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The Prime Minister's Science Round Table
The most significant aspect of the Science

Round Table has been the timing of it.
It was a welcome idea of the Prime Minister
to invite a group of scientists mostly from
the younger and middle age groups to
meet without any formal agenda and let
go their thinking on the general science
situation, as also somewhat morc speci-
fically about the scientific temper, organi-
sation of science and planning and utili-
sation of scientific research and technology.
Not much is to be expected ofsuch meetings
which are essentially in the nature of a get-
together and there need be no disappoint-
ment that the Round Table did not produce
any earth shaking recommendations.
Criticism in some quarters of why and
who were invited is hardly meaningful
because the Round Table could not have
done better even if others had participated.
A reading of the panel reports would reveal
that nothing new emerged. There has
been a restatement of the well-known
problems and their remedies, which are
all too familiar. Still we hope this effort
would not be a waste and this Round
Table may mark a change in attitude to
science at the national level. As a parti-
cipant said, ''what we need is not more
policy documents but implementation of
what has been repeatedly discussed and
decided."'
There was a frank admission that almost

nothing had been done by way of imple-
mentation of the Science Policy Resolu-
tion adopted nine years back. An equally
outspoken statement was that although
numerous science institutions have come

up and there has been a horizontal growth
in scientific effort, there is hardly any
machinery for science planning, co-ordi-
nation or relating scientific and technologi-
cal effort to national needs. Some thinking
has been done by the Round Table as to
how the situation could be corrected. A
tentative approach for an o1ganisational
set up to determine the priorities, allocate
resources and a budget for science has been
indicated. The Round Table considered
that the Scientific Advisory Committee to
the Cabinet should stay as a useful tool
for advisory function but suggested its
activation through induction of a full
time Chairman and a small permanent
staff of science analysts. (Some of us feel
that shedding of old dead-wood is equally
necessary!) The thinking of the Round
Table, however, does not appear to have
gone beyond consideration of science in
terms of scientific disciplines. It is well
recognised that science planning, science
policy and science of science have become
a field by themselves and are not necessari-
ly 'discipline oriented'. The Round Table
has sponsored the idea ef the setting up
of National Council for Science & Techno-
legy which should perform the overall
function of coordination and planning of
scientific research effort at a national
level. Understandably, consideration in
depth has been avoided. There is a re-
ference to the Ministry of Science and
Technology though if it is to perform only
the functions as stated, there should hardly
be justification for creating a new Ministry.
If it is to be effective it should have the
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related executive functions of implemen-
tation of science policy and being directly
involved in enforcing decisions arrived at
by the National Council for Science &
Technology. The Round Table unani-.
mously advocated the setting up of a
National Academy of Science & Techno-
logy to function as a single national society
with a special and specific charter on the
lines of the National Academy of Sciences
of the United States. One would however
doubt the advisability of creating this
through the merger of the four existing
professional societies. This may mean
collectivisation of the handicaps from
which these bodies are known to suffer.
A useful approach would be to lay down
the criteria of membership and start with
a clean slate so that the proposed National
Academy has some chance of a healthy
parentage and fruitful existence. The role
of this Academy should be purely advisory
and it should derive its authority and
prestige from the scientific eminence, inte-
grity and wisdom of its members. It
should have the academic freedom to
deliberate and pronounce upon any matter
of scientific importance, but should be kept
clear of any involvement in governmental
work or executive tasks.

It is no secret that during the last three
years the pivotal role that science and
technology should play in national affairs
has been receding. While. the Science
Policy Resolution promises a place of
honour to science .and. scientists, both
have, now, been relegated to a back seat.
Considerations other than scientific viz.
communal and sectional have come to the
forefront and plagued the policies of the
country at high levels. Public have be-.
come victim to fissiparous, sectarian and
other negative tendencies which have ten-
ded to divert time and effort from tasks
of national reconstruction. While-on the

one hand the position has led to retarding
of economic growth, on the other it has
created a psychology of lack of faith and
confidence in science and technology and
even in the destiny of the country. Both
at social and economic levels, such a psy-
chological situation is fraught with dis-
astrous consequences. An immediate. re-
versal of this unhealthy trend is called
for and it is in this context that we consider
the calling of the Round Table by the
Prime Minister of significance. It symbo-
lises the renewed interest of the highest
authority in the Government in the affairs
of science and technology.

The obvious neglect and secondary
position to which science and technology
have been driven as a department of the
Ministry of Education, have done great
damage to their prestige, role and useful-
ness. The situation can only be remedied
if the Prime Minister takes upon herself
the portfolio of science and technology.
One would like to avoid adding to
the burden of the Prime Minister whose
guidance is necessary in the overall affairs
of the country, but unless the highest place
is immediately accorded to science and
technology, this would cease to be themajor
factor it ought to be in national life. We
firmly believe that salvation of the country
lies in directing the outlook and energies
of the people to constructive tasks and
towards this end laying increasing empha-
sis on the maximum and dynamic applica-
tion of science to the affairs of the country.
This would only be possible in the present
circumstances if the stewardship of the
Ministry of Science & Technology is consi-
dered as of a key portfolio and worthy
of Prime Minister's personal. direction.
The other aspect to which we attach the
highest importance is the implementation,
without any delay, of the recommendations

(Contd. on page #)
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Impression of Che Round Cable,

Scientists as Artists What shape Science ?
K.T. AcHaya*

Overture

On September 7 and 8, 1967, fifty scien-
tists and technologists called together by
the Prime Minister, assembled at Vigyan
Bhavan for discussions on Indian science and
administration, which were to be 'informal
and intended to promote a frank exchange
of views with its object of identifying
problems and their possible solutions rather
than taking decisions'. Very few of those
invited failed to turn up, and some carried
brief cases of alarming dimensions. The
majority in the gathering fell into a lower
middle-age spread, and it was these who
later plunged into verbal scrimmage. The
occasional greybeard, or more accurate-
ly shiny pate or peak cap, preferred to

keep his counsel. The participants werc
drawn from the CSIR, AEC and TIFR,
the rest being spread thinly over Defence,
Agriculture, Medicine, the Universities,
Railways, private industry and the Plan-
ning Commission.

The Prime Minister spoke simply and
earnestly of the 'third culture' of supers-
tition, dogma or simply inertia, and of

* Scientist, Regional Research Laboratory, Hyderabad.

science being as much an attitude as a
physical accomplishment. One hoped that
the scientists were taking mental stock of
themselves. The science policy resolution,
excellent as it was, had lain fallow, a
pious hope. She quoted a visitor to India
as having shown special concern for the
low targets for scientific education. And
higher up chasms were growing - between
science and administration, between science
and industry, and between science and
planning - while time horizons and ex-
penditure ceilings grew ever more finite
and brief. Shri D.R. Gadgil of the Planning
Commission went on to relate planning to
science and technology; purposeless one
without the other. How, he asked, could
breakthroughs come in industry or agri-
culture except through their agency, and
then again how, except when indigenous ?
Visions of the good future beckoned fleeting-
ly. Others who followed gave promise
of new winds of thought blowing through
the corridors ofplanning. Shri C. Subrama-
niam was present, but listened. -

The scientists now spoke for themselves,
or so it sometimes seemed, to-hear them-

a ,



4 VIINAN KARMEE

selves. To one, youth was all very well
in a laboratory but at a conference table
age alone brought the highest wisdom.
If past figures were any guide to priorities,
both mechanical engineering and agri-
culture should, like Abou-Ben-Ahdem, lead
alltherest. Beguiled by the shining hori-
zon of plenty through big technology,
the country had jumped too eagerly on
the industrial bandwagon, and University
research, fecund mother of all the rest, had
received less than step-motherly attention.

Modus operandi
After lunch, to work. Divided now into

three groups of their own choice, and
the large horse-shoe of scientists had yiel-
ded to smaller round tables. Chairmen
were soon found to keep things on rails,

(Contd. from page 2)
of the Round Table on the creation of
necessary machinery for coordination and
planning of scientific effort at the national
level, The former Planning Commis-
sion failed pitiably in its task in planning
science in depth or relating scientific effort
to the goals of national development. No
time should be lost in setting up a National
Council of Science and Technology under
the chairmanship of the member of the
Planning Commission in charge of Science
and providing the necessary infra-struc-
ture for this Council. The Council must
be chargedwith the taskof making science
-and technology a real instrument of in-
dustrial and economic development. The
Ministry of Science and Technology should
ensure that the plans and proposals of

In the first panel, which the writers sat
with, the attempt was to shed a little new
light in vexed areas on which thousands of
words have already been lavished in
press and ministerial pulpit : questions
like science popularisation, the business
of language, the brain drain. The pattern
of discussion often consisted of casting
a provocative poser, which was hotly
contested, and the area of disagreement
narrowed down into an area of agreement
with some loud thinking. We were at it
for two sessions of six hours in all, and the
Chairmen spent a good part of the lunch
hour, at which a relaxed Prime Minister
joined us, in preparing statements which
were meant for presentation to the total
assembly on the afternoon of the second
day.

National Council of Science & Technology
do not remain paper documents and be
accountable to the Parliament and the
people for putting life in the Scfence
Policy Resolution of 1958. The scientists
for whom this was a refreshing experience
would unhesitatingly give their best and
dedicate themselves to the objectives en-
shrined in the Science Policy Resolution
if the Prime Minister takes the lead and
enunciates immediate and dynamic steps
in giving a practical shape to the planned
approach to science advocated by the
Round Table. Too long has the dead
hand of an aimless administration hampered
and frustrated the cfforts of the scientists.
Itis time to make a fresh approach and give

rt

the scientists a chance.



The Prime Minister, Shrimati Indira Gandhi's
call for hastening of Scientific Revolution
Text of the Speech by the Prime Minister on the inauguration of Round Table of Scientists

& Technologists held in New Delhi on September 7 & 8, 1967

Perhaps you all know that I have begun
this series of get-together or round tables as
we call them not merely to allow fruitful
discussion but also to keep me in personal
and firsthand contact with the minds of
important sections of our people. I have
great pleasure in welcoming you all for an
exchange of views on what is obviously a

subject of deep concern to us all, that is,
Indian science and technology and its uti-
lisation in building a better life for our
people and our country.
Science as most people understand means

rather complex research and the appli-
cation of the findings of such experiments.
It means probing the secrets of ourworld
and harnessing the power of nature for our
own needs. We are apt to forget that at
the ground level it means combating supers-
tition and the deadweight of outdated
habits and customs. In India we have
to contend not with ""Iwo cultures'? but
with three. The third category in India
as in any developing country is, of course,
superstition, tradition and similar forces
of inertia. The role of science in such
societies must be as much to promote,
rational inquiry and judgment as to en-
courage research and development. Science
is not an objective but really an attitude
and therefore it means the inculcation
of new attitudes and a spirit of rational
inquiry amongst the people as a whole
so that they turn to science and techno-

logy to transform our agriculture and our
industry.
Jawaharlal Nehru clearly recognised

the importance of science. It is due to
him that we, as a people, have at least some
consciousness of science. He talked al-
'ways of the scientific temper and went
to the smaliest village and the remotest
parts of our country to educate the masses
regarding the role of science in their life.
He founded a chain of national laboratories
and established what is now the Bhabha
Atomic Research Centre in Trombay.
It was under his inspiration that .Govern-
ment adopted a Scientific Policy Reso-
lution in 1958. But there we have stop-
ped, This is really my concern and the
need I felt for calling such a Round Table
because I am getting numerous letters
from visitors to our country as well as
eminent scientists in other countries who
write practically accusing me that noth-
ing has happened for these several years
and that we have not progressed further.
I would like to share with you the views
of one such eminent visitor to our country.
Although it is not directly linked with this
Round Table, it is something which, I
think, i importantincreatinga scientific
temper and in giving a base to science
in India. He writes:
"Much of what I saw was wonderfully

good; for example, Trombay, the Tata
Institute, the All India Institute of Mcdical

5
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Sciences and several stations and sections
of the Council of Scientific and Indus-
trial Research. I will not burden you with
praise of these; they are going well on the
path that they have taken and need no
cheering on from me.
But the same is not true of the overall

plight ofscientific.education in schools and
universities. This is a state of affairs which,
in my view, will get worse and not better at
the present rate of progress. Science occu-
pies a minor place even in distinguished
universities and attracts neither the best
teachers nor the best students.

The failure of science to take hold in
schools and universities and indeed. its stran-
gulation by traditional subjects there, can
only be reversed by setting much higher
targets for scientific education than those
now planned. The targets proposed at
present are too low and too slow. They can-
not push science ahead of the economy
and turn it into an industrial leader. Science
and all aspects of a truly modern educa-
tion can only forge ahead in India if far-
sighted minds accept the thesis that it must
be given a disproportionate share of the
national cake now. Only so can the
national cake itself grow faster in the
future. The cost of scientific education must
be accepted as a longterm investment in
the economic future of India."'

So we must end the drift and call Indian
Science and Technology to our aid. India
is a potentially rich country with a variety
of rich national resources which should be
used more fully. Our greatest asset should
be the creative talents of our young people.
You all know that in 20 years, India has
made considerable progress yet we still
stand on the threshold of self-reliance. The
experience of the past year has underlined
the dangers of agricultural stagnation and
dependence on foreign aid and know-how
especially in the critical fields of industry
and defence. We require more trained
manpower and must hasten the scientific
and technological revolution.

It is at this crucial juncture that we dis-
cover amongst the many crises which face

to detect a sense of disquiet and frustra-
tion in the country's scientific community
of which 'brain drain' is not the only
manifestation. There appears to be gulf
between science and administration, inade-
quate contact between science and industry
and in my view, foreign collaboration is
still too readily sought.

It is possiblea crisis of Indian scienceus

Science and Planning also could draw
much closer. There is urgent need for more
careful and detailed research planning link-
ed to specific needs and time-horizons.
We must be sufficiently bold and imagi-
native in developing and using our own
know-how as well as making the fullest
use of the experience of others. Above
all, we must ensure that the results we
achieve are commensurate with our invest-
ment.

;

Science has long ceased to be considered

life of every Indian-the jawan, the farmer
and worker, the housewife and the student.

It has to be part of thean esoteric pursuit

May I welcome you once more and hope
that the discussion and exchange of views,
you will have here, will be fruitful and will
help us, well, in helping you. It is not for
me to guide or to give you guidelines for
your discussions. You are far more know-
ledgeable and experienced in all these
matters. But as I said earlier the real
purpose of this Round Table is to put for-
ward certain ideas and certain guidelines
as also to get to know one another. Some
time ago, a scientist said that one of the
blocks in the advance of science in India
was that although a large number of
scientists went abroad and met.their coun-
terparts in other countries, they did not
have the same contacts with people work-
ing in other areas of science within the
country. I think we should also think of
a way in which this lacuna could be cover-
ed and we should find some ways-not
through large conferences or the reading
of papers-of just getting together and
finding out what the other people are doing
and knowing them, so that one has a fuller
picture of what is happening all over, the
.country.



Danel Reports

Panel I I: SCIENTIFIC TEMPER

with respect to education and society;
that a large number of competent scientists must
get personally involved in these aspects. The
obvious administrative and other obstacles
naturally exist but, as has been derhons-
trated by some of the efforts in this direc-
tion, they can be overcome.

SCIENCE EDUCATION
We did not think it was fruitful or pos-sible to have a general discussion of the

various problems of education in the
country; detailed studies of these exist in
the form of the Education Commission
Report, and various other reports.

