction between the
context of discovery and the context of justification is not
simply refuted to make room for historical and sociological
considerations, it is superseded by an approach that considers
discovery and justification as being intertwined. Interest in the
context of discovery calls attention to the structures of data,
called ‘empirical structures’, which become as important as the
formal structures shaping theoretical formulations. Empirical
structures are not to be described as syntactical structures;
rather, they are determined by statistical methods adopted to
collect and organize observational data.

A main feature of this position is a shift from logic to
probability. This is stressed by Suppes, who calls his own
position ‘probabilistic empiricism’. Probability enters into the
analysis of science not only in connection with empirical
structures (which are shaped by statistical methodology), but
to the extent that it pervades the whole picture of science. The
process of acquiring knowledge is modelled upon a Bayesian
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process of updating opinion in the light of new evidence, with
the possibility being entertained that observational evidence is
itself uncertain. The statistical methodology of confirmation
(based on induction) and of testing hypotheses (shaped on
falsification) takes the place of both verification and
Popperian falsification.

Science becomes more an activity of constructing
models apt to give an adequate (and useful) description of what
is experienced than one of discovery of true theories. Models
are usually employed for making predictions and, in some
cases, they allow for explanation. Here explanation is seen as a
pragmatic activity that varies according to what kind of
information is required in a certain context. So conceived,

explanation ceases to be a privileged goal of science to become
one of a number of useful operations that can be performed.
The approach at hand is centred on models rather than laws.
With respect to laws, models are less general and more flexible;
being typically context-dependent, they are loaded with
pragmatic elements, such as the specific purpose for which they
were built and the kind of data involved. Far from preventing
an epistemological analysis of science, the adoption of models
in place of laws allows for a comparative analysis of the
structure of scientific knowledge in different disciplines.
Starting from plurality, this kind of epistemology does not aim
at a prearranged unity of science, but rather seeks a
transcultural integration among different disciplines.

How modern science was born and developed

Claude Debru
Université Louis Pasteur de Strasbourg, France

The way modern science was born and developed may be
considered from a philosophical point of view. Modern science is
generally understood as science as it developed during the last
two centuries. Indeed, modern experimentalism (together with
its ethical correlates regarding vivisection for instance) took form
in the 19th century, a century in which the cognitive content of
the human mind also underwent an unprecedented broadening
(for instance with the non-Euclidean geometries), which paved
the way to the new conceptions of physics at the beginning of the
20th century regarding space and time, matter and energy. Some
fundamental scientific questions were posed for the first time in
their full clarity in the 19th century, such as the origin of
molecular asymmetry or the origin of consciousness in brain
mechanisms, both questions which still remain without real
answers. Another major development of the 19th century was
biological evolution with its far-reaching ideological
consequences on the place of man in nature. During this century
also, the relationships between science and technology and
between science and engineering became more intimate, so that
it is quite impossible, at least for sciences like physics and
chemistry, to separate scientific growth from the Industrial
Revolution. The growth of science was also much dependent on
political changes and on new powers, such as Napoleonic France
or Bismarckian Germany. For these powers, science was a major
tool of economic growth and political leadership, and this has
been generally the case since that time, to the point where
countries which were not sufficiently convinced of the usefulness
of science for society suffered very much.
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How was modern science born and how did it develop?
One of the causes of scientific development was the rapid
change in the social conditions and environment of the work of
scientists in the 19th century. Nineteenth-century scientists
were citizens endowed with new ideas of scientific and social
progress and were for the most part fighting against conservative
trends in societies. Nineteenth-century science was ‘made’ not
only by established academics endowed with connections with
political powers or organized into influential groups like the
French chemists of the Société d'Arcueil at the beginning of the
century. It was also made by isolated romantic figures working in
poor conditions and coming up with unconventional ideas, as
would other organic chemists a little later. Nineteenth century
science was made also by people who were engineers rather than
scientists, like Carnot who worked on the steam engine. The
stronger link between science and technology, which is created
during the 19th century, is a result of the Industrial Revolution,
of the more intensive use of energy sources and forms, heat or
electricity for instance. However, what is perhaps most
characteristic of 19th-century science is its long-term tendency
to organize itself into an autonomous research enterprise in
laboratories and institutes with numerous workers. This
tendency correlates strongly with the tendency to offer products
and serve the needs of society at large, especially of industry and
medicine. The organization of chemical research in Germany or
of medical research at the Institut Pasteur in France are well-
known examples of this process towards autonomy and
functionalization, which goes with the growth of science itself.
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Nineteenth-century science developed also in a new
intellectual environment. Modern experimentalists had a
strong sense of innovation. ‘Science is revolutionary’ said
Claude Bernard. This statement means basically that science is
essentially and permanently a revolution in itself, a change of
ideas, of mental, cognitive structures and also perhaps of
organizational structures. In one century — the 19th — during
which so many political revolutions took place or were at least
attempted, Bernard’s judgement of the nature of science is
culturally not surprising. It is also rather divinatory for the
future, not only of physiology and medicine, but also of physics
for instance. The change in every domain of science, the
opening up of new fields, the discovery of new phenomena and
of new principles underlying various classes of phenomena is a
striking feature of 19th-century science which makes it very
similar to 20th-century science. From thermodynamics,
electromagnetism, biochemistry, organic chemistry, biology
itself, to quote just a few new fields, to the principle of energy
conservation established by Helmholtz in a general formulation
in 1847 or to the second law of thermodynamics, all these
developments gave rise to numerous epistemological and
philosophical tendencies of great influence, such as positivism
which culminated, at the end of the 19th century, in the famous
debate on the limits of science in which the Berlin physiologist
Emil Du Bois-Reymond was the main figure.

Consequently, the classical philosophical framework
of science given by the concept of truth as a correspondence
between mind and reality (adaequatio rei et intellectus) was
taken less and less seriously. The ideas of lawfulness and
determinism, which were based on the success of classical
Newtonian mechanics and of its mathematical developments,
were interpreted by writers like Auguste Comte as a proof of
the human mind’s ability to describe natural laws pertaining to
the phenomenal experience without being able to unravel the
internal nature of underlying causalities, forces and substances.
In spite of philosophical reactions, mainly in Germany, against
Kantian criticism, and in spite of the increasing success of the
scientific model given by classical mechanics in astronomy or
in more remote domains of physics like electricity, the idea of
the limits of science acquired more credit, for instance in
pragmatism which developed mostly in Great Britain and the
USA and was dominated by such a powerful figure as William
James. Surely the idea of an intimate relationship between
science and human action (and not only the human mind) had
something to do with the increasing ability of scientists to
participate in a successful way in the creation of new non-

natural things, the case of organic chemistry being
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paradigmatic in this respect, and thus with the increasing
ability of scientists to answer new social and economic
demands. However, the philosophical success of positivism and
pragmatism at the end of the 19th century (a success which is
still continuing today) was based on the view that science had
met several unsolvable problems which were enumerated by
Emil Du Bois-Reymond in his famous speeches: the problem of
the essence of force and matter, the origin of movement, the
origin of life, the teleology of nature, the origin of sense
perception and the origin of thought and free will.

However, in spite of this attempt to draw boundaries
for science, signs of instability of human reason were
increasingly clear at the end of the 19th century and these were
also signs of possible renewal, particularly in physics. The
privileged status of time as an independent variable in the
equations of mechanics became increasingly questioned. In the
late 19th century, Helmholtz and Mach tried to establish
connections between physics, physiology and psychology and to
investigate the cognitive foundations of scientific knowledge.
The idea of functional dependency between several variables
became more obvious in physics and physiology. Physiology
became increasingly relevant for physics. These tendencies
paved the way, intellectually speaking, for forthcoming
revolutions in physics, which were also favoured by new
technical devices, new experimental systems and new
phenomena at both macro- and micro-levels, like the famous
black-body radiation studied by Einstein in 1904. Due to this
instability of the basic representations of the human mind, at
the end of the 19th century the relationships between man and
nature, human reason and nature, became less clear than ever.

As a science born and developed in the 19th century,
biology allows us to reach the same conclusion. It is impossible to
understand Darwinism without referring to the special
relationship between man and nature described in economics, in
the work of Malthus for instance. During the course of the 19th
century, biology became a science which established itself at the
interface between natural science and social science. Social
scientists were increasingly interested in biology. Biology’s
deepest ideological impact did not only pertain to evolutionary
mechanisms and natural selection. It also pertained to the new
and disturbing place that is given to man within nature,
considered most of the time by biologists as the product of chance
rather than necessity. In such ideological settings, man’s
responsibility in the creation of his own future increased
tremendously. This is indeed the way things are perceived
presently, at a time when biological sciences are ever-more
involved in other social debates and economic concerns, and
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when man’s responsibility for the future of biological evolution
and the future of the Earth’s state is more and more perceived.
Moreover, Darwin’s explanation of biological evolution by
natural selection remained incomplete without a real
understanding of variation and inheritance. This was the task of
genetics. At the beginning of the 20th century, when Mendel’s
fundamental work was rediscovered, the ideological dimension of
genetics was already being discussed vividly in eugenics, a subject
present — sometimes dramatically so — throughout the 20th
century. Indeed, ideologies devoid of any real scientific basis
flourished and were sometimes put into practice. They
corresponded to the most destructive features of human beings.
Today the eugenics debate is still continuing, but the lessons from
the past have not been forgotten. Eugenics makes no sense
genetically, since it diminishes biological diversity, which is a
source of evolutionary success. As an ideology seeing the future of
humankind in an improvement of its biological features, eugenics

is widely condemned for both ethical and scientific reasons.

Modern science, as shaped by the 19th century and
expanded in the 20th century, has been the subject of a big
widening of the gap between science and basic human reason,
a gap which results in educational and other cultural or even
ethical difficulties. There is no real proof that a kind of pre-
established harmony between the basic cognitive equipment
of the human mind and nature exists, in spite of the wonderful
powers of mathematical thinking. On these grounds,
positivism and pragmatism are still flourishing philosophical
tendencies, as they were in the 19th century. These
tendencies are in accordance with the fact that science is a
learning process, as was already seen by 19th century
experimentalists like Claude Bernard. In this process, science
enriches and modifies the human mind. To what extent is the
human mind able to further realize the old dream of
expanding its cognitive powers and thus mastering its
relationship with nature? This is a question and a challenge
for 21st-century science.

About anti-science, para-science and pseudo-science

Robert Halleux
Secretary-General, International Union of the History and Philosophy of Science, Belgium

In the 19th century, when the Industrial Revolution was
flourishing, groups of workmen destroyed the spinning and
weaving machines which they considered a threat to their
employment. They were called luddites from the name of their
chief Ned Ludd, a poor workman from Lancashire who was,
according to historians, mentally challenged. Nevertheless, we
have much to learn from them, as we have much to learn from
the enemies of Galileo.

While the present Conference was organized by
believers for believers, a large part of the population shares
attitudes that are not only diffident towards science but in
some cases radically hostile. Paradoxically, this is especially
true in countries where science and technology have
performed their most spectacular growth. It is not just a simple
nightmare to imagine that, in the near future, citizens could
vote for parties promoting ignorance and cutting off public
budgets for scientific research.

The purpose of this paper is thus to draft a typology of
the anti-scientific attitudes in a historical epistemological
perspective, as well as of the alternative systems of knowledge
in which many human beings have invested their hopes. Here
we shall have to distinguish between, on the one hand, para-
science, from the Greek para, ‘next to’ (i.e. theories and

84

practices which coexist with science without any judgement
about their value); and, on the other hand, pseudo-science,
from the Greek pseudomai, ‘to lie’ (i.e. fakes and forgeries
claiming to be scientific).

About anti-science

In the 1930s, the science historian George Sarton, a famous
neo-positivist, wrote in his journal ISIS, ‘History of science is
the history of mankind'. In the optimistic atmosphere of the
League of Nations and of the International Council for
Intellectual Cooperation, science appeared as the only
cumulative and universal process in history. Generating its
own values, it was able to become the base of a new humanism.
At the same time, the French surrealist poet André Breton
exclaimed, ‘Throw the physicists into jail, close the
laboratories’. A few years later, the Hiroshima bomb revealed
that science could also contribute to evil, while Nazi biology,
Aryan physics in Germany and the Lysenko affair definitely
showed that science can become crazy and perverse.

In the 1960s and 1970s, more and more scientists
denounced the collusion between scientific research and the
industrial military structure. They became increasingly aware
that science was an instrument of domination by one particular
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social class over the other, by one part of the world over the
other. But this criticism did not spread far outside scientists’
circles. It only appealed for an ethical and political regulation
of scientific practice. It did not call into question science itself.
Today the debate takes on a particular shape.

Science itself as a quest for truth is not a subject of
contest. A Galileo affair is impossible today, since the great
religions of the world have made compromises with scientific
advancement. | have indeed met some geocentrists, some
creationists, some anti-Darwinians, but they are in some sense
living fossils. Far more important in the intellectual world is
what is called the post-modern or social constructivist
approach. The post-Kuhnian philosophers of science used to
consider scientific paradigms as the mere product of a
consensus between scientists and they have introduced a
relativism which reduces to nothing the specificity of the
scientific enterprise as research of the truth in nature. Let us
quote here Isabelle Stengers: ‘Science is the type of activity
which, in given circumstances, is practised by people who call
themselves scientists’. This way of thinking should not be
underestimated, since it is influential in some political groups.

As far as the average citizen is concerned, science is
only considered in its applications, i.e. its immediate
achievements, shortcomings and dangers. During several
millennia what we call science and what we call technology
today lived independently of each other. Since the late 19th
century, no significant technological advancement has been
possible without a scientific background. That is the reason
why, in public opinion, fundamental research and the
attitudes towards it are determined by two basic reactions:
utilitarianism and fear.

Utilitarianism is expressed in sentences like ‘is it wise
to invest a huge amount of money in particle physics when half
of humanity is suffering from hunger? or ‘there are researchers
who spent their whole life carrying out research without
discovering anything’, or ‘there are more people earning a
living from cancer than dying from it’. Or even, as a bad guy
said, ‘it would be useful to inoculate the AIDS virus to some
researchers in order to accelerate the process of discovery’. As
a matter of fact, people are against science because they expect
too much from it.

Hopes and fears with regard to science are reflected in
fiction before being clearly expressed. We can connect the
Frankenstein of Mary Shelley with the first galvanic
experiments and with experimental physiology. Some of
today’s movies, like Armageddon or Godzilla, have three types of
catastrophes as favourite themes: cybernetical, environmental,
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biological. These attitudes are deeply rooted in very old ideas
recurrent in Western consciousness since antiquity. First, a
metaphysical idea of nature, of mother nature, punishing its
rebel children and, on the other hand, the nostalgia of the
Golden Age of primitive simplicity and the idea of a twofold
contrasting progress, as described by the Roman poet Lucretius:
the progress of science and technology going hand in hand
with decay and a decline of the world and of human behaviour.

About para- and pseudo-science

No wonder then that our contemporaries seek relief in
alternative knowledge, that is to say in systems which were
excluded from the field of science in its historical
development. They seem more human, less dangerous, more
efficient, to show more respect towards nature. The positivist
approach gathers all these systems under one single label
‘pseudo-sciences’. For years, modern science was built in the
16th and 17th centuries on two pillars: ratio and experientia,
calculus and experiment. These tools were first elaborated for
physics. Afterwards they were introduced into chemistry, later
on into biology, very slowly into the study of the environment
and human behaviour. But at the same time, Western science
became an instrument of domination and its methodological
criteria were considered the only possible evaluation scale for
other For the philosophers of the
Enlightenment, these systems of knowledge were on the same

cultural areas.
level as the Greeks and the Latins in the childhood of
humankind. That is the reason why traditional systems of
knowledge and even folk medicine in the West were never
taken seriously. 1 am especially proud that the President of the
International Union of the History and Philosophy of Science,
Professor Subbarayappa, is organizing tomorrow with Douglas
Nakashima from UNESCO a special session on ‘Science and
other systems of knowledge'. Traditional ecology, traditional
health care, which have been considered so far as extra-
scientific or para-scientific, have to find an appropriate place
in the new scientific landscape we are sketching here.

But the situation is quite different with regard to
astrology, alchemy and the divinatory craft, which were also
left aside by modern science. They represent a real danger for
the scientific enterprise because their epistemology is totally
different. Whereas science is a result of a long series of trial and
error, these pseudo-sciences present themselves as revealed by
one superior authority or as inherited from more advanced
forgotten civilizations. Although they claim to draw arguments
from their successes, one should not forget that, in a medieval
text, expertum est does not mean ‘it has been tested’ but ‘it has
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been confirmed by an authority’. In this respect, they can even
represent a danger for democracy because the owner of the
revelation is reputed to belong to a superior order of beings.
Finally, their most fruitful argument is drawn from the rhetoric
of prosecution. Academic scientists are likened to the
Inquisitors of the 16th century.

In the face of this twofold danger of anti-science and
pseudo-science, | would like to conclude with a plea for self-

criticism among scientists and for the popularization of
science. We scientists have the serious duty of being aware of
our collusion with imperialism. We have to admit that we built
this dual world and dual society. We have to give up our
arrogance, share our knowledge and explain that science is not
a religion, that science is unable to restore the lost paradise,
but that it is nevertheless one of the most fascinating
enterprises of humanity.

Western and non-Western science: history and perspectives

Juan José Saldafa
Facultad de Filosofia y Letras, Universidad Nacional Auténoma de México, Mexico

Has a non-Western science ever existed? This seemed to be the
first question suggested by the title of this communication. But,
as we will see, ethnocentrism has been a limitation for the
historical study of world science and for appropriately
formulating and answering such a question. At present we
know of historical evidence to reply affirmatively to that
question. The history of science has been able to substantiate
the claim, for example, that in the Chinese, Hindu and
Amerindian civilizations original scientific knowledge arose
totally independently from the West.

It has also been established that science, as much
Western as non-Western, has made a place for transhistorical
and transcultural processes of appropriation of scientific
knowledge and for diverse forms of scientific activity in
different societies. Thanks to that, today we know, for
example, that classical Greece was not the unique origin of
rational thought and scientific knowledge. The relationship of
classical science to cultures of the Near and Far East is
expressed by the type of influences that were exercised on it by
previous cultures (Egypt, Babylon and China) or contemporary
ones (India and China). It is cross-cultural processes that have
taken place throughout history and which have ended up
constituting one of the main areas or characteristics of science:
oecumenism, as Joseph Needham calls it. For the topic of this
paper, it is necessary to establish the fact that, in all societies of
any time and place, one or several systems of knowledge about
natural phenomena such as material and energy processes, the
celestial and climatic changes, soil and minerals, plants and
animals, human organisms and their illnesses, etc., have been
present as one of the central elements of each culture.

The second question is whether non-Western science
has been reducible to the Westerner, that is to say, whether
both are not but portions of our scientific knowledge. It has
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been affirmed equally that non-Western science ended up
integrated into the Western scientific tradition in large or
small measure and at different moments of its evolution. This
was the case, for example, in Greek and Hellenistic times with
Mesopotamian algebra, arithmetic and mathematical
astronomy; in the high Middle Ages with Islamic mathematics,
astronomy, physical optics, natural history and medicine; or as
a consequence of the discovery of America with botany,
zoology and pharmacology, among others. On the other hand,
in some other cases like that of Amerindia, China or India, an
abortion of non-Western cognitive traditions took place as a
result of the imposition of Western science, which did not
integrate those traditions into the Western science mainstream
because of that abortion. It is true that areas of knowledge that
were developed outside the West, although recent arrivals, still
have not been integrated into Western science, as in the very
well-known cases of Chinese acupuncture, traditional
mathematics, or the traditional medicine of several regions.
On the other hand, in terms of modern science, one
of the main characteristics is the one regarding geographical
expansionism in regions outside Europe and, in certain cases
that have been documented in Europe itself, in regions far from
main scientific centres. This is another ‘transculturation’
which is historically recent but is the one that has been the
most widespread, to the point of becoming a world
phenomenon at the present time. The diffusion of science that
took place during the last 500 years led to a ‘Westernization’ of
the societies where it was implanted. However, it did not mean
that a resulting homogeneity of the simple adoption of the
scientific practice that was typical in Europe took place. In the
European case this was because of social, economic and
cultural conditions. Nor did it give way to the surrendering of
traditional knowledge and traditional culture. What the most
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recent historiography on the topic presents us with is an
interaction of modern science and of its institutions with local
cultures, making room for multiple developments of science in
other regional civilizations and in other historical processes.
This fact led to the formation of new and different scientific
practices peculiar to each case, the resulting processes of local
domestication to which science was subjected. In general, at
present it is accepted that the institutionalization of science in
diverse societies has been the result of a complex social process
and not the simple transfer of knowledge between centres and
peripheries. This is a conclusion that will surely enlighten
science policies carried out by governments of numerous non-
Western countries and also for international public and private
bodies whose actions have been guided by the idea that what
is needed to modernize is a kind of a hypodermic injection to
get a quick inoculation of foreign science and its institutions in
non-modern societies.

Now, let us take a look into the future. In recent years,
many futurologists have appeared and their visions of what we
should expect in the next century are more or less imaginary
and catastrophist. In contrast, a serious and thoughtful book
was recently published by UNESCO: Our Creative Diversity
(1996), containing a report of the World Commission on
Culture and Development. The President of that Commission,
Javier Pérez de Cuellar, former Secretary-General of the United
Nations, observed that ‘the initiatives for development had
failed with frequency because in many of the development
projects the importance of the human factor
underestimated, the complex fabric of relationship and beliefs,
values and motives is the heart of a culture’ (p. 11). This
statement makes us rethink the very process of development
and has corresponded to the previously mentioned UNESCO

was

Commission which was created for that task. Development — as
affirmed in another place in the report — ‘can no longer be
conceived as a singular path, uniform and linear, because that
would eliminate the inevitable diversity and cultural
experimentation and would gravely limit the creative capacity
of humanity with its valuable path and unpredictable future.’
This affirmation by the Commission, in itself, converts the
subject of cultural diversity into a true means of achieving the
strategies required for construction of greater opportunities in
the future for all humanity. In the face of the change in focus
that such a declaration suggests, a change in perspective should
also take place and as a consequence we should stop assigning a
‘purely instrumental role to culture in order to attribute it,
instead, a constructive, constitutive and creative role’. This
implies beginning the conception of development in a different
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way, particularly by abandoning some of the most influential
economic and political theories at the end of the 20th century,
which as far as science and technology are concerned consider
them only as merchandise to be bought and sold.

A contemporary history of science offers us a renewed
vision of what has been the scientific experience of humanity.
Beginning with an interpretation that has a solid conceptual
and factual basis and is already far from Eurocentric ideas and a
linear development of science, an existing cultural diversity in
scientific material is brought into evidence. It is from this point
of view that conceivable perspectives and alternatives result for
the development of science, as much Western as non-Western.
I hope that it will become evident to everyone that, although
the initial step has been taken by the historiography of science,
the restoration of cultural diversity as an essential part of
scientific practice and its development has not yet taken place.

As is happening in other fields, at this turn of the
century we are witnessing a review of our ideas about the
nature of science. We are doing that by means of incorporating
social and historical processes that we know have acted on
their evolution. From a more or less static vision of science in
place for too long, we are moving towards another vision of a
dynamic nature. That is one step forward which will have great
importance, since it is a call to modify our current conceptions
and attitudes in subjects such as general education and the
teaching of the sciences in particular; the scientific policy of
the state and private enterprise; public communication of
science; the relationship of science to society, culture and
history; the self-value of societies; and programmes for cultural,
economic and social development.

In consequence, it seems that two tasks are a priority
in the immediate future. The first is to develop, preferably
within an international framework like UNESCO, advanced
investigations into the history of national science in all
countries, as well as international science that has been
developed in the 20th century, so that such histories are
capable of giving us the diversified image needed. This may
contribute to the writing of a true world history of science.

The second is to fuel our national and international
projects for development with the valuable empirical
information that historical and social studies of local science
provide us with, so as to give ourselves the realism that has
normally been lacking at the point of creating prospects for the
future that we aspire to and in the definition of that future. It
is also true that, in order to transform the present situation, we
must learn about local science and learn about it in its
evolutionary and interactive movement.



SCIENCE FOR THE TWENTY-FIRSj-CENTURY:A NEW COMMITMENT

The invention of classical scientific modernity

Roshdi Rashed
CNRS-Université de Paris VII, France

From an epistemological point of view, classical scientific
modernity can be fully characterized by two terms: algebraic
and experimental. From a historical point of view, science
has become more and more ‘international’, as much on
account of its sources as through its development and
extensions.

These main characteristics were founded between the
9th and 13th centuries by scholars scattered between Muslim
Spain and the outposts of China, but who were all writing in

Arabic. The appropriation of this new rationality by scholars
began in the 16th century, which gave rise to improvements.

It would then seem essential that whoever wishes to
understand classical modernity should break with the
periodization drawn by historians, founded on a causal link
between the events of political, religious and literary
Renaissance history and events in science. This new historical
knowledge is required to better understand the historical
universality of science.

A new survey of the Needham Question

Liu Dun
Institute for the History of Natural Science, Beijing, People’s Republic of China

What is the ‘Needham Question’ and the core of this talk?
‘Why did modern science, the mathematization of hypotheses
about Nature, with all its implications for advanced
technology, take its meteoric rise only in the West at the time
of Galileo? (Needham, 1969).

This question was repeatedly raised by Dr Joseph
Needham (1900-1995) in his multi-volume Science and
Civilization in China (hereafter SCC). In fact, a great deal of
Needham’s writing on the scientific tradition and
achievements in ancient China relates to this question or its
equivalents. Numerous answers and arguments, including
several from Needham himself, were proposed in the past half
a century. Nowadays the ‘Needham Question’, as historians
call it, is still a topical subject among the historians of
science in the world, and its intention goes far beyond
science and China.

In the People’s Republic of China, this topic has been
paid great attention, especially since the 1980s. The most
interesting article, reporting in detail the development of this
topic in China, is Fang Dainian’s The Discussions on the Reasons
of Backwardness of Chinese Modern Science (1997).

However, this talk will not discuss the various
dynamic factors, no matter whether they are internal or
external to science. Instead, it will propose a brief
introduction to new research concerning this topic and a
special emphasis will be given to the origin and development
of this question, as well as its significance in the historiography
of world science.
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The Origin of the Needham Question

‘What factors had stunted the growth of Chinese science?
Dominicus Barrenin (1665-1741), a French Jesuit who came to
China in 1698, was the man who first seriously raised the
Chinese science ‘backwardness’ issue in the world. In a letter
to Dortous de Mairan (1678-1771), the President and later
Permanent Secretary of the French Academy of Science,
Barrenin wrote: ‘“There are many causes entangled together,
which have prevented science from developing in expected
progress, and as long as these causes still exist, any move
forward is blocked’ (Han, 1992).

