ANNIVERSARY ADDRESS

HUMAN IMPLICATIONS OF SCIENCE

by D. S. KOTHARI, President, Indian National Science Academy, New Delhi-110001.
(Delivered on 3 January 1974)

It is for me a great honour to address the anniversary meeting of the Academy.
And all the more so when I think of the eminent men who in the past have addressed
us.

Since independence our country has been greatly concerned about promotion of
science and technology, and its contribution to national development, economic,
social and cultural. Science and téchnology are vital to development, but if this is
to be harmonious, and not in the end self-defeating, the human implications of
science and technology must ever receive our fullest attention. I shall say more
about this presently.

Fifteen years ago the Government announced the scientific policy resolution.
In an oftquoted statement Jawaharlalji said in Parliament :

“Science has developgd at an ever-increasing pace since the beginning of the

century, so that the gap between the advanced and backward countries has

widened more and more. It is only by adopting the most vigorous measures
and by putting forward our utmost effort into the development of science that
we can bridge the gap. It is an inherent obligation of a great country like India,
with its traditions of scholarship and original thinking and its great cultural herit-
age, to participate fully in the march of science which is probably mankind’s
greatest enterprise today.”

And the statement continues :

The Government of India have accordingly decided that the aims of their sc1ent1ﬁc
policy will be :

(i) to foster, promote, and sustain, by all appropriate means, the cultivation
of science and scientific research in all its aspects—pure, applied, and
educational;

(i) to ensure an adequate supply, within the country, of research scientists of
the highest quality, and to recognise their work as an important component
of the strength of the nation;

(iii) to encourage, and initiate with all possible speed, programmes for the train-
ing of scientific and technical personnel, on a scale adequate to fulfil the
country’s needs ih science and education, agriculture and industry, and
defence;

(iv) to ensure that the creative talent of men and women is encouraged and
finds full scope in scientific activity;
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(v) to encourage individual initiative for the acquisition and dissemination of
knowledge, and for the discovery of new knowledge, in an atmosphere of
academic freedom; and

(v) in general, to secure for the people of the country all the benefits that can
accrue from the acquisition and application of scientific knowledge.

The Government of India have decided to pursue and accomplish these aims by
offering good conditions of service to scientists and according them an honoured
position, by associating scientists with the formulation of policies, and by taking
such other measures as may be deemed necessary from time to time.”

This is a historic statement, and is as relevant today, pertinent, as when it was
first made. To implement the comprehensive policy enunciated in it is no easy thing,
as is increasingly apparent. It requires energetic, sustained and co-ordinated action
on many fronts; educational, scientific and political. And it also needs activisation
and recognisation of the academies and scientific societies in the country.

< RorLe orF INSA .

The Academy has been considering for some time, as Fellows are aware, the
question of bringing about certain important changes in structure and functioning
of the Academy so that it can promote more effectively scientific research in the
country and the role of science in national life and affairs. As I said at the October
1973 meeting of the Academy—and it is a reiteration of what my distinguished pre-
decessors have often emphasized—the role and work of the National Academy is
very important for national development : for the growth of scientific research,
and a ‘climate’ favourable to research and innovation, and welfare of the scientific
community. An important role of INSA is promotion of international scientific
contacts. There is no substitute for an active well-organized National Academy
enjoying the confidence and support of the scientific community, the Government,
and the public generally. There are certain basic functions which no other agency
can discharge adequately. The development of the Academy demands a continuing
effort and earnest co-operation of the Fellows. We need to enlarge the number
of Fellows admitted every year to the Academy. In several disciplines it is becoming
extremely difficult for a person to get elected while still in the prime of his scientific
creativity. The increase in yearly admissions, if adopted by the Academy, should make
it possible to give due emphasis, in Fellowship elections, to newly emerging frontiers,
and to multi-disciplinary and ultra-disciplinary areas of research. An increase in the
yearly intake of Fellows is only one aspect of several other changes which are called
for. To some of these I referred to at the October 1973 meeting.

ACADEMY MEDALS FOR YOUNG SCIENTISTS

The Academy has instituted, beginning this year, fifteen Medals to be awarded
annually to young scientists, below the age of 30 years, in recognition of scientific
achievement. Nominations would be invited on a wide basis. The awards will be
made by the Council ‘on the recommendations of the Sectional Committees.. “Award
Lectures™ by the Medalists on their work may be publxshed in the Academy Proceed-
ings or separately. The success of the scheme would depend on the interest taken by
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the Fellows, and on our ensuring the highest possible standards in selection of the
awardees.