It was felt that a basic defect of our
science education at most levels, including
attempts at popularisation of science, was
the emphasis on teaching about the sup-
posed 'facts' and 'wonders' of science and
not the methodology of science. If science
is continuously taught in Hl manner to
the bulk of our students, it will not lead to
the development of scientific temper. Facts
and wonders or wonderful 'facts' exist in-
dependently of the scientific method; tradi-
tion and superstition abound in these.

devotees of the 'third culture' which in-
cludes most people in this country.

was an important thread running Hence they make very. little impact on thethrough all our discussions on science

This problem is obviously connected
with the whole problem of good education
--good teachers, good facilities, good books,
etc, etc. We could not go into details of
various aspects but the following obser-
vations and suggestions were made :-

(i) Many ofthescience text-books pre-
scribed for schools, besides having
a wrong methodological approach,
contain errors. It was suggested
that. all books prescribed should
be scrutinised by a competent
panel,

(ii) Text books should be written by
first rate people in each region
or State, and these should be
made compulsory all through the
State. Alternatives can, of course,
be provided. Here the responsi-
bility of competent scientist was
emphasised.

this

Note was taken of the good work
of several agencies which are
making some of themodern courses

(iii)3
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(v)
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in science, developed by several
groups abroad, available in cheap
editions to Indian students. But
some of us feel that at the school
level the books need to be trans-
lated not only in terms of language
but also in terms of their 'at-
mosphere'. They could conform
to an Indian child's experience.

in umiversities and
should take part in

school science education. They
should establish contacts with
the local educational authorities
(and vice versa), and in general
work in advisory capacity to some
schools. One way would be for
one or two scientists to ''adopt"'
a school which they can visit a
few times a month, help invent
experiments for teachers and stu-
dents, and in general liven up the
science teaching, Perhaps the
best university science students
could be asked to teach in pri-
mary schools as a part ofNational
Service Scheme if introduced for
students.

Scientists
laboratories

Science journals at school level
would be very useful. School
teachers and others could dis-
cuss the innovations in science
teaching they are introducing,
new ideas about building new
equipment, new experiments, etc.
ete. We are told that a beginning
has been made with the journal
called '"'Science Resource Letter'
sponsored by National Council of
of Science Education.

'Popularisation of Science and deve-
loping scientific temper

A most important step in developing a

scientific temper in the country would have
been taken if rational and economic fac-
tors alone governed our national decisions,
irrespective of parochial and emotional
pressures that often arise; the questions
of ban on cow slaughter and the location
of industrial enterprises are precisely such
issues,

Use of mass media

The following steps were suggesicd :-

(a)

(b)

(c)

Documentary films by the Films
Division on the methodological
approach to science and taking
the assistance of scientists from
universities, laboratories etc. in
the preparation of these films.
A panel of consultants (scien-
tists) for this purpose could be set
up by the Films Division.

The proportion of radio talks
on matters of science should be
greatly increased frcm the present
level. This should be both in the
regional and national languages.
Competent scientists should be
encouraged to present science pro-
grammes which are imaginative
and instructive to schools and to
the lay public alike. Station Di-
rectors should be given the res-
ponsibility of scanning local talent
to give these talks. Such scienti-
fic talks should be exchanged
between stations, especially in
the national language so that
area of listening is widened.

Efforts should be made to start
and support popular science jour-
nals in English and in the regio-
nal languages and again competent
scientists should feel it their duty
to widen the base of science

al



SCIENCE ROUND TABLE 9
in India by putting in time
and effort in contributing articles
to such journals in the general
interest.

Science Education and Language
The panel recognised that while the

mother tongue is indeed the most effective
way of imparting education, a knowledge
of English is today almost indispensable for
a career in Science and Technology, in
as much as, much of the source material
relating to advanced research and techno-
logy is being published to an increasing
extent in English. It is completely un-
realistic to assume that one could have rea-
dy access to all this material through any
viable machinery for translation. Thus
the panel was of the unanimous opinion
that English has to be taught sufficiently
early to all students who intend to go in for
specialised or advanced courses in Science,
Engineering & Technology. The medium
of instruction for such courses (e.g. post-
graduate science courses at universities,
engineering and medical courses, and
the I.I.T. courses) should at present be in
English,.as otherwise a very serious and
permanent injury to the development of
the scientific manpower in the country is
bound to occur.

Universities and Laboratories
We considered the question of science

teaching in Universities and felt strongly
that the funds available were pitifully in-
adequate for anything worthwhile in re-
search for teaching. It was calculated that
even doubling university staff and support-
ing assistants may not cost more than
Rs. 5 crores on a very rough calculation and
that such an increased outlay was highly
desirable since university teaching and
research form the backbone of Indian
science. .

It is well established that the creative
output of any group of research workers
is enhanced by the presence of several
senior people working in the .same field.
Therefore it is suggested that universities
must build viable groups in selected: areas
to be able to maintain research activity
in those areas at a first rate level. For
this an attempt must be made to get to-
gether at least 4 or 5 scientists in the given
area. .While the number of such areas.
in any given university may be limited
depending upon the total resources of the
university, they must be fully supported
with laboratory facilities, experimental
equipment and research studentships.

We felt that scientific personnel and
equipment whether located in the uni-
versities, laboratories or industries, should
be used for teaching, research and other
scientific activity freely between one an-
other. University staff should have a right to
spend sufficient time and use facilities of
laboratories and the laboratory staff should
spend sufficient time at the universities to
establish wider contact with knowledge and
to rejuvenate by interaction with young
people. No institution should have a
completely static staff which is -insulated
from outside influence.

Provision of joint appointments for
national laboratories and universities will
be very fruitful. .However such an ex-
change should not be restricted to people
who do have such joint appointments.
Everything else should be done in the uni-
versity departments and laboratories to
make this exchange as free and easy as
possible.Ay

Some research groups in some univer-
sities and laboratories have reached a super-
critical size and progressively more and
more such supercritical groups will deve-

4
1



10 VUNAN KARMEE

lop. Such groups continuously receive re-
quests from scientists in India and abroad
to join them but obviously they cannot grow
indefinitely. A planned attempt must
therefore be made to transplant strong
nuclei taken from such supercritical groups
including their experimental equipment-at other universities. We would suggest
constitution. of small National Commit-
tees consisting ofmembers drawn from the
UGC, the relevant laboratories and uni-
versities who, in consultation with such
groups, would make suggestions . about
possible transplants.

Several steps were suggested to enhance
the level of research in the universities :-

(a) The institution of more profes-
sorship and other senior posts;

(b) The replacement of the hierarchi-
cal system with perhaps a rotating
Chairman or Head for a period
of 2-3 years;

(c) Institution of funding directly to
individual staff members for
research purposes on the basis
of proposals which could be re-
viewed by suitable committees;
and

(d) The institution of Sabbatical leave
as in Western Universitie's for
research or study of one's interest..

The present procedures for import of
ar accepting gifts of foreign chemicals and

equipment are extremely cumbersome and
should be considerably simplified.

Brain Drain
We discussed the question of the brain

drain and feel that this was a national loss
and every effort should be made to return
Indian scientists to India since there was
a need for many more scientists especially
at high levels of excellence. It was essen-
tial to identify the first rate scientist ab-
road and allow him to return if he so de-
sired with a team of his own choosing and to
a location of his choice where the facilities,
which he laid down, should be provided
as far as possible. Such people could
form nuclei around which centres of ex-
cellence could develop.. It should also
be possible for a senior scientist in India to
correspond directly with someone abroad
who would be willing to join his group.
This system should be strongly encouraged.
Such a returning Indian should be offered
a suitable appointment. In other words
one should find the people we really want
and create conditions to absorb them in
worthwhile scientific activity in the country.

He

- Different criteria of judgment between
Indian and foreign trained personnel should
be avoided as it creates-an unhealthy at-
mosphere and has a demoralising effect on
scientific work. Also scientists in the modern
borderline disciplines, which are rapidly
growing, and in which a great deal of re-
search in India is required than traditional
disciplines, should be actively encouraged
to return.



Panel IL: ORGANISATION OF SCIENCE
Preamble

Recognising the key-note of Science &
Technology in national regeneration and
development, the Scientific Policy Resolu-
tion broadly and adequately sets out the
aims of Government Policy in regard to
Science. To give effect to these aims, to
determine the strategy and to chart a
concrete course, it is necessary to create
and foster effective organs and institutions
for realizing the set goals. A practical
approach to this problem would include
not only augmentation and modification of
the existing organisational structure but
also the creation of a new institutional
framework.

Government must have available to it
expert advice on Scientific Policy matters
at the highest level and also an adminis-
trative structure which transforms its
decisions into reality at a speed which the
urgency of the situation demands. The
Scientific Policy-making Bodies, the Na-
tional Planning Commission, the various
National Institutions forscientific and tech-
nological research, the Science Depart-
ments of the Ministries and the Univer-
sities all form part of an interlocking and
complex network of Science which, in turn,
interacts with and is part of National in-
dustrial, economic and social activity. The
panel discussions have centred around the
main issues which bear on this question of
the evolution of Science Policy and its imp-
lementation.

Science Policy and a Budget for
Science

(a) Advisory Component: It was generally
agreed that the SACC should remain the

sole body providing top level advice to the
Government on science and technology.
However, it was felt that to be able to do
this effectively it would have to be "acti-
vated'? through the introduction of;

(1) .a full-time Chairman preferably
a professional scientist;

(2). the inclusion of the Member of
Planning Commission in-charge
of scientific research as a Member
of the Committee;

(3) asmall permanent staff of science
_analysts covering various sci€nti-
fic disciplines ;

(4) the panel or working group sys-
tem to tackle specific. problems
and initiate studies of fields and
disciplines in depth. Such panels
would enable the Cabinet to secure
the expertise of the substantial
proportion of the nation's scienti-
fic community.

(b) Executive Component: The panel felt
that there was urgent need to substantially
increase the efficiency coordination and
speed, of implementation of various science
policies and programmes. Two organisa-
tional approaches for achieving this ob-
jective considered, were:

Augmentation and modification of the
existing organisational structure.

-

Creation of a- new institutional frame-
work,

National Council for Scientific
Research-

The setting up.of such a body was
considered as an example of the first app-

ip
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roach. The Council was conceived as a
statutory body charged with coordinating
and implementing the research and deve-
lopment activities of the various scientific
departments and organisations within
the Government. It would be chaired
by the Member for Scientific Research of
the Planning Commission and the other
details, its structure as also its mode of
operation might be as follows:

In each Ministry having '"'significant"'
scientific and technological operation, a
Science Administration Wing would be set
up to act as the sole executive machinery
for implementing the science programmes
of the Ministry. The Wing might be
headed by a person with scientific training
and understanding of the administrative
needs of research and he might be given
the rank of an Additional Secretary. How-
ever the organisation on the Wing would
be in terms of horizonta] rather than verti-
cal command structure. Each science
administrator would represent his Ministry
on the NCST.

The level of allocation of total resources
to science and technology (e.g. in terms of
a percentage of the G.N.P.) would be
made by SACC. The preliminary break
down of this sum into various scientific
and technological areas or projects and the
setting of Inter-Departmental priorities
would be done by the N.C.S.T. The
Science Administration Wing of each Mi-
nistry would then draw up the programme
of his Ministry including detailed spécifi-
cations, time-schedules and resource levels.
He. would also allocate responsibilities for
research, design and development bet-
ween in-house groups and those in univer-
sities and private or public industries where
the necessary expertise is available. The
various ministerial programmes would
then be brought back to the NCST for

financial and technical integration without
duplication. The Science Budget built
up in this way, both for the year and the
Plan, would then be forwarded for sanc-
tion to the Cabinet.

A Ministry of Science and Techno-
logy-tThe Science Policy Resolution was
passed some years ago, but it is admitted all
around that hardly any progress has been
made towards its implementation. The
reason is that there is no existing organisa-
tion specifically responsible for piloting the
resolution. It is high time that a Minister
of Cabinet rank is appointed for the
purpose.

The functions of the newMinistry should
include :

(a) Providing leadership and gui-
dance to all ministries in regard
'to identification of areas where
scientific research, development
and innovation could help in
the rapid achievement of social
objectives,

(b) Coordinating scientific research
in different fields and focussing
attention on matters of nodal im-
portance like technical manpower,
the survey of natural resources
as also initiating measures for the
effective utilisation of the proven
results of research.

-(c) Advising Government on the im-
plementation of scientific policy.

A National-Academy of Science and
Technology-It was the unanimous view of
the panel that the lack of a single pro-
fessional society for science and technology
of national scope was a serious handicap to
the growth of science in the country. It
was agreed that the mitiative for setting up
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such a society should come from the highest
levels within the Government. It was
suggested. in particular that the Prime
Minister might call a meeting of the re-
presentatives of the four existing profes-
sional societies and work out with them
either the amalgamation of their societies
or the setting up ofa new professional body.
The National Academy should operate
under a special and specific charter on the
lines, for example, of the National Academy
of Sciences of the United States. As a
single national society could be in a posi-
tion to generate a fruitful exchange of ideas
on matters of policy with both SACC and
the Planning Commission, it would, above
all, be of immense value in bringing a real
national scientific community into being.

A New Approach to Science Adminis-
tration-Scientific and technological acti-
vities constitute a distinct culure and the
administrative practices in organisations of
scientific research should reflect the flavour
of this culture. The following problems
need special attenticn from this point of
view :

-In personnel procedures, it is essential
to have an effective system for discovering
talent, encouraging innovations and giving
opportunities for individuals to advance
professionally through their performance
as judged by their peers. The method of
operation as regards selection, and promo-
tion of scientists by the UPSG, is thus quite

also great need to ensure that job oppor-
tunities and career prospects in science
and technology are not lower than' those
of other Government Services in terms of
economic, social or . professional benefits.
In this respect, the last paragraph of the
Scientific Policy Resolution is still to be
implemented. Another area of critical
importance in the administration of science
is concerned with procedures for procure-
ment of materials. For any scientific
organisation, these must be different from
normal Government procedures. In parti-
cular, once a budgetary provision has been
made for a project programme or organisa-
tion, no further reference to ''Finance"'
should be necessary. It is also desirable
to make financial grants for research block
grants covering an appropriate period.

Universities -The principal role of the
Universities as centres of excellence in
fundamental research and the. creation
of scientific manpower has already been
recognised in the Education Commission's
Report. What is necessary and. urgent is
to implement their strengthening. The
Universities, as a matter of policy, must not
interpret their activities in isolation from
other scientific and technological activity
in the country. As a matter of policy the
principle of multilateral funding of uni-
versity research activities should be re-

cognised.and implemented. This. would
allow them to interact with applied science
and technological activity in a responsive

inappropriate to personnel involved in manner without deteriment to their basic
scientific research and education. There is role. ;

x i)



Panel III: PLANNING AND UTILISATION
OF RESEARCH AND TECHNOLOGY

1. Indian talent in science and technology ordinary stepsand go to specific industries ie

information on the problem is given in dustry.
clear terms, success has been achieved and
such success is essential for further growth
of indigenous technology.