G.W. Leibniz (1646-1716) had a different judgement
and analysis of the ‘backwardness’ issue. In Novissima Sinica, he
argued that the basic reason for this issue was that the Chinese
do not lay stress on mathematics. On the other hand, D. Hume
(1711-1776) adopted the sociological point of view and he
believed several neighbouring and independent states
connected by trade and intercourse would be more beneficial
for the advancement of cultivation and learning, whereas
China was severely short of this.

At the beginning of the 20th century, the
‘backwardness’ issue also became a heated topic among Chinese
scholars. In 1915, Ren Hongjun (1886-1961), one of the
forerunners of Chinese modern science, published an article
‘On the Reasons why China does not have Science’, in vol. 1 of
Science, in which he claimed that the main reason was that the
Chinese did not employ the method of induction. Later, in
1920, Liang Qichao, in his Introduction to Learning in the Qing
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Dynasty, claimed that the method of philology in the Qing
Dynasty was quite ‘scientific’ and the underdevelopment of
natural science should be mainly imputed to traditional ethics
which placed less stress on science. In 1944, when the Chinese
Society of Science celebrated its 30th anniversary, a translation
of the paper ‘Why Natural Science did not Rise in China’ was
published in Science Times, written by a German Marxist
historian, A. Wittfogel, who was assumed to have an impact on
Joseph Needham. As a member of the Chinese Society of
Science, Needham participated in the annual meeting and gave
his address on ‘Chinese Science and Civilization’ in which he
first criticized the argument that there was no science in
ancient China; he then said ancient Chinese philosophy was
very close to scientific explanation and that those inventions
and creations of later ages had had a tremendous influence on
the culture of the entire world. Therefore, the fundamental
problem was why modern experimental science and the
theoretical system were produced only in the West rather than
in China? Here, Needham had in fact proposed very clearly the
Needham Question.

All these arguments emerged before the SCC became
widely popular among academic circles.

The global significance of the Needham Question

The ultimate goal of Needham’s SCC was to promote mutual
understanding among different cultures. According to the new
humanism that we recognize in George Sarton (1884-1956)
and Needham himself, science, like art and literature, is the
common heritage of the whole of humankind. In other words,
the unity of nature was reflected in the unity of sciences and
the latter was an affirmation of the unity of mankind. As
Needham wrote in 1966:

‘The standpoint here adopted assumes that in the
investigation of natural phenomena all men are potentially
equal, that the oecumenism of modern science embodies a
universal language that they can all comprehensibly speak, that
the ancient and medieval sciences — though bearing an obvious
ethnic stamp — were concerned with the same natural world
and could therefore be subsumed into the same oecumenical
natural philosophy, and that this has grown, and will continue
to grow among men, pari passu with the vast growth of
organization and integration in human society, until the
coming of the world cooperative commonwealth which will
include all peoples as the waters cover the sea.” Therefore, any
non-Western culture is no longer to be treated as ‘backward’
and modern science should be considered as the great
composition of scientific knowledge in different civilizations.
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Needham’s works are not only stressed by
contemporary scholars in China; his question also causes
global interest. In September 1996, a conference was
conceived as a homage to Joseph Needham and took place in
New Delhi, India. As the organizers pointed out, ‘Science —
the Refreshing River’, the theme of the conference, was
‘inspired by and reflected Needham's lifelong engagement with
crossing disciplinary and institutional boundaries, and drew on
the constituencies of academic and professional colleagues
with varied intellectual and political concerns’ (Habib and
Raina, 1999).

At the 20th International Congress on History of
Science, held in July 1997 in Liége, Belgium, a symposium
with the title ‘Global History of Science’ was dedicated to
Joseph Needham. ‘We chose to focus on some aspects of the
history of ‘non-Western science’, Catherine Jami, the organizer
wrote, ‘on which an impressive amount of literature has
appeared since the first volume of SCC was published. Besides
bringing to light a ‘dark continent’, this literature raises
fundamental methodological and historiographical issues that
could and should inform the work of the majority of historians
of science, who study the ‘West'. We thus intended to enlarge
upon Needham’s contribution to the construction of a new
history of science, which strives to take into account its
multifaceted development in all civilizations’ (Jami, 1997).

Recently a number of articles more or less dealing
with the Needham Question have discussed the social context
of different cultures (Jeon, 1995; Park, 1995; Tsukahara et al.,
1997; Fuller, 1999; Raina and Habib, 1999).

Science, modernization and \Westernization
The triumph of modern science initiated in 17th-century
Europe has caused a widely disseminated mythology: science is
a heritage only from Western civilization, the civilization
originated from Greek and Renaissance Europe; hence the
‘modernization’ is simply equal to the ‘science’, and even,
ridiculously, to the ‘Westernization'.

The problem is: Did Chinese or other non-Western
that
‘modernization’ when what is normally considered modern

nations experience something we could call
science was unknown to them? ‘Modernization-less science’
was how Pierre-Etienne Will introduced this broader concept
of modernity, based on his analysis of some examples in China
and Japan before Westernization; he concluded: ‘If there was
not much real ‘science’ in pre-1850 East Asia, at least not in
our sense, there occasionally were interesting moves in that

direction; an amount fairly variable in nature and according to
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country or region, to be sure, but sometimes an impressive
amount’ (Willi, 1995).

In past decades, ‘modernity’ and ‘modern science’
have been frequently attacked by various groups of criticizers:
from post-modernists to feminists, from ecologists to
humanists, etc. For example, they criticize humankind for
using modern science only to conquer nature, but not to care
for it, which has led to natural resources becoming exhausted
and to a damaged ecological environment.

Nevertheless, science has not gone to its end. For a
developing country, people should not only explore the reasons
behind ‘backwardness’; more importantly, they may also need
to find a way of maintaining the coexistence of modern science
and traditional science, and promote their prosperity together,
as people do with traditional Chinese medicine and modern
Western medicine.
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Thematic meeting report

Paul Hoyningen-Huene
Centre for Philosophy and Ethics of Science, University of Hannover, Germany

Participants in this thematic meeting raised various aspects of
the question: what is the nature of science? An overview of the
major 20th century philosophical suggestions about the nature
of science and how they have significantly changed in the last
50 years was presented and developed. Generally speaking, the
transition was characterized as a move away from the logical
analysis of the structure of scientific knowledge, as well as a
move away from analysis of the universal standards of scientific
procedures (the ‘scientific method’). These traditional views
had led to a sharp split between the natural sciences and the
social sciences. More recently, philosophical suggestions on the
nature of science have moved towards an emphasis on the
pragmatic aspects of scientific knowledge as a problem-solving,
case-based activity. Contemporary work in the philosophy of
science is shifting towards placing more emphasis on the use of
pragmatic, local, but hierarchical models in science, and
understanding the role of experimentation, rather than the
discovery of true laws of nature. This has led to a substantially
more pluralistic view of science and, consequently, allowed the
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natural sciences, such as physics, to be brought closer to the
social and human sciences.

A second attempt to shed some light on the nature of
science begins with the historical question: how was science born
and developed? It was argued that, to answer these questions, the
scientific revolution through which modern science was formed
in the 19th century cannot be understood outside the context of
the Industrial Revolution and political developments. Such
economic, political and social developments deeply influenced
contemporary science, which was presented as a learning process
that enriches and modifies the human mind.

It was suggested that anti-scientific viewpoints have
been around at least since the 19th century and many of the
lessons about contemporary dissatisfaction with science can be
learned by examining them. The most important source of
widespread discontent with science is that the perspective of
the average citizen is shaped primarily by the results of its
technological applications. This leads to a curious mixture of
utilitarianism and anxiety which promotes the uncritical
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acceptance of so-called alternative knowledge systems. There
are many sources of the rejection of science, which range from
its perceived insensitivity to human needs, its role in
environmental degradation, its responsibility for moral decay,
to the desire to return to a more natural age. For many,
Western science has come to be seen as a means of cultural
domination. It was suggested that science can and should
combat these anti-science trends by incorporating traditional
knowledge systems. Emphasis was placed on the threat to
science that anti-science can pose. It was suggested that anti-
science is not based on experiment but on authority, and as
such it also represents a threat to democracy.

In discussions, a recurring topic was the attempt to
diagnose the cause of widespread disillusionment with con-
temporary science. It was suggested that a main source of this
attitude was the perceived arrogance of the scientific world-
view and that science needs to be more modest if it is to win
more general support. Suggestions included emphasizing
science’s ability to provide new spiritual power by shifting
attention away from physics towards cognitive science, as well as
the need for a new world-view, or change in paradigm, in light
of quantum theory, chaos theory and complexity theory, all of
which should move us away from the idea that physics unveils
reality. A critical remark pointed to the lack of emphasis, in
discussions on the nature of science, on the role of the intellect
in creating the appearance of objective reality.

The standard Western view that classical Greece was
the origin of rationality was challenged. It was argued that the
development of rationality was a cross-cultural process and that
unbiased histories of the actual developments of the sciences
needed to be undertaken. It should be recognized that each
culture studies nature in its own way and that the complex
interaction of science with local cultures is not simply a matter
of knowledge transfer. Contemporary historiography of science
should give up the idea that there is a Western monopoly on the
development of science. Several strategies for understanding the
globalization of science were evaluated. Conclusions included
the need to recognize cultural diversity as an essential part of
scientific practice and the role that a more accurate, less biased
history of science should contribute to the modification of
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current attitudes through education and communication, in
order to fuel national and international development.

The issue of the internationalization of science was
discussed. It was argued that we need to get the historical facts
straight in order to understand the extent to which the
epistemology of science can be said to be universal. An historical
account of the evolution of science based on the development of
mathematics and the many kinds of uses of experiment was
given. It traced the origin of the so-called scientific revolution
back to the development of mathematical rationality in the 9th
century in Baghdad, a period during which science became
international by bringing together many diverse traditions. The
movement was extended in the 10th, 11th and 12th centuries
when Arabic was the language of science.

The final topic developed and discussed concerned the
significance of the Needham Question: Why did modern
science, the mathematization of hypotheses about nature, with
all of its implications for advanced technology, pursue its
meteoric rise only in the West at the time of Galileo? The
significance of the question was deemed to lie in its role in
pioneering the integration of non-Western traditions and
achievements into the history of science, in order to promote a
more accurate global account of the history of science.

During discussion, it was pointed out that the
distinction between Eastern and Western science as
characterized by the holistic as opposed to the analytic
approach, should be considered prescriptive, not descriptive.
The important questions are, can we harmonize the two and to
what extent should we try? The idea that some form of science
has always existed in every culture was emphasized.
Disappointment was expressed at the lack of any paper arguing
for improving the university curriculum by being more open
about the destructive aspects of colonial science. The distinction
between Western and non-Western science was criticized as
being too narrow. The issue of a need for a role for spirituality in
science as a science of self-recreation was voiced. It was also
suggested that some lessons could be learned about the nature of
scientific advances by looking at the factors inhibiting progress
in scientific research in contemporary Chinese society as it has
been politically, socially and historically shaped.



Science as a productive force

Mohammad A. Hamdan
Secretary-General, Higher Council for Science and Technology, Amman, Jordan

In this short exposition, we shall discuss the need for science as a
fundamentally productive force in society and the requirements
for enabling science to play this fundamental role.

Historically, science was invented for productive-
cum-cultural purposes. Little scientific knowledge was required
for organizational and navigational purposes in primitive
agricultural societies. In such societies, science occupied a merely
peripheral position in productive and cultural systems because
most productive activities depended on intuitive experimental
knowledge. It was theology and not science that remained
central to their preoccupations. Accordingly, science was allowed
to be and to develop to the limitations of the extent that it
accorded with theology. That explains the methodologies for the
production of knowledge prevalent in pre-modern societies,
crucially at odds with scientific methodology as we know it today.

With the onset of the modern era, the transition from
the old, basically theological methodologies to modern
scientific methodology constituted a veritable cultural
revolution which has had enormous repercussions ever since. It
has irreversibly shaken man’s conception of himself and the
universe at every level of societal life. This revolutionary
transition resulted in science drifting from the periphery of
culture and production to their centre, replacing theology and
intuitive experiential knowledge.

In today’s industrial societies, science occupies a
central place in more than one sense. Culturally, the scientific
approach to thinking and decision-making has unambiguously
displaced the theological way. Science has become the major
industry of modern times, involving huge budgets and large
numbers of employees. It is now a major productive force, in
that the means of production and distribution (technology)
have increasingly become an embodiment of scientific
knowledge. However, the crucial point in this regard is that
science has become a major generator of needs and the means
to satisfy them. It is a well-known fact that modern society
depends on its ability to continually revolutionize its technical
powers and means of production, distribution and enter-
tainment. Such ability is inconceivable without science.

Science, as an autonomous enterprise, has become a
fundamental condition of modern survival. That explains the
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major industrial nations’ readiness to spend trillions of dollars
on seemingly remote and highly abstract sciences such as
cosmology, particle physics and mathematics. In this context,
we should bear in mind that science is an open totality and a
complex organism. It cannot be treated on a fragmentary basis.
In pre-modern society, productive needs for this or that
fragment of knowledge arose haphazardly; accordingly science
qua science was fragmentary and needed theology to unify it.
This is no longer the case. In contemporary society, science
assumes its proper form as a complex self-unified organism
because it is needed as an autonomous enterprise in its
complex entirety.

The World Conference on Science should be
considered as an opportunity for all nations of the world to
reconsider their priorities, at the national, regional and
international levels, in readiness for entry into the 21st century.
Its convening is a manifestation of the international
community’s recognition of the significance of the universal role
of science in dealing with world crises and providing for an
enhanced quality of life for mankind. Such a meeting of
stakeholders, national governments and institutions, edu-
cational and research establishments, members of the scientific
and industrial communities, intergovernmental and non-
governmental organizations (IGOs and NGOs) represents the
entire spectrum of those with a role to play in the exploitation
of science in the service of mankind. The presence of the
relevant financial institutions, whether governmental or NGO,
reflects their commitment to the scientific enterprise in the light
of its positive impact on the quality of human life.

Science has been the key to dramatic transformations
in every imaginable field of human endeavour throughout the
course of this century, more intensively in the second half. It has
provided mankind with both the theoretical and practical
approaches to its future. In our rapidly shrinking world, it remains
the key to enhancing human life in the next century. We look to
science to allay many global threats, e.g. climatic change,
environmental degradation. The mismanagement of global
resources, their uneven distribution, unsustainable consumer and
production patterns — all are alarmingly critical issues. One of our
foremost tools in dealing with them is science.
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Since the promotion of fundamental research leads to
the development of endogenous capacity, governments should
also bear the multiple roles of scientific research in mind.
Though private sector research (productive sector research and
development, R&D) is an inherent factor of progress, it usually
takes the form of applied research for short-term results of direct
commercial benefit, whereas public research is undertaken
under the umbrella of national priorities. In addition, public
sector financing of fundamental research expands the frontiers
of science, often resulting in long-term beneficial applications.
History is full of cases in which the pursuit of pure science led
to the unlocking of entire fields of practical applications that
had previously been undreamed of. In awareness of this truth,
governments must sometimes look beyond short-term results to
the unforetold universal value of fundamental science.

Fundamental research in matters of global interest can
be strengthened by international support for research in fields
such as arid zone development and water resource management.
Regional and international cooperation programmes increase the
scientific capacity of small countries and a supportive research
environment is vital for increased funding. The economic facts
are self-evident. The process is one of global give-and-take; access
to information is essential to equitable global advances, but it also
requires the safeguarding of intellectual property rights within the
shared interests of developed and developing countries.

Scientific and technological capacity has proved itself
to be a strong foundation for economic, social, cultural and
environmentally sound progress. Investing in such capacity is an
investment in our common future. Therefore national and
institutional strategies should build on the role of science through
the consensual conception and application of far-sighted
national science and technology (S&T) policies. Parliaments
and government must provide a legal, institutional and financial
basis for enhanced S&T capacity including incentives for
investment, research and innovation. Science should be part of
the educational process parallel to the principles of human rights,
coexistence, cultural diversity and tolerance from a very early
age. Strong scientific research programmes should be imple-
mented at higher-education and postgraduate levels. S&T should
be further strengthened with specific emphasis on education and
training for application in key sectors. In this regard national
policies must also encourage private-sector support for scientific
research and strong university-industry linkages, matching supply
to demand. Such linkages between the scientific and productive
systems maximize the economic benefits of S&T that translate
into national wealth. S&T can provide nations with an escape
from poverty and dependence.
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Scientific progress requires a high level of cooperation
at many levels, both intergovernmental and interdisciplinary. An
interdisciplinary approach is crucial to the effectiveness of
science’s role in our future. It can offer us an exact awareness of
the many science-social interfaces and their requirements that
can be brought to bear on decisions impacting the commitment
of political will, time and money to science in accordance with a
precise evaluation of social needs.

Scientific ability to approach problem-solving from
different perspectives presents society with the solutions to global
problems and basic sources of conflict such as inequities in social
rights and resource distribution. Scientific investments can
therefore prove to be an effective tool for conflict resolution,
offering alternative approaches to the unresolved root causes of
some of the tensions of the final decade of the 20th century.

New conflicts are contributed to by growing global
inequities. Social benefits are ever more unequally distributed
both within and among countries. The industrial countries are
obviously more capable of responding to their populations’ needs.
It follows that the varying extent to which countries can adapt to
rapid and continually evolving advances in S&T will inevitably
define future inequities. The recognition of this trend is of the
utmost urgency in developing countries where scientific capacity-
building can determine the quality of the future. There can be no
total reliance on the relatively meagre resources available
through regional and international support. Each developing
country has to have the endogenous capacity to grow and to
compete globally, whether for international or multilateral
funding, or for other economic benefits such as trade relations.
Science marks the present and future status of nations.

To achieve our full potential in scientific endeavour
meeting the needs of humanity, we must ensure that the appli-
cations of the knowledge derived from scientific research
safeguard human dignity and the needs of future generations.
Scientists must commit themselves to a universal code of ethics
in keeping with their social and global responsibility to advance
the objectives of human welfare within the aforementioned
social contract. They must be governed by a moral sense that
takes the consequences of pushing the boundaries of knowledge
into consideration. That is another facet of universal value of
fundamental science. It is not that man should resist the need to
test the limits of knowledge that is at the core of scientific
endeavour, but that he should govern his intentions with the
human values that protect the well-being of mankind.

The ethics of science have therefore gained increasing
significance. The implications are very obvious even to the
layman. New grounds must be established for the use of the power
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humanity has at its disposal. Current research in genetic
engineering, for example, resulted in the international com-
munity’s concern over grave issues that affected human dignity.
This led to commendably prompt action by UNESCO, resulting
in the unanimous adoption of the Universal Declaration of the
Human Genome and Human Rights. UNESCO’s International
Bioethics Committee has been charged with the follow-up to and
implementation of the Declaration. This illustrates that the ideal
relationship between those who generate and apply scientific
knowledge, those who fund it and finally those concerned with
its impact can only be based on universal values. Otherwise,
given the terrifying capacity of new forms of biological and
chemical warfare and the scarcity of strategic resources (as a
further example), we are all on a very short fuse.

Paradoxically, it is the advancement of science that has
also resulted in some of our major problems, namely the arms
race. If we could reach a global consensus on the inanity of
devoting such massive resources to the capacity for destruction,
military production and research capacity-building should, in
principle, be at least partially converted to peaceful uses. There
have already been many practical and beneficial applications that
resulted as a spin-off from military as well as space technology;
there could be so many more. It is, however, unfortunate that
there has been a steep increase in the percentage of expenditure
on military R&D in industrialized countries, to the detriment of
peacetime fundamental research. This comes at a time when
research programmes aimed at the resolution of global issues are
becoming increasingly cost intensive.

Global responsibility for environmental problems that
impact the future of our planet is also becoming ever-more
evident. Increased urbanization and certain levels of industrial
and agricultural activity are causing changes in the biological,
chemical and geophysical cycles that governed the world as we

first knew it. We face previously unforeseen changes in the forms
of air and water pollution, new epidemics, ozone depletion,
drought and ecological disasters. The overall need for sustainable
and integrated science policies and preventive action is impera-
tive to the survival of this ever-increasingly interdependent and
fragile world and its life-support systems.

It is only fitting that the United Nations has
proclaimed the year 2000 the International Year for the Culture
of Peace. The global scientific community that we represent can
play an essentially constructive and beneficial role in the Culture
of Peace with a lasting commitment to harnessing science to
serve a more equitably balanced and sustainable world. There can
be no lasting world peace if basic human needs are not met across
the globe. It is imperative that all the Earth’s nations commit
themselves to humanist ethics in their use of science as part of a
social contract. As there is no Utopia on Earth, the very future of
humanity depends on the wise application of knowledge, much
as it did, allegorically speaking, before we were turned out of the
Garden of Eden.

In closing, it is worth noting that in the 20th century
the strongest initiatives towards safeguarding the welfare of
mankind usually came about at the end of great and destructive
conflicts. We are now at a juncture of history at which the world
cannot afford another global conflict. Science has advanced to
such an extent that any major conflict could erase life as we know
it. International consensus on a framework for scientific action,
according to universal values, can provide us with the alternative
and peaceful strategies to confront the challenges that threaten
us and future generations.

In this sense, science holds the greatest promise for the
well-being of humanity, provided modern man succeeds in using
science to humanize himself and his natural environment, rather
than exploiting it to dehumanize himself and destroy nature.

Forging an alliance between formal and folk ecological knowledge

Madhav Gadgil
Centre for Ecological Studies, Bangalore, India

This presentation attempts to explore the context and ways of
addressing the challenge of forging an alliance of formal and
folk ecological knowledge, along with an example of a
concrete attempt to develop methodologies for doing so.

Human interactions with natural living resources
may be viewed along three dimensions; those of practices,
knowledge and belief. Consider as an example, the interaction
with trees of genus Ficus (Table 1).
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Folk knowledge is primarily practical, experiential,
localized knowledge. Folk systems do not involve a clear-cut
distinction between knowledge and belief (e.g. folk may state
that they know that nature spirits live in Ficus trees); nor do
they insist that knowledge must ultimately be validated with
reference to the empirical world. But folk systems do involve
substantial information on entities and processes in the
empirical world: they include models of the working of the
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Table 1. Human interactions with trees of the genus Ficus

PRACTICE

KNOWLEDGE

BELIEF

Folk Strict protection and Qualitative understanding Ficus trees are abodes of
worship of Ficus trees of significance of Ficus fruit as food nature spirits
for birds, bats, squirrels, monkeys
Scientific Partial protection of Quantitative understanding leading Desirability of conservation of

Ficus trees

to concept of keystone resources

totality of biodiversity

world. In contrast, scientific systems insist on a separation
between knowledge and belief; insist that models of the
working of the world in the domain of knowledge lead to
predictions that can be verified with reference to the empirical
world, through deliberately designed experiments. Formal
science has achieved many remarkable successes. In particular,
simple systems have yielded much understanding through such
an approach, for they may be described with the help of a small
number of parameters, permitting design of replicated experi-
ments to test predictions.

However, complex systems characteristically require
a very large number of parameters for their specifications; every
manifestation of the system therefore tends to be unique,
rendering replication and experimentation very difficult. As a
result, formal science has made very limited advances over folk
knowledge in the understanding of behaviour of natural living
systems. Most notable of these advances is our understanding
of evolution through natural selection. This is a powerful
principle, but it only helps appreciate the world after the fact;
it has few predictive capabilities; it cannot, for instance, tell us
why a primate, rather than a carnivore or a dinosaur, developed
symbolic language and capabilities of reasoning.

In particular, we have no ecological generalizations of
value in predicting space- and time-dependent behaviour of

natural living systems. Hence, systems of management of
natural living resources have barely progressed beyond folk
systems based on rules of thumb.

As examples, consider systems of conservation of
living resources. Among both folk and modern systems of
conservation are those (a) based on maintenance of refugia, or
localities where biological communities are provided a high
level of protection, and (b) special levels of protection provided
to specific life history stages. Thus folk systems of conservation
include sacred groves and ponds; modern systems include
wildlife sanctuaries and national parks. Folk as well as modern
systems include protection to life history stages such as birds
breeding in a heronary. The science of ecology provides
theoretical justification for such practices, but goes little beyond
that. The simple rules of thumb derived from folk-level
knowledge are thus in a way on a par with modern scientific
understanding as far as underpinning conservation practices is
concerned. Obviously, the field of management of natural living
resources is a particularly appropriate field for an inter-cultural
dialogue between folk and scientific knowledge systems.

A major scientific attempt to progress beyond this
stage of folk knowledge is the notion of maximum sustainable
yield (MSY). Its operation in comparison with folk systems
may be summarized as in Table 2 and Figure 1.

Table 2. ‘Maximum sustainable yield’ — folk systems vs scientific approach

PRACTICE KNOWLEDGE

BELIEF

Folk Reduce harvests if
resource population has
become very low

Populations at low levels
may decline drastically under
continued harvests

Humans part of a community
of beings; should respect
nature

Scientific Exploitation at maximum

sustainable yield levels

Quantitative models of dynamics
of harvested populations

Humans hold dominion over nature;
may exploit it to further human aspirations
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However, exploitation under such MSY regimes
has in very many cases led to over-harvest and resource
collapse. This failure of science to generate adequate pre-
scriptions for sustainable use derives from the weakness of the
scientific knowledge base, e.g. models of dynamics of
harvested populations have not been adequately validated
empirically. For instance, many of these assume a parabolic
relationship between stock or population at a given time and
recruitment. If one actually plots the empirical data,

Figure 1.

Recruitment

Figure 2. Adaptive management

Monitor current
harvest levels,

Harvests current populations,
from natural se— ongoing ecological
populations processes

A
 /
Adjust Compare current harvest,
management <« current population estimates,
regimes understanding of ongoing

ecological processes with
historical observations
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however, there is little basis for the validity of such a
postulate (Figure 1).

Furthermore, there are strong forces in the modern
economy resisting reductions in harvest levels in response to
signals of depletion of resource populations. These economic
forces take advantage of the uncertainty of the scientific
knowledge base of dynamics of resource populations to push for
continued exploitation at constant, high levels. In response,
scientific management of natural living resources is now
turning to a new paradigm, that of ‘adaptive management’,
which may be visualized as in Figure 2.

It is evident that historical observations that
constitute natural experiments on the natural living resource
systems being managed are a critical input to the adaptive
management regimes. This is because adaptive management
depends on assimilating all available information on locality
and time-dependent variation in system behaviour. In many
developing countries, large numbers of people are dependent
on harvests from natural living resources to sustain their
livelihoods. Therefore, in the course of pursuing their own
subsistence, these people continually observe the behaviour of
the actors on the ecological theatre of their own localities;
indeed they accept themselves being one among the company
of such actors in the living world. This ‘practical’ or
‘experiential’ (not necessarily only traditional) knowledge is of
obvious relevance to adaptive management.