Incidentally, when selection criteria are very stringent, as these ought to be, the
probability of an ‘undeserving candidate’ getting through is negligible, but corres-
pondingly the chance of an equally deserving candidate being rejected is not so—it
can be quite large. This applies to all competitive selections : also to our Fellowship
elections. The number of awards should therefore be neither too few nor too many.
Also, it is good for everyone, those selected and those not selected, to remember the
role of ‘luck’. (That helps to mitigate the evils of snobbery and arrogance).

NEep FOR SCIENCE AND TECHNOLOGY ACT

May I now refer to a matter of wide interest and national significance. [t is
about the need for a ‘Science and Technology Act’ for our country. A comprehensive
Scienee and Technology Act enacted by Parliament would be a natural and much
needed follow-up of the historic science policy resolution fifteen years ago. Apart
from other things, it would be an expression of the nation’s determination to harness
science and technology for national development. The Act could provide certain
directives, and specify broadly powers and responsibilities of the agencies concerned
with scientific research, and provide for a machinery for co-ordination and review of
the national research effort. It is most desirable, and would be of -great value, if a
Science Report were submitted to Parliament every year and discussed in the House.
The Science and Technology Act should ensure support, I do not need to say, to
scientific societies and academies, and the Indian Science Congress Association.
The Act might deal with certain aspects of environment and technology assessment.
The Science Research Council and the National Environment Research Council
have been established in the U. K. in accordance with the provisions of the U. K.
Science and Technology Act 1965.

STRENGTHENING OF SCIENTIFIC SOCIETIES

We have a large number of scientific societies in the country, a few active and
others not quite in that category. Their perennial difficulty is lack of funds and
facilities, even the very minimum that any scientific society should have for it to
function. They find it extremely difficult to meet obligations for publication of
journals, monographs, and technical literature, because of the rapidly rising publica-
tion costs and totally inadequate resources. The INSA is no exception. Thisis a very
disconcerting situation. The activisation of scientific societies and academies, and
their publications, is of the utmost importance for growth of research and improve-
ment in its quality. This would also benefit greatly science teaching, particularly at
the post-graduate level. The involvement and participation of young scientists, and
students, in activities of scientific societies should receive special emphasis. The
strengthening and development of scientific societies is a major task and a
challenge for the scientific community. The INSA has a special obligation in
this regard.

In the context of the fundamentally new and far-reaching challenges and problems,
deeply disturbing in some ways, which face society and science today, a (radical) reform
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of scientific societies and organisations is essential. The need is urgent. The difficulties
-are immense and somewhat similar to those facing the Universities.

UNIVERSITY RESEARCH

I mentioned the universities. And as we all know the prime need of our
universities is support of research. This includes also the agriculture universities.
Research in the universities has as yet not received the high national priority which
it should for the country’s advancement. The output of university research is two-
fold. Tt is new knowledge and new persons trained in research. University research
is far more economical than comparable research in institutions divorced from
teaching. In the universities research is done by staff and students jointly and the
latter cost much less than full-time researchers. University research provides the
base, the foundation, for the research effort of a country. ' If research within
universities is poor and neglected, research outside the universities cannot flourish for
any length of time. It has been said that a research institution, no matter under what
auspices, will seldom last a generation as a creative enterprise, if it has no continuing
(effective) contacts with young research students. This under-scores the central role
of university research in national development, and the extreme importance of close
links between universities and research institutions, including the national
laboratories.

In this context the recent case of Japan is of outstanding interest. During the past
decade the Japanese government spent on the state universities half of its total budget
for research and development. (The total R & D budget for 1972 was 374 million
yen). This greatly enlarged the capabilities of the universities for training of high
quality scientists and engineers and to deal with new scientific developments relevant
to the industrial growth of Japan. As is well-known Japan’s per capita GNP rose
from U.S. $ 300 in 1958 to more than 5 times by 1970, which shows a fantastic
growth rate. The GNP actually achieved in 1970 was three times the forecast made
in 1960. The R and D policy of Japan is now undergoing a major shift in emphasis
from economic growth to social welfare in the light (hindsight) of the adverse effects
of unchecked industrial growth.

THE FirTH FIVE-YEAR PLAN

The Fifth Five-Year Plan (1974-79) document recognises that in the past research
in the universities, though crucial for national development and self-reliance, received
only a “meagre support”. The Fifth Plan provides for an outlay (plan and non-plan)
on Science and Technology of Rs. 1568 crores, as against Rs. 376 crores in the Fourth
Plan. The figures for the earlier plans are I=20; [I=67; and III=131 crores. ~

The total outlay envisaged for the Fifth Plan is Rs. 53,411 crores. The GNP
figures given in the document are : 1973-74=Rs. 50,495 crores; 1978-79=Rs. 68,130
crores. The population estimates are : 1971=>547 million; 1974=581 million
(41.4 per cent in 0-14 age group); 1979=637 million; 1984=686 million.