5. Foreign collaboration may be resorted
to only for the purpose of gaining lead time.
In caseswhere technology ofa high standard
could be developed within the country,
such collaboration is undesirable. Even
in cases where an industry is established
with foreign know-how, R & D support
must be given immediately to take such
imported technology further. It is also

2. There are generally ample opportuni-
ties for recognition of the work of scientists
working in basic research. Special mea-
sures should be created to recognise scien-
tists and technologists making contributions
in applied seiences.

associated, with research, preferably when should be on a lumpsum 3 rather than a

development is best carried out by indus- 6, National Planning for research and
trial units in-public and private sectors. All
encouragement and incentives should be
provided to industry to achieve this. Until
industry. instals research facilities, national
research institutions may help in nurturing
such research.

4. National Laboratories have a vital role
to play in carrying out basic research of
interest to the nation. They can effectively
carry out applied industrial research work
only if clearly defined problems can be ent-
rusted to them, and full consideration is

given to the need for proper facilities and
time required for execution of projects,
It may be necessary in the initial stages for
the laboratories to take somewhat extra-

development, in a broad sense, is vital.
The Bhaba Committee's Report on elec-
tronics should be emulated and arrange-
ments should be made for similar high
calibre reports and plans for action to
be produced by National Committees. in
other subjects, e.g. petro-chemicals, fer-
tilisers, plant protection chemicals, heavy
chemicals, plastics, metallurgy. Clearly laid
down strategy and follow up on the basis
of such broad plans will produce outstand-
ing benefits,

7, Apparently successful research pro-
jects fail at a later stage. To avoid such
failures adequate feasibility studies cover-
ing technical, marketing and economio

~

is mage When tasks have been and with their assistance identify prob
assigned it researc to in-

4

1.

3.. Problems are most easily defined and
not necessary to have total turn-key impor

the results most, profitably and speedily
ted technology as parts could be quite

is ully
successfully developed within the country

utilised, when the user of research When foreign know-how is purchased, it

the'user has a control and stake in research
It follows that industrialollows that industrial and

basis

1
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feasibilities should be carried out at an
early stage. The final user should be
given full information, based on reasonable
pilot plant studies and adequate surveys.
While Laboratories- should instal pilot
plants for defining design parameters, they
should not operate semi-commercial plants,
which are properly the domain of industry
and which in such.cases could be financed
by NRDC with the cooperation of industry.
From design parameters, Indian project
engineering consultants are quite capable
of producing feasibility reports.

8. A clear distinction should be made
between Research and Development on the
one hand and Design and Engineering on
the other. It is this lack of distinction and
the expectation that R & D should erect
plants that has led to operational failure in
the past.
9. Utmost emphasis, must be laid by re-
search institutions on quality. The high
quality of products developed by them
must be clearly endorsed independently
by several of the users before such products
are said to be acceptable. Equally, 'consi-
deration should be given to costs so that

eventually Indian goods become interna-
tionally competitive. In certain areas
where health and safety of the public are
involved, quality certification should be
made compulsory.

10. Suitable fiscal measures should be
adopted including selective and varied
import and excise duties in order to encou-
rage the growth of indigeneous technology
and production.

Il. The total quantum of research and
development in the country as a whole
is still deplorably low. All efforts should
be made to increase it speedily. It is
unreasonable to expect large and quick
economic gains at this level of effort from
public research institutions. Some tole-
rance and encouragement and willingness
to define goals clearly rather than harping
criticism, will produce results. Eventually
research should and will pay for itself.

12. There is considerable technical know-
how already freely available and appli-
cation of these on a widespread and effi
cient basis can produce substantial

bene-fits.

5

1



Papers Presented

Problems of Research and Industrial Develop- te

ment and their possible solutions
B. D. Titak*

If the results of Research and Deve-
lopment are to contribute to the process
of economic growth, they must be reduced
to public practice and implemented through
industry. Thus the planning of .applied
science for the benefit of society is closely
linked with the various environmental,
technological and economic factors.

Even in advanced countries, wherein
over 75% of the industrial research is
carried out by the industry itself, the re-
duction to public practice of the claims of
Research and Development is no easy task.
Hence in a country like ours, where 90%
of the industrial research is located in go-
vernment laboratories, wherein the average
industrial experience of the scientific staff
is very meagre, the planning and execu-
tion of applied research poses great prob-
lems. If the results of our indigenous
Research and Development are to be imp-
lemented for the benefit of society, there
ought to be a very close link between res-
search and industry.

The main acts involved in applied
Research and Development are (i) prob-
lem identification (ii) laboratory and pilot
plant investigations (iii) industrial appli-
cation of research results,

Problem identification
This is the most vital and possibly the

most difficult step for our laboratories.
For right choice of an industrial problem

* Director, National Chemical Laboratory, Poona

for Research and Development, it is es-
sential for scientists in our laboratories to

closely associate with leading industrialists
and their technolcgists, managers and mar-
keting staff. This liaison may be achieved
through advisory{panels, executive councils,
visits to industrial plants, industrial con-
sultancy at an individual or institutional
level etc. By establishing close links with
industry through these media, the labora-
tories will be able to identify problems for
Research and Development and in addi-
tion will also be able to weed out infruc-
tuous projects and improvise their research
methods,

In spite of various steps which the CSIR
Laboratories have taken to ensure coope-
ration of the industry both in the private
and public sectors for the purpose of identi-
fication of problems for research and deve-
lopment which may make an impact on
the industry, the above industries have been
rather slow in taking advantage of the
Laboratories for carrying out work on
specific projects. The emphasis still ap-
pears to be for seeking foreign collaboration
not only for new developments but also
for expanding the existing production.
Whereas no one can deny the need for the
industry seeking foreign help in science and
technology as well as finance for the estab-
lishment of very large industrial projects,
there is still considerable scope for our
Laboratories providing know-hcw for a

large number of other items. The indus-

rt

a
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tries both in the private and public sectors
will change their present dependence on
foreign know-how only if the Government
gives a lead by formulating a policy which
will earmark areas for foreign collabora-
tion and those for indigenous development,

It is suggested that the Planning Com-
mission may establish cells for drafting a
plan of development of various industries.
Specific industrial projects to be estab-
lished in the coming five years should be
identified. These should be divided into
two categories, one where foreign colla-
boration is sought and the other where
industrial capacity should be established
only with indigenous know-how. In the
case of the former, negotiating teams for
purchase of know-how should be formed
consisting ofGovernment advisers, members
from industry and scientists from the re-
search laboratories in the country. Indian
scientists and project engineers should be
closely associated when such industries
are established with foreign collaboration.
As regards the industrial enterprises which
are to be earmarked for development with
a totally Indian effort, the Planning Com-
mission scientific and technological deve-
lopment group may take the initiative for
bringing together such industries as may
be qualified to undertake this development
and the relevant scientific groups in the
country for a joint effort for such develop-
ment. If the developmental work is of
national importance the Government
should, if necessary, even finance such
work in private industry if the latter is the
best place to do such work and if the in-
dustry is unable to finance such effort
on its own,

The Planning Commission should es-
tablish expert groups to continuously look
into the current problems of the indus-
tries as well as the problems of future deve-

be very much

lopment such as their difficulties as re-
gards customs, tariff, exports, etc. to ensure
healthy growth and development of in-
dustries,

The task of problem identification will
simplified if research and

industry get together in close partnership
even before the start of applied work. An
excellent method of ensuring success of
applied research is by motivating industry
to entrust to labortories contractual re-
search on payment. Ours being a planned
economy, it should also be possible for the
laboratories with the help of Government
planning machinery to decide in advance
and plan the future actions towards import
substitution, export promotion, and deve-
lopment of indigenous technology for pros-
pective industrial development.

The scientific and technical advisers to
the Government in the different ministries
and the DGTD as well as the Managing
Directors of Public Sector Enterprises are
in a position tomaterially assist the country's
march towards industrial progress 'and self
reliance if only they would take a positive
interest in the work of the Government re-
search laboratories by framing out problems.
for Research and Development in advance,
so that the laboratories would be ready
with know-how when it is actually needed
for. installing industrial plants. Barring
a few exceptions, this has not happened
and the concerned Ministries should take
positive steps in this direction. On the
part of CSIR, such assistance is keenly
sought by inviting such experts from Go-
vernment to serve on the research policy
making bodies of CSIR at Headquarters
as well as in the. Laboratories.

Laboratory and pilot plant investiga-
tions
For development of new chemicals, consi-

derable applied basic research. needs to be
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carried out. However, for hundreds of
other chemicals, which India imports and
which are well known there should be no
serious difficulty in developing indigenous
technology for their manufacture.

-

The laboratory scale data should be tried,
wherever required, on the pilotplant scale
to ebtain the necessary design data, to decide
the material and energy balances, layout of
plant, etc. The chemical engineering data,
of course has to be converted into the
mechanical engineering drawing and follow-
ed by fabrication, erection and operation of
theplant. For this purpose the laboratories
should take the assistance ofwell established
project engineering firms who in turn
will be in a position to offer turn-key
plants to prospective users of research if
necessary with guarantees for performance.
The whole tempo and speed of work in

the Government laboratories, as against
research laboratories attached to industry,
is generally rather slow. The scientists in
our laboratories are not adequately alive
to the importance of targets and budgets
and the association ofmen of varied speciali-
sations into a task force needs to be achieved.
To some extent such a situation is
inevitable when research and industry are
not established under the same manage-
ment, asin the case of
countries, or under the same premises and
management as in the advanced countries
in the West and East.. This limitation has
to be realised when one judges the useful-
ness and performance of out governmental
laboratories. The Government may seriously .

sonsidér associating some of our Labora-
tories' with user Ministries so that the
problems of science and technology
pertaining 'to the activities of these Mini-
stries could be effectively tackled.
Industrial application of research
. results
In view .of the traditional preference of

tion to the above

socialist

foreign know-how by our businessmen,
who have lately been only traders, the CSIR
and other such laboratories have a really
uphill task in motivating industry to adopt
technology developed by them.In addi-

difficulty, the Indian
and foreign financial institutions are also
most reluctant to help the entrepreneur
who ventures to adopt indigenous techno-
logy. Many entrepreneurs look upon our
governmental laboratories as unnecessary
white elephants and are more than critical
when they are obliged to adopt technology
developed in the laboratories when foreign
collaboration is denied by the Government.
Our failures are magnified to support the
argument.for more and more foreign
known-how.

In. view of the above unhelpful atmos-
phere prevailing we have to be very critical
of our own effort before we approach in-
dustry.

Indian industry is often interested in
getting a turn-key job supported by full
guarantees and insurance against shortfall
in plant performance. Laboratories in
collaborationwith reliable engineering firms
can fulfil this need as well.

Incentives for indigenous know-how
The Government may consider several

incentives for entrepreneurs who will be
establishing industrial capacity with indige-
nous know-how by giving a free market for
exploitation for a limited period of time, tax
concession, foreign exchange release or
essential equipment, etc, It is also nece-
ssary that such units should be given finan-
cialassistance by financial institutions which
are somewhat reluctant at present to
support industries established with indi-
genous know-how.

(Contd, on page 2f)
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Har! BHUSHAN*

I shall confine my comments mainly
so far as science and technology are appli-
cable to the industrial field. The Scienti-
fic Policy Resolution of 1958, of necessity,
had to be in general and broad terms and
may be considered adequate as such. How-
ever, the yard-stick for judging either the
adequacy of the Resolution or its imple-
mentation should rest on the evaluation of
the results achieved in the last'ten years.
I feel that implementation has particularly attract those of our countrymen who are
fallen short with regard to (ii) and (vi) of
the Resolutiont. There are raa number of
circumstances and reasons which may be
attributed to our failure. Some of them
are within control whereas on others we
may not have had complete control. As
a result, whereas we are finding in the
country. a serious shortage of scientists of
high calibre and quality, they are able to
find highly remunerative, responsible and
satisfying jobs in foreign countries and
there is a regular, large-scale flight of our
scientists and technologists to foreign coun-
tries In the context of modern science
and technology, the world is getting smaller
and smaller and indeed has already shrunk
very much, It is difficult to make compa-
rison of scientists and technologists with
their counterparts in various other count-
ries with whom they come in close touch.
Some of the countries which have a high
standardof living and which are in fact able
to save considerable expenditure in bring-
ing up of a scientist to the stage where he
can contribute, find it possible to offer very
attractive terms,-in fact several times the

* Planning Commission,New Delhi.
{ See Annexure III at end.

salary which our scientists and technologist
can get in this country. In the context of
the poverty and extremely low levels
of incomes in our country it would be
futile and even unreasonable to argue
that they should be paid salaries and emo-
luments commensurate with what they
can get abroad. However, despite this it
should still be possible to retain our scien-
tists and technologists and in fact even

serving in responsible positions abroad,
provided however, it is possible to give them
job satisfaction. Firstly, the scientist should
be given jobs in which he has real interest
and for which he has aptitude. Secondly,
by temperament, he would find adminis-
trative delays and procedures, sanctions
etc. as very irksome. As a first measure
these need to be streamlined. Secondly,
perhaps there is no satisfaction and joy
comparable for a scientist or a technologist
when he sees in actual translation the fruits
of his labour. In India, whatever little I
have seen, I cannot help observing that
there is, at present, very limited scope for
such satisfaction. There are a large number
of cases where the scientists have laboured
over a long period to bring out some in-
novation or invention only to be frustrated
at a later stage because there were no means
to translate into actual practice and put
them into actual use and operation or what
they did, was swept aside through import
of foreign technology. In the earlier stages
of the industrial development of the coun-
try it was probably advisable and prudent
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to secure technology and equipment from
abroad to set up manufacturing capaci-
ties which a modern society needs. In
future, the problem may be simpler when
we would have developed as a modern
country with comparable scientific and
technological base as well as manufactur-
ing capacities. However, it is in the pre-
sent context when we are midway, when
some of technologies, process know-how and
fabricating facilities are available in the
country whereas some of them are missing,
and it is in the combining of the two in the
best interest of the country that difficulties
come up. I feel that instead of gradually
weaning away from abject dependence on
foreign countries for technology and equip-
ment, we continue to depend very largely
on them.

There are two basic factors which would
appear to me amongst others to be res-
ponsible for this. Firstly, although it may
sound platitudinous, it is a general lack of
swadesh spirit in the country. I have
known English couples hunting the market
in India to find articles made in U.K. and
Germans looking for German-made articles.
In contrast, I find that we generally look
whether in India or abroad, for articles and
equipment made in foreign countries and
notin India. The same preference for
foreign-made things seems to pervade right
from shirts and nylon sarees to the steel
plant equipment. I feel that not sufficient
awareness is being shown of the damage
that such a spirit can do to the country's
interest. Something has to be done to

change this psychology. Naturally it is
to start from the top. Not until the Minis-
tries themselves, particularly in the public
sector project, give up their efforts to import
as much as possible and in fact show mark-
ed preference for indigenous equipment
despite certain drawbacks, that we can ex-
pect others to follow suit. With their pre-

ference for everything imported, it will be
inadvisable at this stage to leave the choice
ofimporting technology entirely in the hands
of the entrepreneurs,

The second important factor is the lure
or the mrigmarichika of the availability of
foreign credits on easy terms of interest
and repayment. We can go after the
golden deer but will get our grahlaxmi
stolen. Firstly, it is important to realise
that the term "'assistance"' by foreign count-
ries is somewhat a misnomer. What is
offered to us is credit leading to indebted-
ness, Just as we are in need of imports,
the economies of the developed countries
are equally, if not more, dependent on ex-
ports. Not sufficient note has been taken
of this aspect in order to have any bargain-
ing advantage. We are heavily debted
today. We are even asking for further
credit to pay the interest on our debts.
Under the difficult foreign exchange posi-
tion, when foreign credits are available,
what is mistakenly believed is that they are
highly beneficial to the country's economy
and therefore must be utilised, The re-
sult is that the factories in those countries
are running to full capacity. They have high
employment opportunities and shortage
of labour. They have booming standards
of living, and we seem to be anxious to
utilise these credits even if it means running
our factories at less than half the work-
load-factories set up at high cost of taxa
tion and foreign exchange expenditure with
idle and dis-satisfied labour, lay-offs etc.