The ‘ecosystem people’, stakeholders strongly depen-
dent on local natural resources for their livelihoods, are being
increasingly brought in as partners in programmes of co-
management of natural living resources. In this context, social
scientists have made major contributions to the design of
institutions of co-management. On the other hand, while
natural scientists have made some contribution to appropri-
ation of knowledge of ecosystem people as in the development
of new drugs, they have made little contribution to developing
good systems of co-management of ‘practical’ and ‘scientific’
ecological knowledge. This is a significant challenge for the
new millennium.

The overall system of co-management may be
visualized as in Figure 3. Such a co-management system calls for
a strong mutualistic relationship between scientists and the
ecosystem people. A mutualistic relation between scientific and
local communities requires that the scientific community
appreciate folk knowledge, invariably mingled with folk beliefs,
in terms of the categories of objects populating the natural
world, as well as the processes operating. It is very necessary
that scientists develop an understanding of folk models of
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specific processes such as the hydrological cycle, or ecological
succession, or impacts of human harvests of biomass or fire. In
addition, it is location-specific
environmental histories, as well as folk perspectives on how
natural

important to record

resources ought to be managed. Such folk
knowledge/belief systems will inevitably show tremendous
variation over space and among different human communities;
the environmental histories too will be highly locality specific,
as will be the perspectives on management of natural resources.
To record all of this in a comprehensive fashion, and then to
establish appropriate links with scientific knowledge, is a great
challenge that would have to engage many components of
society at large, along with the professional scientific
community. Teachers and students in educational institutions
at all levels could play a vital role in such an effort; such
involvement would greatly enrich their learning experience.
This documentation should be an ongoing process, a continual

exercise of monitoring the state of the global environment in a
highly decentralized participatory fashion.

In India we have made a modest beginning in such
an effort through the compilation of People's Biodiversity
Registers in 52 village clusters in different parts of the
country (Gadgil, 1998; Gadgil et al., 2000). This has met with
a very encouraging response from local people, non-
governmental organizations, students and teachers, and
follow-up programmes have recently been initiated in several
hundred localities.
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Fundamental science: a view from the South

Manuel Peimbert
Instituto de Astronomia, Universidad Nacional Autonoma de México, Mexico DF, Mexico

‘Creation, mastery and utilization of modern science is basically
what distinguishes the South from the North.’

MUHAMMED ABDUS SALAM

What is fundamental science?
I will start with a definition: ‘Science is a creative human
activity, the object of which is the comprehension of nature,
and its product is knowledge, knowledge obtained by means of
a scientific method, organized in a deductive manner, that
aims to reach the widest possible consensus.’” (R. Pérez
Tamayo, 1989)

Science is the same for all scientists of all countries in
the world: that is why its value is universal.

Why is fundamental science important?

At the beginning of the 6th century BC, the most
extraordinary movement of the human mind started in Greece
and it is not finished yet: the development of knowledge by
rational learning or empirical observation. These humble
beginnings led to a rational development of amazing
consequences: the adoption by the West of the scientific
method in the 17th century. From that moment on, Western
civilization would revolve around knowledge.

There have been some who have considered
scientific knowledge not an end in itself but a means to
dominate nature and to use it for, or against, the benefit of
mankind. ‘Knowledge is power’, as Bacon stated succinctly.
Even if scientific knowledge is the same for all scientists, its
creation, mastery and use has divided the world into developed
and underdeveloped countries.

It can also be stated that fundamental science is
important because, based on the experience of the last three
centuries, it can be safely predicted that the basic science of
today will be responsible for the technology of tomorrow.

Why is fundamental science important for countries
in the South?

It is often stated that fundamental science should be carried
out only by countries in the North. This has been said by
politicians in the North and in the South. The reasons that
have been given for this position are many and | will mention
only a few: it is expensive; the education system in the South
is not good enough; available national resources, if any, should
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be used for applied science or for technology; the countries of
the South do not have the temperament or the culture to carry
out research; research is not part of the national identity of
countries in the South.

The need for the development of science in Third
World countries is imperative for at least the following reasons:
to create new knowledge; to have a better understanding of the
world we live in; to reduce the gap between Third and First
World countries; to improve the quality of the education
system at all levels, particularly for undergraduates and
graduates; to establish a scientific capability for dealing with
pressing problems that may be inherent in a developing
country but are of no immediate concern to more advanced
countries; to participate effectively in solving the global
problems that affect mankind.

The culture, self-image or national identity of a
country is the set of literary, artistic and scientific values,
together with the uses, habits and activities related to those
values. Also included are the ideas, experiences and
capabilities common to that society, that provide answers to
the following questions: Who are we? Who were our ancestors?
How did we get here? Why do we believe what we believe?
Why do we act as we act? It also includes the ability to decide
the future of our society.

Science is often not considered part of the national
culture in countries of the South, not because of a lack of
etymological knowledge but because of the scarcity of scientific
activity in those countries.

Scientific creativity is part of the human endeavour
and we cannot resign as a society from one of the main
potentialities of the human being. We should not accept the
intellectual bondage that indicates to us that we are incapable
of carrying out research, nor the fatalism that leads us to
conclude that research is going to be carried out elsewhere and
by others, because if science is not thoroughly developed, we
are curtailing an important aspect of our identity. Moreover we
are leading young people who are interested in scientific
careers to think that life happens somewhere else.

The role of science is becoming more and more
important in the North. In the developed countries science is
considered essential for national well-being and to achieve a
brighter future. The support given to science results from,
among other things, its ability to deal with the most important
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human illnesses, compete for the world market in advanced
technology and solve environmental problems.

In the Third World we want to maintain our
national identity, while transforming it to improve the quality
of life of our people. Our identity must be in permanent
evolution; we want to keep and nurture positive values,
discard negative values and acquire new ones. We need a
project for our countries that will allow us to extend and foster
our democracy, self-determination and sovereignty. We can
conclude that our identity is in an evolving state and not
something fixed for ever.

To develop science we need the approval of a
significant fraction of the population; this consensus can be
obtained by the popularization of science and by the
realization that science is beneficial for the development of
each nation.

There is no conflict between our national identity
and the universal character of fundamental science. To have a
national culture does not imply that everything must remain
fixed, but that there must be the capability to adapt ourselves
to the needs of the community; it implies having the capacity
to break with cultural patterns if the people, not necessarily
the government, so decide.

Those societies that do not change, do not evolve,
are doomed to decline and eventually disappear. Given the
innovative character of scientific thinking there is nothing
like fundamental science to help to promote positive changes
in almost all aspects of our culture. Scientific activity produces
a permanent improvement of our world view and a pushing
back of the frontiers of knowledge.

How can fundamental science be developed in the

South ?

Science can be developed in the South by taking the following

five steps.

m  Third World countries devote a fraction of their gross
domestic product (GDP) to education, their GDP being in
general smaller than that of First World countries;
moreover Third World GDP per capita is typically 10 to 50
times smaller than that of First World countries.
Consequently every effort should be made to increase the
fraction of GDP dedicated to education. In other
international meetings it has been recommended that
Third World countries aim for an expenditure on
education of 8% of GDP. Frangois Mitterrand used to say
that ‘Without teaching, higher education and research the
Nation would not have anything.’
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m The quality of Third World scientists is comparable to that
of their First World counterparts, but the number of
scientists in Third World countries per million inhabitants
is 10 to 30 times smaller than in First World countries. To
bridge this gap each underdeveloped country should adopt
a long-range programme to increase the number of
scientists at a yearly rate of at least 7.5%.

m  Third World countries in general spend less than 1% of
their GDP on research and development (R&D), whereas
First World countries expend between 2% and 3%.
Considering the difference in income between the South
and the North, it follows that typical Third World
countries invest from 30 to 300 times less per capita on
R&D than First World countries. We should start
immediately to increase our expenditure on R&D and aim
for an expenditure of 1% of GDP in the short term and 3%
in the long term.

m To have productive science we need high-quality training
including modern instrumentation. One of the reasons why
some Third World students do not come back to their
countries of origin is the lack of modern instrumentation.
Often, long-range planning is non-existent in Third World
countries. It is necessary for our countries to allocate
resources to acquire and build modern research instruments.
These instruments should be available to all national
researchers and their international collaborators.

m To bridge the gap between Third World and First World
countries it is paramount to internationalize our scientific
activities. One of the characteristics of our scientific
activity is its inbreeding or endogamic nature, due to our
isolation and the small number of scientists working in our
countries. We have taken some steps to remedy this
problem. For example we have established scholarship
programmes to send graduate students to obtain their PhD
degrees in the North. Due to the brain drain there have
been some voices raised in favour of reducing the
scholarship programmes to study abroad. | consider that
these programmes should not be curtailed and that we
should send some of our students to do their graduate work
abroad. We should not worry if a few of our scientists
remain abroad as long as a similar number of foreign
scientists decide to emigrate to the South.

In addition | consider that we should broaden and enrich other

types of measures to fight inbreeding in the South. For

example, we should promote the incorporation of foreign
students into our graduate programmes; invite foreign
scientists of a high quality to work in our countries for a short
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time or even permanently; participate in multinational
research groups; share our facilities with researchers from all
countries of the world and ask all countries of the world
to reciprocate.

Conclusion
Due to our colonial past, a significant fraction of Third World
inhabitants reject ideas coming from the First World. They

consider many aspects of Western culture as the root of
oppression. We should distinguish between scientific know-
ledge and ideologies that pretend to control and dominate
other countries. We should participate in the development of
science and use it for the well-being of the people of all
nations. The future of mankind is one, many of its problems are
global and solving them requires the active participation of all
countries of the world.

Thematic meeting report

lan Butterworth
Imperial College, London, UK

In his introductory statement, Hubert Markl said that it was
often very difficult to distinguish between fundamental and
applied science, and therefore it was probably more useful to
slightly retitle the session ‘“The universal value of scientific
knowledge’.

He recalled that Robert Merton has argued that
scientific knowledge is universal as a consequence of four
characteristics.

m  The impersonality of that knowledge; its independence
from the observer. Scientific discoveries may result from
the work of gifted individuals, but once established
scientific knowledge is impersonal, usable by anyone.

m  The communicability of that knowledge. Science is
fundamentally a collaborative venture. If a person knows
something in secret then that is not science.

m Disinterestedness. The outcome of scientific investigations
is unaffected by the wishes or fears of the scientist.

m Organized scepticism. Scepticism implies openness to new
insights and to criticism; scientists can never accept the
concept of an absolute truth. It is necessary for scepticism
to be formally organized, since individual and successful
scientists can all too readily overvalue the validity of their
observations or thoughts.

To maintain these characteristics requires freedom of thought,

knowledge and speech — such freedom is not just a privileged

reward for the scientist but a requirement for the creation of
scientific knowledge.

These characteristics describe scientific knowledge,
but Hubert Markl stressed that he was concentrating on the
natural sciences. In the social sciences and humanities,
tradition and belief can be very important and it would be
inappropriate to demand all aspects of the scientific method
as used in the natural sciences. It would also not be appropriate
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to assume that scientific knowledge is the only form
of knowledge.

Mohammad A. Hamdan, Jordan, spoke on ‘Science
as a productive force’ in society. In primitive agricultural
societies, productive activities depended on intuitive or
experiential knowledge, but with the modern era science has
moved from the periphery of culture to its centre and is now
the major productive force. Science has become a condition
for modern survival. But science is an open totality, a complex
organism which cannot be treated in a fragmentary way.

The World Conference on Science is an opportunity
for all nations to reconsider their priorities and to recognize the
universal role of science in dealing with world crises and
enhancing the quality of life for humankind. We look to
science as the foremost tool to allay many global threats like
climatic change, environmental degradation, etc.

Governments play a pivotal role in the support of
scientific research, since private sector support is usually
concerned with short-term research of direct commercial
benefit. Governments must take a far-sighted view and support
pure science. History is full of cases where the pursuit of pure
science subsequently led to entire fields of practical
application. Regional and international cooperation is
essential for an equitable global give-and-take providing a
foundation on which nations can build to escape from poverty
and dependence.

New conflicts can result from growing global
inequalities which in the future will inevitably be defined by
response to advanced science and technology. Each developing
country has to have an endogenous capacity to compete
globally. Science will mark the future status of nations.

But scientific research must safeguard human dignity,
for example in genome research. The needs of future
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generations and the ethics of science have gained increased
significance. It is extremely unfortunate that there has been a
steep increase in military research and development (R&D) in
industrialized countries to the detriment of fundamental
research and it is appropriate that the United Nations has
proclaimed the year 2000 as the International Year for the
Culture of Peace. The international scientific community can
play a constructive and beneficial role in the culture of peace
— just as science has advanced to such an extent that a major
conflict could erase life from Earth.

Madhav Gadgil, India, spoke convincingly of the
need to forge an alliance of formal and folk ecological
knowledge. Back in 1976 he had had discussions with users of
trained elephants in the forest who recognized that, though
elephants liked the leaves of Ficus trees, the local practice was
to strictly protect Ficus trees, the fruit of which they realized
was an important food for birds, bats, squirrels and monkeys.
However, the protection was explained by the belief that Ficus
trees are the abode of nature spirits. When 10 years later the
concept of keystone resources for biodiversity was discussed by
scientific ecologists, it was argued that one such keystone was
the Ficus tree. He thus realized the possibility of such an
alliance between formal and folk knowledge.

In complex systems it is not easy to obtain
experimental evidence for a formal scientific ecological
position; there are just too many parameters. Yet, in practice,
we have to manage living resources, for example in the very
important issue of the control of fish stock. A new approach
would therefore be co-management of resources in a partner-
ship between scientific ecologists and locals maintaining
traditional views. Such collaboration can be difficult since
local views mingle knowledge and belief, but in a complex
situation that view can perhaps be thought of as the result of
long experience and may be more effective than ill-defined
quantitative approaches. To be effective, it is important that a
significant number of those from the scientific side be
themselves from that geographical area and acceptable to the
local community. Once the members of that community see
that their knowledge and understanding are recognized, they
are able and willing to work as partners.

Those at the session felt that this could be a
convincing approach in many areas of resource management
and should be encouraged. Manuel Peimbert, Mexico, dis-
cussed the view of the universal value of fundamental science
from the South.

Fundamental since the

science is important,

fundamental science of today leads to the technology of
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tomorrow. Some have argued that the creation of fundamental
science should be left to the countries of the North, since it is
expensive and resources would be better invested elsewhere.
Manuel Peimbert argued strongly against that position.
Involvement in fundamental science not only creates
knowledge but leads to a local understanding of the world,
improves education and reduces the North-South discrepancy.
It is essential to maintain a scientific capability in order to deal
with problems peculiar to the South. It is important to the
national self-image to be able to play a role in the global
scientific endeavour.

It is therefore essential that governments in the
Third World:

m increase educational funding as a proportion of gross
national product (GNP);

m increase expenditure on science and technology as a
proportion of GNP.

It is sometimes felt that, because of their poverty, countries of

the South cannot do these things, but it is the way to improve

the situation. Funding should be appropriate to the GNP. The

First World spends 2% of its GNP on R&D. The Third World

must have an immediate goal of spending 1% of its GNP on

R&D and a long-term goal of 3% as a way of raising the

economy.

The funding of local instrumentation is important,
since inadequate local facilities discourage the return of young
scientists who have gone to the North for training. Good
facilities will encourage a flow of scientists from Northern
countries to spend time in the South.

In discussion, there was some concern at the use of
the terms ‘North’ and ‘South’. Geographical discrepancies are
more complex. Collaborative research between countries of
the South was important to enhance local facilities and to
reduce undesirable migration. Some aid agencies have tried to
force Third World research groups to concentrate on applied
science and avoid basic science. It is a very bad position; if
there is no effective local science base then there is no-one
capable of giving local advice. It is essential not only to
have local experts but also for them to be clearly perceived
as experts.

The general view from the meeting was that the term
‘brain drain’ was an unprofitable catch phrase. It is of the
nature of science that there should be a flow of brains between
countries, but we have to encourage a balanced flow over the
long term. Indeed it was the very strongly held view of the
meeting that, just as it is now largely recognized that higher
education is a human right, the World Conference on Science



SCIENCE FOR THE TWENTY-FIRg]-CENTURY:A NEW COMMITMENT
|

should acknowledge a further human right: that any scientist
has the right to develop his or her scientific skills and ability to
the full. The development of scientific ability must not be
hindered by geographical location.

Catherine Brechignac, Director-General of CNRS,
gave some examples of the way in which fundamental science
may develop in the future. One is the Pierre Auger
Observatory to study the origin of ultra-high energy cosmic
rays, which involves a 6 000 square kilometre detector
complex being developed by a global collaboration of
19 countries from both the industrial and the developing
worlds, though sadly with none from Africa. Major changes are
taking place in the life sciences, for example in the study of
pathogens. Like other speakers, she pointed to the difficulty in
drawing a clear line between pure and applied science. Despite
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that, an important issue for science policy is how to determine
the balance in funding between that research which is
primarily for knowledge-building and that which is to be
performed primarily to strengthen the economic and social
base, and who should determine that balance?

In the overall discussion, a view was expressed that
there was a very real danger of a reduction in funding support
for basic science. All too readily, governments and companies
can say ‘get someone else to do it’! Basic science should be seen
as a public good and all governments should pledge to
contribute to that general knowledge.

As a general good, the results of fundamental science
should be available to all. Attempts to limit access to that
knowledge for society as a whole by patenting or other
intellectual rights limitation should be resisted.



Introduction

Abdulaziz Othman Altwaijri
Director-General, Islamic Educational, Scientific and Cultural Organization, Rabat, Morocco

Assalam alaikum warahmatu Allah Wabarakatuh

It is indeed a great privilege for me to attend with you this
thematic meeting on the theme of Science in Response to Basic
Human Needs, which is being co-sponsored by the Islamic
Educational, Scientific and Cultural Organization (ISESCO) as
part of the World Conference on Science; and | wish you success
in addressing this vital issue within an all-embracing vision in
order to come up with sound proposals and solutions.

One of the greatest disparities among nations and
peoples in the world is due to differences in education and
training standards and facilities available to the public. The lack
of access of a large percentage of the population to basic
education and the failure of millions of others who complete
primary education to gain any international standard in skills
and abilities has become a major hurdle in the development
process and a burden on the economies of developing countries.
It is necessary to address these problems urgently through joint
efforts and international partnership.

Further, the size of the technically skilled workforce and
qualified scientists available in the developing countries is not
sufficient to support economic development. It is necessary for
these countries to intensify human resource development efforts
in areas of critical importance keeping in view the future needs.

Due to magnificent scientific and technological
successes in attaining prosperity in the developed countries, the
need to utilize these results in the developing countries to solve
the basic problems of deprived populations has increased now
more than before. The right approach for industrialized countries
and international agencies at this historical juncture is to extend
generous support to enhance the necessary capability of these
countries especially to address issues of development, sustainable
resource management and people’s basic needs such as health and
education. Advances in new fields of technology offer
tremendous opportunities and inexpensive solutions to most
urgent problems in the agriculture, health, energy and
environment sectors. It is necessary to provide development
assistance to the developing countries to utilize new technologies
to solve their specific problems in a sustainable way.
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Though agriculture is the mainstay of the economy in
many developing countries, the latter face extreme difficulties in
feeding their own people and import basic food products,
something which constitutes a heavy burden on their respective
economies. Developing countries can reduce hunger and improve
their access to food supplies through increased investment in
agricultural research and development. The developing countries,
therefore, need to give special consideration to advanced
techniques such as farming innovations, cropping patterns, new
methods of irrigation and fertilization. Management of water
resources is an important necessity for the developing countries to
increase their agricultural output and to utilize them as efficient
renewable energy resources. Foreign assistance programmes are
necessary to support the hydrological projects and investigation of
new water resources, especially for attaining self-sufficiency in
food production.

Science is the most effective tool for alleviating
human suffering and meeting basic human needs. Balanced
development is an essential means of achieving this objective.
For the affluent societies, science and technology (S&T)
produce more economic gains and comfort in people’s lives.
However, for the less-developed nations, their only hope if they
are to ameliorate their socio-economic conditions is for them to
face the challenges of their own survival in the coming century.
The need to utilize scientific and technological knowledge to
address the challenges of food shortages, ill health, pure drinking
water, housing and illiteracy has never been so acutely felt
before. The World Conference on Science has provided us with
an opportunity to discuss and debate ways and means of reducing
disparity among and within nations and of reaching a common
framework for action for a more equitable, prosperous and
sustainable future in the next century. | am fully confident that,
by the Grace of Almighty Allah, your deliberations will help us
to address today’s challenges and draw up a realistic action plan
as the beginning of a brighter future for the next generations.

I thank you for your attention and wish your
deliberations every success.

Assalam alaikum warahmatu Allah Wabarakatuh
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Scientific capabilities
In the research on basic needs for development

Eduardo Moacyr Krieger
Chairman, ICSU Committee on Science and Technology in Developing Countries; Rio de Janeiro, Brazil

Science is an essential means of meeting society’s needs for
food, water, energy, health care, shelter, safety and alleviation
of poverty.

Scientific research does not operate in a void. Science
is produced through the existence of the so-called ‘scientific
establishment’, formed by the group of institutions, persons and
resources directly involved in the production of new knowledge
according to certain ‘internal’ rules and procedures.

Since its inception science, as we know it in the West,
has been characterized by a set of principles that define the
scientific ethos: universalism, communism, disinterestedness,
organized scepticism. Unfortunately this conception of science
contributed to isolating scientific activity from other
dimensions of social life and to creating the myth that science
should not be subject to any kind of social control or should not
be asked to respond to social demands other than the
enhancement of the understanding of the universe.

Much more recently, we all became aware that
science, as other social activities, is the product of the
interaction of a complex set of factors that must be understood
both in its internal logic as well as in its relation to other fields
of human activity.

Until the First World War, the link between science
and technology was not perceived as a fundamental one.
Science was considered part of the domain of culture while
technology was in the sphere of economics. In-between lay the
field of the applied sciences where part of the effort of the
scientific community was directed towards the punctual solution
of specific problems in the fields of public health, agriculture,
energy production and so forth. Both in developed countries and
in the developing world, applied research was developed mainly
in research institutes and only eventually at the universities.

For a long time, pure science was considered a free
enterprise of the human spirit and scientific knowledge was
valued as a common good that should be available for all
humankind, whereas technology was viewed as being directly
related to the need to improve processes and products.
Actually, whereas new scientific achievements were
considered as public goods, new technologies resulting from
private investments were subordinated to the rules of the
market and subject to property rights regulations.
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After the Second World War, the unprecedented
advancement in technology — based on scientific knowledge —
demonstrated that the relationship between science and
technology was not fortuitous. This resulted in a widespread
creed that, to reach social and economic development, every
nation needed to invest in the creation of a solid scientific
foundation as a prerequisite to achieving technological
independence and to attaining the capacity to solve the
problems that afflicted their societies. Science began to be
valued as the primary answer to all human problems.

This new approach also impelled the belief that, in
order to attain this objective, it was necessary to generate a
‘critical mass’ of scientists and that the education system was a
fundamental tool for creating the preconditions for this
endeavour. Developed countries — which did not face illiteracy
and already had strong education systems, at all levels — were
those where the advances in science were taking place thus
demonstrating the basic role of education.

Regarding this fact, several nations in the South
began to invest in the establishment of their scientific
capability, through the creation of graduate courses or the
establishment of training programmes abroad, in order to bridge
the gap that separated North and South. Several countries in
the developing world were quite successful in creating their
own systems of science and technology (S&T) and in training
a considerable amount of scientists. Despite these investments,
this effort did not result in the automatic solution of the most
serious social and economic problems in the developing world.
Science per se was not the key for development.

It was soon discovered that, instead of a causal
relation, the links among science, technology and innovation
were far more complex and depended on a much wider set of
factors than initially thought: the path between scientific
discovery and technological innovation was not linear.

As recognized in the draft Declaration of this
Conference, besides contributing to the improvement of human
life, scientific and technological development also brought
about unexpected consequences: environmental degradation, an
uneven distribution of its benefits and the widening of the gap
between industrialized and developing countries. Even in the
developed world the benefits of science began to be questioned.
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We are here to discuss a new commitment on a world
scale. However, for us in the developing world it is paramount
to establish our own agenda.

First of all we should be aware that we must unite
our efforts in order to enhance our endogenous capacity to
generate our own solutions to our own problems. This implies
that we must orient our efforts towards the establishment of a
set of priorities that take into consideration our specific needs
and not only reflect those priorities that are fundamental in
the North. Nevertheless this does not imply that we should
give up the intent to participate actively at the frontiers of
science or encourage the extinction of our incipient scientific
communities. The challenge is to redirect the institutional
and intellectual assets that we possess into a new role
adjusted to the globalized world, without having to start
again from scratch.

Our actions must be threefold: on the one hand we
have to pursue our efforts to strengthen our national systems of
S&T, in order to be able to consciously generate, import, adapt
and disseminate new technologies. We need to learn how to
make more effective the partnerships among the actors and
institutions of the system, to avoid the squandering of
resources and to facilitate the conversion of scientific
knowledge into practical actions or new products. We have to
identify institutional arrangements and incentives more
conducive to innovation.

This strategy, however, depends on a strong scientific
basis directly linked to a strong education system, on both
national and regional scales. To recognize that education at all
levels should be given priority is to recognize that, if one has a
broad and sound educational basis, that will be inductive of
high academic achievements at the apex. In order to keep
control and reap the benefits of scientific and technological
knowledge it is fundamental to develop the ability to absorb
the existing knowledge, to create new things or to put old
things to better use.

For this, what matters is the implicit and tacit
knowledge of educated populations, that is to say that the main
aspect of science policy in the coming century for countries
both in the North and in the South should be policies for
education, dissemination, networking and communication,
rather than policies for the development of specific products or
for the particular interests of the self-contained scientific
communities. A good education system is the only way to
make sure that a nation has the capacity to hold to these goals
permanently, that is to say to maintain its capability to use
scientific knowledge and technological innovation.
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The creation of scientific networks in the South also
represents an alternative for overcoming the shortage in
scientific personnel and facilities in some areas. Scientific
cooperation with developed countries must also reflect our own
realities and must be reoriented regarding our own interests.

The second item that must be present on our agenda
South-South
cooperation, which is fundamental to strengthening our

comprises scientific cooperation besides
capacity in those areas of basic science. We must rethink our
relationship with the North: we do have in some areas the
possibility of generating mechanisms of cooperation based on
new grounds, such as the use of our biodiversity. A recent and
successful experience fostered by ICSU’s Committee on
Science and Technology in Developing Countries (COSTED)
was the creation of an International Interdisciplinary Research
Network on Bioactive Natural Products. The networks of
COSTED/IBN also represent an important instrument for
implementing international cooperation. They are also a most
valuable proactive action to create local conditions for
scientific research and consequently effectively avoid ‘brain
drain’ from developing countries.