The S and T outlay is nearly 3 per cent of the total Fifth Plan. The distribution
of Rs. 1568 crores among different sectors is shown in the following Table reproduced
from the Plan document (Part IT, p. 231).
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Fifth Plan outlays on science and technology in different sectors

(Rs. in crores)

.

Plan Non-plan Total
outlay estimated
Name of department
] 0] 3
. Food & Agriculture 125.00 57.00 182.00
Irrigation 38.00 * 38.00
Power 15.00 * 15.00
Heavy Industries 70.00 — 70.00
Steel 20.00 —_ 20.00
Mines 69.00 — 69.00
Industrial Development 25.00 — 25.00
Petroleum 16.00 — 16.00
Chemicals 15.00 — 15.00
Electronics 20.00 — 20.00
Commerce 5.00 — 5.00
Shipping 10.00 —_ 10.00
Transport 9.00 — 9.00
Atomic Energy (R & D) 111.13 125.30 236.43
Science & Technology 109.98 75.00 184.98
Council of Scientific & Industrial Research 104.50 150.30 254.80
Space 90.00 82.50 172.50
Supply (National Test House) 2.50 2.50 5.00
Health 21.70 * 21.70
Family Planning 14.30 * 14.30
Works & Housing 23.75 — 23.75
Education & Social Welfare—UGC & IITs 54.00 — 54.00
Anthropological Survey of India 0.85 2.33 3.18
Communication 32.28 * 32.28
Railways — 40.00 40.00
Meteorology (& Institutes) 30.00 * 30.00
Civil Aviation 0.80 — 0.80
Information & Broadcasting 0.50 — 0.50
TotAL 1033.29 534.93 1568.22

*Does not include non-plan outlay of R & D institutions in the Department.

It is apparent that the universities do not at all receive the emphasis that they
ought to. This is indeed unfortunate. It may be noted that of the total of Rs. 54 crores
for R and D work in the universities and L.I.T.’s (about Rs. 9 crores for the LLT.’s)
an amount of Rs. 20 crores “would be earmarked for the projects identified by the
NCST (The National Committee on Science and Technology).” It is not indicated
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how the NCST would discharge this responsibility. It is a matter which needs most
careful deliberation if scarce resources are to-be utilised to best advantage. It is
proposed, according to plan document, to set up a Science and Engineering Research
Council (SERC) “as an autonmous organisation sustained by the Department of
Science and Technology where leading R and D organisations and UGC would be
associated, the scheme would provide for multi-institutional and multi-disciplinary
research in frontier areas of Science and Engineering.”” The Department of Science
and Technology would support, it is heartening to note, “the plan programmes of
the following institutions, viz., Indian National Science Academy, Bose Institute,
Indian Association for Cultivation of Science, Raman Research Institute, Birbal
Sahni Institute of Palacobotany, Wadia Institute of Himalayan Geology, Indian
Science Congress Association, Maharashtra Association for Cultivation of Science,
. Himalayan Zoological Park and Natural History Society.”

I presume the list is not meant to be exhaustive, as several well-known pro-
fessional societies are not mentioned.

HUMAN IMPLICATIONS OF SCIENCE

In today’s world almost every aspect of life is deeply influenced by—for good
or bad—and dependent on science and technology. But not much is known and
understood, and there is even less of public awareness, of the complex and dynamic
interphase and interaction between science, technology, and society. This is largely
responsible for lack of a rational and coherent policy for technology development
and its exploitation. It calls for research effort, on a massive scale, both nationally
and internationally. ’

No longer can science and humanism survive in isolation. Ignorance and dis-
regard of human implications of scientific and technological innovation is not only a
grave environmental hazard but it puts man’s very survival in jeopardy. As a classic
case we may recall the interview between Niels Bohr and Churchill a few fateful
months preceding the use of atomic bomb on Japan. As recorded in ‘Britain and
Atomic Energy’ 1939-45 (an official history, HMSO, London): “practically the whole
of the time (of the interview) was consumed in argument on irrelevant points. Bohr
was unable to bring the Prime Minister’s mind to bear on the implications of the
bomb. ... When he asked as he left if he might address a memorandum on the subject
to Mr. Churchill, the Prime Minister replied that he would always be honoured to
receive a letter from Professor Bohr but hoped it would not be about politics. Bohr
came away greatly disappointed at the way the world was apparently governed, with
small points exercising a quite irrational influence. “We did not speak the same
language,” said Bohr afterwards. Churchill retained a very disagreeable memory
of the interview”.