The attraction of credit combined with
the preference for the imported technology,
equipment and foreign experts exclude to
a large measure the scope of the fruition
of the hard work and labour and conse-
quently job satisfaction which our scientists
and technologists so badly need and which
can only perhaps provide sufficient attrac-
tion to retain them in the country.
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I would like to cite a few examples which
are only illustrative, but if necessary, a very
large number of such examples could be
furnished. We continue to engage the
services of foreign technologists and consul-
tants for a number ofpreliminary and other
studies, such as pre-investment studies for

setting up structural and pipe plants, alu-
mina plant etc. for feasibility studies, criti-
cal path technique, compilation of data
etc. and even location studies. Our own
technologists who have a far better fami-
liarity with the local conditions-and now
we have a number of consultancy organisa-
tions which have come up in the country
equipped to carry most of this work-could
carry out these assignments better and,
what is more in the process, gain experience
and stature. The experience gained would
remain inthe country and not go out ofit,
after the studies are completed. Let me

give an example: a foreign firm of consul-
tants was engaged to advise us on the compi-
lation of industrial data in the Directorate
General of Technical Development.
have gone through the report which is

simple and elementary, which many of us
with a training of a couple of months in
the field of computerization of datas could
have successfully done and perhaps in a
better way. Instead of the firm of foreign
consultants if we had selected one or two
of our own officers in the Department and
sent them out for training for a few months
and asked them to attempt the same exer-
cise, put them on the implementation and
linked them with its success or failure,
have no doubt that, in the process, we would
have created a couple of experts of the

highest calibre, We would have ensured
the success of such a measure and inciden-

tally would have also saved foreign ex-

change. Today we are engaging the ser-
vices of foreign technologists over a very
wide field whereas similar work could be

done by our own people. It will be worth-
while to go deeper into the matter and to
evaluate the dissatisfaction and frustra-
tion that it creates amongst our own tech-
nologists.

In conclusions to what I have mentioned
above, I would say that necessary climate
and conditions could be provided for scien-
tists and technologists to give them at least
the necessary job satisfaction when we
cannot afford to pay them very high
salaries. I shall go further to suggest that
we should locate Indians working in res-
ponsible positions abroad and keep a roster
of their particulars. Requests continue to
come very often both frcm the public and
private sectors units for engaging the ser-
vices of foreign technologists. If we have
such a roster we could attract our own
Indian technologists and scientists working
abroad.in preference to others.

Much can be said on the objective of
self-reliance with regard to science and
technology. Examples are given of the
most advanced countries where there is
a full inter-change of science and techno-
logy between them. Firstly, a relation-
ship when we are only at the receiving end,
not at the giving end, is not comparable to
the free interchange of science and tech-
nology between the advanced countries.
Secondly, we are to a make a clear dis-
tinction whether :-

(a) we are importing the technology
only if it is raa better one and not
already available in the country
and that it is suitable for the
scale of production and the raw
materials as available in the
country, and

(b) Does this import of technology
bring in its train large credits,
turnkey jobs, complete design and
engineering done abroad, even the
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supervision. of civil works, the
errection and commissioning done
by the foreign party and the im-
port of bulk, if not all, of the
equipment?

If we-must import know-how and tech-
nology, there need not be any serious ob-
jection to it. As rightly pointed out in
sonie of the papers, it might perhaps contri-
bute a sniall portion of the project. How-
ever, as I have mentioned earlier, if along
with the import of technological know-how
we haveto import all that I have stated
above, the country indeedwould be paying
a very heavy price for its progress and we
are already faced with a dilemma whether
we can pay. this price.

The object of self-relianceis, therefore,
real and meaningful. We may define it
as limiting our reliance on the import of
science and technology only to that extent
which is- not available in the country.
We must strictly avoid the import of tech-
nology to serve as a thin end of the wedge
andthe import of all kinds of equipment
which we can manufacture, thus avoid-
ing large foreign debts.

Ifwe are able to achieve a good measure
of success in achieving self-reliance wemay
also be able to achieve the associated ob-
ject of preventing braindrain from the
country. Our scientists and technolo-
gists, as well, will discover that they need
not always work under the supervision of
foréign experts but can themselves occupy
impértant and responsible positions and
achieve concrete results in the exciting task
ofbuilding a modern and prosperous India.

With regard to the question of the ex-
tent of the limits to which foreign colla-
boration is put, sought and encouraged, we
have already available with us the Study

* See page 64

Report of raa Committee under Shri Rama
swami Mudaliar. I am, however, not sure
whether it has really furnished concrete
answers to many of the problems. One of
the important problems onwhich we should
like to take the opinion of our experts who
have collected here, is the avoidance of
importing foreign technology repeatedly for
the same process and for the same end-pro-
duct. Mostly the agreements are bilate-
ral and the party which receives the tech-
nological know-how is not entitled to di-
vulge or to pass it on to the other parties.
Everymeasure,therefore to be thought
and taken to break this situation. We
do not know how it is done in Japan
where technological knowhow is impor-
ted once, where it isrepetitively used and
improved upon for further exploitation.
Every measure that can be taken to get over
this problem would be worthwhile. Some
of these measures could be-

(a) Import of technology through con-
sultancy organisations,

(b) Entering into agrecments which,
to the extent possible, allow sett-
ing up of similar units with
the same technology by other
parties,

(c) Making use of the expert person-
nel engaged in one plant and
setting up other similar plants
elsewhere in the country,

(d) Setting up 'of standard size plants,

(ce) Fiscal incentives to attract the
unit to part with the technology
and pass it on to a competitor.

I am in general agreement with the
various suggestions and points which have
been made out in the paper circulated by
Dr. Y. Nayudamma.*
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The need for science and technology to
fertilise and feed our industry is amply
recognised. A number of studies have been
made and discussions held. I would like
to make one suggestion for consideration.
There appears to be a certain psychological
gulfbetween the large National Laborator-
ies set up by theGovernment and the indus-
try which neither puts in sufficient efforts of
its own toward research and development,
nor is it anxious to make the best use of the
results flowing out of the National labora-
tories. It is said on one side that the re-
search in the National Laboratories is not
industry-oriented and on the side that in-
dustry isspoon-fed and dependent on foreign
technology and know-how. It finds it easier
to pay for such technology to the foreign
experts rather than take adequate steps to
at least gradually build up their own infra-
structure and base for such technology.

One of the fringe problems which will
lend itself to a comparatively easier solution
is that the industrial units, the manufac-
turers' associations as well as National
Laboratories should pay much greater
attention to set up and exploit the facilities
for the testing ofmaterials and components
and performance of finished products.
Much of the improvement in the current
manufacturing practices can be effected
through rigid control and desire to improve
on the quality of raw materials, compo-
nents and thereby the performance of the
finished products. This, by itself, can
have at least some impact on the import
of technology for improved products. There
are certain suggestions such as that of the
Indian Electrical Manufacturers' Asso-
ciation to set up a chain of testing labora-
tories. This needs. encouragement. Other
manufacturers' associations should also be
persuaded to set up similar facilities. The
doors of the National Laboratories should
also be open for carrying evaluation tests

and other tests. Those items of equip-
ment which are very expensive and are
installed in a few places should be adver-
tised and the industry,in general, should be
-made aware of the existence of such equip-
ment. Recently, happened to en-
quire the progress of manufacture of spare
parts by one of the leading public sector
organisations. I was told that the mere
analysis of the composition of the ferrous
materials took them about two months.
I pointed out that next door at the
Durgapur Steel Plant there was an elec-
tronic equipment which was able to give
the chemical composition of the ferrous
materials within seconds, A similar unit
is installed with Mukund and may be with
other steel plants also. In the import-
substitution in the development of the
manufacture of spare parts etc., such prob-
lems are bound to arise every day. The
expensive equipment available in the
country should be advertised and put to
the maximum use. It may even earn
some income for those who have this
equipment.

Arising out of the above, it occurs to
me that there are two sets of industries,
those which are having foreign collabora-
tion and buying royalty etc. ranging from
about 3 to 5% in the net outgo of foreign
exchange, from about 1} to 24% or more,
and the other group of industries which
do not have any foreign collaboration but
which are equally in need of constant imp-
rovement of their products, Would it not
-be possible to consider allowing such units,
that is, those which have no foreign colla-
.boration, a nominal foreign exchange of
about 0.5% of their sales and to allow a
free hand to them to use it. for such
purposes as the import of improved raw
materials for prototypes, prototye equip-
ment itself, testing equipment, books and
journals and even. foreign personnel.
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Incidentally I had come across an arti-
cle in the magazines that in order to cope
with the technical problems faced by the
Peace Corps volunteers all over the world,
the scientists and technologists in a cer-
tain place where there was a large concen-
tration of industry, formed themselves
in a volunteer organisation. Problems
were posed to them by the Peace Corps
volunteers which were immediately refer-
red to the appropriate persons and solu-
tions to the problem were promptly sent

(Contd. from page 18)
Investment in Research
It is generally agreed thatinvestment in

research and developmental activity by
industry is of nra much lower order than in-
dustrially advanced countries. If the pace
ofprogress is to be substantially accelerated,
Indian industrywillhave to invest farmore
in R & D thanat present. In viewofthe div-
ersity and magnitude of such problems, the

governmental laboratories alone will never
be able to tackle all such problems. The
industry will have to establish their own
laboratories for R & D to solve a majority
of their own problems which are in the
nature of trouble shooting, expansion of
capacity, simple extension ofmanufacturing
programmes, etc. Indeed for such kind of
problems the industry is far better equipped
to carry outR & D than the CSIR and other
laboratories who are at present being called
upon to do such work. The latter labora-
tories should be really called upon to carry
out work on forward. technology needing
an inter-disciplinary approach by a band of
highly trained scientists working with highly
sophisticated equipment and other facilities.

to the Peace Corps volunteers. We have
a large concentration of scientists and tech-
nologists in some of the big industrial towns
such as Ranchi, Durgapur, Bombay,
Calcutta etc. Perhaps we can enthuse the
scientists and technologists to make
themselves into a voluntary organisation in
such places, to whom technical problems
could be referred, may be by the small
scale entrepreneurs or by large industries,
and who could tackle these problems and
find solutions for them.

Although some Indian industries are now

investing increasingly in R & D, a large
majority do not carry out any R & D work.
As a result, efficiency of industry is generally
low. Itis also the experience of the author
that industries with R & D laboratories
of their own are also able to quickly and

efficiently translate the results of R & D
arrived at in CSIR laboratories into
industrial practice.

3

In view of the above considerations the
Government should seriously consider the

suggestion of enforcing a levy on industry
to set aside funds for fFR & D (suggestion
made at the CSIR Get Together with
industry held in December 1965). The
funds so earmarked shouldbe collected by
Government only if the industry does not

spend it on R & D within its own campus or

elsewhere (by supporting sponsored research
in CSIR, University and other laboratories).
If Government takes this bold step it will
be materially forcing the pace of rapid
industrialization of the country and also

increasing the technological competence
of the industry.
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Round Table of Scientists and Technologists
Jacnr Sincu*'

Eradication of Poverty
If we are still poor in spite of some very

impressive gains of the past two decades
-increase in food production (80%),
power generating capacity (400%), steel
production (450%), industrial production
(200%), transport capacity (300%),
telephones (1000%) etc.-it is because all
these gains have been all but neutralised
by our fast growing population as well as
still faster rising expectations. Lack of
scientific outlook in the masses inhibits
the speed of vasectomy and other birth
control measures while adult franchise
fans their expectations sky high. Unless
the demographic flood is checked, most of
our national effort towards eradication of
poverty will be neutralised. The relevance
of scientific and technological research to
eradication of poverty is, therefore, not that
total as is usually presumed. We need
even more scientific outlook on a mass

scale not scientific research to deal with
the problems of population, change of food
-habits, cow slaughter, and above all control
of consumption, whether conspicuous or
otherwise to accumulate capital etc. Their
relevance to eradication of poverty is still
greater.

Scientific Policy Resolution
This resolution is adequate. But the

institutions created to implement could have
yielded more impressive dividends but for
certain weaknesses that got built into them
ight at the outset. A basic weakness
resulted from the tacit assumption made at

*General Manager, N. E. Frontier Railway

the very inception of C.S.I.R. that by
building a chain of national laboratories
under it, we shall automatically have a
broad base of scientific and industrial
research able to help industry and industrial
development. The experience of the

past two decades has shown that barring
a few institutions like the Leather Research
Institute, this expectation has not mate-
rialised. It is true that a number ofpatents
have been taken out by the national labo-
ratories. But this is no index of effective
industrial help rendered. The real test
is how many of them have actually been

adopted by the industry. Judged by this

test, the performance, by and large, is not
too good.
The reason for this ineffectiveness is best

understood by a comparison of the working
of the Atomic Energy Commission and
the CSIR. AEC first looked for men and
then built facilities round them with a

definite goal of developing and duplicating
high level of nuclear technology rather
than original fundamental research. CSIR,
on the other hand, first built a chain of
laboratories dealing with all sorts of disci-
plines ranging from physics and chemistry
to ceramics and drugs and then looked for
men with "'minimal'' qualifications to fill
them.

As a result, most of the scientists ofCSIR
trained abroad, brought back with them
the problems on which they had been

working and naturally continued their
work on these problems. Nor could they
be easily motivated to tackle problems of
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Indian industrial development because of
the absence of indigenous criteria for eva-
luating research and according it national
recognition. Becausewe recognise the scien-
tific merit of a scientist even now only after
he has been recognised by someone abroad,
the temptation to occupy oneself with
fashionable problems of basic or funda-
mental research, which alone impress foreign
scientists became all but irresistible as is

still the case.
If we are to orient the research effort

of the national laboratories towards applied
research to develop indigenous industry
we need:-

(7) to substitute indigenous
of research evaluation
wean the research worker from this
firm belief that national recogni-
tion comes only if one is recognised
abroad.

criteria
so. as to

(iz) to limit basic research to only "paper-
and-penci'"' research as in theoreti-
.cal physics or mathematics. For
the rest each laboratory must be
transformed virtually into an R& D
unit of a group of industries like
National Metallurgical Laboratory,
for Steel Industry, CMRI for the

Engineering group of industries, and
so forth. They should then pick
up specific research projects after

proper evaluation and progress it
with the industry calling the tune.
Tendency to overload the laboratory
with too many projects beyond its
resources of manpower should be
resisted.

(iii) to strengthen the base in our
national laboratories. Experience
of the R & D units of large indus-
trial concerns in U.S.A. has shown
that bulk of new research ideas-.
almost three out of very four-
emanate from research staffmembers

themselves provided they work in
the industry concerned. This is
because the R & D is well staffed
with teams of competent scientists
in adequate numbers down to the
lowest level. This, therefore, re-
quires that we have to build close-
ly knit teams of competent scientists
in each laboratory and not merely w

have a distinguished scientist at
its head.