Finally, we must face the fact that the solution to our
social problems will depend on our capacity to establish a strong
commitment by our national scientific communities to
questions that affect us in the fields of health, education, food
production, sanitation, energy conservation, among others. In
this case, governments may play a decisive role when different
ministries and local governments increase their support for
endogenous solutions and recognize that sustainable develop-
ment requires intense research and specific technologies that
may be developed or adapted nationally or regionally.

National or regional science exists when national or
regional problems are treated according to the best standards of
international science: the objects may be particular but the
methods must be universal.

These are a few ideas that in our view must be given
a privileged place in our future discussions. Let me now give
some Brazilian examples for these ideas and refer them to the
Conference documents.

Science in response to basic human needs
‘...without adequate higher S&T education and research
institutions providing a critical mass of skilled scientists, no
country can ensure genuine development’ (para. 23 of
Introductory Note to Science Agenda).

The efforts developed by the Brazilian Government
in order to strengthen our national capacity in science
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presented very good results. We may see that the participation
of our country in international science increased from 0.4% in
the early 1980s to 0.9% in the late 1990s, according to the
Institute for Scientific Information (ISI).

Importance of university research to build a national

S&T system

m to assure science education in all levels;

m to provide the scientific base for professional education
(medical doctors, engineers, biologists, etc.);

m togenerate, import, adapt and disseminate new technologies;

m to promote university-industry cooperation.

Scientific cooperation to strengthen the national S&T

base

m to increase the exchange of knowledge;

m to strengthen the links between local, national and
international research institutions;

m to increase international postgraduate training (priority for
areas of socio-economic relevance);

m international projects with international financial support;

m role of networks of science (ICSU-COSTED/IBN-TWAS-
unions-academies).

Socio-economic relevance of science

The efforts to strengthen national systems of S&T must be
associated with an increasing commitment by the national
scientific communities to questions that affect each country in
the fields of health, education, food production, sanitation,
energy conservation, among others.

Science, technology and innovation
‘Even in those countries that have managed to build up a
critical mass of scientists, the scientific system is weakly
linked to the productive system and local industry is far from
benefiting from opportunities created by S&T. As a result,
S&T do not contribute to the creation of national wealth
in these countries.” (lines 231-235 of the draft Science
Agenda).

Brazil has been steadily increasing the number of
PhD graduates during the last 37 years: 3 500 doctors in 1997
compared with 500 in 1960. However, when we compare
these data with the Republic of Korea and the USA we see
that these doctors are mostly at the universities and very few
are absorbed by industry: 72.9% in Brazil, 35.1% in Korea
and 13.4% in the USA.

Major challenges for S&T in developing countries

m to promote universal education;

m to increase the number and the quality of the personnel
engaged in S&T;

m to increase linkage between the university and the
productive sector, public/private, to use knowledge for the
benefit of socio-economic development;

m to increase the percentage of S&T investment in relation
to the gross national product (GNP), with greater
contribution of industry;

m to promote simultaneously basic science and strategic S&T
projects with socio-economic impact;

m to achieve sustainable development and to preserve the
environment.

Essential national health research, a powerful instrument in
response to basic human health needs

Esmat Ezzat
Director, WHO Collaborating Centre for Human Resource Development, Ismailia, Egypt

Basic minimum needs (BMN) approach

Looking at our immediate experiences and realizing the short

time left until the year 2000, we should analyse and solve the

problems that are slowing progress towards HFA (Health for

All)/2000. There are three major categories of problem:

m First, there has been less realization of the health
development equation: which consists of provision, means
and recipients. International agencies and governments
have invested in developing provision/providers/potentials
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but the recipients (i.e. people) have been neglected,
resulting in many of them being dependent, passive and
leading negative lifestyles.

m Second, in many countries implementation of HFA/2000
strategies encountered weaknesses in the areas of
management, resources, community involvement, inter-
sectorality and coordination.

m Third, there has been a universal realization that health
cannot be achieved in the absence of satisfaction of basic
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needs of life (basic education, housing, reasonable income,

water, food, security, etc.).
The challenge is evident and the solution is clear. We need a
programme that will meet BMN, solve HFA implementation
problems and develop the attributes and qualities of human
beings. | am pleased to introduce the attributes and Quality of
Life (QOL) programme, already tested, and a research
approach that defines its applicability as a new paradigm for
accelerating the implementation of HFA/2000 strategies and
ensuring success.

Up until 1987, the QOL programme used the BMN
approach, which is a process of organizing and mobilizing
community members to realize their health and development
needs and work collectively to achieve them. It is a
community-based, community-managed and community-
financed programme.

An evaluation of the pros and cons of BMN
programmes was performed in 1990 and the findings were:
BMN is a concept that aims to achieve a better quality of life;
it is a participatory, dynamic process of integrated socio-
economic development, based on self-reliance and self-
management by organized communities supported through
coordinated intersectoral action.

The development of health care systems so far has
emphasized an input and output relationship. The perspective
was to build infrastructures and seek quick returns. It was
believed that quick returns, as well as quantified outputs, were
favoured by decision-makers. Little emphasis was placed on the
process. Within the process, little attention was given to
developing a ‘recipient’ capacity.

BMN tried to correct this deficiency and, by
investing in community human resources, a more lasting
situation was achieved: attitudes and attributes of the human
element were changed and thus behaviour and action were
more conducive to rational and better decision-making for
development.

The BMN approach is an evolution. It should not be
sold as a new concept, replacing the existing systems and
approaches. BMN allows the community to meet the
challenges of today, be they financial, organizational or
attitudinal. The investment has so far been in the provision of
care and it has meant that the most important element — i.e.
‘people’ — was neglected. People were always treated as
recipients and objects. BMN provided remedies to these
problems through changes to organizational, attitudinal and
financial systems at the community level, and through building
on these changes.
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Major progress has taken place during the past 16 years
in implementing the BDN (Basic Development Needs)
programme among the Member States. Thirteen countries are at
different stages of implementing the programme. This approach
has also been adopted formally as a national development
strategy in some countries. The programme has achieved success
in attracting new partners among international agencies and
non-governmental organizations (NGOs). There has been, over
the years, considerable sharing and exchange of experience
among Member States; many study tours and field visits have
been organized to successful BDN sites.

Achievements

A high degree of community mobilization, organization and
empowerment was achieved: intersectoral collaboration was
greatly strengthened through the BDN teams. Community
structures were established for the promotion of solidarity and
democratization. Increased coverage and accessibility to
essential public health services, such as immunization, family
planning and maternal and child health, were achieved
through improved delivery of health services and human
resource development. A wide range of income-generation
activities was initiated supporting agriculture, livestock, small
business and handicraft schemes. This led to higher income
levels and better nutrition. The BDN process gave special
emphasis to mobilizing and empowering women. Considerable
attention was given to schemes for improving education,
particularly for girls, and women’s development. Communities
attained self-reliance, even in difficult situations involving war
and civil conflict. More than half of the Member States of the
region have initiated BDN programmes. BDN projects at the
country level succeeded in obtaining support from different
partners. BDN successfully demonstrated its applicability to
both rural and urban areas.

Constraints

m inadequate operational research and documentation;

m general lack of systematic approach to planning,
management and evaluation;

m difficulties in obtaining financial support from
governments;

m lack of adequate experience in management of micro-
credit schemes;

m insufficient support from other United Nations agencies
and international organizations;

m difficulties in establishing effective partnerships with NGOs

and academic institutions;
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m inadequate training of BDN team members; lack of training
material and modules particularly in local languages;

m lack of effective promotional material for BDN and of
published reports.

Conclusion

BDN is open and inclusive of informed choices made by the
target communities. There is unanimous agreement that
measurements are needed to document evidence of success for
the purpose of advocacy and promotion. Documentation and
promotion of BDN should be based on evidence. For the
sustainability of BDN initiatives a multitude of factors should
be considered, such as financial procedures, community
capacity-building, support,
collaboration, institutional arrangements and continuity of

government intersectoral
community interest in BDN. The BDN planning and
implementation schedule should indicate a specific time-frame
and duration after which the active involvement of the
external initiator (e.g. World Health Organization) would be
scaled down. Stronger links should be sought with United
Nations agents at the country as well as the regional level. Full
compliance with administrative and financial rules and
regulations should be ensured.

Tools for monitoring and evaluation of BDN
programmes, process and outcome measures should address the
following areas: poverty reduction, community organization,
intersectoral collaboration, partnerships, health, education,
nutrition, women’s development, water and sanitation, income
generation, financial aspects, promotion and advocacy.

The actions to strengthen future BMN initiatives in
the region are grouped here under three categories:

m streamlining BDN planning, implementation and
evaluation processes;

m strengthening advocacy and partnership efforts;

= enhancing capacity-building and training activities.

To

research varieties, mainly Essential National Health Research

(ENHR), were

Development in 1987 in an effort to rationalize research as a

tool for health development.

avoid and overcome negative aspects of BDN, health

introduced by Health Research and

Definition of Essential National Health Research

ENHR is an integrated strategy for organizing and managing

research, whose defining characteristics include its goal, its

content and its mode of operation:

m  ENHR’s goal is to promote health and development on the
basis of equity and social justice.

108

m  ENHR’s content includes the traditional types of research

commonly described as epidemiology, social and
behavioural research, clinical and biomedical research,
health systems research and policy analysis; but it is
specifically oriented towards the most important problems
affecting the population, with particular emphasis on the
poor, disadvantaged and other vulnerable groups whose
health needs are often overlooked or ignored.

s ENHR’s

inclusiveness, aiming to involve researchers, health care

mode of operation is characterized by

providers and representatives of the community in

planning, promoting and implementing research
programmes.
m  ENHR should promote multidisciplinary and intersectoral
research, the results of which are effectively translated into
action; objective scientific analysis guides policy and action.
m  ENHR implies the use of scientific methods to analyse
health situations, identify problems and solve them. The
essence of ENHR is an intersectoral, multidisciplinary
scientific approach to health programming and delivery.
m ENHR was conceived as a corrective tool for frequent
points of failure in existing research systems:
= policy-makers often do not make use of research
findings in decision-making;

= managers of health care programmes do not always use
research results, nor do they apply scientific methods
in planning, monitoring and evaluating services that
they deliver;

= researchers often do not address the health problems
that are perceived as top priorities by policy-makers,
health care managers and people.

ENHR strives to identify the main diseases and conditions that

continue to place an unnecessary burden on society, to assess

the effectiveness of control measures and to identify technical
and cultural obstacles to successful implementation of health
programmes. Examples are:

m Patterns of health and disease: common causes; mortality and
mobility in various sub-groups of the population.

m Determinants and risk factors: geographical, environmental,
economic, social and behavioural factors that influence
incidence, prevalence, severity and outcome of specific
diseases and conditions. The most important risk factors in
the occurrence of common cancers, sexually transmitted
diseases, abuse of alcohol and illicit drugs, and other major
health problems.

m  Operation and utilization of health services: immunization of
children according to the recommended protocol;
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proportion of pregnant women who receive prenatal care;
demand for and utilization of prenatal services; means
available to enlarge the number of households that have
access to a safe, protected water supply; effects of policies
outside the health sector — agricultural, economic and
educational — on the health status of the population.

Types of ENHR
ENHR includes two complementary kinds of research effort:
country-specific health research and global research.

Major ENHR strategies

One major challenge in developing ENHR is to generate
problem-solving and action-oriented research programmes
that will tap the skills and knowledge of scientists from a wide
range of disciplines. The other challenge is to create a dynamic
process linking policy, action and research.

Intersectoral and multidisciplinary approach

Problem-driven and action-oriented, ENHR would deal with
any health problem that burdens people in the country, with
the objective being to lessen the level of disability and death it
causes.

International implications

Country-specific research would generate scientific and locally
relevant knowledge that governments, health care providers
and people need in order to articulate their problems and to
determine national research and action plans. They give
developing countries a stronger voice, empowering them to
express their priorities in international forums.

Expected contribution of ENHR

To understand the country’s own problems, to improve health
policy and management, to foster innovation and
experimentation, leading to:

= health information and situation analysis;

= enhanced impact of limited resources;

= promotion of global health research.

The seven elements for implementing ENHR

1. ENHR promotion

Research on health in developing countries suffers serious
constraints, including limited opportunities for career
advancement and professional development, weak and
unstable institutional environments and insufficient and

erratic funding. The lack of perception of the importance of
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research has resulted in low social esteem and poor salary
structures for scientists.

2. National ENHR mechanism

The linkage between research and the utilization of research
results needs to be strengthened through greater participation
of research users in setting the objectives and timetable for
research projects and through more effective communication
of results to potential users.

3. Setting priorities for the ENHR action plan

Each country should develop a strong plan to conduct research
on both country-specific and global health problems, a plan
that is feasible, economical and coherent and that involves all
relevant groups.

4. Strengthening research capacity

Implementing a national plan to conduct research on both
country-specific and global health problems will require
building and maintaining research capacity within developing
countries and sustained reinforcement from the international
community.

5. Networking

Nurturing individual scientific competence and leadership;
strengthening institutions, establishing strong linkages
between research and action agencies; and reinforcing national
institutions through international networks are all important
elements of capacity-building.

6. Mobilizing financial resources for ENHR

The proposed expansion of research into health problems of
developing countries will require a substantial increase in
funding. Developing countries, bilateral and multilateral
development agencies, industrialized country research
agencies, foundations, NGOs and the pharmaceutical industry

all raise funding levels for health research.

7. Evaluation of ENHR

Challenge ahead

The national ENHR plan must be creative, well adapted to

local circumstances and sustainable: ENHR poses complex

problems and there is no blueprint for dealing with them.

m How can the delicate balance between researchers’
independence and their need to respond to national
priorities be maintained?



SCIENCE FOR THE TWENTY-FIRS] CENTURY: A NEW COMMITMENT

m How can one ensure that the political process involved in
defining priorities is democratic?

m How can the reliability and inclusiveness of the
information base be improved?

m How can power struggles among individuals and
institutions in the country be minimized?

= How can peer review systems be established?

m How can the donor’s control over the research agenda be
reduced?

m What are the best schemes for developing research
capacity?

Bringing research closer to the political process also carries

implications for the autonomy of researchers. A balance must

be established between researchers’ activity and their need to
respond to national priorities. It is fundamental to ensure some
degree of independence and sometimes dissidence of
researchers in each country, since the independent pursuit of
research can lead to important breakthroughs in the social and
physical sciences, and make essential contributions to health
and development.

The challenge for industrialized countries is to
strengthen and sustain international ENHR movements.
ENHR internationally holds out great hope that the fledgling
movement being fostered by developing and developed
countries alike will live a long and prosperous life for the
benefit of humankind.

Development of biotechnology applied to food and health, to
face basic human needs in developing countries

Manuel de Jesls Limonta Vidal
Director-General, Centre for Genetic Engineering and Biotechnology, La Habana, Cuba

The world population continues to grow at 1.5% a year and it
is projected to reach 8 billion by 2020 and 11 billion by 2050.
Almost all this growth will occur in the already overpopulated,
underdeveloped and poorer regions of Africa, Asia and Latin
America, which will shelter nearly 90% of the human
population. Demands for food in the most populated parts of
the world will double by the year 2025 (Sasson, 1990). Science
and technology are lagging behind in developing countries. To
overcome this situation, there should be real change. The
problems to solve are the following: lack of meaningful
commitment to science, be it basic or applied; no commitment
to self-reliance on technology; inadequate institutions;
inappropriate ways of managing the scientific enterprise; the
uncaring attitude of the suppliers of technology and of the
North towards technology transfer to the South; and lack of
stability in science policy (Salam, 1990). Developing countries
are facing the following three main challenges: food supply,
health improvement and environmental protection. There is
no doubt that biotechnology is nowadays a real possibility for
overcoming these problems (Mateo Box, 1993; Quinteros,
1997; Jaffé, 1991).

The food problem

Application of biotechnology in response to basic human
needs regarding food in developing countries is real at present.
There are different approaches such as the development of
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plant biotechnology, biotechnology applied to livestock
production and biotechnology applied to food processing.
Plant biotechnology can offer an important solution
either through the application of conventional methods or
with modern methods, or mainly with the proper combination
of both (Sasson and Costarini, 1997). It is claimed that
conventional methods will not be able to satisfy the
appropriated production demand worldwide. Nowadays
transgenic crops are increasing very rapidly. This market is
expected to grow from US$ 450 million to over US$ 7 billion
by 2005. The main genes integrated into crop species to
produce transgenic plants provide resistance to many pests,
pathogens and herbicides as well as resistance to stress such as
temperature, drought and salinity. Among these, the following
can be mentioned: genes for improving crop productivity,
genes for production of health products and genes for
manipulating starch, proteins and oil. In the developing world
several factors or problems which might influence the
development of biotechnology ought to be taken into account,
including:
m political: about 8% of Latin American owners own 80% of
the land;
m economic: lack of financial support to the peasant to buy
tools, seed, fertilizers;
m social: closer links between peasants and the new
agricultural technologies must be developed.



THEMATIC MEETING 1.3 SCIENCE IliRESPONSE TO BASIC HUMAN NEEDS

It is important to consider the concern over consumption of
transgenic crops. Nevertheless, it is also very important to take
into account the responsibility of the work done by scientists
all over the world and also the methods of quality control and
quality assurance developed.

If one figures out that today 800 million people suffer
from malnutrition in developing countries, where food imports are
expected to double in the next 25 years, we come to the
conclusion that transgenic plants could offer developing countries
an opportunity to increase domestic local food, feed and fibre
production by 10-25% in the next decade. Other considerations
that underpin the strategic importance of transgenic crops for
developing countries are the following: the area of almost all crops
is far larger in developing countries than in the USA and Canada,
where adaptation has been higher to date — for instance, 145 times
more rice, five times more cotton, three times more corn. The
yields of almost all crops are significantly lower in developing
countries than in industrial countries due to pests, weeds and
diseases. The global area cultivated with transgenic crops by the
end of 1998 was 27.8 million hectares and the distribution by
countries was: USA 74%, Argentina 15%, Canada 10%,
Australia 1%, Mexico <1%, Spain <1%, France <1%, South
Africa <1% (James, 1998). As we can see, most of the growth is
in the developed world. There is something that should be
clarified: the concept of scientific development. We are not saying
that it is compulsory for developing countries to work on
transgenic plants but these countries are not doing well in their
own scientific development and, if they do not pay attention to
this problem, the existing gap that grows every day between
developed and developing countries could lead to a situation in
which they would not be able even to understand how behind
they are and what should be done in order to combat the scientific
underdevelopment that these countries are suffering from.

In Cuba a wide programme in biotechnology was
developed with important outcomes in different areas. Plant
biotechnology started in the 1980s and the situation nowadays is that
there are pilot studies in such transgenic crops as sugar cane, potato,
Sweet potato, papaya and also different stages of development in rice
(resistance to insects), potato (resistant to fungus and tolerance to
glufusinate), coffee (resistance to insects), citrus (resistance to
viruses), corn (resistance to insects and tolerance to glufusinate),
tomato (resistance to virus), pineapple (resistance to viruses, fungi,
insects and tolerance to glufusinate), and sugar cane (reduction
and/or modification in the quantity of lignin for animal feeding).

Livestock production, in many circumstances, is not
completely applicable to Third World biotechnological use.
However, it is important for animal health applications such as
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diagnostic means, new vaccines (recombinant cattle tick
vaccine, recombinant vaccines against colibacilosis and
others), application of somatotrophic hormone to increase
milk production, improvement in animal feeding and animal
reproduction, such as embryo transplantation. The production
of transgenic animals and animal cloning brings about a new
dimension in animal biotechnology for different purposes. In
Cuba there are recent developments with transgenic fish with
a speed of growth even twice the normal strain, creating a real
revolution in this field (Hernandez et al., 1997). Considering
the status of science (and other characteristics) in developing
countries, a tentative approach to procedures to improve
nutrition by using animals could be rated as follows: 1)
procedures of genetic improvement (mainly in cattle); 2)
embryo transference (mainly in cattle); 3) prevention of
diseases such as foot-and-mouth disease, bovine plagues,
brucellosis, peripneumonia, tuberculosis and parasites; 4)
vaccination against different diseases; 5) intensive fish
breeding in ponds; 6) other procedures such as growth
hormone for the improvement of milk production in cows; 7)
transgenic fishes with a higher speed of growth than normal
species; 8) modern techniques for diagnosis of diseases in
animals; 9) modern scientific approaches such as transgenesis
and cloning in animals. There are procedures for food
processing with application in any country for detection of
pathogen contamination, for the production of enzymes for
different purposes, for the use of micro-organisms in food
conservation and for micro-algae crops.

The health problem

Biotechnology applied to health in developing countries is a
special chapter. The main difficulties affecting health in these
countries are the following: malnutrition, infectious diseases,
lack of a proper policy for preventive medicine, lack of
development for the diagnosis of diseases, lack of vaccines, of
medicines, lack of infrastructure of hospitals and other medical
facilities for proper patient attention, lack of critical mass of
physicians and other necessary health personnel, lack of a
long-term, established and lasting policy that allows the
keeping of an updated record of epidemiological status (the
elaboration of plans), establishing priorities to be solved
gradually and constantly training specialized personnel in
sufficient quantity and quality to solve health difficulties. A
great effort should be made in preventive medicine. Therefore,
biotechnology for the development of new diagnostic means
and vaccines is very important, in addition to other treatment
programmes. AIDS must be mentioned, since more than 95%
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of infected persons belong to the Third World. There is a long
list of infectious diseases in developing countries in addition to
AIDS, for instance malaria, which produces more than 2
million deaths worldwide per year, mainly in developing
countries, and dengue haemorrhagic fever. There are no
vaccines available yet for these three diseases. Hepatitis B,
measles, cholera, tuberculosis, respiratory diseases and
diarrhoeal diseases should be mentioned as well. The estimates
with regard to HIV/AIDS, comparing the whole world with
the example of Africa from the developing world at the end of
1998 (ONUSIDA/OMS, 1999), is given in Table 1.

Table 1. Estimates with regard to HIV/AIDS,
comparing the whole world with the
example of Africa

SITUATION AS OF END 1998 AFRICA WORLD

(IN MILLIONS) (IN MILLIONS)

Total persons infected with HIV 34 47.3

Total deaths from AIDS 115 13.9

Children infected with HIV 4 44

Infant deaths from AIDS 3 31

Persons living with HIV 225 334

New cases of HIV 4 5.8

infection in 1998

New cases of HIV- 0.53 0.59

infected children in 1998

Deaths from AIDS in 1998 2 25

Modern biotechnology has led to a new model
concerning the development of vaccines as well as new
medicines, such as a DNA vaccine, a vaccine to be eaten in
fruit, therapeutic agents and DNA products to combat
different diseases, and other improvements. In the developed
world there is tremendous scientific development. The speed
of scientific achievements is faster day by day. There are scores
of recombinant drugs and vaccines produced and sold all over
the world by big companies in developed countries (Sasson,
1998). Modern and sophisticated diagnosis of diseases based on
biotechnological achievements and many other impacts of
biotechnology and of science as a whole are becoming widely
extended in developed countries.

There are very few examples of local development in
the Third World in medical biotechnology with a great impact
on the health of the population. Cuba is one of the most
outstanding examples in this matter, with an infant mortality
rate of 7.1 per 1 000 in 1998, 99.8% of deliveries being made in
hospitals (both figures are the best for developing countries), life
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expectancy of around 75 years and a complete eradication of

malaria and other infectious diseases that produce thousands of

new cases and deaths per year in developing countries

(FNUAP/UNICEF, 1998). A wide programme in biotechnology

has been developed in Cuba (Limonta, 1989) with several

institutions having been built, such as the Center for Biological

Research (1982), the Center for Genetic Engineering and

Biotechnology (1986), the Center for Immunoassay (1987), the

Finlay Institute (1989), the Center for Bioproducts (1989), the

Center for Genetic Engineering and Biotechnology — Camaguey

(1989), the Center for Genetic Engineering and Biotechnology

— Sancti Spiritus (1990) and the Center for Molecular

Inmunology (1994).

These centres join other scientific institutions built
before the 1980s like the National Research Center (1965), the
National Center for Animal and Plant Health (1975) and the
Institute of Animal Science. Also during the last decade dozens
of production plants for the Cuban pharmaceutical industry and
the biotechnology industry have been built, accounting for
around US$ 1 billion in expenditure on biotechnology in the
last 10 to 12 years in this country.

The following is a list of modern biotechnological
products developed and produced in Cuba of wide application
and sold to more than 35 countries: anti-meningococcic type B
vaccine, recombinant anti-hepatitis B vaccine, PPG (hipo
cholesterodemic drug), recombinant alpha 2 interferon,
recombinant gamma interferon, recombinant streptokinase,
recombinant epidermic growth factor, recombinant cattle tick
vaccine, recombinant swine colibacilosis vaccine, recombinant
erythropoietin, recombinant interleukine 2. There have also
been developed dozens of modern diagnostic means for different
kinds of diseases based on recombinant antigens or on other
modern biotechnological methods; among these are included
HIV 1, 1, hepatitis B, hepatitis C and several others with
different presentation formats.

The main challenges to solving the health situation
in developing countries are the following:

m to make governments, as well as governmental bodies,
aware of the difficulties and work on them;

m to design a long-term ongoing programme of proper
scientific development;

m toset aside a larger amount of financial resources for health
as a whole;

m a greater commitment and contribution from developed
countries and international organizations to health
programmes in developing countries.

There are other aspects that can affect scientific activities as a



THEMATIC MEETING 1.3 SCIENCE IWESPONSE TO BASIC HUMAN NEEDS
|

whole in developing countries, such as the regulations about
intellectual property.

To sum up, the gap between the developed world and
the developing world is growing day by day. There is no general
advice applicable to all developing countries. Each one of
them should choose its own priorities. Nevertheless, certain
ideas should be taken into consideration, such as: a real
political will needs to be found in developing countries; local
government should allocate more financial support to
biotechnology development; more real international
cooperation should be developed from the North to the South
and also among Southern countries; developing countries
should fight to defend their biodiversity and germplasm — it is
imperative; the development of a really positive atmosphere in
developing countries recognizing the importance of science for
creating knowledge and knowledge for creating goods. It is
necessary to create appropriate institutions with equipment
and a real scientific approach to avoid the ‘brain drain’ from
the South to the North; there is a need to review educational
policies in developing countries, starting from primary school.
A greater and real participation of the private sector is
necessary in biotechnology in the developing world;
environmental protection should be a priority in developing
countries.
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Science In response to basic human needs,
with special reference to water

Riadh H. Al-Dabbagh
President, Al-Mustansiriya University, Baghdad, Iraq

Water is necessary for almost every living thing on this planet.
Its availability, reliability and quality are fundamental to the
environment and to ecology. They are equally fundamental to
human health and economic life. We use water in varied ways.
We use it for agriculture, drink it, cook and wash with it. We
also use it for recreational purposes (e.g. the beauty of lakes,
streams and waterfalls). We develop electrical energy from it,
sail ships on it and use it to transport waste products, etc.
Animals, plants, fishes and birds use it as an essential
requirement.