Science is universal, ecumenical. All barriers are alien to science. But the
world is tormented with divisions of all kinds. Greed, fear, violence, poverty, pesti-
llence and pollution are rampant everywhere. In a world in which stockpiles of
thermonuclear weapons, as also the number of nations holding them, is continuously
on the increase, where Hydrogen-Bomb laden planes patrol the skies, and where inter-
continental missiles are kept zeroed and ready to take off to pulverize skulls by the
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millions, it is no wonder that people feel frustrated. And the youth see no future
before them. The world may not blow up in the near future, but who can tell? Who
can assure hundreds of millions of men, women and children who want to lead peace-
ful, honest lives that they will not be reduced instantaneously to ashes, at some
unpredictable moment. ‘

The yawning economic gap between the rich and the poor countries is rapidly
increasing—it is all the more oppressive as there is generally little “cultural gap”
between the rich and the poor nations. There is a desperate need to check the present
uncontrolled and callous exploitation of technology and natural resources. If this
continues unabated, with attendant gross disparities within and between nations,
it can lead only to unmitigated disaster. On the other hand the future holds great
promise if science is pursued with zest and dedication and technology is wisely used
in the true interests of the community, and not for narrow sectional ends dedicated
by selfishness and mistrust. The human use of Science and Technology is no easy goal.
It demands vision, courage, and above all faith. The scientific community has a major
and primary role. A first imperative is to promote its varied aspects, at national and
international levels, of the human implications of science and technology.

CRISIS OF SPIRIT AND YOUTH

It cannot be denied that there is a deep anguish, an agony of the soul which
afflicts thinking men today, particularly the youth. In a fundamental sense this crisis
is inherent in the nature of science itself. Science has eroded, largely destroyed, the
meaning and purpose which our ancestors assigned to the Universe. But it has
provided no substitutes, nor promises any. In fact the strength and power of science
lie in its total denial, inability to answer the question : What is the purpose of the
Universe? Why the Universe? Why men?

Let me take an example. There is a severe drought, a famine in some area;
or a manned spacecraft is in some mortal danger. Will prayers, earnest and heartfelt,
be of any avail?

The ‘official’ scientific answer would obviously be—I believe—‘No’ and rightly
so. But what about the ‘personal’ views of scientists? Do none believe in the value
or efficacy of prayer? Would no ‘expert’ think of God when in se’rious trouble, illness
or danger.

Modern science makes the conclusion inevitable that in the operations of nature
there is no place, no role whatsoever, for the supernatural. The reign of reason and
logic is supreme. This is no simple, no obvious conclusion. It was not at all apparent
in the days of Newton, and Akbar, not to think of earlier times.

No considerations of purpose, divine or human, can enter the domain of objective
science. The exclusion is complete.  Science is objective, not subjective. If we ask,
what purpose do the stars in the sky serve; the answer of astronomy is : “The stars

“serve no purpose whatever.” In the realm of science any other answer is inadmissible:
it would be absurd. To think of any purpose or goal—for the universe (or for any
parts of it} it alien to science. It is incompatible with' it. .

But, for the “I”, purpose (teleonomy) is everything ; without it there is nothing.

What is the bridge, the connecting link, if any, between the objective science and the
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subjective “I" ? How to resolve the flagrant contradiction between the “‘determinism”
that science predicates and the “freedom of the will”® which the “I” experiences. In
truth, we are no nearer to an understanding of the “mystery” than the insight and
wisdom provided by the Upanishads. In this context, Erwin Schroedinger’s remark-
able book ‘My View of the World’ (1961), is of deep interest. The recent developments
in quantum physics, cybernetics, and molecular biology emphasize that—if anything—
the mystery is far deeper than ever thought before. It is one thing to recognize that
we have no “solution”. but altogether another thing to assert, as some people do,
that there is no ‘“‘real problem”, no “mystery”’ about the mind-brain relationship.
The distinction is important. Otherwise there is a danger that science which is today
mankind’s greatest intellectual and fruitful enterprise may, in the end, smother man’s
spirit instead of enlarging and enriching it.

‘ There is a real need for a philosophy of human implications of science. To
this India, in the years to come, could and we hope would make distinct and enduring
contributions. To understand the human implications of scientific advance, and to
reflect that understanding in policies and programmes, it is to bring about a transition
from science and technology at the expense of man to science and technology for man:
From non-humanistic to humanistic technology. This may perhaps appear a dream
today, but then today’s dream is often the reality of tomorrow. That is the most
inspiring, unforgetable lesson of science.

And in thinking of human implications of science, let us remember, in the light of
modern knowledge, that a new-born child of any people is capable of imbibing any
culture, if exposed to it early enough. Man is one “family”. Divisions are man-
made and their overcoming is in man’s own hands.