(iv) to abolish "bureaucracy"? in the
C.S.LR. that is greatly attenuating
the capacity of national laboratories
to do useful work. They need to
have greater autonomy and more
liberal treatment than they have
had-so far.

(v) to provide trained manpower for

manning of laboratories as well as

industry by what are called quali-
fied scientists and engineers or

QSEs of which many key industries
are still desperately short. Our
colleges and universities and even
technical institutes still produce too

QSE's of the right type. This isa
task which the universities, through
UGC and industry, have to handle.

Collaborations
But even if we succeed in moulding

our laboratories in doing all they can for
our indigenous industry, 1t must be con-
ceded that they are equipped at present
to attempt only those goals which can be
achieved by recourse to what has been
called low technology involving small

improvements in widely used products
such as in the field of housing, road-mak-
ing, food, drink, textiles, leather, etc.

Developing countries, like ours, cannot
afford to neglect high technology. This

It mustcannot be acquired indigenously.
therefore be borrowed as we borrow capital
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and thus take advantage of what has been
worked out, often at great cost, by those
in the lead.
high technology by importing a model
and then duplicating it as the Japanese
tried to do in the twenties and thirties
before World War II. They found that
limitation led to production of shoddy goods
which could not be marketed. Profiting
from this experience they have gone in
for wholesale collaboration in the matter
of setting up high technology. We should
have no inhibition in allowing large inter-
national corporations to set up high techno-
logy in our midst by making it worth their
while to do so. For it is a feature of high
technology that it is only large inter-
national industrial concerns which are
able to deploy the scale of effort required
to setitup. For high technology it is size
that counts-the size ofmarket, of inter-

concentration of technical
know-how, of financial resources for both
R & D exploitation. This is the nature of
technology gap. It is a gap not of intel-
lectual capacity but of available resources
and ability to deploy them. It follows
therefore that while everything should be
done to secure their collaboration at as
favourable terms as possible, there should
be no artificial or ideological bars such
as a fixed 51 : 49 ratio in the holdings of
the joint ventures under contemplation.
Merely because the international corpora-
tion holds a majority share of a joint ven-
ture, does not mean any impairment of
national sovereignty. Many U.S.A.
corporations own subsidiaries in U.K.,
France, Western Germany and elsewhere
without impunging the sovereignty of those
nations, Another advantage of such subsi-
diaries is that they even market the goods

It is not possible to imitate
_

They could,

tories.

produced to the parent country. As a
result we shall be able to ensure quality
and marketability of the indigenously
manufactured article.

Science Plan
Finally we need a National Academy

of Sciences enjoying the prestige of the
Royal Society inU.K. or that of the National
Academy of Scienccs in the U.S.A. For we
do need a plan for science if we wish it to
fulfil prescribed national goals. This can-
not be done by a purely governmental
body. As Cyril Hinshelwood, a past Presi-
dent of the Royal Society said some years
ago,
"The subtle coordinating action of an
academy can no more be replaced by
a bureaucratic organisation or a system
of economic incentives and deterrents
than the intricately evolved biological
controls of a living organism can be re-
placed by crudely devised mechanical
appliances."'
We have yet to evolve such a truly

national academy. That is a problem we
can hardly afford to shirk any longer. For
ifwe had it, we should not have called this
round table conference at all.
Another advantage of such an Academy

is the fact that such men, having reached
the ultimate of national recognition, would
be under no temptation to build personal
empires to the detriment of the nation.

therefore, provide effective
check to the empire building proclivities
of many a director of the National labora-

They could also act as selectors
for selecting right type of men to man
the laboratories. The rub, however, is
how to select these selectors,



Development of the Interface between the
National Laboratories and the Universities

YasH Pat, B. M. UDGAONKAR*

The Interface between the National
Laboratories and the Universities has been
one of the sadly neglected interfaces. Several
national laboratories including the labora-
tories of the C.S.I.R., the laboratories of
the D.A.E., the Tata Institute of Funda-
mental Research, the Saha Institute of
Nuclear Physics, the Physical Research
Laboratory etc. have grown during the

post-independence period and some of
these are internationally recognised centres
of research in a variety of areas. On the
other hand, while the number of univer-
sities in the country has increased quite
substantially, they have on the whole

(barring a few notable exceptions in a few

areas) lagged behind the national labora-
tories in the quality of research carried on
in their departments-which naturally re-
flects in the quality of teaching imparted
by these departments. This has often led
to the statement that the big national
laboratories have grown at the cost of the
universities, Such a statement pre-
supposes that scientists who have grown at
some of these national institutions would
have automatically grown at the univer-
sities in the absence of these institutions.
We wish to point out that this is not the
case and that,, on the other hand, the
methods adopted by some of these insti-
tutions, and the scientific research groups
that have grown there as well as at a few
of the universities, should be utilised in a

planned fashion for nucleating similar

groups at other universities.

*Tata Institute of Fundamental Research, Bombay

Scientific research in the country has
become increasingly broad-based in recent
years and the way activeres earch groups
have grown in new areas, is quite instruc-
tive. Drawing upon the experience of
some of the organizations familiar to us,
it can be stated that usually these groups
were grown around individuals who were
carefully selected and then given all faci-
lities (with the minimum of official red-
tape) and freedom to gather other indivi-
duals around them, to get some of them
trained abroad if necessary, so as to reach
a viable or critical size as soon as possible.
The importance of the critical size of a

group has to be emphasized since it does
not seem to have been recognised by most
of our universities (again barring a few
notable exceptions like Delhi University).
In a rapidly advancing area of research,
single isolated individuals are very
considerably handicapped. They need a

continuous interaction, by way of discus-
sions, criticisms and encouragement, with
other individuals having similar interests."
It is therefore very important to concen-
trate a few good scientists in a given area
at one place and let them grow to a criti-
cal size, rather than let them spread thin
over different institutions or universitics.
The present policy of most universities
seemsto be to keep the number of senior
posts at Professor's or Reader's level in any
given department very limited and, more-
over, the tendency is usually to divide this
limited number of senior posis among

z

1
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various branches of the subject-e.g. a

university which has four readerships in
physics may. have one in nuclear physics,
one in solid state physics, one in electro-
nics and one in spectroscopy. This has
several bad effects.

(z) good scientists have often been reluc-
tant to go to a university for fear of
isolation and have tended to con-
centrate at the national laboratories.
It is to be remembered that until
recently the fear of isolation was
acting as a deterrent even when
scientists were contemplating a
return from abroad to one of the
national laboratories. Fortunately
that has disappeared in many cases,

(72) Those who have ventured to join
the universities, have often lost
courage and migrated abroad, or
stuck on but lost initiative and pro-
ductive capacity. There have, of
course, been a few notable excep-
tions.

Our proposal therefore is the following :

(a) Universities must try to build critical
or viable groups in selected areas so as to
be able to maintain research activity in
those selected areas at a first rate level.
For this, an attempt must be made to get
together at least four or five scientists in a

given area-say, one Professor, two Readers
and two Lecturers. While the number of
such areas in any given university may be
limited, they must be fully supported with
library facilities,experimental equipment
and research studentships.

(b) Some research groups in some of the
national laboratories and also in a few
universities have reached or are about to
reach a supercritical size and progressive-
ly more and more such supercritical groups
will develop. Moreover, such groups, just
because of their supercritical nature and

29

the reputation which goes with it, are
continuously receiving requests from Indian
scientists abroad who would like to join
them, and are often forced to reject such
Tequests because they cannot obviously
grow indefinitely. A planned attempt must
therefore be made to transplant a strong
nucleus out of such a supercritical group-
including any scientists from abroad who
are intending to return and have been
interested in joining this group-at another
university.

1

(c) Recently there has been a sugges-
tion that some of the national laboratories
must concentrate on applied research rather
than pure research, the latter being supposed
to be more suitable for universities. We
do not wish to go into the merits of this
idea but would like to emphasize that a
positive approach be adopted in implement-

' ing it whenever the occasion arises.

For example, if for some reason, a deci-
sion is taken to discontinue a particular
activity at any national institution where
a competent group in that area of activity
has been painfully built up over a period
of years, attempt must be made to trans-
plant this group purposefully toa university.
Otherwise there would be a danger cf this
group dispersing abroad. This has been
known to happen in the past.

a

(d) The U.G.C. could play an important
role in organising such transplantations
-locating prospective transplants, select-
ing the proper university, inducing it to

accept the intended group, and providing

5.
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it with the requisite facilities and conti-
nued. support. We would .suggest the
constitution of small.national committees,
consisting of members drawn from the
U.G.C., the relevant national laboratories
and from the universities, which would
make recommendations about possible
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(Contd. on page 31)
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Storming Camps >
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YASH PAL, B.M. UDGAONKaR*. as}
We wish to propose here a possible

method to achieve a more efficient utiliza-
tion of the available scientific thinking power
in the country.
The number of competent and "'con-

cerned" scientists in the country is substan-
tial and is growing rapidly. This does not
seem to be realized by the authorities when
seeking advice or opinion. Only the very
busy top men are always called in. This
means.

(a) a non-utilization of expert and disci-
_plined thinking power in the country;

(b) non-involvement of a broad but
competent level of young scientists
in socially important matters and
their condmenation to a continued
ivory tower isolation, followed by
the question as to whether the
country can afford to support their
pure

39 research.

The good people in science develop two
important faculties in addition to acquiring
the specialized competence specific to their
field of research:

(2) They learn to question established
procedures, theories and even
supposed '"'facts''; further they learn
to question these in a meaningful
way which can lead to new and more
fruitful procedures or theories, and
an accumulation of new facts.

(it) They are, or at least should be capa-
ble of thinking logically (''scienti-

*Tata Institute of Fundamental Research, Bombay

fically'?) about any problem, and
of analysing it into its component
parts, without being overwhelmed
by the difficulties of the problem.

We believe that the country must make
use of these faculties of scientists. So far
one has usually thought of the use ofscientists
only in terms of their special expertise.
But scientists are not just technicians.
Among them are many with a motivation
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who could also think profitably about areas
outside their speciality. Some of them
would in fact enjoy the intellectual
challenge involved.

tor

We suggest that one way of involving
this class of people in a purposeful national
endeavour would be to organize Inter-
disciplinary Brain-storming Camps in which
the participants are assigned some well-
defined problems and asked to come out
with concrete suggestions for solving them.
These brain-storming teams would operate
something like this. Suppose the spon-
soring authority wishes to get a report on
a topic like the Immediate Utilization of

(Cothe Underground Water Resources of the
Gangetic Plains. Then they would
appoint a convener who would invite about
half a dozen to a dozen persons from various
fields-geologists, chemists, economists,
engineer, theoretical or experimental physi-
cists, even pure mathematicians. They may
be given a few months for preparation,
during which time (while doing their
usual work) they can acquaint themselves
with the problem, collect information, ex-
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change notes and formulate specific
questions for intensive study and discussion.
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INTER-DISCIPLINARY BRAIN-STORMING CAMPS

; Then theywould spend a few weeks together
1 in one place, during which period they
would live with this problem and come

i aspect of this study-group is to be empha-
Psised. Involving competent thinkers from
F various disciplines, is important for en-
Fsuring a fresh outlook on the problem.' Besides contributing valuable studies on
Fthe assigned topics, interdisciplinary con-
tacts established in this fashion will be
invaluable both socially and professionally.
In addition, this procedure will inculcate
a social involvement on the part of a

significant thinking section of society.
We list below, just for illustration, some

ftopics for such brain storming camps.
(1) The Monsoon: What do we need

to know in order to minimize the
effect of its vagaries on the crops?
Can we predict the date of its
commencement What meteoro-
logical and other studies are needed
before we can make this predic-
tion ?

(22) Soil Conservation
(422) Utilization of Water Resources
(iv) Wastage of food grain in Transit

and Storage, and the means for

Fout with a report. The interdisciplinary

-on a given topic.
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minimizing it.
(v) Popularization of Innovations in

Agriculture
(vi) The Interface between Industry

and Research Laboratories
(v21) The Interface between Universities

and Research Laboratories
(viiz) Other Interfaces
(tx) Economic, Political, Social, In-

ternational and other Aspects of
a decision to embark on an Atomic
Bomb Programme

(x) Specified Aspects
Strategy -etc. etc.

of Defence

We would like to emphasize that we are
-not talking here of a conference of spe-
cialists, or of a committee of specialists

We definitely imply the
involvement of thinking people from various
disciplines in problems in which they have
never worked before. The important
thing is the zntensive thinking by people who
are capable of viewing the problem from
new angles.
This programme does not need any large

expenditure. The necessary people exist.
We have only to invite to get together and
concentrate their thinking for a while on
a specified problem of national importance.
They would be grateful for the opportunity
and only good can come out of it.

(Contd. from page 29)
t
t transplants. There has also to be a proper
machinery to implement the recommenda-
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tions. made by these committees.
(e) We are aware that such an action

nitiated by a national committee may be
nterpreted as an interference with the

autonomy of the universities. But one of

ris to ensure adequate standards of research
'and teaching at the universities and it
should therefore not hesitate to step in if
the autonomy is being used by a university
merely to perpetuate its mediocre status,
(f) Another possible hurdle to the initia-_

tion of such a programme would be a dis-
turbance in the so-called parity between
the various departments of a university.It is obvious that all departments cannot
be upgraded simultaneously and that
strict parity can exist only in a static situa-
tion. This has already been recognized
by the U.G.C. in setting up various centres
ofexcellence, and by the Education Commis-
sion in its suggestion to single out five or
six universities for development as major
universities. In fact, our suggestion of
transplantation could be used for creating
new U.G.C. centres and/or . strengthening
departments in the selected major univer-
sities,



SCIENCE AND THE NATION
V. 3B. CHIPALKATTI*

1. The Role of Research and the Re-
search Scientist in National Develop-
ment

No one would dispute the need for using
science and technology for the eradication
of poverty or for the promotion of a scienti-
fic temper to circumvent ignorance and
superstition. It must be realised, how-
-ever, that implementation of this policy
has to be tackled on a wide front. This
includes education, academic research, in-
dustrial and agricultural research, industrial
and agricultural development to include
building up new factories and farms for
more production, building and buying new
machines and equipment for new units of
production and so on.

Scientists, Technologists and Engineers
have to play a vital role in this endeavour,
but this role is not limited to researchers
alone. In fact, scientists, technologists and
engineers engaged in industrial establish-
ments and engineering workshops etc. have
a far greater and more direct role to play.
This point is usually lost sight of in many
a gatherings.

2.0 Self help not always economic and
feasible

It is not necessary to compel a new fac-
tory or an agricultural farm to use Indian
know-how if it is not economically or tech-
nically or entrepreneurially feasible.When-
ever foreign know-how is available on ac-
ceptable terms, it enables activity to be
based on confidence and the scale of opera-
tion and the time required for implementa-

*Director, Shri Ram Institute for Industrial Research, Delhi.

tion are both favourable to national deve-
lopment. Japan, West Germany, U.K.
France, Switzerland, USSR and many
East European countries have depended on

foreign know-how even when they were eco-
nomically far more developed than India.
It is highly dangerous, therefore, to make
a popular slogan of self-reliance in science
and technology. Such slogans mislead not

only the lay public but also the politicians,
économists, government officials, planners
and everybody else. High expectations (im-
possible of proof by example) in the minds
of these agencies only succeed in leading the

country to frustration, mutual recrimina-
tion, despondency and gloom. I submit
that this is what has happened in our coun-
try. The national laboratories have been
created under this atmosphere of ceover
expectation" and I submit that the present
controversy on the manner in which in-
dustrial research should be organised, is in
no small measure due to this single factor.