In recent years there has been growing awareness that
the amount of good-quality water resources is limited and that
we are not coordinating or planning all these multiple uses
well. The scale of human consumption and uses of water have
been growing dangerously fast, the quality and quantity of the
resources that remain are deteriorating. Competition for access
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to, and control of, the remaining resources has emerged in

some places. Criteria and processes for resolving such

competition are often defective or absent.

Although water is a very familiar substance, it is also
unique. It has no comparable analogies. This is why, in every
relevant discipline such as engineering, law or economics,
water requires its own special methodologies. It may be
worthwhile listing some of these peculiarities:
= Water is not quite the only liquid mineral; but it is the only

naturally occurring liquid that is rapidly mobile on and
below the Earth’s surface, and therefore is variable in both
time and place.

m It is enormously abundant; but about 98% of it is not
suitable for the most vital human uses because it
contaminates itself by dissolving salts, predicted only
statistically, not deterministically.
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m It is absolutely essential to human life and to all life; but
many of our actual uses of it are quite inessential.

This list of water’s special features and paradoxes could be

extended. They help us to understand why our problem is

intrinsically difficult.

The challenge

The challenge that we face now is not, primarily, a technical
one. It is political and organizational. There are, however,
technical elements in economics, hydrology and engineering
that will have to be solved if the main institutional effort is to
succeed.

The major challenge is to develop appropriate
institutions for effective management, allocation and protection
of the water resources of each basin and each aquifer according
to the criteria of broadly shared social objectives.

In this sense, the institutions that are required are
organizations, but also appropriate laws, appropriate financing
mechanisms, appropriate consultative processes. All of these
must be made truly effective. They must not be weak
constructions, existing on paper only, or easy to circumvent
through political influence. Such institutions cannot be
inverted and made stable instantly. It will take many years,
perhaps a decade or two, to reach the point when they are
effective, stable and respected, so the time to start is now.

The hydrological units — river basins, sub-basins,
aquifers and sometimes lakes — should be the units of
management. Within each hydrological unit’s boundaries,
resources can be quantified and allocated, and secure systems
of water rights can be developed.

Security of water rights can be achieved only if there
are effective sanctions against violations of these rights. We are
dealing with a finite resource that will become progressively
scarcer as demand grows, so attempts at violation of rights (by
the state itself, as well as by individuals and groups) must
realistically be anticipated. The authority of managing
institutions must therefore become sufficiently entrenched to
resist such violation.

The dimensions of the water problem

International agencies and professionals are increasingly
alarmed about the prospect of a looming global water crisis.
Some even say that in the next century wars about water will
be more likely than wars about oil. The Food and Agriculture
Organization of the United Nations (FAO) made water for life
the theme of World Food Day in 1994; the theme of the 1996
HABITAT Conference was ‘Water for Thirsty Cities’. In
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response to these concerns, the Commission on Sustainable

Development (CSD) of the United Nations has commissioned

a comprehensive assessment of global freshwater resources.

Figures about the number of people suffering from
water shortage and about the implications for health and
economic growth differ. It is expected that the forthcoming

Global Freshwater Assessment will provide a common basis.

At this time, it is safe to say that:

= About 1 billion people have no access to safe, fresh water.

m Polluted water is the most important cause of disease,
costing about 2 million lives annually and inflicting severe
economic and social damage.

m Agriculture is in most countries by far the most important
use of water.

m In most developing countries agriculture accounts for
about 75% of the water diverted.

m  Food security is critically dependent on water. Irrigated
agriculture will have to provide the bulk of the additional
food required to feed the 2 billion people which the world
will have added to the present population over the next
two decades.

m  Concerns about the loss of biodiversity and environmental
degradation have raised awareness among the general
public that the environment is a consumer in its own right
and should have its own water allocation.

There is a remarkable level of consensus among governments,
concerned institutions and the public on the importance of the
water issue. A range of concepts is discussed in political meetings
and the professional community. Integrated water resource
management has become a buzzword. In industrialized countries,
the most frequently heard solutions are demand management
and reallocation of water among sectors of the economy
according to economic principles, in particular the reallocation
of water now being used for water-inefficient agriculture.

The global dimension

On a global basis, it is estimated that about 40 000 cubic
kilometres of water run off the land every year through the
hydrological cycle. Of this, 9 000 cubic kilometres are readily
available and could be used by human populations, which
corresponds to 1 800 cubic metres per person per year,
compared with a current average consumption of 800 cubic
metres per person per year. This global figure could lead one to
believe that there is still enough water to support a much larger
population than the present one. Water availability is,
however, a much more complex issue and its assessment
requires a more in-depth investigation.
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Fresh water on Earth is unevenly distributed. Specific
discharge demonstrates the very large regional variation in
water resources. It is common practice, when assessing the
situation of water resources, to express it as a function
of population.

In conclusion, instead of looking only at the
seemingly easy solution of reallocating water away from
agriculture, FAO advocates a more rational approach based on
a thorough analysis of all available options.

Water management options

Water management options falling within FAO’s mandate are:

m water policy reviews and reforms;

m increased water-use efficiency in agriculture;

= promotion of sequential water use, reuse of waste water;

m integrated water resource management;

= augmentation of supply.

Thus, in most cases, increasing water use through irrigation is

not a luxury but a necessity. Five interrelated lines of action are

essential when assisting member countries and their

institutions to increase water-use efficiency in irrigation:

m diagnosis of water efficiency problems;

= demand management and economic incentives;

m modernization of irrigation systems, both at field and
scheme level;

= improved irrigation scheduling and irrigation management
methods;

m training, capacity-building and awareness-creation.

Sequential water use, reuse of waste water

We have said before that there are limitations to the reuse of

water in a river basin. However, this does not mean that we are

not supporting sequential use of water. In many circumstances,

sequential use of water is the most logical and cost-effective

principle of water management. It carries the potential for a

win-win situation for all sectors, such as:

m increasing water productivity;

m increasing water availability for irrigation;

m making irrigation possible in the absence of any other

source of water;

m protecting the environment.

The reuse of farm drainage water is a case of sequential use of

water. It is practised in regions where water is scarce. Reuse of

drainage water provides a viable option for irrigating a variety

of crops and meeting a part of the agricultural water demand.
The range of non-user functions, which could

appropriately be assigned to a river-basin authority and which
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have appeared in our discussions, is quite large. Perhaps it will

be useful to assemble the following list of major areas:

m assessment of water resources, in quantity and quality;

m allocation and documentation of water rights;

=  management and resolution of water-related disputes;

m supervision of transfers of water rights;

m protection of water resources;

m augmentation of the available or accessible proportion of
water resources.

There is plenty in that list to make such an organization

professionally challenging and to attract staff of the high

calibre that the roles will require.

Conclusion

The exploitation of water all over the world makes one
apprehensive for future prospects, especially if one takes into
consideration the water shortage which is expected to affect
two-thirds of the world’s population by 2025. For this reason,
governments have started to give water resources a high
priority in planning because of their significant role in
development.

Water shortage is
international conflicts over the building of dams by the
countries from which rivers flow. Indeed, international
cooperation is required in order to rationalize the use of water
by those countries which share the same water resources.

also the reason behind

The economic value of water has encouraged some
countries to consider it an economic commodity and hence
call for pricing it as a means of applying pressure; some vague
expressions have also emerged in reports on this topic such as
‘transboundary waters’ instead of ‘joint international waters’ or
‘joint international water resources’. Some countries which do
not have joint water resources have also been included in the
agreements relevant to countries which do have joint water
resources. All these issues are a cause for grave concern over
this important natural resource in which international, human
and economic rights have their share.

Such being the case, we insist that science should
respond to basic human needs such as water which has a direct
effect on man’s life. In order to be more practical in directing
attention to this resource, we must point out that the
forthcoming decades will witness bitter conflicts over water;
we accordingly call for:

m giving priority to the social and human dimension of
drinking water instead of the economic dimension;

m stressing the fact that the fair and rational use of water is a
fundamental factor in drawing up the strategic approach of
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managing drinking water; the interest of all countries
which have joint water resources should also be taken into
account;

m stressing the importance of managing and protecting water
resources, contributing to the fight against poverty and
reinforcing food security and self-sufficiency;

m emphasizing the close relationship that exists between
water quality and quantity, and the urgent need to
strengthen international cooperation to support national
and regional work plans in the field of environment, water
protection and pollution prevention;

m establishing and maintaining effective data networks and
monitoring, and reinforcing the exchange of information
relevant to the drawing up of policies, plans and work and
investment decisions regarding water;

m urging governments to strengthen consultation and

cooperation in order to face famine and floods, improve
systems of early warning and lessen the impact of
disasters;

m stressing the need to pursue research, develop the
technology of water management and use in a permanent
and sound manner, prevent pollution, improve agriculture,
adapt and disseminate new technologies, facilitate the
transfer of technology to developing countries, present
possible aid to these countries in the field of water resource
investment, and conserve the environment.

These terms represent a model for the responsibilities of
science and scientists in satisfying human basic needs. In this
study, we tried to present a sample of the immediate future
dangers and stress at the same time the responsibilities which
scientists should shoulder in order to attenuate the effects of
these dangers and help man to enjoy a decent life.

The ZERI approach to responding to basic human needs with
special reference to poverty alleviation, energy and shelter

Keto Mshigeni (absent), Geoffrey Kiangi, Fergus Molloy, Osmund Mwandemele University of Namibia, Windhoek, Namibia
Gunter Pauli ZERI Foundation, Chatelaine-Geneva, Switzerland
Stephen Adei United Nations Development Programme, Windhoek, Namibia

The level of advancement in science today enables all
mankind to lead lives of dignity and fulfilment. Yet, more than
half of the world’s population lives in poverty, lacking essential
resources for meeting even basic needs. This presentation
shares ideas on ZERI approaches to responding to basic human
needs, with special reference to poverty alleviation.

ZERI stands for Zero Emissions Research Initiative, a
concept that was initiated by Mr Gunter Pauli at the United
Nations University in 1994 and brought to Africa by Professor
Keto Mshigeni of the University of Namibia. Through ZERI, a
number of zero emission research activities have been
initiated, many new ideas have been generated and promising
research results have been produced, all of which provide great
promise and inspiration for large-scale poverty alleviation,
particularly in Africa (Mshigeni, 1997a).

ZERI mission and management

ZERI looks at the whole spectrum of materials which people
conceive as waste and transforms them to become raw materials
for new marketable products. For Africa, ZERI is currently
looking at many categories of crop wastes and identifying
technologies that could be applied to create new uses for them.
ZERI concepts also address issues of global concern, which
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include challenges posed by: excessive world population; the
need for more water; the need for the identification and use of
new, renewable and sustainable energy sources; the need for
more jobs; etc. To fully benefit from the ideas behind ZERI, the
involvement of multidisciplinary teams of experts is needed. We
also need partnerships with industry and the use of new
technologies which promote sustainable production. We need to
sensitize corporate executives who will take advantage of the
resulting dramatic increase in productivity, to link up with
corporate strategists, and to develop new businesses based on
these new concepts. Scientists are also needed to provide a
multidisciplinary research agenda and economists must also be
involved to help use ZERI as a force in identifying new sectors
of the economy. Environmentalists must also be sensitized, in
order to promote ZERI as an effective and simple approach for
eliminating all categories of waste. Politicians should be
involved also, since ZERI offers a new framework for policy-
making (Pauli, 1998).

Since the birth of the concept, the International
Scientific Advisory Council on ZERI, currently under the
chairmanship of Professor Keto E. Mshigeni, who is also the
UNESCO/United Nations University (UNU) ZERI Africa
Chair, has developed a network of expertise and is increasingly
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attracting the attention of pragmatic scientists, entrepreneurs,
economists, policy-makers and politicians worldwide.
Currently, active ZERI nodes have been established in Benin,
Brazil, Colombia, Fiji, the Gambia, Germany, Indonesia,
Japan, Malawi, Namibia, Nigeria, Sweden, Tanzania, Uganda,
UK, Zambia and Zimbabwe, and these are increasingly
generating very encouraging results.

To manage this network of experts effectively and to
advance the ideals through fast-track implementation, the
ZERI Scientific Advisory Council organizes workshops and
annual world congresses, and publishes proceedings of these
forums. Past workshops and congresses have been supported
financially by UNESCO, UNU, the United Nations
Development Programme, the United Nations Environment
Programme, the Rockefeller Foundation and also by industry.
Several workshop and congress proceedings and related
publications on zero emissions have been produced. These
have effectively contributed to the dissemination of the ZERI
concept worldwide. For more information, readers are

requested to use this contact address: kmshigeni@unam.na

Selected case studies

Seaweeds: agents for poverty alleviation

Marine waters support a wide array of sea plants. These are
often ignored, yet they can be exploited for numerous
economic gains. The seaweeds can be used to produce various
products, including food supplements. Some of them are very
rich in vitamins. In Zanzibar, Tanzania, a research programme
on seaweed farming has resulted in a situation whereby 30 000
villagers actively farm the Eucheuma seaweed, whose export
income today is almost on a par with that of cloves and
tourism, the island’s highest foreign-income generators. ZERI
intends to assist the Eucheuma seaweed industry by promoting
the processing of the seaweed before export, in order to add
value to its biomass. In many other maritime countries of
Africa, there abound vast quantities of seaweeds of various
types, which remain untapped. ZERI catalyses the exploitation
of these and related marine resources (Mshigeni, 1997b).

The ZERI Tsumeb Brewery in Namibia: a model for industries
of the future

The University of Namibia has established a smart
partnership with Namibia Breweries, which has resulted in the
development of a brewery industrial plant following the ZERI
concept. The key inputs into a brewery are grain, water and
yeast. For every tonne of beer produced, one uses some 10-30
tonnes of water, which is no longer drinkable when it leaves
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the factory. It becomes waste. The spent grain after the
fermentation of beer is also wasted. Under the ZERI
philosophy, these wastes are put to use. The spent water and
organic wastes are channelled into a biogas digester to
produce renewable energy: methane gas. The effluent from
the digester is passed into a series of algal ponds. The algae,
which are rich in protein, are used as pig-feed supplement.
The oxygenated, purified, mineralized water leaving the algal
ponds is conveyed to fish farms. The spent grain is collected,
dried and used for cultivating mushrooms and feeding piglets.
This way virtually every waste component is put to valuable
use. The ZERI brewery activity in Namibia is increasingly
becoming an important community education centre on the
control of environmental degradation through the generation
of alternative energy, thus
overdependence on wood fuel. It is also becoming an

sources of lessening
important centre for learning new technologies, such as
mushroom farming, and the construction and maintenance of
biogas digesters.

Water hyacinth: an opportunity in disguise

Water hyacinth, Eichhormia crassipes, was brought to Africa
from Latin America as an ornamental plant by virtue of its
beauty. Today the plant is considered as an unwanted, noxious
and much-feared weed. In Kenya, Malawi, Uganda, the United
Republic of Tanzania, Zambia, Zimbabwe and many other
countries in Africa, this weed has aggressively invaded lakes
and rivers, seriously blocking boat navigation. It is, in fact, one
of the fastest-growing plants; it doubles its weight within one
to two weeks. To stop its spread, various methods have been
used, including the use of beetles to eat up the plant and toxic
herbicides. Both of these are not the best solutions. Using the
ZERI concept, this weed can be considered as a resource. It has
been used in biogas production; it has been used as a substrate
in mushroom cultivation; its fibres can be used in paper
production, as an animal feed, for the production of domestic
furniture, for water purification and many other uses. Our
scientists should serve as catalysts for promoting these and
many more uses worldwide.

Bamboo: growing your own house

The Guinness Book of Records (1999) reports that some species
of bamboo constitute the fastest-growing plants in the world,
growing at an incredible rate of 91 centimetres a day. Many
bamboo species form good building materials, which have
prolonged durability if appropriately treated. ZERI is
undertaking serious research on bamboo and on how it can be
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used to construct low-cost affordable houses. There is big scope
for both South-South and North-South cooperation in the
promotion of this vision.

Other intriguing ZERI possibilities

Mushrooms are an overlooked resource in Africa. The volume
of the annual world business of mushrooms is US$ 14 billion.
Africa’s share is a mere 0.3%. ZERI intends to promote
commercial mushroom cultivation in Africa, using many
categories of organic wastes which occur in great abundance
throughout the continent.

Earthworms are extremely beneficial in recycling
mineral nutrients in the soil and for promoting soil aeration.
But few people in Africa are aware that earthworms can be
farmed commercially and can produce a wide range of enzymes
for a wide range of industrial applications. The commercial
production and exploitation of earthworms is being
investigated within the broad framework of ZERI.

Some frog species in Africa, for example the goliath
frog and the bull frog, grow to a huge size, and are edible.
Virtually none of these is commercially farmed. Equally worth
noting is that there is a variety of silkworms and spiders in
Africa that produce very good silk. Some of the silk produced
runs up to 3 metres. Yet, Africa has to buy imported silk
materials at exorbitant prices. Flies can also be put to good use.
In Benin, flies have been provided with an infrastructure to
produce maggots that are very rich in protein for chicken feed
and for other applications.

ZERI is also conducting research on sisal wastes. Sisal
industries take only 5% of the total sisal biomass, wasting the

rest. Research results from our scientific network show that sisal
waste can be used to produce a variety of value-added products,
including alcohol, citric acid, medicinal products, mushrooms,
etc. Research is also being carried out to produce seed oil for
many applications from the plant Jatropha curcas. Papyrus is also
being studied for commercial utilization in Uganda. ZERI is also
investigating the use of other renewable energy sources
including solar, wind, and tidal-wave energy sources.

Summary
In sum, ZERI means striving towards: zero waste; zero
pollution; complete utilization of raw materials and by-

products; creation of new products; generating new

innovations; reducing poverty and generating new jobs.
Achieving these ideals calls for continuing aggressiveness
towards the establishment of new ZERI networks and more
partnerships between academia and industry. Our many
universities have a key role to play in these endeavours.
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The responsibility of science
In the alleviation of poverty in the world

Thomas R. Odhiambo (absent)
Hon. President, African Academy of Sciences, Nairobi, Kenya

Poverty has become an obtrusive characteristic of more than
60% of contemporary humankind in ways that have denied
these individuals and nations the dignity and freedom that is
the innate potential of every human. And this is happening at
a time when scientific research in molecular biology and
genetics, in astronomy and particle physics, in inorganic
chemistry and neurochemistry is breaking across new frontiers
of human knowledge undreamed of at the beginning of the
second millennium. This is the time also when technological
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innovations in biotechnology and nanotechnology, in new
materials and designer drugs, in cyberspace science and
satellite technology have transformed our social perception
indelibly and opened up new horizons of wealth unachievable
in prior times at the start of the second millennium.

As we begin the third millennium, it behoves
science to clothe itself with a conscience — with a
responsibility to its creator, the human being — beyond its
body of material applications, through technology. In
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essence, scientific knowledge is required to perform three
different functions. First, scientific knowledge provides a
kind of regulated truth that gives understanding of the
natural universe. Such so-called pure science has ‘never
answered directly the questions which were put to it’. But
searching for this proximate truth has widened the horizons
of humankind’s knowledge of the physical and biological
universe as never before.

The second function of science has come to be the
provision of understanding such that informed policy and
management decisions can be made. This it has done because
of the public trust that science has enjoyed over the greater
part of the 20th century. Over the last three decades, however,
the public perception of science has become somewhat
tarnished, because of at least three constellations of recent
events: firstly, the exaggerated claims of scientific
‘breakthroughs’ that have sometimes been made through the
mass media; secondly, the destructive part that science has
played in world wars, regional conflicts and the Cold War, as
well as in the use of uninformed human beings in experimental
medicine without their consent willingly given; and thirdly,
the closeness with which science has seemed to embrace the
economic and political powers, with the work programme of
science oftentimes set by the political agenda, rather than as a
joint exercise, thereby obviating the risk of compromising
scientific values. There is a decided risk in the ongoing
escalating alliances between science and economic
powerhouses, which is leading to an increased demand for the
marketability of science.

The third function of science is to provide the basis
for new technologies. This trend started in earnest early in the
19th century, and the potential to bring about technological
innovations through scientific research and technological
development (R&D) has greatly accelerated this century.
Technological innovations have come to influence the
marketplace tremendously, wherever social and public
innovations have enabled them to flourish. Scientists have,
consequently, become important actors in the marketplace,
even though the race for patents has enhanced the feeling of

anxiety among the ‘purists’ in science.

Ethical dimensions of science

The current anxiety comes from the fact that, whereas society
requires goods and services in the market, there are also some
other, equally vital, goods needed by society — cultural,
spiritual and world-views. For four centuries past, science has
neglected or divorced itself from the consideration of these
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latter goods. Science can only divorce itself in this manner if it
intends to neglect or abrogate its responsibility towards civil
society. What is being sought, then, is the integration of ethics
with science — ending the self-imposed isolation from issues
relating to ethics, morality and metaphysics which formal
science eschewed from the early 17th century.

An eloquent case for such science-ethics reintegration
is that recently provided by Kim Rathman (1999) in her article
in the journal Technology in Society, in discussing justice and
equity in the global economy in the context of contemporary
international competition in the technology-dominated
marketplace. Her basic argument is that, in a global community
with interdependent political and economic structures, all
people are entitled to participate in the decision-making process.
Such decisions must be judged in the light of ‘what they do for
the poor, what they do to the poor, and what they enable the
poor to do for themselves. In this eventuality, the
‘transcendental worth of persons’ is validated. Extended to the
growing compartmentalization of the peoples and nations of the
world into the rich or the super-rich and the poor or the very
poor today requires the formulation of national and
international structures capable of guaranteeing the minimum
conditions of human dignity in the economic sphere for every
person. These conditions include the rights to fulfilment of
material needs, the protection of fundamental freedoms and the
guarantee of participation in the life of society.

The implication of Rathman’s expressed paradigm of
participation of all people in economic decision-making is
profound in contemporary terms in relation to the dominant
neo-classical economic theory, which confines the decision-
making process in economic relations to that of efficiency of the
market. This engineering/utility approach oversimplifies human
values and motivation to the single notion of self-interest.

The primary good in economic systems should be
seen as the capability and functioning of people.
Consequently, the focus of economic policies in national and
international development should be that of bringing about
capability without insisting on the existence of any minimum
floor, so as to take advantage of those essential items available
in society. In this way, capability becomes an absolute measure
of enhancing one’s participation and the quality of life
in society.

The capacity being referred to is, in effect,
empowerment obtained through possessing science-based
technologies such that lives are uplifted. It is this capability
that should really be regarded as the basic human need which
every person in the world, including the poor, should have the
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right to possess. Further, this capability must be linked to open
access to the sources of such existing technologies and future
innovations important to the poor. In this case, then, the poor
would have the necessary access to what potentially they can
aspire to become.

In considering the place of technological innovation
in enhancing economic performance in Africa, particularly in
the context of the structural adjustment programmes (SAPS)
that have dominated African economic relations since the
early 1980s, it can be clearly posited that technological change
has now become the main engine of economic growth as well
as one which does not automatically accompany capital
accumulation. As a consequence, investment decisions depend
on the availability of specific skills, relevant know-how and
capability, as well as the capacity, to apply these in the required
enterprise. The market is not efficient in allocating resources
to these three critical factors. For instance, the market cannot,
of its own volition, provide the necessary infrastructure that is
needed for the successful harnessing of technological assets for
long-term economic development, which poverty-alleviation
initiatives require. Nor can the market, by itself, generate the
required technological capabilities, which presume the
existence of an essential mix of skills, because of the specificity
of these skills which are not generally found in the general
skills which the formal educational system normally provides.
Thus, the government (or society) needs to intervene. The
essential question is how this intervention should be managed
through public policy, so as to assure an optimum growth of
these capabilities.

The capability that we are striving for can be broadly
described as comprising three principal elements: skills
generated by formal education and training; skills acquired
from on-the-job training, such as those generated by internship
programmes and apprenticeship schemes; and the legacy of
inherited skills, attitudes, and abilities that can contribute to
development. The new approach to skills
development for poverty alleviation, and even poverty
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elimination itself, can only be speedily acquired if a basic
starting point embraces the skills that are indigenous to each
community and have, as a result, been culturally validated and
time-tested over a long period of time, during which they have
also been updated from time to time as new social and
economic needs arise.

The way forward for public science

The way forward for science in the 21st century is for the
benefits of science to be distributed equally to all peoples and
nations, including the poor. The allies of the poor cannot
continue to be exclusively those economic and political
powers. Science has to be a ‘hand-maiden’ for all people, if it is
to begin to salvage its tainted public image. Science has in
recent centuries become a willing servant of those in economic
or political power — rather than continuing to behave as a true
savant of science. The most effective way of science becoming
an effective partner of the poor, in uplifting the poor, in
uplifting their living conditions and assuring them of their
human dignity, is to carefully formulate the questions that the
poor are asking in terms that science can indeed answer.

Thematic meeting report

G.Thyagarajan
Scientific Secretary, ICSU Committee on Science and Technology in Developing Countries, Chennai, India

In his opening remarks, the Director-General of the Islamic
Educational, Scientific and Cultural Organization (ISESCO)
emphasized the need for sustainable management of ocean
resources for energy and food.

The following important points emerged out of the
six presentations to the meeting:

m Basic human health needs constitute a major worldwide
shameful problem on the threshold of the 21st century in
contrast to the dazzling scientific achievements.

m In spite of the spectacular power of modern science, a vast
majority of the world population is faced with problems
such as food shortages and malnutrition, unsafe drinking
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water, improper sanitation systems, poor health care,
deprivation of shelter, primitive ineffective education.
These problems are localized in the least-developed
countries in contrast to being nearly unknown in the
developed ones.

m There is a need for commitment at the highest level of the
developed countries to helping the developing countries.

m Biotechnology applied to health care in developing countries
is a special chapter. Biotechnology for the development of
new diagnostic means and vaccines is very important.

m Itis estimated that, by 2050, 50% of the world population
will not have enough water.
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The main aspects of science policy in the next century
should be policies for education, dissemination,
networking and communication.

A good education system is the only way to make sure that
a nation has the critical mass of educated and trained
manpower to build national S&T systems.

There is a need for research links with the production
system aiming at national wealth creation and socio-
economic development.

Networking is an important instrument to implement in
international cooperation. Networks are also a most
valuable proactive action to create local conditions for
scientific research and consequently effectively avoid brain
drain from developing countries.

Science must engage the totality of human aspirations. A
platform of ethical responsibility is an essential element of
the transformation of science in the 21st century from
being solely an instrument of power to one which also
engages fundamentally in human welfare issues.