3.0 Over-publicity to Research Re-
sults at an early and unproved stage is
highly dangerous

My First Suggestion is, therefore, directc
to those who are responsible for formula-
ting executive policies and detailed steps
for implementation.
to publicising the economic role of the industrial
researcher in generalised terms. They must

They must put a stop

also refrain. from publicising their activity ;

in. the exploratory or research phases of
their work. The economic impact of ap-
plied research in tangible form is seen usua-

4
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yafter 10-20 years in an advanced coun-
y and in a developing country like India,

this impact may be felt after 20-50 years.
Undue publicity of the role and work of
research Jaboratories does more harm to
the research scientists and to the cause of
science and technology in the country.

4.0 Vociferousness of the Industrial
Researcher

It is well-known that policy decisions
require experience and'dcpth and maturity.
Generally the older people and those who
are engaged at the ministerial level in
Government and at the entreprencurial
level in industrial establishments (both
public and private sectors) are in a better
position to set balanced and feasible poli-
cies in regard to the role of the scientists
and the technologists towards economic
and utilitarian ends. Even at these levels,
there is lack of experience in matters of in-

; dustrial experience and one has to be very
cautious and careful in setting policies and
taking far-reaching executive measures.
From this point of view, I am totally oppos-
ed to the tendency towards vociferousness
of the young industrial researcher engagcd
in various laboratories. It is interesting
to note that controversies in the field of
industrial research are, by and large, limi-
ted to the national laboratories of the
CSIR. Those scientists and technologists
who are engaged in medical, biological or
agricultural research or those scientists
nd technologists who are working in in-
dustrial research laboratories managed by
private or public sector industries or those

engaged in the atcmic energy establish-
ment etc. seem to be less vociferous and less
bothered about such matters as import
substitution, self-reliance etc.

Therefore, My Second Suggestion. is that
generalised questions of national impor-
lance such as 'need and extent of science
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planning" or setting fiscal and other poli-
cies for "'self-reliance in science and tech-
nology" etc., should be separated from the
particular problems with which the CSIR,
as an organisation, may be facing. To
take a decision at a national level against
the background of a "'problem child' as
it were, would not be appropriate.

5.0 Science Planning
This brings me to the question of

"science planning"' the oftrepeated slcgan.
I do not know of any word which is more
vaguely used than this. Does this mean
planning of science education ? Does this
mean planning of academic research in
universities and other centres of acadcmic
leaning? Or does it mean planning of
science in various ministries. Or is it re-
lated to planning in the Planning Com-
mission ? Does it mean planning of science
in the CSIR Head Office or does it mean
planning ofwork in individual national or
industrial laboratories in the public and
private sectors?

we

To pose a generalised qucstion as to
whether 'Planning of Science' is required,
is imprudent and meaningless. The ques-
tion of a central planning authority for science
to set broad patterns of science development is
related not to our desire to do it but to our capa-
city to doit, This capacity is determined by
the availability of experienced men
with vision and maturity and a proven re-
cord of successful work. In an under-
developed vast and complicated multi-
state multilingual and mixed and essen-
tially democratic country like India the
question of science planning is much more
difficult and complicated than the national
planning or industrial planning in which the
Planning Commission has now been cn-
gaged.

If under the present background one
is thinking in terms of starting a national
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mean planning of academic research in
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cord of successful work. In an under-
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gaged.

If under the present background one
is thinking in terms of starting a-national



34

science planning organisation; I am afraid
that we cannot expect any better results
than what has been achieved by the starting
of 30 odd national laboratories for per-
forming industrial research.

6.0 How best can Science and Tech-
nology Feed our Industry

Here again it is necessary that every
time an industrial unit is built, use is made
of science and technology. There is no
question about this. The point which js
relevant is, does Indian science and tech-
nology feed Indian industry? What
steps must we take for such a thing to hap-
pen? What is the extent of success pos-
sible? The subject is too vast but I would.
venture to make a few suggestions. Af
the outset I wish to point out that the responsi-
bility of using Indian Science and Technology
is that of the customer-in this case the entre-

preneurs and builders of industry in the public
and private sectors-and not that of the scien-
tists. The decisions in this regard must
be taken on the basis of technical, financial
and entrepreneurial and market feasibility
and not merely on the basis of our desires.
The suggestions I am making below are
based on 25 years of continuous work in
the field of industrial research and I hope
that these would be of use and interest to
our policy makers.

(i) First and Foremost, we must under-
stand that research forms only 1/20th to
1/50th part of the total effort required to
start a new industrial undertaking. The
projects chosen for this purpose must be
conceived at the entrepreneurial and rather
than at the research laboratory end.

(ii) Secondly, in most cases the cost of
foreign know-how is neglegible in compa-
rison with the total cost. It is, therefore,
better to buy this know-how than generate
the same through local research effort.

VUNAN KARMEE

However, it is very prudent to establish a
research unit simultaneously. Then one
is in a better position to undertakemeaning-
ful research to keep abreast ofworld-trends
and to compete in quality at an internatio-
nal level. The returns from such an app-
roach are likely to be far greater than the
one based on mere self-help, based on se-
cond rate or third rate repetitive research.

This does not mean that laboratories
not formally linked with industry or not
managed directly by them, are not required.
There is a lot of first rate applied research
which they can undertake. There are
hundreds and hundreds of useful research
projects in which work can be done. But
success in such effort will only come if the
new invention is better than other known
inventions in the field or essentially claims
better econcmy than is normally available
to. the industry. The present practice of
choosing projects in which mere know-how
collection rather than substantial research
contribution is involved, has proved to be
unfruitful-even wasteful.

(iii) Thirdly, once these objectives are
clear, one should consider Indian know-
how as a commodity for sale. Japan,
West Germany, USA, USSR, Hungary,
Czechoslovakia-all of these countries to-
day both sell as well as buy know-how. It
is the balance of payment for know-how
rather than "'self reliance" or "'saving of
foreign exchange'' that should be the key-
note of our policy.

(iv) Fourthly, since the development
expense involved in using results of re-
search require huge finances and long time,
it would facilitate matters if the results of
research claim a basic originality of a high
order. This, however, is in itself not
enough. The project must be technically,
financially and marketwise feasible. More
than one party is involved in this and as
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a senior scientist of the country mentioned
the other day, it would be most unwise for
the scientists and technologists to be at
dagger's drawn with their potential cus-
tomers-I mean the industrialists and the
government officials in the various minis-
tries. It is necessary, thcrefore, to make
a thorough feasibility study and to ensure
the enthusiastic participation of the user
in all development work. If the industry
put in 50% of development finance so far
the better. It is also useful to associate
a consulting engineering firm during the
development stage on agreed and mutually
acceptable terms.

(v) Finally, we must make sure that
we do not spread our buiter too thin. We
must choose projects or fields of high scien-
tific and technological impact rather than
mere economic impact; these again should
be not in all and sundry fields but only
in a few chosen fields.

Science based ndustries like the
chemical and the electronic industries give
quicker and better returns in industrial

research. When such industries require low
capital outlay or are labour intensive they
are of particular interest to a country like
India. Conversely, returns from research
for raw material based or capital intensive
industries are very much more difficult
and in such cases men of the highest calibre
and competence are required and the aims
for originality and creativity must be of a

high order.

7.0 Conclusion
In conclusion it can be stated that na-

tional policies on science and technology
need to be formulated with wisdcm and on
pragmatic considerations. Broad plati-
tudinous generalisations only help to create
over-expectations and consequent frustra-
tions. It would be better for the Indian
Scientist and Technologist to bother more
about the quality and excellence of his work
rather than engage himself in futile contro-
versies of a social and political nature. We
have too much of promotion and propa-
ganda but too little of quality work.

WITH BEST CoMPLIMENTS

FROM

INDIAN DETONATORS LTD.
HYDERABAD -183



Science Rourid Table - Some Points
A. R. VERMA*

The question, to what extent the
slogan of "Self Reliance'? in the field
of technology, can be made meaningful
and effective, is allied to the question of
"the limits within which foreign collabo-
ration should be encouraged.'' These
questions have to be approachcd purely
pragmatically.. Taking ihe second
first, the decision on whether foreign colla-
boration is necessary or not, should be
dictated by

(a) the importance of the particular
industry in the overall national
development, based on priorities
of the items to be produced.

(b) How quickly we want to produce
the end preducts.

(c) The state of the technology avail-
able in the country and the type
of industry.

For example, there are foundries for
making large size castings, fabrications of
large size pressure vessels and struciures,
and certain types of heavy electrical equip-
ment, where the technology has more or
less been stabilised for many years andihere
does not appear to be any immediate pos-
sibility of raa major change in technology.

There are a second group of industries
suchas Nuclear Engineering and Electronics
where, the change of science & technology
is so rapid that one has to have a different
approach altogether, namely if the country
is to advance, we should start at a level
* Director, N. P. L., New Delhi

one .

at which the technology has already rea-
ched in developed countries. The same
applies to the Aircraft Industry.

In either case, as regards foreign colla-
boration we should confine ourselves, as
far as possible, to setting up one economi-
cally viable unit well chosen, with the de-
finite stipulation with the collaborators
that they should permit us to copy their plant
apart from training our men. Preferably
our scientists and engineers should be
asscciated with the fabrication of the plant
itself at the factory of the collaborator in
his own country, and should even be asso-
ciated at the design stage. By laying down
this primary condition, even if the financial
terms of aparticular collaborator are stiffer,
we should consider it worthwhile.

Now let me come to the first part of the
question, namely the extent of "'Self-re-
liance''? that can be effectively achieved.
The first step that should be taken ts that any
additional capacity of plant and machinery for
producing the same product for which the know-
how has been imported, must be fabricated in
the country itself. In the, past 20 years,
we have established sufficient expertise
in all the technological fields, whether
it is heavy industry, light industry, Elec-
tronics or Nuclear Enginecring. So there
is absolutely no reason, whatsoever, to enter
into further collaborative agreements with
entrepreneurs and importing machinery
and equipment from them.

The plea will always be raised that this
is absolutely essential in order to introduce
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certain amount of competition, and that
the technology which is offered by another
firm, will be different from what we already
have. This argument is not valid. If
there are any differenccs in processing,
those modifications can certainly be incor-
porated in the equipment we build here.
Our young men in all fields of science and
technology have enough background and
enthusiasm provided they are given an
opportunity.

The following basic conditions may be
laid down in any new collaborative agree-
ment that we are likely to enter into:

(a) When a foreign collaboration agree-
ment is signed, the terms must stipu-
late that Indian scientists
gineers get training in the collabo-

and en-

rator's organisation.

(b) A national Institution which has
facilities in equipment and personnel
that correspond to the R & D labs.
of the collaborator, must be chosen
and assigned the task of working in
close association with ithe Indian
entrepreneur and his collaborator.

(i) their main object will be to
undertake development work,
either sponsored or otherwise,
to utilise indigenous materials
andd find suitable substitutes of
the required specifications.

(ii) Chosen scientists/enginecrs of
the concerned institution who
are to be associated with the
project must be seconded to
the firm and given free access
to all the process know-how.

(iii) In order to ensure secrecy to

protect the interests of the
firm they should be asked to

sign a suitable bond

(iv) In order to do development
work at the designated Na-
tional Laboratory or Institution
a cell may be created where the
scientists /engineers of the fac-
tory and the seconded scien-
tists work together to solve the
problem.

From this stage the National
Laboratory scientists should un-
dertake intensive work to deve-
lop new products and techniques
starting from the technology
already available at the factory
of the Indian firm /collaborator.

To give a specific instance to illustrate
the validity of the above contention, it is
known to all in this assembly, that the pro-
duction of Electronic equipment and com-
ponents which will go into the equipment,
has to be given the highest priority. This
has also been the viewof the lateDr. Bhabha
as spelled out in his report. Recently the
Electronics Committee in trying to imple-
ment the Bhabha Committee recommenda-
tions decided, rightly, that in order to have
a really stable and broad based electronic
industry, components and the raw materials
that go into the making of components,
have to be produced on a very large scale.
Based on this decision, a circularwas issued
to number of entrepreneurs inviting them
to submit their proposals for production
of components on a large scale.

One of the items is the transistor, which
is now being produced by 3 firms, one in
the public sector and two in the private
sector. The total quantity that is produced
is roughly about 6 million of which 4 mil-
lion is produced in the public sector. All
the three firms have negotiated with 3 diffe-
rent foreign parties and have established
manufacture using the most uptodate tech-
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nology for large scale production of transis-
tors.

The Electronics Committee, however,felt that the requirements of the countryin the coming few years,will be much more
than 6 million. In fact it is expected to be
of the order of about 50 million and so addi-
tional capacity has to be lincensed and new
entrepreneurs should be invited to take up
the production of this item.

Now this can be done in two ways (i)allow new entrepreneurs to enter into
fresh foreign collaboration agreements or
(ii) duplicate the processes already exist-
ing under the imported know-how. To
give an answer to this, it must be borne in
mind that the transistor production is
capital intensive, particularly by way of
foreign exchange, and for setting up pro-
duction of 10 million transistors we require
foreign exchange to the tune of Rs. 1 crore.
So in order to set up production of 50
million transistors Rs. 5 crores of foreign
exchange will be required. The technologyof transistor production between the various
firms with whom we may collaborate, is
more or less the same except in certain
minor modifications in processing tech-
niques. The type of equipment, which
theywill require for mass production, will
be the same as the one that BEL has got,
or is expected to get, for their silicon
transistor project.

Here is an instance where we have at
least one factory in the public sector which
is producing transistors on a continuous
mass production scale on the most uptodate
technology available, and their products
have received universal acceptance. There-
fore second alternative is the obvious
answer.

Here is a golden opportunity where we
can fruitfully insist on the collaborating

firm, that we should be permitted to copy
the production equipment. A small fac-
tory set up with a few experts in mechani-
cal, electrical and electronics field or the
Electronic Corporation of India (a factory
which is coming up in Hyderabad for va-
rious types of instruments and equipment
including nuclear instruments) should be
able to copy the equipment. The possi-
bility of using one of the electronics factor-
ies under the Hindustan Aeronautics Ltd.
can also be investigated. If there are any
copyrights or any patented device, a fee
can be paid to the firm and with their con-
currence, we can copy them.

Surely the total investment required
for producing this 5 crore worth of equip-
ment will not be anywhere near it. What
is more, an opportunity will be given to our
young scientists, engineers and techni-
cians to use their skill in making the equip-
ment, °

This would certainly help in generating
the second generation of equipment and
further advancement in technology.

Some of you may be aware that tran-
sistor as a discrete device, is already cn its
way out; there are solid state devices such
as the integrated and thin film circuits.
The technology is similar in many respects
to that followed in the transistor tech-
nology.

The organisation that is to fabricate
equipment will be able to design and im-
prove on the equipment to produce that
required for mass production of the integ-
rated and thin film circuits.

Generally an argument is advanced that
because of the Secrecy Act no collaborator
will agree to allow any of our scientists to
work in their factory or permit us to copy.In one specific instance where NPL had
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preliminary discussions with an Interna-
tionally reputed firm in the Electronics
field, this question was discussed and the
minutes as recorded and accepted proves
the fallacy of the argument.

that

(1)

In conclusion, I would like to reiterate

for a few years to come our Re-
search and Development should
be primarily copying; copying
intelligently not only the outside
finish or shape of a product, but

(2)

(3)

to study the details of every part
and its significance in the smooth
functioning of the product,

Collaborative agreements when
entered into, should make this an
-essential condition.

Any additional capacity of plant
and machinery for producing the
same product for which know-how
has been imported, must be fabri-
cated in the country itself.

With best compliments

from

Biological Evans Limited
18/3, AZAMABAD
HYDERABAD-20, A.P.



Strategy for Economic Advancement Through
Research & Development in India

AMARJIT SINGH*

Implementation of scientific policy
resolution

Although the Scientific Policy Resolu-
tion was in itself clear, its implementation
has not been as full as might be hoped for.
Some of the inadequacies are analysed in
the following and remedies suggested.

Achievement of Speedy Results
Research is a highly time-dominated

activity. There exists also a so-called
'**Threshold of investment"'.t In other words.
so long as the investment and the asso-
ciated rate of progress are belcw a ccrtain
threshold, concrete econcmic benefits tend
to be small. Slow administrative proce-
dures automatically raise the threshold
of effective investment, and are threfore
wasteful in a very real sense, particularly in
the case of research.

One way to get around this is to adopt
a technique often used with success abroad.
At the time of sanction of a project,
all the needs in terms of men, matcrials
(in our country these would include foreign
exchange, import licences,
viewed/ and approved. But
ved, the person-in-charge is able to ope-
rate the sanctions speedily and without
much reference back & forth to other au-
thorities.

etc.) are re-
once appro-

imaginative effort and

Development and Utilization of Indi-
genous Know-how

There are many built-in-incentives for
foreign collaboration in an industry that
is not research-oriented.

Thus foreign collaboration may offer
ihem turn-key jobs andmay make minimum
of demands on creative effort, either in
design, production or even marketing.

On the other hand, development of in-
digenous know-how would demand more

teamwork. But
for the country it results in large savings in
foreign exchange and in building a firm
base for further development.

The article in Econcmic Review quoted
already, clearly brings out the intimate
connection between the balance of pay-
ments position, and encouraging know-how
development within the country vis-a-vis
buying it from abroad.

In the larger interest of the nation, il is
better that. counter balancing incentives
should be built into the development and
utilization of indigenous expertise. It is,
therefore, desirable that (a) where indi-
genous know-how has been developed al-
ready, it should be encouraged; (b) large
projects for which kncw-how may not be
available in its entirety, may be broken into
smaller tasks: out of these a project team

* Director, Central Electronics Engg. Research Instt., Pilani.
+t Economit Review, Nat. Inst. of Economic and Social Research, London, Number 34, Nov. 1965,

P.69.
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may sift what is possible within the country
at one or more institutions and what re-
quires foreign assistance; (c) this sifting
may be done as soon as requirements are
finalized sd that research teams may get
the necessary lead-time to complete their
assignment(s); (d) if foreign collaboration
is sought, the country should be able to
earn back the larger investment in foreign
exchange through exports. An adequate
quantum of export should be. made obli-
'gatory in such cases.*

Planning for Scientific Research
Project-teams should first lay down the

specifications of the product(s) required,
and then as mentioned above should pro-
ceed to break up the total work into smaller
tasks. The same project team should pilot
it through various stages and sponsor pro-
jects with different participating organi-
zations. In this way, all the funds that
they spend would be utilized towards the
fulfilment of a clearly specified objective.
Liaison Between Users' Research Or-
ganizations and Industry

It is necessary that the machinery for
liaison should be strengthened in the re-
search organizations on the one hand and
users, Govt. ministries and industry on the
other. The Third Reviewing Committee
of the CSIR had recommended that each
of the Ministries must have a cell which is
specifically charged with the task of ex-
-ploring ways of developing indigenous ex-
pertise, and using the available. expertise
for specific tasks.** Such cells could be like
the Finance cells representing the Minis-
try of Finance in different Ministries
or autonomous organizations. These could
be coordinated by the proposed Ministry
for Technology.

In industry, effective liaison with re-
search organizations can be developed if
they have their own cells for design, deve-
lopment and for day to day tasks of pro-
duction engineering. T'ax-irlcentives for
this purpose are a step in the right direction.

A further mechanism that can help in
this liaison would be deputation of staff
from one type of organization to another
for limited periods on specific tasks.

Priorities
In settling priorities, the following prin-

ciples can be kept in view-(a) for engincer-
ing research, those projects would have
higher priority where the savings can be
large either by virtue of high cost(s) of
the individual product or because of the
large numbers required of a given product;
(b) for applied research or exploratory de-
velopment higher priority would be given
to projects where a break-through in tech-
nology is seen; (c) for basic research, prio-
rity will have to be given to areas where
new vistas of knowledge are seen to be
opening up.

Here, it is well to emphasize the fact
that true basic research or even exploratory
development has to be at world frontiers.

Concluding Remarks
This brings us back to the point made

in the beginning. India can reach the
stage of a self-generating economy onlyif a large proportion of technological in-
novation and change can be generated on
a continuous basis by harnessing Indian
talent. To do this in a competitive way,we cannot but use the methodology and
administrative procedures adopted abroad.
India has no time to try and prove .that
modern sciences and technology can be
grown on indigenous soil with out-moded
procedures and attitudes. The margin of
error has 'become too low already.

* Recommendations of Study Group of the "Conference on Management Tasks in the Fourth Plan" on
'Increasing Productivity Through Promotion and Application of Scientific Researeh & Development'(Planning Commission 1966).
Report of the Third Reviewing Committee of the CSIR p. 86..



Research Activities in the Universities
H. S. Hans*

A large number of young brilliant scien-
tists from the Universities are abroad.
According to one school of thought, it does
us no harm if they stay away at least for
sometime. I like to raise my humble
voice against such thinking. I strongly
feel that they should be persuaded to come
back and join our various Universities and
colleges. The plea that we do not have
enough research facilities particularly in
the specialised branches in which these
scientists will be trained, appears to me to
be untenable. A scientist is trained to
use his knowledge and training to the
problems which are useful to the society
and in the general field in which he has
got the training. He need not follow a

straight line course for his research only
with a view to either publish a large
number of papers or to advance knowledge
in the minimum area of his training. He
should be able to fit himself to the require-
ments of the nation and if this requires a

change in his over-all plans of research,
this should not be avoided. These scienti-
sts, ofcourse, should be paid enoughmoney.
But for the research plans they should fit
themselves with the conditions of the coun-
try's needs, The institution of 'research
Pool officers' has not proved useful because
of their being temporary. To avoid this,
quite a few permanent jobs should be
created in the Universities and they should
primarily be meant for research. The
money spent on the Universities in this way
will be well rewarded, not only in research
but also in teaching.
* Kurukshetra University, Kurukshetra

(ii) The Universities should be en-
couraged to form schools of research in-
stead of individual efforts though they also
should be welcomed wherever they exist.
As a matter of fact, I believe that the schools
of research might involve sufficient interac-
tion with the neighbouring disciplines so
that slowly the individual research workers
may automatically be absorbed in one of
the schools of research.

(iii) The University research workers,
by their very circumstances, have to devote
a large part of their time to 'pure research'.
It should not be expected from them, in
general, to devote their time mainly to ap-
plied research if this is not their main dis-
cipline. On the other hand, I believe that
even a pure research worker in a University
specially when he is an experimentalist,
should devote a good part ofhis time to the
development of specilised instrumentswhich
are directly useful to his subject. Such
instruments may eventually be standardiz-
edand put in the market through some

agencies.
(iv) While it may not be possible to

allocate a large amount of foreign exchange
to the Universities, they should be given
about 20 per cent of their funds in terms of
foreign exchange.

Lastly I may like to make a general re-
mark: While there have been various draw-
backs in our scientific policies, the most
important of them according to me are:

(a) More emphasis on individual achi-
evement in a very narrow sense

(Contd. on page 49)



Organisational Initiatives to Sharpen the
Contribution of Science and Technology

to National Development
ASHOK PARTHASARTHI*

1. The evolution and implementation of
any Science** Policy involves two comple-
mentary aspects. The first concerns the
resources allocated, institutions built and
programmes started, to develop basic, ap-
plied and adaptive research and develop-
ment in the country. We shall designate
this as the "'policy for Science'' aspect of a
total national Science policy. Some of the
more detailed elements of such a policy
would be the strategy of resource alloca-
tion to various fields of research in both uni-
versities and research laboratories, the
general directions of qualitative and quan-
titative growth of Scientific manpower,
the dissemination of Scientific concepts and
information among the general population.
In developing countries there is, in addi-
tion, the question of the social and profes-
sional status of scientists and technologists.
2. The second aspect may be designated
"Science in policy'? and deals with the cont-
ribution of scientific and technological ex-
pertise to other policy problems in the area
of defence, agriculture, industry, public
health etc. which have a high content of
science and technology. Until recently this
component was a relatively small part of
our total scientific effort but there are ade-
quate indication of its very considerable
growth potential.

* Department ofAtomic Energy

3. Clearly, such a break-down of the field
of Science Policy is neither unique nor
devoid of redundances. Its chief merit
is that it has been found empirically to be
a useful working break-down in other count-
ries. Thus, when attempting to trans-
late the requirements ofeach of these compo-
nents into organisational terms a compro-
mise has to be struck between the degrees
of distinctiveness and overlap.

4, The Present Position Regarding the
Top Direction of Science Policy in
India

4.1 A central problem in rationalising the
existing advisory machinery available to
Government on science and technology,
is the interaction between the many bodies
concerned with making policy evaluations
and recommendations, as regards budgetary
allocations, manpower needs and overall
organisational requirements, These range
from such groups as the Research Survey
and Planning Organisation (RSPO) in the
Council of Scientific and Industrial Re-
search (CSIR) and somewhat similar groups
of looser structure in the Department of
Atomic Energy (DAE), which have an
Agency frame of reference, to the Scienti-
fic Advisory Committee of the Cabinet
(SAQC) and the Scientific Research Division

** Tn this note, Science will be used to refer to science and technology.
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of the Planning Commission (SRD/PQ),
which are concerned with problems of
national scope.

4.2 The need to clearly identify, in parti-
cular, the respective roles of SACC and
SRD/PC is of special importance, in view
of there having been considerable uncer-
tainty on this count, in the past. More-
over, the tendency towards overlapping
and duplicative effort between these bodies
is likely to increase in the future, as a
result of two recent developments.

(a) the reorganisation of the Planning
Commission into a completely ad-
visory body,

(b) the steadily deepening involvement
- .of SACC with a wider range of

science policy problems.

4.3 Given the existence of these two groups
how could a complementary division of
labour be worked out? From a considera-
tion of the fact that in terms of quality and
range of scientific expertise, SACC isa far
more competent body than the SRD/PQ,
it would appear that the former should be
given a substantially expanded role in
planning and policymaking in regard to
the total content of the nation's scientific
effort. At the same time because national
outlays on scientific research and develop-
ment will continue to be made within the
framework of total Plan allocations, and
since such crucial aspects of research, as
manpower planning will come under the
purview of the Planning Commission, the
SRD/PC should be in a position to play
a useful role: The following reorganisa-
tions are suggested with a view to-develop-
ing the necessary complementarity.

5. An "Activation Plan" for SACG
5.1, There is a widespread feeling amongst of them into specific policies and programIndian scientists and technologists, that the
Scientific Community (such as it is) is being

by-passed in decision making on agricul-
tural, industrial, research and educational
policy. This feeling is most acute among,
what might be called the "middle-level''
scientific leadership-heads of research labo-
ratories and universities departments and
divisional heads of large research organisa-
tions within the Government. By and large
this group has a heightened sense of social
and psychological identity of its own, largely
through study, work or travel abroad. Its
members are at the same time, convinced
of the relevance and capacity of their skills
to solve pressing national problems. As
a result, not being called upon by Govern-
ment to involve themselves with such prob-
lems, becomes a source of aciute frustration.
With the pressure to migrate a constant
factor, the persistence of this frustration is
a serious matter for our Scientific capabili-
ties.

5.2 The most important arena for the
interaction of the scientific community
with Government, both as sellers of its skills
and as buyers of its needs, is SACC. A
decision to invest SACC with the role of the
highest advisory body on Science within
the Government, was taken in 1956. But
this decision and its implementation have
been given a level of visibility that do not
appear to be fully justified even on grounds
of security. Moreover the activities of
SACC -have been every intermittent over
time. There is therefore urgent need,
in view of the growth of the science-based
sector in industry and agriculture and de-
fence, that SACC be charged with adequate
political and administrative authority to
enable it to provide the Cabinet with a
continuous and comprehensive. overview
of the nation's capabilities and problems in
Science, and to translate its appreciation

mes. n its supretne advisory role to
the Cabinet on matters of Science, SACC
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should undertake surveys, studies, and
problem-solutions both on its own initia-
tive and in response to specific directives.
from the Cabinet.

5.3. To be able to do this on a dynamic
basis SACC should acquire a small per-
manent staff of science analysts (around
9-8) with professional backgrounds cover-
ing an adequate number of fields in the
natural and social sciences and engineering.
This staff could do most of the secretarial
and analytical work on the enunciation of
the committee's policies and programmes,
and also liaise with various Government
departments.

5.4 Extensive adoption of Panel or
Working Group System

To undertake these tasks and to mar-
shall the best expertise in the country
SACC should develop the panel system as
its mainstay.
course, increasingly used the working groups
as an organisational method of obtaining
answers to specific technical problems,
particularly in the area of defence. How-
ever, there is a great need to expand the
activities of these working groups into the
various non-defence sectors such as family
planning, agriculture and food, science
education, communication systems etc.,
where major "'Science in Policy'' issues are
involved. A few standing panels could be
set up to watch such major areas on a con-
tinuing basis while other panels could be
set up to deal specifically with particular
problems (e.g. current state of world tech-
nology and national capability in the area
of grain storage), prepare reports on the
"state of the art or discipline" (e.g. design
and development capabilities in various
industries ), etc.

5.5 The urgency and the need to set up
such a panel system on an extensive basis
cannot be overemphasised. A highly dele-

Since 1962, SACC has, of

terious feature of our organisational struc-
ture for research and education in Science,
which has been well known for many years,
is the alarming growth of a "Science bu-
reaucrary"' between the political decision
maker and the practising scientist. This
bureaucracy is composed moreover, of
people with little understanding of either
natural science and technology or of the
role of the social sciences in increasing the
productivity and utility of the former.
Instead of fulfilling a mediatory role bet-
ween "Science"? and "Government"? it has
become an obstacle to communication. By
investing SACC with the power to constitute
panels of Scientists who are specialists in
their respective problem-areas, ''Govern-
ment'? will be able to establish a most ne-
cessary direct communication channel to
**Science'',

5.6 The system could thus fulfil the follow-
ing functions:-

(i) Identify scientists and technolo-
gists, talented in their respective
disciplines to tackle problems fall-
ing within such disciplines.

(ii) Identify scientists with a policy,
planning and administrative orien-
tation and thus develop a crucial
resource for future scientific re-
search in the country,

(iii) Provide an avenue for creative self-
expression and productive involve-
ment of the middle level scientists
in industry, research laboratories
and universities.

(iv) Provide a source of new blood for
SACC, so that the Cabinet is in a
position to have the benefit, over
a period of time, of the best and
widest range of scientific advice
available.