Poverty alleviation is a prime concern and should provide
a challenging new frontier to scientific problem-solving.
A stronger and sustained political will must be developed
among the developing countries to support scientific
advances in order to achieve knowledge and with this
knowledge to achieve progress.
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Discussion

The following points emerged:

m The relationship between research and patents filed as
exemplified by Germany was stressed.

m  The need to address the issue of brain drain. Brilliant Third
World scientists are lost to their countries of origin.

m The need for formal linkages between S&T and
development.

m  The need to determine the entry points for science in
responding to issues such as poverty, illiteracy and diseases,
particularly AIDS.

Conference statement

The meeting strongly urges UNESCO and ICSU to take
expeditious measures to implement the issues and concerns
stated in the Declaration and Framework for Action. The
problems are multidimensional and call for an intersectoral
and multidisciplinary approach. UNESCO and ICSU are
urged to encourage and actively support the Committee on
Science and Technology in Developing Countries (COSTED),
the Third World Academy of Sciences (TWAS) and other
appropriate bodies to include in their work programmes,
scientific studies and actions which address these basic human
needs. This meeting recommends that suitable initiatives be
established as a Conference Commitment to the 21st Century.



The predictability of climate

Timothy N. Palmer
Europe Centre for Medium-Range Weather Forecast, Shinfield Park, Reading, UK

Our climate is a complex dynamical system with variability on
scales ranging from the individual cloud to global circulations in
the atmosphere and oceans. Climate scientists interact with
society through the latter'’s demands for accurate and detailed
environmental forecasts: of weather, of El Nifio and its impact on
global rainfall patterns, and of man’s effect on climate. The
complexity of our climate system implies that quantitative
predictions can only be made with comprehensive numerical
models that encode the relevant laws of dynamics, thermo-
dynamics and chemistry for a multi-constituent, multi-phase
fluid. Typically, such models comprise some millions of scalar
equations, describing the interaction of circulations on scales
ranging from tens of kilometres to tens of thousands of
kilometres; from the ocean depth to the upper stratosphere.
These equations can only be solved on the worlds largest
supercomputers.

However, a fundamental question that needs to be
addressed, both by producers and users of such forecasts, is the
extent to which weather and climate are predictable; after all,
much of chaos theory developed from an attempt to demon-
strate the limited predictability of atmospheric variations. In
practice, estimates of predictability are made from multiple
forecasts (so-called ensemble forecasts) of comprehensive
climate models. The individual forecasts differ by small pertur-
bations to quantities that are not well known. For example, the

predictability of weather is largely determined by uncertainty
in a forecast’s starting conditions, while the predictability of
climate variations is also influenced by uncertainty in
representing computationally the equations that govern
climate (for example, how to represent clouds in a model that
cannot resolve an individual cloud).

Chaos theory implies that all such environmental
forecasts must be expressed probabilistically; the laws of physics
dictate that society cannot expect arbitrarily accurate weather
and climate forecasts. The duty of the climate scientist is to
strive to estimate reliable probabilities, not to disseminate
forecasts with a precision that cannot be justified scientifically.
In practice, the economic value of a reliable probability forecast
(produced from an ensemble prediction system) exceeds the
value of a single deterministic forecast with uncertain accuracy.

However, producing reliable probability forecasts
from ensembles of climate model integrations puts enormous
demands on computer resources. As more is understood about
the complexity of climate and the need to forecast uncertainty
in our predictions of climate, the more the demand for
computer power exceeds availability, notwithstanding the
unrelenting advance in computer technology. It is possible
that, in the future, climate scientists around the world will
need to rationalize their resources in much the same way that
experimental particle physicists already have.

Modelling of policy-making and policy implementation

Avrild Underdal
Vice-President, IHDP; University of Oslo, Norway

The challenges we face in trying to understand human behaviour
or the operation of social systems are no less intriguing than those
we face in trying to understand the dynamics of nature (Jervis,
1997). In fact, many would claim that social systems are even
more complex. The main argument submitted in support of that
claim points to the inherent reflexivity of human behaviour: i.e.
the fact that human beings have intellectual capabilities and
emotional endowments enabling them to transcend established
‘laws’ and create new ‘reality’ in ways that no other species — let
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alone ‘dead matter’ — can do. The recognition that human
behaviour and, by implication, social systems have important
features that distinguish them from natural systems has led to
some controversy over what kind of modelling is appropriate and
feasible in the social realm. Many argue that the inherent
reflexivity of human behaviour makes the kind of modelling
commonly used in natural sciences inappropriate and useless;
social scientists would be well advised to invest in developing
conceptual and interpretative frameworks rather than waste their
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time on futile efforts to construct numerical and predictive
models. My point of departure in this presentation can be
summarized as follows: social systems do have important features
that are qualitatively different from those found in natural
systems. Yet, many of the (methodological) problems encoun-
tered in scientific research seem to be sufficiently similar to make
a dialogue between natural and social scientists a meaningful and
even worthwhile exercise.

The state of the art

It seems fair to say that some aspects of human behaviour are
more easily modelled than others. For example, it seems that we
have a somewhat better grasp of intellectual operations than of
emotional responses. Moreover, we have made more progress in
modelling particular kinds of intellectual processes — notably the
logic of rational choice — than other activities such as learning
or innovation. As long as man can be conceived of as a
calculating actor, maximizing some (constant and rather simple)
utility function — or, alternatively, as completely ‘pre-
programmed’ by social norms and beliefs — we seem to be doing
reasonably well. Furthermore, ‘ideal-type’ constructs, such as the
perfect market, more easily lend themselves to formal modelling
than their impure real-world counterparts. It is abundantly clear,
though, that the study of social systems cannot be confined to
working with such simplistic and often static notions of agent
and structure. In trying to expand their repertoire, however,
many social scientists find themselves on the horns of a dilemma
between realism and relevance on the one hand and
manageability, precision and rigour on the other.

Challenges

Two of the major challenges before us are (i) to develop a
better analytic grasp on other aspects or modes of behaviour,
and (ii) to improve our understanding of process dynamics. Let
me indicate what kind of steps this would involve in my own
field of research — the study of policy-making and policy
implementation.

Other aspects/modes of behaviour

Policy-making is not merely a matter of choosing between pre-
defined options; it is as much a matter of identifying, diagnosing
and framing problems, and of searching for solutions or
inventing cures. Thus, in the global climate change
negotiations, there are multiple conceptions of the nature of ‘the
problem’ to be addressed. A natural science conception of
climate change is only one piece of input that goes into the
political ‘construction’ of the problem. Moreover, policy is
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almost always made through some kind of collective process.
The making of collective decisions is not merely a matter of
aggregating preferences; usually it also involves activities such as
learning, persuasion and (mutual) adaptation. Social science
research has substantially enhanced our understanding of such
processes. Yet, we cannot claim to be able to capture them well
in the format of formal models. The main reason is, | suspect,
that these processes are inherently more indeterminate than
processes of calculation and choice. In general, the closer we get
to the pole of ‘man-as-artist’, the less capable we seem to be of
modelling human behaviour, at least in ‘conventional’ terms.
Further research may well also enhance our understanding of the
more ‘artistic’ aspects, but if | am right that these kinds of
processes are inherently more indeterminate, the gap is not
likely to be closed. And at this stage the prospects of an
integrated framework for modelling a wide range of human
behaviour seem remote indeed.

Process dynamics

This is a wide category, but suffice it here to say a few words
about four types of process dynamics that are commonly found
in political processes: process-generated stakes, path depen-
dency, momentum and self-invalidating predictions.

Process-generated stakes It is a well-known fact that political
processes tend to generate their own stakes for the actors
involved. For example, the mere fact that an international
conference is taking place tends to create incentives for
participants to do well in the eyes of domestic constituencies
and important third parties. Moreover, previous ‘moves’ may
well have a significant impact upon future incentives. Thus,
arguing hard against a particular solution tends to increase the
political costs of accepting that solution later in the day. Having
yielded to pressure on previous occasions tends to increase the
political costs of further concessions (while leading opponents
to predict that more will be coming). What these examples
have in common is that they refer to potential gains and losses
that are generated by the process itself (Underdal, 1992). Such
stakes are sometimes important premises for actor behaviour
and may well leave a significant imprint on the final outcome.
Deadlocks are not always due to incompatible preferences over
substantive solutions; the perceived costs of making a particular
accommodative move may be the most severe roadblock.

Path dependency Equally well known is the fact that an event at
time t, may constrain the range of options available at
subsequent stages (t;—t,), or affect their consequences. In
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politics as in games like chess, opening moves (may) have
important implications for what one can do at subsequent stages.
Decision theory has developed tools for analysing ‘extended
games’. Most social processes are subject to a similar kind of
dynamics. For example, we know that the distribution of wealth
in a society cannot be understood only in terms of present
differentials in skills; it has emerged as the accumulated effect of
a long sequence of events. In a large system (such as the global
economy), this kind of extended sequence can be very complex
and therefore hard to trace as well as to model. The social
scientist may, though, take some comfort in the fact that this is
the kind of challenge that he shares with his natural science

‘

colleagues. In natural as well as social systems ‘...marked
divergences between ultimate outcomes may flow from seemingly
negligible differences in remote beginnings’ (David, 1975).

In social life, we can find other forms of path
dependency as well. One of the most important pertains to the
evaluation of outcomes. In brief, the value we ascribe to a
particular outcome often depends not only on its substantive
contents but also on how it was achieved. For example, the same
state of affairs tends to be more appreciated if it is achieved
through one’s superior performance in a hard fight than if it
comes merely as some kind of trivial walkover or is brought about
through the use of morally abhorrent means.

Momentum In social systems there are multiple self-reinforcing
mechanisms at work. One that is of particular importance in
policy-making and implementation processes is known as
momentum. Momentum is generated when (rapid) convergence
on one particular solution or practice generates growing pressure
upon remaining parties to follow suit or ‘conform’. Momentum
plays a role in the establishment and maintenance of a wide
range of social practices, from language to fashion. Its impact is,
though, not necessarily ‘positive’. In some circumstances —

notably when there is a premium on defecting from an
established practice before others do — even a minor move can set
in motion a chain of falling dominoes that can lead to the rapid
‘tipping’ or collapse of seemingly stable systems (Jervis, 1997,
pp. 150 ff.). A wide range of phenomena — from stock market
volatility to the collapse of political systems — can be understood
only in terms of such self-reinforcing dynamics.

Self-invalidating predictions Conversely, an institution will
sometimes survive because the odds are all against it! The
reason is that the recognized presence of a serious threat may
generate supportive action that otherwise would not have been
undertaken. The general mechanism behind this paradox can
be described as one of self-invalidating predictions.

Concluding remarks

It seems fair to say that at this point in time we have at least a
fair understanding of the general mechanisms at work.
However, we cannot yet specify precisely the circumstances in
which they are turned on and off, nor their strength in
different contexts. These are limitations of a substantive rather
than a methodological nature. One promising strategy for
making further progress seems to be to work towards a closer
integration between ‘traditional’ social science research and
efforts at more explicit modelling. At the very least, such a
dialogue can help reveal gaps in current knowledge, facilitate
focused criticism and clarify questions for further research.
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Towards an integrative biology and Gaial.ist 21
new programmes for better understanding of living beings

Motonori Hoshi
Department of Life Science, Tokyo Institute of Technology, Japan

It is said that the biosphere makes up only about one part in
10 billion of the Earth’s mass. Yet, as a result of evolution for
almost 4 billion years, the biosphere presumably consists of
hundreds of millions of species, all of which are more or less
related phylogenetically as well as ecologically. It is also said
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that each single adult consists of 60 trillions cells, all of which
derived from a single cell, a fertilized egg. Yet all these cells
cooperatively keep the integrity of an individual.

Two new programmes are being developed to
understand such complexity of living organisms: Towards An
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Integrative Biology (TAIB), by the International Union of
Biological Sciences, and GaiaList 21, by the Zoological
Society of Japan. The TAIB programme emphasizes and
enhances the integrative nature of the biological sciences,

whereas GaiaList 21 proposes to prepare a list of
comprehensive biological information of various living beings
present on the Earth and to store their genome DNA, gametes
and other cells.

Uncertainty and complexity: a mathematician’s point of view

Jacob Palis
President, International Mathematical Union; Instituto de Matematica Pura e Aplicada, Rio de Janeiro, Brazil

Uncertainty and randomness are concepts in science more
than one century old. They can be traced back to Maxwell,
Boltzmann, Poincaré....

One way to formalize uncertainty is the idea of
‘sensitivity of a system with respect to initial conditions’. A
system here means a transformation in a space of events: from
an initial event, the system (process) generates another one,
in a unit of time; in some cases, the process is continuous.
Such systems are called ‘dynamical’, discrete or continuous,
expressing the idea of successive repetition of the process in a
discrete or continuous way: starting at a given point (event)
and successively applying the transformation, we generate the
positive orbit of that point; similarly, we can consider the past
orbit of a given point. Population growth and weather
prediction are typical
dynamical systems have been used as models to try to foresee

important examples for which

their future behaviour.

So we want to apply the system many, many times and
we would like to describe how it tends to behave in the long run
(horizon). Sensitivity with respect to initial conditions is partic-
ularly relevant here: the long-term result may vary substantially
when we change very little in the initial conditions, that is the
initial event. This is clearly the case in the mathematical models
for weather prediction, as pointed out by Lorenz in his
remarkable work of 1963: ‘Future answers vary substantially
(degree of uncertainty) with very, very small variation of the
initial data. Such a variation is unavoidable, since it is impossible
to provide at any initial moment of time the exact values of the
temperature, pressure, amount of rain, winds and so on.’

Such systems are called chaotic. The concept became
so much in evidence in the last two decades or so that a
controversy arose about to whom we should attribute the
original idea: to one of those great mathematicians/physicists
mentioned before? Or to Steve Smale, a remarkable dynamicist
of the 1960s, who led the construction of the so-called
hyperbolic theory in dynamics, to be defined later in this
presentation? To avoid such a discussion, perhaps we can
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honour Edgar Allan Poe, who, prior to all of them, wrote the
following remarkable paragraph:

‘For, in respect to the latter branch of the supposition,
it should be considered that the most trifling variation in the
facts of the two cases might give to the two important
miscalculations, by diverting thoroughly the two courses of
events; very much as, in arithmetic, an error which, in its own
individuality, may be inappreciable, produces, at length, by
dint of multiplication at all points, a result enormously at
variance with truth.’ (The Mystery of Marie Rogét, Edgar Allan
Poe (1809-1849).)

Our present view is that most systems either provide in
the future a definite single answer (a possibility that was well
appreciated in the 1960s) or else they are chaotic or have
multiple answers (much more appreciated nowadays), when we
disregard (throw away) a very small number of initial events or,
equivalently, a small portion of the space of events. Moreover,
the behaviour of such systems on the horizon is concentrated in
a finite number of pieces of the space of events (attractors),
which can be just simple points (non-chaotic behaviour) or
bigger pieces (chaotic behaviour) as above. Our beautiful task is
to describe such attractors, whose diameter measures the degree
of uncertainty of the model! Such a new present scenario grew
from models posed by non-dynamicists in the 1970s, such as
Lorenz, Ruelle (and Takens, a dynamicist), Hénon, May,
Feigenbaum, Coullet-Tresser, that in a sense had challenged
previous models and indeed the very objectives of dynamics.

The concept of a complex system is much more
recent and still not very well posed. We want to describe very
intricate systems, like the behaviour of neuron-networks
(brain), and we know some of the properties that we want to
impose to the dynamical systems that could model them, like
being non-linear, adaptive, that is, the system constantly
changes due to external parameters, having some random
characteristics, multiple attractors, fractal structure and so on.
Also, a complex system should not be chaotic, but very near
being so (on the borderline of chaotic systems).
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In particular, for a complex system we should not
have exponential sensitivity with respect to initial conditions.
That is, the long-time behaviour of the dynamical systems that
are candidates to model the ‘complex phenomenon’ should be
sensitive to initial conditions, but not so sharply as in the
chaotic systems. Also, the local (nearly punctual) structure of
the dynamical system should be simple and robust: not much
change is seen when we modify the system slightly.

But such a system should display some cycles, that is,
global chains of elements, where each one is connected to the
next and starting at any element we return to it if we run along
the chain. We clarify that an element of the chain is connected
to the next if there is a point whose past orbit accumulates in
the first element and its future orbit accumulates in the second
one. In general, cycles are responsible for sharp changes in the
dynamical structure, when we modify the system near them
(unfolding of cycles).

Let us now clarify the idea of exponential behaviour
of orbits: it means that the distance between two consecutive
points in an orbit tends to increase or decrease exponentially
(increase and decrease in complementary directions in the
space of events). When the exponential behaviour is uniform
(or essentially the ‘same”) for all orbits, then we say that the
system is hyperbolic.

In brief, a system is chaotic if the attractors have
exponential sensitivity to initial conditions in their basin of
attraction. They do not have to be uniformly hyperbolic, as
explained above. Important non-uniform examples are the
Lorenz and Hénon attractors, together with other examples and
ideas like the pursuit of a more probabilistic point of view
initiated by the Russian school, which revolutionized the theory
of dynamical systems in the last quarter of a century or so.

Figure 1.
Lorenz Attractor

Hénon Attractor

Fractal Structure

Notice that, in chaotic systems, the attractors cannot
be just fixed or periodic points: they have to be more elaborate
sets of points, containing at least one-dimensional lines (see
Figures 1 and 2). On the other hand, the ideas for complex

Figure 2.

i

\ / \
75 o W

No cycle

Creating an unstable cycle

/5, /s,

—\

A stable cycle

126



THEMATIC MEETING 1.4 THE SCIENT'!i_IC APPROACH TO COMPLEX SYSTEMS

systems are more intricate and the full definition is not yet
established, as commented above.

So, mathematically we are far more advanced in the
understanding of chaotic systems (still very much to do, but we
can at least propose a possible global scenario) than in the case
of complex systems, in the main owing to the lack of really
good dynamical models for the examples, like the brain, that
we have been considering as complex phenomena. This
constitutes a big challenge for scientists, in particular
mathematicians.

We shall finish this presentation by discussing a bit
further the concept of cycles and their role in dynamics.

First, we observe that in many applications we deal
with a ‘family’ of systems and not a unique one, due to external
parameters like, for instance, solar energy in the case of weather
prediction, or external sensorial stimuli in the case of the brain.

Then, the creation of cycles becomes unavoidable
when we vary external parameters and the systems exhibiting
such cycles may be ‘transient’ ones: they are expected to be
on the borderline of the chaotic systems and/or the very
simple ones when attractors are just point attractors or
periodic ones.Also, we believe that generally cycles should
occupy a small part of the space of events: starting in most
initial events, in the long run we will end up in an attractor.

Finally, the creation of an unstable cycle and its
transition to a stable one definitely make the dynamics become
much richer, including new chaotic attractors like the ones
named after Hénon and Lorenz.

Acknowledgement | wish to thank Marcelo Viana for

discussions on concepts and ideas.

Thematic meeting report

Ernd Mészarés
Department of Earth and Environmental Sciences, University of Veszprem, Hungary

In nature and society as well as in economic and political life,
complex systems play an important part. These systems are
adequate to describe the reality; they consider many
interactions among many different components. Interactions
in the real world are generally non-linear and feedback
processes make the systems even more complicated. The
definition fits, among other things, the climate, social and
biological systems, biogeochemical cycles of different elements
disturbed by man, as well as human economics and policy-
making. The mathematical treatment of such complex systems
needs a special approach. As this conference has demonstrated
clearly, important developments have occurred in recent years
and natural, social and economic sciences are able now to treat
complex systems in an acceptable manner. The general
scientific aim in this field is to predict the future state of the
system and to give the uncertainty of the prediction. Thus,
predictions are not deterministic but probabilistic in nature.
The present meeting, held according to a pre-determined
schedule, provided an excellent opportunity for well-known
scientists from different backgrounds to discuss complex
systems in some detail.

As in the case of other complex systems, weather and
climate are controlled by two types of forcing: by ordered and
chaotic behaviour. Complicated interactions can undergo
spontaneous self-organization, producing order in chaos. On
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the other hand, the system is sensitive to small differences:
slight changes in initial conditions can result in a different
response. This leads to variations from order to randomness.
The result is an oscillation between a number of quasi-
stationary states. Meteorological/climatological predictions
concern changes in weather conditions, seasonal and long-
term (10-100 years) variations. An essential aim presently is to
give the uncertainty of forecasting. The estimation of the
uncertainty can be carried out by running the models several
times by using an ensemble of initial states. As expected, the
dispersion of values foreseen increases with time. This can be
demonstrated by different examples: by predicting the
temperature in London, the trajectory of hurricanes or the
worldwide distribution of rainfall modified by El Nifio events.
It is an interesting fact that in this last case the uncertainty of
the forecasting also has a spatial distribution. One of the most
important problems of climate models is the consideration of
processes taking part on sub-grid scales, like cloud formation.
In spite of the difficulties, including the ocean-atmosphere
interactions, the validation of complex models describing the
atmosphere gives encouraging results.

The study of changes in the underlying climate
attractor as a function of the increase in atmospheric green-
house gases is an essential part of modelling. Thus, the investi-
gation of the biogeochemical cycles of relevant substances is of
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great interest. In this respect the carbon cycle disturbed by
human activities is of particular importance. The increase in
the concentration of carbon dioxide in the atmosphere is
demonstrated well by data recorded at Maona Loa Observatory
(Hawaii, USA) as well as at the South Pole. However, the data
are different at the two measuring sites. Concentrations
observed at the South Pole show practically no seasonal
changes, whereas, at Maona Loa, important annual variations
are measured owing to the effects of vegetation. It is to be
mentioned that the amplitude of annual cycles has increased
during the last year indicating a more active vegetation cover.
Nearly one-third of anthropogenic emissions are presently
caused by deforestation in tropical regions. However, in future,
fossil-fuel-burning will be the overwhelming man-made source.
In spite of efforts in recent years, the carbon cycle based on our
present knowledge is not closed: sinks do not balance
atmospheric sources. This means that further research is needed
in this important and interesting field.

The social world competes well with the natural
world in terms of complexity. One distinctive feature is the
inherent reflexivity of human behaviour. The intellectual and
emotional capabilities of human beings introduce strong
indeterminate elements, raising important questions about the
approximation and feasibility of numerical predictive models.
What can be modelled in such terms at present are primarily
certain aspects of the behaviour, notably decision-making,
more precisely rational choice, and ideal-type constructs, such
as the perfect market. We have severe problems with other
aspects, including search, perception, learning and process
dynamics, such as process-generated states, path dependencies
and momentum. The main difficulty pertains to substantive
theory rather than to methodological tools. A further question
is whether we can construct a model enabling us to determine,
among other things, the political feasibility of a certain action.
Such kind of modelling has to describe options for policy-
makers to help their decision-making.

As a result of evolution during almost 4 billion years,
the biosphere consists of a great number of species. It is
estimated that possibly 100 million species live presently on
planet Earth: the biosphere really is a complex system. At the
same time, the body of a certain species has also complicated
enormously. Thus, each human adult is composed of 6 x 1 013
cells which act in concert to maintain the integrity of
individuals. The surface of our lung is around 100 square
metres, the length of our blood vessels is 100 000 kilometres
and we synthesize 1 014 molecules each second, to mention
just some examples. This illustrates clearly that a human being
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is a very complicated organism. For a better understanding of
such complex living systems, well-organized international
programmes are needed, like the Program Towards an
Integrative Biology of the International Union of Biological
Sciences (IUBS). The Zoological Society of Japan has also
launched a project called GaiaList 21 to gather com-
prehensive information about all living species and to know
better the beautiful tapestry of living organisms. One can
conclude that the study of biocomplexity is obviously
necessary to understand not only the living world as a whole,
but also human beings: ourselves.

From a mathematical point of view, the study of
complex systems is relatively recent and still not very well
settled. This means that modelling in this field is a challenge for
the community of mathematicians. While the simulation of
chaos (e.g. exponential systems) is rather advanced, more efforts
are needed to describe complex systems in a more suitable way.
The general peculiarities of these systems are that they do not
provide unique, deterministic solutions, but they give multiple,
probabilistic answers. They make strong claims about the
universal behaviour of complexity. Such probabilistic predic-
tions, together with their uncertainties, are more useful in many
cases than deterministic ones. The future state of variables of a
system with non-linear relationships is not given in the phase
space by one point, but by strange abstract patterns called
attractors. The form of natural objects like clouds and landscapes
can be characterized by fractals with invariable complexity.

The lectures during the thematic meeting were
followed by a lively discussion. Besides special questions and
remarks concerning different topics presented, from climate to
social science, there was general agreement that the study of
complex systems has brought science closer to the real world.
The usefulness of such studies in biology, social sciences and
policy-making was emphasized in particular. It was stated,
among other things, that we have to consider chaotic theory
with satisfaction, since natural and social systems behave in
such a way. There are no unique solutions but probabilities: the
world is predictable, but with a given uncertainty. The
participants in the meeting also agreed that it would be
meaningful to make changes in our education system to teach
future generations that the world is composed of complex
systems which cannot be simulated in the usual deterministic
way. Finally, it was concluded that, although during the last
decade important progress has taken place in the scientific
approach to complex systems, this important field will be a
challenge for scientists of different disciplines for a number of
years to come.



Scientific cooperation in Latin America

Oscar Grau
Facultad de Ciencias Exactas, Universidad Nacional de La Plata, Argentina

The development of sciences in Latin America is extremely
uneven both in disciplines and geographical distribution.

There are some institutions and laboratories of high
international standards but the ratio of scientists per total
population is much lower than that of the most advanced
countries and the investment in research is on average below
0.4% of gross national product (GNP).

Therefore, to tackle problems of high significance for
Latin America, and to help the least advanced sector, it is
indispensable, on the one hand, to increase investment in
research and development (R&D) and, on the other, to
improve cooperation within the region and abroad.

Several national, multinational and regional scientific
institutions and networks are working to foster endogenous and
worldwide collaboration. Among them, governmental agencies
for science and technology, bilateral and multilateral
agreements, the Organization of American States (OAS), Ibero-
American Programme of Science and Technology for
Development (CYTED), INCO, etc., should be mentioned.

Several regional networks covering basic sciences
have been created along the years with the support of UNESCO
and ICSU, namely: Latin American Network of Astronomy
(REDLA), Latin American Network of Biological Sciences
(RELAB), Latin American Physics Network (RELAFI), Latin
American Mathematics Network (RELAMA\), Latin American
Chemistry Network (RELACQ), Latin American Network of

Earth Sciences (RELACT). These are very active in promoting
postgraduate training, regional research projects and studies of
specific problems relevant to the region.

Each network constitutes a non-governmental organi-
zation, which is highly representative because it integrates the
efforts of very distinguished scientists, regional scientific societies
and institutions, and in some case members of the governments.

These networks have constituted a Coordinating
Committee to stimulate the generation of local and regional
policies and mechanisms for the promotion and use of basic
sciences as tools for development and integration.

UNESCO, OAS and several governments have
already recognized the efficiency and effectiveness of these
networks for executing substantive actions and have provided
resources to conduct those activities.

At the moment, comprehensive projects are being
drafted to be submitted to potential donors to be able to further
increase their working capacity in three major areas: the
enhancement of the relationship between science and society
(including the productive sector), the improvement of
understanding between science and governments and the
development of each particular field of science.

The first two points are crucial because political
decisions to provide more resources for science will only come
as a consequence of a better appraisal by governments and
society at large of the benefits that science can render.

Science across borders: how far to the goals? A point of view
from a developing country

Qiheng Hu
Chinese Association for Science and Technology, Beijing, People’s Republic of China

Science and technology (S&T) should know no borders.
Progress in S&T benefits all of humankind. Development of
science in each country relies upon the nation’s own efforts
and is also affected by international
cooperation. Evidently, international scientific cooperation is

an important component of the social commitment of science.

exchanges and
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Science across borders required in a globalizing world
to solve common issues before humankind

In the world today, the highly developed economy demands
resource management worldwide, and the advancement of
transportation and communication, especially the growth of
the Internet, have provided powerful means unseen before for
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exchange and dialogue among nations and regions. Mutual
influence and interdependence among different countries are
deepening; the global economy is shaping up.

Nevertheless, the impact of the global economy and
technological advances on different regions and nations differs
essentially. The Internet is raising the efficiency of economic
operations in developed areas to a level that has not been known
in history. High-tech industry, centred on, and driven by,
information technology, has brought to countries of the
Organisation for Economic Co-operation and Development
(OECD) continuous economic prosperity for more than 10 years.
At the same time, it is widening enormously the gap between the
developed and underdeveloped areas. A developing country
might fall further behind the world. So, in discussing the
formation of the ‘Earth-Ball Village', it should not be forgotten
that about three-quarters of the world population is threatened
with such pressure and crisis.

A pressing issue in the 21st century is the rapid increase
in the world population. The world population at the beginning
of the 20th century was 1.6 billion; now it is about 6 billion, a
fourfold increase. It is expected to grow to 9.5 hillion by 2050,
among whom 8 billion will live in developing areas. As a result
of many factors, the territory suitable for human existence is
shrinking constantly. The world, especially the developing world,
is becoming seriously overloaded. Furthermore, the areas that
have been behind during the long past period are of course trying
with all their might and enthusiasm to accelerate economic
development and raise domestic living standards. They are bold
and assured to do so and the international community has every
reason to support them in doing so. But, as a side-effect, it implies
serious danger. Some 20% of the world population living in
highly developed areas accounts for nearly 86% of world
consumption, while the other 20% living in the most
underdeveloped areas accounts for only 1.3% of consumption
worldwide. If a considerable part of the three-quarters of the
world population living in developing countries succeeded in
raising their standard of living (per capita consumption of energy,
fresh water and all critical resources) to nearly the same as in the
developed countries, it is almost certain that the natural
resources of the whole world would be exhausted and its ecology
and environment would deteriorate further.

To explore essentially innovative solutions for resource
saving, environmentally and ecologically sustainable socio-
economic development, mainly with the help of S&T, is a vital
challenge and urgent subject for the 21st century for all nations.
This is the target of science across borders in the new
millennium.
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Progress in science across borders and the challenge
of the new century

In the past 20 years, because of a comparative openness in
technology transfer and cooperation, about half of the
technologies introduced from abroad into China have come
from Europe. China and the European Union have signed an
Agreement on Science and Technology Collaboration, and
developed effective collaboration in many important fields.
The Science and Technology Collaboration Agreement
between the governments of China and the USA includes
more than 30 additional protocols between departments of
both sides concerning many important fields. S&T
collaboration projects between China and Japan are increasing
too. On the threshold of the new century, China expects more
extensive international collaborative projects in science and
high technology.

Regional S&T cooperation and collaboration are
developing too. In 1996, at the informal meeting of Asia-Pacific
Economic Cooperation (APEC) leaders, President Jiang Ze Min
initiated the setting up of the Asian-Pacific Industrial-
Technology Park Network and selected four sites in China for
opening to all APEC member countries. In November 1998, to
facilitate regional economic and technological cooperation,
Jiang proclaimed he was setting up a US$ 10 million China-
APEC Industry-Technology Cooperation Fund.

China’s reform and open-door policy since 1978 has
resulted in an unprecedented development in international
In 1997, China
conducted 35 000 projects in international S&T collaboration,
25 times the number in 1978, 120 000 person-times in
exchange of scientists, 16 times that in 1978. In 20 years, more
than 700 000 foreign specialists have been invited and 300 000
person-times have been sent abroad for training.

Although big progress has been achieved in the past
in international S&T cooperation, there are still obstacles to

scientific exchange and cooperation.

be overcome; furthermore, new challenges and opportunities

of the new century are emerging on the horizon.

= Owing to the revolutionary advancement in S&T, brand-new
opportunities and challenges are emerging before our eyes.
However, the ability of the developed and developing countries
to respond to these differs greatly. In most cases, the advanced
countries take more opportunities and underdeveloped
countries take more risks. The consequences of all degradation
are borne disproportionately by disadvantaged groups.

m It used to happen in scientific research collaboration
between developed and developing countries that
scientists from developed countries would play a dominant
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role in specifying research topics because of their privileged
position in advantageous technology and financial support
ability. To scientists from developed countries, the
paramount consideration is either the frontier of purely
scientific exploration or the topics that interest their
government. To the developing country, however, it is the
more down-to-earth problems that need to be addressed
first. Often the wishes of the developed country prevail.
Research topics raised in the context of the needs of
developing countries in many cases have difficulty in
finding opportunities for international collaboration.

m  The ‘brain drain’ issue. A great number of well-educated
and talented youngsters go across borders from developing
to developed areas, making essential contributions to
S&T. The expenditure on their education is actually
contributing financial support to science across borders by
people of the developing countries, which has never been
recognized by anybody. In many cases of international
scientific collaboration, financial support from developed
countries cannot be used outside country borders. This
practice is considered normal and reasonable. The fact
that financial support from developing countries is flowing
to developed areas together with the human power flow
used to be considered normal and reasonable too. But in
all these facts, aren’t there any very unreasonable and
unfair points?

m Discrimination against scientists from countries of
different socio-political systems still exists as a serious
barrier to international scientific exchange and
cooperation. For a long time, scientific communities of
many countries and many international scientific
organizations like ICSU and ICSU members have made
big, effective efforts to overcome this barrier and realize the
universality of science and free international scientific
exchange. Unfortunately, unsatisfactory events still
happen from time to time, showing undisguised

discrimination.

Expectations of WCS: a new promise of science
addressing global issues for human development in
the new century

The Conference is anticipated to have a long-lasting impact
on the global scientific community, especially with regard to
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international scientific cooperation and exchange. In the main
document of such a global event on the eve of a new
millennium, perhaps ‘science across borders’ should be seen as
one of the most important and influential points for achieving
the goal of building global science in a globalizing world. It is
suggested that:

m Science across borders contributes to narrowing the gap
between the South and the North:
= it advocates a constant increase in budget by the

advanced countries for international cooperation in
the same proportion as their domestic R&D
investments;

e it supports international scientific cooperation
programmes which give priority to the needs of
developing countries;

= it encourages and takes measures for effective support
to scientists in developing areas in accessing scientific
documents via the Internet (a good example is the
National Academy of Sciences in the USA, which
provides free access to all NAS publications via the
Internet);

= itinitiates, supports and encourages young people from
developing countries who have studied abroad to
contribute to their homeland.

m Science across borders contributes to the elevation of
public understanding and recognition of science. This is
particularly important for underdeveloped countries where
superstition, pseudo-science, ignorance and backwardness
are still rampant and should be replaced by rational
cognizance of science.

m Science across borders develops a commonly recognized
norm of ethics in science and advocates that state
sovereignty, territorial integrity, equally respected human
rights (against double standards in human rights), freedom
of all people in selection of political systems, religions and
lifestyles should be respected. Science that serves
superpower politics is immoral science, is against the ethics
of science and should be condemned by the scientific
communities of the whole world.

In taking up the challenge of the new century, the Chinese

scientific community wishes to work hand in hand with our

international counterparts and strive to make our due

contribution to world peace and the advancement of S&T.
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International collaboration in science: lessons from CERN

Chris Llewellyn-Smith
Provost, University College London, UK

General remarks about international collaboration
We all agree that science is international and that it is
facilitated by drawing on the deepest sources of knowledge
wherever they may be available. On the other hand, national
policies for science and technology increasingly emphasize
strengthening national economies and gaining market
advantage. In the UK, for example, the last government White
Paper on science policy states explicitly that one of the goals
should be to strengthen the national economy. This could
have a negative effect on international collaboration and it
could lead to increased emphasis on support for applied
research and development, which is designed to increase
competitiveness in the short run. This in turn could lead to a
decrease in support for basic science — ‘blue skies’ research —
which has long-term goals and produces what economists call
‘public goods’ that are good for the economy but not for
individual enterprises. These policies could also foster the idea
that fundamental research can be left to other countries.

In these circumstances it is particularly important to
analyse the advantages and disadvantages of international
collaboration —when it is appropriate, when it is not appropriate
and what forms it should take (for a fuller discussion, see
Llewellyn-Smith, 1999).

There is a very wide spectrum of activities in science
and technology, ranging from basic research, motivated by
curiosity, to commercialization of technology. The connection
between these activities is highly non-linear. Nevertheless, it is
generally true that in the case of curiosity-motivated research and
research focused on generic development of technologies, it is
usually very difficult to predict when, where and to whom the
benefits may flow. Furthermore those benefits may be very, very
long term. Industry generally does not want to invest in this sort
of research, so it is the responsibility of government. For the same
reason, there is no great national advantage in supporting
research at this end of the spectrum — it is good for all of us — so
this is a particularly good area for international collaboration.

Government funding is, of course, also essential for
research related to non-commercial topics, which is not for
profit, for example on the environment, diet or transport
policy. International collaboration is also natural and
appropriate in such areas.

The positive reasons to collaborate are fairly obvious.
First, progress is fastest and most cost-effective when it draws
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upon knowledge wherever it may be found. In addition, our
experience at the European Laboratory for Particle Physics
(CERN) shows that when you put together scientists and
engineers who have been trained in different traditions and
look at problems from different points of view, often the whole
is better than the sum of the parts and they come up with
original ideas for solving problems. Second, many areas of
research require broad interdisciplinary approaches and
international collaboration may be essential in order to reach
the necessary critical mass. Third, there are some activities,
such as particle physics — to which | will return — and space
research, that are beyond the means of most — in fact probably
all — individual countries, so that if we want to do this research
we must collaborate. Furthermore, even if an activity is
affordable nationally, international collaboration may be
desirable in order to reduce costs and avoid duplication.

Finally collaboration has a valuable human and
political role in bringing people together, which it is
appropriate to emphasize at this Conference. CERN, for
example, collaborated with colleagues in Eastern Europe and
in Russia during the period of the Cold War, keeping open
channels of communication and developing valuable personal
links — not just between the old grey-hairs but also between
young students.

International collaboration can take many different
forms, ranging from the creation of joint institutes to joint
ventures, sharing of results and data, and setting up informal
networks. We have to try to understand the circumstances in
which different forms of collaboration are appropriate. In my
opinion, formal collaboration should only be established if it is
essential for financial reasons, or if there are clear advantages
for the scientists involved. | am very much against top-down
organization of collaboration.

I also think that one has to be careful about purely
financial arguments for reducing duplication. Science thrives
on competition. |1 get worried when people talk about
coordinating science policies in Europe. If we had one policy
and it was wrong, we would be in trouble. Science thrives on
having different sources of funding. Multiplicity of sources is
one of the strengths of the USA, where there is consequently
a greater chance that some policies and choices will be right.
We also have to avoid over-planning on a world scale, or we
may all go off in the wrong direction and miss new ideas.
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Lessons from CERN

I take particle physics as an example of ‘big science’ — science
that needs big facilities. First a parenthesis: because these
facilities are usually very expensive, there are very few of them.
Therefore, when you evaluate the cost per participant properly,
big science is generally not as much more expensive than most
other sciences as many people think.

Particle physics is the study of the constituents of the
matter and the forces that determine their behaviour at the
most basic level possible. It asks a deep question: why does the
universe and all the matter in the universe have the form it
does? The primary tools of particle physics are big accelerators,
with which we accelerate particles to the highest energy the
taxpayer will allow then smash them together in order
(crudely) to break them up and try to find out what they are
made of. We surround the collision regions by giant detectors
in order to analyse what goes on in the collisions. These big
detectors are nowadays themselves huge projects costing
hundreds of millions of dollars that generally have to be built
by large international collaborations.

Traditionally, building and operating the accelerators,
and building the detectors, have been funded in different ways.
The host nation or the host region — Europe in the case of
CERN - has funded the construction of the accelerators and
paid the running costs. Nevertheless, the door has been kept
open to any scientist from any nation wanting to contribute to
the detectors and join the experiments. There has not been any
admission fee or any charge for the capital or running costs of
the accelerators. This tradition has been followed in high-energy
physics throughout the world, at CERN and by our friends at the
High Energy Accelerator Research Organization (KEK) in Japan,
in China, Russia and the USA. This open-door policy has
stimulated collaboration and contributed greatly to progress in
particle physics.

Construction of the detectors is dispersed among the
collaborations, so that parts of the detectors that are needed for
CERN's next project in Geneva are being built in Tokyo,
Beijing, Chicago, Madrid — all over the world, close to the
students and close to local industries so that they benefit from
being involved in the technologies. The parts will then be
brought together and assembled at CERN.

CERN today has 20 Member States — most of the
Western European countries plus five countries from Central
and Eastern Europe. But the scientists involved in the
experiments come from all over the northern part of the globe
and parts of the Southern Hemisphere — 8 000 scientists
altogether of some 80 different nationalities, based in 52

133

different countries. The largest number (4 700) come from
Europe, with the rest from all over, including particularly large
numbers from the USA and Russia, and some from developing
countries, such as Pakistan for example.

I should emphasize that CERN discourages ‘brain
drain’. Participants remain based in China, India, Pakistan,
etc., but, because the door is open, they can visit CERN and
participate at a world level in very exciting science. They come
and go, taking back knowledge of new technologies and ideas.
The next point is that, of the 8 000 users, maybe something
like 3 000 are graduate students. Many later move out of
science into other areas, taking with them the valuable
experience that they have gained working at CERN and a
network of useful contacts.

A third point is that, because collaboration at CERN
involves so many different countries, there is a need for
excellent communication. That is why it was at CERN, more or
less exactly 10 years ago, that the World Wide Web was
invented. The Internet — the physical wires — existed. But in
order to work together building the big detectors, CERN
needed a way of linking computers and exchanging information
without having a PhD in informatics and this led to the Web.

CERN works and the open-door policy allows
scientists from anywhere in the world to participate. | would
certainly not argue that scientists from the developing or
underdeveloped countries should participate in a major way in
this field. But it is good that some people can and do come
from a very wide range of countries to join in the quest for the
origins of matter and of the universe.

In the last two decades the decrease in the number of
accelerators worldwide, as they have become bigger and more
expensive, has led to much larger cross-use of facilities by people
from different regions. This has made it harder to convince
finance ministers that we should maintain the open-door policy
and there has been pressure to charge users coming from
different regions. At the same time, as the cost of the facilities
has gone up, they have reached the limit of affordability for
individual countries or even individual regions. Consequently,
there has been pressure to extend the collaborations to cover
building as well as exploiting the accelerators.

There have been two major attempts to create
worldwide collaborations for building accelerators, one at the
Superconducting Super Collider (SSC) in the USA, which
failed, and the other for the Large Hadron Collider (LHC)
project at CERN, which built on earlier European experience
at DESY in Hamburg. It is interesting to ask what lessons can
be learned from this experience.
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First, it is interesting to ask why CERN has worked at
all, given that it is not so easy to operate an organization with
a budget provided by 20 different countries. One of the reasons
it works is that it has to work, because it is central to the
research of the participants. In Europe, before the days of the
jumbo jet and easy transatlantic travel at least, if we wanted to
work in this field, CERN provided almost the only world-class
opportunity. There was, therefore, overwhelming bottom-up
motivation for the scientists to make it work. Second, there is
no dominant partner. At CERN, the four big countries,
Germany, France, Italy and the UK, are similar in size so there
is a balance of views, which can easily be influenced by the
smaller countries if the big countries disagree. Third, it has
worked because the governments have taken a rather hands-off
approach and let us scientists get on with it.

Furthermore, CERN was built on a green-field site in
one of the smaller participating nations, namely Switzerland,
and that again has allowed everybody to participate on an
equal basis. It is an intergovernmental organization based on a
treaty and this has provided stability for the organization,
which has been important for its success. These special features
of CERN are unlikely to be repeated. Moreover, the mode of
globalization of the LHC project at CERN (which has brought
Canada, India, Israel, Japan, Russia and the USA into the
construction of the accelerator) depended strongly on
prevailing conditions.

New projects in particle physics or other fields will
start on the basis of different conditions. Nevertheless, | think
there are some general lessons that we can learn from CERN's
experience.

First, although it is nice to start international
collaborations on green-field sites — so that everybody comes in
on an equal basis — we have learned from the LHC/SSC
experience that there are advantages in using an existing
laboratory, incorporating the existing infrastructure and, even
more important, using existing human resources. It is hard to
set up big laboratories and make them work, and there are big
advantages in basing new projects in existing centres of
excellence with the necessary expertise. It certainly makes it
easier for others to come in if the host nation or region
contributes existing facilities and agrees to bear the long-term
consequences at the end of the project.

Second, collaborations work best when they are
driven bottom-up by the scientists involved. In the case of the
LHC, it was the pressure that physicists in the USA, India,
Japan, etc., put on their governments that persuaded them to
contribute to the project.
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Third, contributions should be negotiated as early as
possible in a project in order to involve everybody as real
partners having a say in the design and orientation. Deciding
to do something in one country or region then inviting people
in afterwards is not likely to work. In fact the LHC was
approved before countries from other regions joined, but we
were able to offer added value to new participants. We had the
project approved on a two-stage basis and were then able to say
to countries in the rest of the world: if you come in, your
contribution will speed up and improve the project. It is
essential either to involve people before project approval or to
offer them added value if they come in later, at least if an open-
door policy is adopted.

Fourth, to make a real partnership, the host region or
country should offer others a proper voice in policy decisions,
possibly out of proportion to their financial contributions,
even if this seems rather generous to finance ministries. This is
important in order to get a real collaboration and it is not
unreasonable if we think that, over a long period, the cross-use
of different projects in different fields in different regions of the
world will balance out.

In considering reciprocal scientific collaboration, it is
an illusion to seek what is sometimes called ‘detailed balance’.
When we were trying to negotiate a deal with the USA for the
LHC, there were some people there who did not wish to
contribute unless Europe promised to contribute later to an
accelerator project in North America. That would not have
worked. Such projects are too few in number and the periods
between them are too long. Attempts to balance everything
and count every penny may appeal to accountants, but they are
bad for science. It is necessary to be generous and seek
collaboration in the belief and hope that it will open the way
to reciprocal contributions that could be in some other field in
the future.

Many people have talked about something called the
‘basket approach’ to collaboration in big science. The idea is to
make all the big players happy by approving big projects in
several fields (e.g. accelerators, space science and fusion) at the
same time. Then one could be in Asia, one in Europe and one
in North America. That is not going to work either. There are
not enough projects and some would have to be approved on
an artificial time-scale. The only way forward is project-by-
project on the basis of faith that contributions will balance out
across all fields in the long run.

Fifth, as far as possible, the construction of
components in big-science projects should be distributed
to maximize

among participating nations in order
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involvement. This is not easy. When | was negotiating
contributions to the LHC at CERN, the European
governments said ‘We're paying the major costs, including
salaries, so the rest of the world should contribute cash, not
components. It's unfair if we pay to dig a hole in the ground
then let the Japanese and Americans contribute high-tech
components to put in it’. But of course the other governments
said ‘why should we give you cash; what’s in it for us? So we
had to reach some compromise. Distributing construction of
components is important not only in order for governments to
see that their industries are involved, but also so that the
participating laboratories and scientists have, and feel that
they have, a real role. This again requires understanding and
generosity on the part of the host region or country.

Finally, there are many barriers to collaboration. In
Europe, for example, we have developed a way of working
essentially by consensus. In contrast, our colleagues in North
America tend to take decisions by what they call a ‘shoot-out’.
Bridging such culture gaps is difficult. Reconciling different

accounting systems and different bureaucracies is also difficult
and takes time.

The CERN experience has been a very good one. It
has clearly demonstrated the scientific and human benefits of
collaboration. | hope that future experience with the LHC will
be equally successful and in particular that CERN will be able
to keep open the door to scientists from all countries who want
to come and work there. The LHC project is the first mega-
science project constructed by a global partnership driven
bottom-up by the wishes of the scientists involved. It is going
to be very interesting to see how it develops. | do not want to
put it forward as a necessarily preferred blueprint for future
projects, which will arise in their own particular circumstances.
I believe nevertheless that certain lessons can be drawn from
the CERN/LHC experience and that they could be useful for
others wanting to set up global projects.

Reference
Llewellyn-Smith, C. (1999) European Review, 7(1): 77.

Scientific international cooperation — an imperative

Enric Banda
Secretary-General, European Science Foundation, Strashourg, France

The world’s industrialized countries already live in a knowledge-
based economy. One result of this is that their governments
increasingly look to science and technology as a means of
increasing national economic wealth. This, in turn, has led
them to exert greater control on science and technology
budgets. Governments have also realized that science creates
know-how and that know-how gives way to power. Therefore,
governments are seeking control over their national science
systems and the use of scientific results. This has led to demands
for accountability that have put science and technology
managers under pressure — a pressure that is transmitted to
scientists themselves, who have already been made aware of the
need to achieve results that are visible to citizens.

One possible victim of this situation is fundamental
research, which finds it difficult to demonstrate the usability of
its results in the short term. It is fair to say here, however, that
governments, even if they do not fully understand and support
academic freedom, often recognize that interference in the
action of basic research may be potentially damaging. A
second victim is international cooperation, practically for the
same reason in that it often deals with fundamental research —
apart from the fact that it is in hidden parts of national budgets
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and represents a succulent objective in times of restrictions.

International scientific cooperation can be divided
into two groups: bilateral and multilateral. These two groups
can in turn be subdivided into spontaneous collaboration
(scientist to scientist or laboratory to laboratory), inter-
institutional, and intergovernmental or formal top-down
agreements (the European Laboratory for Particle Physics
(CERN) is a well-known example). It appears as if, in general,
transnational projects, once very popular, are now either in
decline or, to say the least, have to deal with practically frozen
budgets. In Europe, for instance, no comparison can now be
made with the 1960s and 1970s when many initiatives were
launched. Certainly, there may be good reasons for this state of
affairs. However, | would like to argue that there are at least
equally good reasons to promote and stimulate international
scientific cooperation. Although | am taking a view from
Europe, | suggest that similar arguments can be applied
elsewhere in the world with due care, especially taking into
account local conditions.

Globalization of the economy has already taken place
and there are no indications that this is a reversible process. It
is equally evident that globalization is being legally backed by
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institutions such as the World Trade Organization (WTO),
which is the guardian of liberalization and trade. To cope with
and benefit from globalization, industry is reorganizing its
structures, making alliances and undertaking mergers to
increase competitivity and benefits.

Globalization is nothing new to scientists who,
throughout history, have been open to the international
exchange of knowledge. However, now that industry has
undergone a significant change due to globalization, it looks as
if science managers and scientists, at least those in the public
domain, are currently looking at the phenomenon as if they
were not concerned by it.

How can science respond to globalization? | do not
have an answer to that question. But it seems that action
rather than stagnation is required in the field of international
cooperation. Increased international cooperation in scientific
research seems to me the right recipe for coping with
continuous change, an impressively increasing number of
discoveries in all fields of science and a rather astonished
society that cannot assimilate the speed of change. Curiously,
globalization has increased economic competitiveness but
seems to have encouraged anxious, inward-looking societies
with the resulting desire to control things by keeping them
at home.

Arguing for a more marked activity in scientific
international activities based on the fact that science has no
national boundaries is as simple as it is right. However, there
are more reasons than this to support it. One of them is the
incremental nature of scientific knowledge. Even radical
discoveries are based on incremental knowledge. Privileged
minds often respond to previous knowledge just by looking at
it in a different way. Interchange of scientific ideas is an old
matter, so well represented in Europe by the Republic of
Letters'. In addition, it is a fact that international competition
and cooperation raises standards and promotes excellence.
However, increased short-termism works against international
projects because they tend to be long and often relatively open
ended. Naturally, obstacles to international scientific
cooperation often stem from national pride or, to be more
precise, national budgets. No government likes to see its own
money used for the glory and benefit of other nations. This is
in opposition to the international nature of science, whose
grassroots need international validation of their work through
peer review. | do not find any reason to defend distinctive
scientific cultures between nations, although national
specialities and traditions can be identified. One can add that

intellectual property rights management (let alone
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bureaucracy), accountability and confidentiality (in particular
in defence projects) are also well-known difficulties for
international collaboration.

Science has evolved in such a way that the use of
large research facilities for certain fields of experimentation has
indispensable.  This
collaboration in sharing facilities and investments to make an
efficient use of funds, if not as the only way to afford certain
facilities (e.g. CERN). In addition, a critical mass is generally
necessary to develop excellence and to break new ground,

become calls for international

which again calls for unity of research groups regardless of

nationality.
The

communication technologies is nothing but an excellent

increasing use of information and
instrument invented by scientists for better exchange of
experiences and knowledge. Information technologies in
international collaboration allow for inter-comparability of
data to an extent that has not been possible up to now. It is not
difficult to appreciate the benefit of having access to new data
and its inter-comparability. However, if scientists were far
advanced in this area just a decade ago, now they seem to have
been overtaken by other sectors and by industry in particular.

Scientific international collaboration is yet another
instrument for facilitating the mobility and learning processes
of young scientists. Such actions may well provide the highest
added value as far as scientific progress is concerned. Access to
new experiences and ideas is the best way to trigger the
intellect of young scientists and build on diversity.

A further and recent reason for international
collaboration is now imposed by the ethical issues derived from
the use of certain technologies that seem to offend the natural
order in ways that are unethical. If we take biotechnology as
the flagship of the new technologies, it is easy to understand
that a global understanding of issues such as the use of
sensitive human material or in matters related to genetically
modified organisms will be necessary. Added to this, an
international understanding about scientific misconduct seems
to be in order.

If we turn now to Europe (at large), international
scientific collaboration must be at the base of the construction
of Europe. Other geopolitical powers with which Europe likes
to compare itself have their system reasonably well lubricated.
Europe will not get to a leading global position without the
close collaboration of its nations. No single country in Europe
can take the lead on its own. This seems obvious but it is still
widely disregarded by most European nations in spite of the

efforts of some institutions (notably the European
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Commission). Europe spends a ridiculous amount of its funds
(less than 2% of the available S&T budgets) on cross-border
scientific and technological projects.

In summary, | have argued that international
scientific collaboration is necessary for survival in a globalizing
world, in order to keep pace with the extremely rapid changes

and advances in discoveries. It is equally necessary to be
competitive on global and regional scales. The latter applies in
particular to the successful construction of Europe.

Note
1. See, for example, Burke, P. (1999) European Review, 7,1.

International collaboration in the fields of life/brain science

Masao Ito (represented by Reiko Kuroda)
RIKEN Brain Science Institute, Saitama, Japan

Mega-science projects such as the International Thermonuclear
Experimental Reactor (ITER) or space projects, which require
large concentrated facilities and workforce, evidently need
multinational collaboration. The situation is similar even in
the fields of life/brain science as typically represented by the
Human Genome Project. These fields belong to the so-called
distributed mega-sciences where basic research is conducted in
numerous, relatively small laboratories of diverse disciplines.
Yet, they are fields developing to a mega scale in terms of both
the funding and workforce required, and our expectations of
their great impact on future society justify a focused
investment of governmental and intergovernmental resources.

In particular, research in the fields of life/brain science
is expected to play an invaluable role in our efforts to cope with
the serious problems of our ageing society. Advancement in the
field of life science is expected to lead eventually to eradication
of still fatal and intractable diseases including Alzheimer’s
disease. Advancement in the field of brain science is expected

to lead to the development of complex computers and robots
which are expected to compensate for the shortage of workforce
arising from the ageing of society.

Because of their distributed nature, a unique form of
international collaboration is required in the fields of life/brain
science, in which individual basic research projects conducted
by researchers across borders must be promoted. Support for
such collaboration is presently scarce, apart from the Human
Frontier Science Program (HFSP), which specifically aims at
the promotion of transcontinental cooperation in the fields of
life/brain science, based on its multigovernmental resources
and management. Its achievements were reviewed very
positively by an external panel a few years ago. | propose that
such multinational programmes as this be further launched and
expanded by the addition of programmes for constructing
databases in a number of world centres and also for training
young scientists in these fields, in particular those from
developing countries.

Thematic meeting report

Stefan Michalowski
Organisation for Economic Co-operation and Development, Paris, France

International cooperation is a proven mechanism for promoting
excellence in scientific research. Scientists collaborate across
borders for a variety of reasons: to bring together the most
talented and qualified individuals, to pool intellectual,
technological and financial resources, and to effectively address
scientific questions that transcend geographical and political
boundaries. Cooperation is most straightforward when it is based
on agreements between individual researchers although, as
always, lack of funding can be a major obstacle, while other
difficulties may arise in connection with visas, family
relocations, cultural adaptation, etc.
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This session of the World Conference on Science
focused on an increasingly important set of challenges: those
related to the institutional and organizational dimensions of
international cooperation. In the past, these challenges were
most often encountered in connection with very large projects
and programmes that were facility based (telescopes and
accelerators, for example). Increasingly, however, they affect
small- or medium-scale activities that have to be coordinated
internationally. In these areas, there is a crucial role for
multilateral organizations: scientific ones (such as those that
make up the ICSU family), intergovernmental bodies (such as
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UNESCO) and ad hoc, special-purpose structures that are set

up on a bilateral, multilateral, regional or global basis.

The presentations and subsequent discussions focused
on deriving best practices and recommendations for
strengthening international cooperation as a way to advance
science and to serve the needs of mankind. A wide variety of
cooperative mechanisms was described and reviewed. The
main substantive points that can be extracted from the
discussion are as follows:

m Regional and global cooperative projects and programmes
are of proven value and should be promoted and expanded
through allocation of new resources and by strengthening
the appropriate institutions. In many cases, important
research topics are interdisciplinary and need the
involvement of social scientists. New initiatives should be
devoted to scientific topics that are of particular benefit to
the participating countries, institutions and researchers. The
needs of developing countries as regards the challenges of
development and scientific capacity-building are of
particular importance, especially since an increasing number
of important issues must be addressed on a global basis.
Despite the difficulties imposed by financial constraints,
scientists and authorities in the developing world should
strive to play a greater role in the selection and definition of
multinational research projects. An equal responsibility rests
on those who provide funds for such projects. In any case,
the research topics should be defined and selected with the
participation of all potential partners. When a significant
fraction of the research is carried out in a given country,
consideration should be given to providing that country’s
scientists with a proportionate say in the definition and
conduct of the research.

m  The unrestricted mobility of scientists should be respected,
but the design of cooperative programmes should not
create imbalances in the flow of researchers from
developing to developed countries (the ‘brain drain’). For
many countries, the departure of talented individuals is a
severe impediment to increasing scientific capacity and
creates disincentives to providing training and educational
opportunities. A variety of useful practices can be
identified to counter this trend: establishing electronic
research networks that allow researchers to participate in
cutting-edge research while remaining in their home
country; establishing national and regional centres of
excellence; creating entrepreneurial opportunities in the
home country; involving expatriate scientists in
cooperative programmes. Policy-makers should concentrate

138

now on programmes that will address the needs of the next
generation of scientists who must tackle the difficult
challenges confronting the nations of the world.

In certain regions, and in certain scientific fields, networks
of research centres can create a valuable critical mass of
expertise on a regional level. Virtual networks are also of
proven value, underscoring the importance of improving
worldwide Internet connectivity which complements,
rather than replaces, direct interpersonal contact. In all
cases, local needs and capabilities must be taken into
account in programme design. Large regional centres of
excellence can be very valuable, but they should not be
promoted at the expense of smaller local centres, which may
not be able to withstand competition from a bigger facility.
Regional scientific associations can provide a critical mass of
expertise and advice in such areas as fundraising,
information on best practices, hosting large databases and
raising the visibility and prestige of science. The support of
large, well-known international organizations can be critical
to obtaining funding commitments from national
governments. International networks of universities that
recognize one another’s credits and promote student
mobility could also be encouraged.

Enhanced support for cooperative projects should not
preclude promoting constructive competition among the
world’s scientists. Duplication and independent verification
have always been hallmarks of the scientific method.
International consultation and coordination, however, are
always valuable to ensure maximum scientific return.

The role and significance of very large projects and
programmes (‘mega-science’) continue to evolve, based on
the changing needs of scientists and of policy-makers.
Many researchers in fields that were traditionally
considered to be ‘small science’ (for example, condensed
matter research) are now the primary users of very large
facilities (such as neutron sources and synchrotron
radiation sources). In public policy, in areas such as health,
food production or environmental protection, there is a
growing need for the results of large-scale research (for
example, genome-mapping projects and Earth-observing
systems). For facility-based mega-projects (such as particle
accelerators and telescopes), numerous valuable lessons on
their optimal design and operation can be learned from
past and ongoing collaborations. It has been found that
these collaborations often work best when they are
strongly supported by the scientific community, when the
international arrangements are made during the earliest
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stages of development, when the benefits are evenly
distributed among participating countries and when
adequate provisions are made for access by scientists from
countries that are not formal participants. Large distributed
programmes (genome, Earth observation, etc.) are
especially useful for involving researchers from developing
countries while limiting costs of participation in world-
class research.

Large databases are increasingly useful tools in fields such
as biodiversity and the social sciences, and in many
interdisciplinary areas. Scientists from around the world
can participate in developing databases by contributing
data, developing analysis tools, providing sites for data
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storage and helping to certify and maintain the data.
Special foresight by funding agencies is needed to foster
the development and maintenance of databases and other
elements of the global scientific infrastructure.
International collaboration should be carried out with full
recognition of local priorities, constraints and traditions,
while giving full credit for local contributions and
observing universal standards of equity, transparency and
honesty. Examples of positive initiatives were provided
during the discussion.

In many cases, the benefits of cooperation extend well
beyond purely scientific ones, with a positive impact on
international solidarity, understanding and peace.



Normative issues for electronic publishing in science

Mark S. Frankel
Director, Program on Scientific Freedom, Responsibility and Law, AAAS, Washington, DC, USA

If publication is the chief currency of science, then the
scientific journal is where scientists do their banking! By
connecting authors and readers, the journal plays a central role
in the advancement of science through its certification and
communication of knowledge. The journal also helps to
establish a priority of ideas, to shape the development of
disciplines, to protect the intellectual property of researchers,
to maintain the record of scientific progress over time and to
promote recognition and stature in one’s professional field.

In the modern era, the scientific journal plays an
essential role in ensuring the free flow of ideas and information
across national boundaries and it is a mechanism by which
scientists can fulfil their social responsibilities, including, as
noted in the draft Declaration on Science and the Use of Scientific
Knowledge, to ‘communicate with the public’. The latter assumes
heightened importance in the Internet environment, where the
expanded accessibility of information produces a pressing need
for efficient and reliable means to distinguish between
information that is useful and that which is not. All of us, as
scientists or as citizens, have faced the need to choose among
streams of information. We tend to use personal experience and
our training to make such choices. But when the latter are not
sufficient, we typically rely on a source that we trust to help us
evaluate the value of competing bits of information.

Thus, in asking whether data quality is still possible on
the Internet, the answer, at least in part, must include the
scientific journal. Science is a source of information for both
social policy and personal decision-making. As the producer and
custodian of scientific knowledge, providing citizens and policy-
makers with the knowledge required to make informed decisions
rises to the level of a social responsibility that can be discharged,
in part, through the scientific journal. Indeed, this responsibility
may be especially critical with respect to clinical research, where
the findings can have immediate social, economic and health
impacts. One example of a way that journals could discharge this
responsibility is to include in their electronic versions abstracts
for key articles written in lay terms with references to other
vetted lay sources of information.

Thus, the authoritative role of the journal can be
enhanced in the electronic era if it assumes greater
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responsibility for bringing order to the vast and largely
undifferentiated pool of information on the Internet. Indeed,
in the electronic era, this function may well be increasingly
viewed as an essential normative role for scientific journals.

There is no doubt that electronic journals create
added value in publication through the speed with which they
can disseminate information, the size of the audience they can
reach efficiently, their improved indexing and search
capabilities, their hypertext linkages to other material, their
ability to be updated and corrected as needed, their
interactivity, which enables real-time exchanges between
authors and readers, and their multimedia format, which can
incorporate video and sound into text. These features are very
attractive to scientists and the number of refereed electronic
journals in science, engineering and medicine has increased
dramatically since 1991.

To assess whether norms and practices that have
developed over time in connection with traditional print
publication remain appropriate and functional in the
electronic era, the American Association for the
Advancement of Science (AAAS), the International Council
for Science (through 1ICSU Press) and UNESCO convened a
workshop in Paris, France, in October 1998 to identify the
challenges and opportunities for science posed by electronic
publishing as part of an effort to develop internationally
recognized standards and practices. The workshop participants
included broad international and scientific representation.
They identified seven distinct issues that merit further dialogue
and analysis by the scientific community, policy-makers and
the general public.* This paper focuses on four of those issues.

Defining a ‘publication’ in science in an electronic
environment

In the print medium, scientific publication is determined and
judged to be of value by the appearance of a work in a refereed
journal. But what constitutes a ‘publication’ in an electronic
environment, where various modes of communication (e.g.
listservs, usenet groups, bulletin boards) exist? The technology of
the Internet encourages self-publication and a virtually unlimited
period of interaction between author and readers. At what point
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is there a ‘completed publication’ subject to formal review? How
will priority of discovery be determined in a mixed print and
electronic publishing environment? And if posted on the Web in
any form, should a writing be considered as ‘prior publication’
when submitting it to a refereed print or electronic journal?
These and related questions were discussed at the
workshop, where participants identified three public versions
of a scientific paper. There is the initial posting, perhaps to an
e-print server or a personal website. This might be the basis for
determining priority. The second is a refereed version with the
imprimatur of a journal. The third is a version that
incorporates corrections and/or modifications of the second
one with extensive links to related materials. One or more of
these versions is more or less likely to occur in some disciplines
than others. Whatever the practice is, however, the existence
of multiple versions creates the possibility of confusion in
citation and referencing. Consequently, workshop participants
recommended that each publicly available version of a
document include a full and clear statement of its status.

The role and form of peer review in electronic
journals
Traditionally, peer review has performed two critical functions in
science. It serves as a filter to help scientists navigate through the
literature, giving them some assurance that the articles appearing
in refereed journals meet appropriate standards for accuracy and
quality. The system is not foolproof, but it is generally
acknowledged as having served science well. A second function
of peer review has been to provide authors with feedback so that
they may improve the quality of their work. While these
functions can be implemented in the electronic medium as well,
it is not inevitable. There are concerns that the kind of direct
publishing facilitated by the Internet threatens to undermine the
role that peer review has played in ensuring the quality and
integrity of the print literature; that it will lead to more frivolous
and error-ridden data and, in fields related to public health, that
it may endanger public safety or patient well-being. The
consequences are not trivial and, to re-emphasize a point made
earlier, may require a higher level of social responsibility on the
part of scientists and of the journals in which they publish.
Nevertheless, the interactivity featured in the electronic medium
offers the possibility of expanding the peer review process to
include a much larger and more open community of peers. This
increased scrutiny, with greater feedback to authors, could in
principle lead to a much-improved final product.

Participants in the workshop reaffirmed their support
for rigorous peer review while

in digital publishing,
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acknowledging that greater openness in the process was
desirable. They recognized the value of exploring alternative
systems of peer review, but stressed the importance of evaluating
the various approaches and emphasized that readers should be
made aware of a journal’s refereeing policy. Participants also
recommended that journals and/or their publishers establish and
distribute guidelines for reviewers as a means of maintaining the
quality and integrity of the review process, and that more
research be done on the potential application of electronic
methods for detecting scientific misconduct by authors.

Developing proper linking practices to citations in
electronic publications

One of the powerful advantages of electronic publication is the
ability to link to other electronic documents, including
databases and media other than text. This will require uniform
standards for referencing such materials and acknowledging
those who produced them. Standards will also need to be
developed for ‘forward referencing,” whereby links are made to
materials that become available after the original paper is
published, a unique feature of electronic media. The use of a
citation implies that the documents cited are available in the
form in which they appeared when cited. With the passage of
time, however, digital items may be withdrawn, updated or
otherwise altered.

Workshop participants clearly realized the need for a
convention on the citation of electronic material. At a
minimum, the citation should identify the version being referred
to or read, along with appropriate metadata. Participants
believed that more precise standards for identifying digital
objects, including all referenced work, must be developed.

Privacy and security issues in electronic publications
The Internet can provide publishers of electronic
publications with more information about their users than
ever before. Not only can publishers and editors track the
precise reading habits of their users/subscribers, they can also
aggregate this information and use it for various other
purposes — marketing, repositioning content to make it more
visible and matching content with user interests. While such
practices can help make publications more responsive to the
interests of users/subscribers, they do pose potential intrusions
of privacy.

Participants in the workshop recommended that
journals adopt guidelines that include policies that disclose to
users the nature and possible uses of the information collected,
and that these policies be visibly posted on a journal’s Internet
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site. Individually identifiable information should not be
divulged without the permission of the person it identifies and
users should have the opportunity to opt out of the collection
of their personal data. Ways will also need to be found to
implement security provisions so that they do not create new
barriers to access to scientific articles and data by legitimate
users/subscribers.

The issues associated with electronic publishing in
science are complex. How the scientific community and

related institutions respond to these issues will have much to
do with how well science exploits the full potential of
electronic publishing while sustaining the quality and integrity
of the published record of science.

Note

1. The full report of the workshop on Developing Practices and Standards for
Electronic Publishing in Science held in UNESCO (12-14 October 1998) and
the individual papers prepared by participants are posted on the web at
http://www.aaas.org/spp/dspp/sfrl/projects/epub/standard.htm

Scientific data in the Internet era

John Rumble Jr
President, CODATA; National Institute of Standards and Technology, Gaithersburg, MD, USA

This meeting has addressed many issues related to all types of

scientific information, from its initial publication through to

its impact on society. In this paper, | will address specific issues

related to scientific data, especially those of concern in the

Internet era. By scientific data, | mean the quantitative

information used to express our understanding of nature. Some

types of scientific data are listed hereafter:

m observations;

m experimental measurements;

m calculational results;

m structure and composition of substances, species and
systems;

m properties and the conditions under which they are valid;

m  process diagrams;

m reaction pathways;

m other quantitative information.

Though often expressed numerically, scientific data can also

be communicated as text, pictures, diagrams and symbols.

Two of the most complete descriptions of scientific data are

given in Rossmassler and Watson (1980) and Rumble and

Smith (1989).

The following discussion reflects the tremendous
advances of the last few decades. Today, we have the
unprecedented ability to observe, manipulate and control
nature on every scale, from its most fundamental level, on an
atom-by-atom basis, or in viewing the entire universe.
Accompanying this new experimental capability is the
explosion of computer power, which gives us more
computational ability than was ever imagined 50 years ago. At
the same time, robust and accurate modelling and simulation
methods allow us to exploit this computer power. And
telecommunications and network growth provide instant
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connectivity at any time and to any place. With the invention
of the World Wide Web, this connectivity is easy to use and
exploit. One result of these four advances is what has been
termed the ‘scientific information revolution’.

The scientific information revolution presents
important challenges. The enormous volume of observations
makes it impossible to examine and understand all available
data. The following prediction by Leonard Kleinrock is
becoming uncomfortably true: ‘We possess today the power to
create computerized chaos on a scale far surpassing anything
seen before.’

In the rest of this paper, | will discuss three aspects of
the scientific information revolution: data usability, data
quality and data exploitation. Other papers coming from this
session discuss additional issues equally as important to
scientific data specifically as they relate to more general
scientific information. These issues include intellectual
property, archiving, dissemination, economics and accessibility
by scientists in developing countries. Similarly, the discussion
on usability, quality and exploitation applies in many ways to
all of scientific information.

Data usability

It is a fact that scientific data resources are primarily built from
the data generation viewpoint; that is, the collected data are not
organized by or for their potential use, but rather by the scientific
discipline that generated them. By contrast, users of scientific
data, such as scientists developing new experiments and
engineers designing new products and processes, are generally
indifferent to how data have been generated. Their concern is
finding the needed data. In point of fact, users generally need
data from a variety of sources, most of which have different
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authors, different formats and different representations (units,
etc.). Further, in most cases, only a small amount of data is
extracted from any one data source. Consequently, even in an
environment in which data access is computerized, the burden is
on the user to transform the data into common formats and
representations to ensure data uniformity.

In most situations today, individual users must
confront data incompatibility problems. Standards are needed
for data formats, nomenclature systems and definitions.
Obviously, standards provide an efficient and cost-effective
way to take advantage of the multitude of available data
resources. For standards to be accepted, however, scientists
must develop the criteria so the resulting nomenclature and
definitions reflect a scientific consensus. International bodies
such as the ICSU Committee on Data for Science and
Technology (CODATA), the
Biological Sciences (IUBS) and the International Union of

International Union of
Microbiological Sciences (IUMS) have already begun working
on scientific data standards so that new data collections can be
easily used and will be of maximum value for 21st century
science and engineering.

Data quality

Over the four centuries of modern scientific research, science
has developed many conventions to improve the quality of
scientific information. Peer-reviewed journals, open scientific
discussions, literature reviews and handbooks of evaluated data
are but a few examples. In the last decade the Internet
explosion has seemingly overturned many of these
conventions. As a result, anyone can write a paper or establish
a data collection that is quite professional in appearance and
distribute it on the Web to compete with other information
resources, even though the Web product has not gone through
the peer review system or any other quality control process.
Quality control in scientific communication is critical to the
success of the modern research enterprise.

In fact, given the amount of information now being
made available, quality assessment is more important than ever
in science, and the scientific community must undergo
complete re-examination of the procedures by which it has
traditionally assessed data quality. Others have discussed the
changes in scientific publishing, so | will concentrate here on
the quality of scientific data collections.

As mentioned earlier, most data users are not experts
on how data were generated. Even if they could find the needed
data among hundreds of thousands of papers, they would not
know whether or not the data were reliable. To this end, formal
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data evaluation programmes are receiving renewed attention.
Several examples are evident. Large-scale modelling of global
climate change is being done using computer models of a
complexity almost unimaginable. Not only are the fundamental
chemical reactions occurring at various levels of the
atmosphere included in detail, but also included is coupling
between the atmosphere and the oceans. Hundreds of different
types of measurements — chemical reaction rates, temperature
and wind observations, ocean salinity distributions, ocean and
atmospheric currents — are used as input. The potential for
human-assisted climate changes, such as ozone depletion or
carbon dioxide warming, and the economic consequences of
remedial actions, makes it imperative that the quality of the
data used in these models be as high as possible. Groups such as
CODATA, the International Union of Pure and Applied
Chemistry (IUPAC) and the World Data Centers make
concerted efforts to bring together international teams of
experts to assess data quality.

In addition national programmes, such as those
supported by the National Institute of Standards and
Technology (NIST) in the USA and Gosstandardt (Russia),
and discipline-oriented programmes, such as the Cambridge
Crystallographic Data Centre and the Protein Data Bank, all
provide expertise in reviewing data quality and providing
feedback to the measurement community on possible
improvements. The greatly increased accessibility of data
brought about by the Web makes such quality control efforts
even more valuable.

Data exploitation

Large-scale data collections, of known and high quality, open
amazing opportunities for 21st century science. We can now
create comprehensive data collections that can become a
source of new scientific discovery. Some of this can be
achieved through the development of new approaches in
knowledge discovery software, such as data mining and genetic
algorithms. Other forms of discovery will be aided by new
scientific insights. What is clear is that our ability to do this
kind of research is still in its infancy. New software, algorithms
and scientific insights make any projection of possible
discoveries tenuous at best. However, consider the data
collections soon to become available: a complete catalogue of
astronomical objects, the human genome, genome maps for
many other species, global biodiversity checklists, decades-
long climate details, palaeontology records, structural data of
all known crystalline substances, etc. Each represents a
resource not available even two decades ago.



SCIENCE FOR THE TWENTY-FIRSj-CENTURY:A NEW COMMITMENT

Take, for example, the structure space spanned by
inorganic compounds, such as that formed by a combination of
two or three metallic atoms, one to four oxygen or sulphur
atoms and up to four halogen atoms. The number of possible
compounds that could be synthesized is enormous, even with
combinatorial chemistry techniques. However, with complete
databases of the structure of known inorganic and metallic
compounds, materials scientists can systematically explore the
known composition and structure space to predict new
combinations with potentially interesting properties. This is
already a cornerstone of modern drug development.

The richness of these data collections also relates to
one major scientific challenge of the next century, complexity.
Real systems of atoms, substances, cells and species include 10°
to 10% members. Science has already shown that the
behaviour of real systems is more than the sum of the
behaviour of the individual components. For example, if we
consider that the human body has about 1 0*2 cells, can we say
that, because we know the structure of several thousand
biomacromolecules, the behaviour of cells, tissues, organs and
even species is immediately calculable? Comprehensive data

collections that capture behaviour and properties on one scale
can be exploited for insights into how nature works on a larger
scale. The models that will be used to describe complex
behaviour will be based on high-quality data collections.

Summary

The turbulence of the scientific publishing enterprise often
seems a distraction to scientific progress. However, with regard
to scientific data, the primary factor should be the excitement
that is generated by the scientific information revolution.
Comprehensive data collections pave the way to new and
better science. To capture the possible gains, the scientific data
community must work vigorously to improve data usability,
ensure the highest possible data quality and develop new
methods to use data collections for knowledge discovery. The
return on this investment will be a richer and better science.
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The development of the Internet in China and its influence on
sharing of scientific information

Wang Xuan
Vice-President, China Association for Science and Technology; Peking University, People’s Republic of China

Human society has come from the Industrial Age to the
Information Age and information has become a very
important resource for the development of human society. At
present, the developed nations, which account for 20% of the
world population, own 80% of the world’s information,
whereas the developing nations, which make up 80% of the
world population, own only 20%. The Information Highway
and the Internet have realized the convenient sharing of
information in a worldwide sphere. The Asian nations should
make full use of this opportunity and speed up the basic
construction of the information industry, so as to avoid a
vicious circle of lack of information and a lagging economy.
The Internet will bring great changes to education,
science, technology, commerce and people’s lives; the
financial crisis in Asia has not stopped the development of the
Internet. It is estimated that, in the year 2000, there will be
28.5 million Asian families linked up to the Internet. And by
the year 2001, the income from electronic commerce based on
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the Internet will have increased rapidly from US$ 600 million
at present to US$ 30 000 million. Among all the Asian
nations, Japan owns the largest number of computers on-line,
followed by China, Hong Kong and Singapore. The Singapore
Government has been making unremitting efforts to expand
the bandwidth and the No. 1 Project of Singapore placed
emphasis on connecting the telephone lines with the cable
television network using a high-frequency optical cable line.
Singaporean families will be able to use the high-speed line
based on the Internet to realize functions such as video
services, cable news, tele-education and shopping on line by
paying only US$ 21 every month.

The basis for sharing scientific knowledge is the
development of computers, networks and communications. In
recent years, sales of computers in China have increased
rapidly. In 1997, personal computer (PC) sales amounted to
3.4 million; in 1998, the figure was 4.7 million, with the PC
made in China taking up most of the market share. It is
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estimated that, in 1999, sales will reach 6 million and, by
2000, 10 million. Chinese computer market sales will be
expected to exceed sales in Japan at the beginning of the 21st
century. China has built up a telecommunications network
centred around optical cable lines and accompanied by
multiple means of the communications network such as
microwave, satellite, telephone, mobile phone, digital
communications, multimedia communications, etc. The
networks cover cities and towns all over the nation and reach
telecommunications networks all over the world. The optical
cable trunk line reaches all capital cities and 70% of
big cities. The capacity of the switchboards of telephone
bureaux all over the nation reaches over 200 million. And the
capacity of the switchboard for mobile phones reaches 60
million users. The digital data communications network
reaches 90% of the cities and counties of the nation, and the
public computer network covers all cities and districts and
most of the economically developed counties. Households with
telephones make up 13% of total households and over 40% of
city households.

Development of networks in China

Since China first linked up to the Internet in 1994, the
network has developed rapidly. At present, there are four large
networks in China: the Chinese Science and Technology Net
(CSTNET), the Public Computer Net (CHINANET), the
Chinese Education and Research Net (CERNET) and the
China Gold Bridge Net (CHINAGBN). The