5.7 As an excellent example of the value
and efficiency of this panel.system, we -
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might consider a national programme for
food production and agricultural develop-
ment. Such a problem is a typical "'sys-
tems" problem involving the interaction of
such elements as, improvements in agri-
cultural technology (e.g. design and deve-
lopment of cheap storage facilities using
local materials and the working out of a
location pattern which is the 'optimum'
in relation to distribution patterns) agri-
cultural science (e.g. new seed varieties)
advances in food processing and develop-
ment of dietary supplements and substi-
tutes. Since the necessary expertise to
tackle such a problem is widely scattered
through many institutions, a standing panel
of representatives of the leading research
institutes and agricultural universities with
necessary subsidiary panels to tackle speci-
fic problems would be an excellent method
of organising our research and planning
capabilities in the area, It is a matter of
some regret that while the comprehensive
study on World Food needs prepared by the
Presidential Science Advisory Committee
of the United States, should be the basis
of increasing discussion of India's food and
agricultural strategy, a similar panel has
not been set up by SACC for the same
purpose to tackle our own particular prob-
lems.

6. Institutional Structure for Science
Administration within the Government
6.1 Science Budget
6.1.1 The proposal here concerns the mode
of evolution of a Science Budget. From the
point of view of the well recognised role of
the Planning Commission in developing
guidelines for national resource outlays as
also the great importance of preventing
the inter-agency interactions inevitable
in a budgetary process from attenuating the
efficacy of SACC (which is based largely
on the principle of scientists being chosen
as talented professionals and not necessarily

as agency heads) it would be most app-
ropriate if this function be wholly that
of the SRD /PC-within the terms of refe-
rence of its advisory role. However to
again give greater involvement to practis-
ing scientists in matters deeply concerning
them, the following modification of the
existing system may be considered.

6.1.2 An Inter-departmental Council for
Science and Technology could be set up as
a standing body. On this council, every
governmental department having 'signi-
ficant' scientific and technological interests
would be represented by a science adminis-
trator. He would be either a social scien-
tist trained in research administration or
a natural scientist with research experience.
The member of the Planning Commission
in charge of Scientific Research would chair
the Council. The Secretariat of the SRD /
PC would serve as the staff of the Council.
The Council would serve as the clearing
house of all scientific and technological
information and also as the coordinating
arena where both the technical programmes
and budgetary requirements of the various
departments would be presented and inte-
gratedwithout duplication. The budgetary,
implications of various technical and sclen-
fic programmes suggested by SACC and
approved by the Cabinet would also be
introduced at this stage. In this way the
deliberation of the Council would culmi-
nate in the building-up of science Budgets
both for the year and for the plan. They
could then be forwarded to the Ministry
of Finance for sanction.

6.2 Ministry of Science and Techno-
logy

In the constitutional and administrative
setup in the country, a Ministry of Science
and Technology does not appear at the
present time to be capable of producing
increases in efficiency, either in decision



making or in execution. The main reason
for this assessment is that such a ministry
would have to function according to es-
tablished organisational norms of govern-
ment administrative departments. In an
executive structure determined by the
'chain of command' principle, as British
experience indicates, Science can make
progress only in spite ofthestructure. More-
over the inter-ministerial conflict of inte-
rest so characteristic of the Cabinet process,
would also be a major limitation. How-
ever there is need to rationalise the loca-
tion of some of the major agencies in the
various ministries. The most glaring case
is that of the CSIR whose logical 'home'
should be the Ministry of Industrial Deve-
lopment. With such a change at least
the administrative impediments to closer
collaboration with public sector industry
could be removed.

7, Governmental Initiatives in the
Creation of a Single National Profes-
sional Society for Science and Tech-
nology
7.1 If science and technology are to
play their part as vigorous institutions in
any society, it is essential that strong pro-
fessional associations of scientists and tech-
nologists belonging to various disciplines
develop and grow with energy. However,
in a developing country like India where
Science has the additional role of intellec-
tual and cultural integration, the structure
of the professional organisation of the scienti-
fic community is of particular importance.
At present, there are 4 major scientific
societies in the country-(1) The Indian
Science Congress Association, Calcutta, (2)
The National Academy of Sciences, Allaha-
bad, (3) The India Academy of Sciences,
Bangalore, and (4) The National Institute
of Scences, Delhi. The existence cf so

many 'national' scientific societies in a
country with 40,000 research scientists and
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technologists leads to serious fragmenta-
tion of the total scientific community. The
establishment of the National Academy of
Sciences in the United States, the Academy
of Sciences in the Soviet Union and more
recently the Science Academy in Japan have
contributed greatly to the development
of a coherent and articulate scientific com-
munity in these countries. It is well-worth
pointing out, in this connection, that the
Academy of Sciences of the Soviet Union
is fully Government body. Both the Na-
tional Academy of Sciences as in. the Uni-
ted States and the Science Academy in
Japan are of a semi-governmental nature.
This particular character of the latter two
professional societies is an indication of the
concern of the governments of these count-
ries in having a single representative body of
professional scientists outside Government.

7.2 It would, therefore, be most appro-
priate and very timely for Government to
take a major initiative in this matter.
This could be done by convening a meet-
ing of the officials of the four leading scienti-
fic societies mentioned earlier to decide on
their mode of integration into a single so-
ciety of national scope which may be given
some such name as ""The Indian National
Academy of Sciences" or ''The National
Academy of Science & Technology" etc.
Once such details, as the headquarters
of the association, the mode of affiliating
of membership of existing societies, the
new National Society etc. have been
decided, a tentative date for the inaugu-
ration of the new society could be fixed and
the Prime Minister could very valuably
inaugurate it with appropriate publicity.
7.3. The formation ofsuch a Society would
also lead to a fruitful exchange of ideas and
pooling of intellectual resources between
it and an ''activated SACC''. The So-
ciety could, for example, develcp rosters of
its members on a discipline basis and such
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information could provide SACC with the
pool of talent from which its panels might
be formed. With careful planning, it
should thus be possible to fulfil the require-
ments of the "policy for Science' and
"Science in policy'? aspects of a total na-
tional Science policy through the ''National
Academy"? and the SRD/PC on the one
hand and SACC on the other.

8. Initiatives on Scientific Manpower
8.1 In the last very few years, Govern-
ment has decided to initiate major efforts
to develop such critical science-based in-
dustries as Fertilisers, Electronics, Aero-
nautics, and Atomic Energy. These are
industries where the quality and quantity
of the available scientific, technological
and managerial personnel and not capital
or foreign exchange resources, is the key to
success. The electronics industry alone,
for example, has been assessed to require
some 300,000 scientists, engineers and skilled
workers by 1975. What is more, the whole
future of these industries depends on the
generation of powerful design and develop-
ment groups, fully integrated with produc-
tion plants on the one hand and research
laboratories on the other.
ties require the highest degree of originality
and innovative skill. They thus give scope
for that "edge of challenge", the lack of
which, Indian scientists, especially those
abroad, often complain.

8.2. It would be natural to expect, there-
fore, that the knowledge of a policy deci-
sion which would be instrumental in genera-
ting such immense employment opportu-
nities, should have provided a boost to the
sagging morale of India's Scientific man-
power, However, it appears that, in fact,
little impact has been made either on the
component within the country or that which
is currently abroad. There is thus an ur-
gent need for government to give far better

Such activi

decision-making machinery,
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publicity both at home and abroad to the
programmes envisaged for the growth of
these science-based industries. The enor-
mous opportunities for productive employ-
ment of high level manpower in particular
should be emphasized. More specifically,
government might announce within the next
six months a comprehensive programme of
incentives for scientists and technologists
in research, teaching and public sector in-
dustry e.g. 10 to 15% increase in salaries
together with improved social benefits in
regard to health, education of children,
foreign travel etc. As regards Indian
Scientists abroad, the incentives might
take the form of assurances to provide
housing, health and educational facilities
on their return and also relaxation of import
restrictions on consumer goods, The buil-
ding-up of a pool of competent and moti-
vated scientists and engineers has a long
gestation period. However, such a pool,
as the development of Chinese capabilities,
in nuclear science and technology indicates,
is a major national resource and must be
tapped, husbanded and expended as such.

9. Do We have the Political Will?
9.1 <A basic problem facing Science in
India today, is the need for it to become an
activity fully internalised, in regard to goals,
tasks and norms. Part of the effort to
achieve such internalisation of the cultural
thrust of research and innovation, must be
made by Indian scientists and technolo-
gists. The will to create a scientific com-
munity as a distinct social group, with such
operational norms as the evaluation of per-
formance through the judgement of peer
groups and a highly 'horizontal' internal

must remain
the objective of such efforts. But precisely
because, the end product of this kind of ope-
ration will be a deeply self-conscious and
articulate social group, there is an equal
responsibility on the part of Government



to safeguard the interests of the former
and, at the same time, utilise its services.
9.2 It appears, that the respective res-
ponsibilities of Science and Government in
developmental tasks, will become clearly
identifiable, only when it is realised that
something less than half (if that) of Science
Policy-making is 'scientific'? ! For example
there is no 'scientific' way of deciding what
percentage of its GNP, a country at a parti-
cular level of socio-economic development,
should spend on scientific research and
technological development, or to what ex-
tent the full potential of the results of indi-
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genous research have been made use of in
the attainment of community objectives.*
Such questions can and must be answered
only ini terms of the societal goals.and scale
of priorities of the prevailing political order
and, its appreciation of the contribution that

Thus
all attempts to rationalise formal organisa-
Science can make in achieving these goals.

tional structures for Science within and
outside Government can be of value, in the
last analysis, only to the extent to which
adequate political resources can be com-
mitted in their support.

* See for example; P.N. Chowdhury and A. Rahman "Investment on Scientific Research and Develop-
ment-A. Sectoral Analysis", Lok Udyog, Vol. ]I No 3, May 1967, pp 67-74

(Contd. from page 42)
and less emphasis on the social
usefulness of the research activi-

This has led to aberration
even in those of our activities
ties.

where nation has spent a large
amount of money. Somehow, a
situation should be brought about
by which the personal recogni-
tion of a Scientist is very much
tied to the social usefulness. A
certain amount of urgency is

meaning to our research.

'There has been too much clamour
specially in our Universities to

purchase, with foreign exchange, a
lot of costly equipment which
sometimes remains unused or
is only partially used. Somehow
I feel that more recognition should
be given to those research work-
ers who have developed indi-
genous equipment of some comp-
lexity rather than the man who
has used a foreign imported equip-
ment and has published a cer-
tain number of papers.

(b)

this socialquired in givingre



Round Table of Scientists and Technologists.
A. N. GHosy*

To remove poverty and make the nation
affluent, science, technology and scientific
methods of development. are. undoubtedly
the best means available today.

The Scientific Policy Resolution enuncia-
ted by late Shri Jawaharlal Nehru and adop- ..

ted in 1958 is adequate and comprehensive.
However, in the light of the last 20 years'
experience, there appears to bea need for
giving much thought to the implementation
and change of emphasis in this Resolution.
Given below are some observations for
consideration :

1. Laboratories--A large number ofscien-
tific laboratories have been established, but
what has been often lacking is the proper
communication between these laboratories
and between them and the industry. It,

appears now to have been more or less
accepted that the CSIR laboratories should
concentrate on research work which is
industry-oriented, and more attention
should be given to enable the research re-
sults obtained in these laboratories, to be
made effective in the industry, and funda-
mental research should be left to be done by
the universities.

In order to make the research results
in.the national laboratories adaptable by
the industry, it is felt that from the very
beginning the likely user of the research
results. should -become associated both
financially and technically with every
research project and all along the line of
its development. This will have two
advantages :

and
aggravated by the flight of talent abroad.

(a) Research would be more industry-
oriented and not merely academic,
and

Industry would be in a position to
appreciate the new lines of deve-
lopment, and also help in making
the research more practical.

(b)

2. Top Scientists-Although the num-
ber of scientists has increased during the last
20 years, the number cf high calibre scien-
tists both in the industry and the univer-
sities cannot be considered to be adequate
for the needs of the country. The main
sources of the country's young scientists are
the universities and the technical educatio-
nal institutions. Teaching in these insti-
tutions has lately suffered because of the
difficulty of attracting highly talented
scientists and technicians to such. educatio-
nal jobs and continuously retaining them
in the services because better opportunities
become available to them in the industry

elsewhere. This lacuna is further

This flight is due to several causes :

(a) Not enough recognition for the
scientist's talents (Unfortunately in
India, a foreign scientist, even of a
low calibre, gets more appreciation
than an Indian scientist of really

*

high calibre).
(b) Lack. of proper amenities and en-

vironment including laboratory
facilities for work.

(c) General lack ofencouragement from
superiors.

* Director General, Indian Standards Institution, New Delhi.
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3. Training-Training of technologists
for the industry is also not adequate, parti-
cularly in the second and third levels. For
example, although just at the present mo-
ment we have a large number of unemp-
loyed engineers of degree and post-graduate
category, there is not enough of technical
hands to man the shop-floors in the form
of foremen, supervisors and operatives,
with the result that qualified engineers are
doing jobs much below their technical
ability. The possible solution to this prob-
lem would be to make available more op-
portunities for training of the polytechnic
type and also restricting the admission of
students to the degree course in engineer-
ing.

4. Motivation and Incentives--In order
to encourage creative talents and give full
facility to scientific development, it is ne-
cessary to give the young scientist proper
motivation and greater incentives than at
present. In this connection, Section 1 of
the report of the Planning Commission
Subcommittee on Motivation, Training and
Publicity (see Appendix A) is very relevant.

5. Academic Freedom-Much has been
said about academic freedom which fosters
individual initiative and discovery of new
knowledge. It has, however, been noted
with regret that even university laboratories
are not free from interference in the indi-
vidual initiative of juniors by senior colle-
agues or heads of departments. The at-
mosphere of academic freedom must be
made the rule. However, freedom should
not, in its turn, lead to complete break-
down of authority.

6. Publicity-In order to ensure that the
benefits of research and scientific knowledge
reach the people, there must be more con-
tact between the research organization and
the public at large. Although much work
is done in the research laboratories in the

scientific and agricultural sector, the pub-
lic at large is usually completely ignorant
about the work that-has been done, and this
ignorance is not conducive-to better appre-
ciation: and effective acceptance of the re-
search results in the country and, there-
fore, its utilization lags behind (see Section
3 of Appendix.A).

7. Technical Administrators-It is
unfortunate that scientists and technologists
are not very effectively associated with the
top administrative and policy-making bodies
of the country although some scientists have
been given top assignments. In general,
it is found that scientists and technologists
are under the administrative control of non-
technical administrators, This- results. in
technical plans for future development
being hampered as authorities, both ad-
Ministrative and : financial, are unable to
appreciate and understand fully. the techni-
cal implications and feasibility. of the pro-
posals which would lead to long term econo-
mic benefits.

8. Foreign Collaboration-Coming to
the question of self-reliance in the field
of technology, the point to be emphasized
is for import of only such technology as is

definitely not available in the country and
is beyond the capabilities of Indian tech-
nologists because of recent developments
abroad. Examples are not wanting where
package deals for collaboration have in-
cluded the importation of: technology al-
ready well-established, and perhaps more
developed in India than available at the
foreign collaborator's level. For instance,
many package deals contain civil engineer-
ing constructions of buildings, roads, facto-
ries, etc,, including architectural designs
imported into the country. Naturally,
these civil engineering designs are based on
experience of the country of the collaborator
and have in many instances led to civil
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engineering designs not suited to this
country. Further, such designs may re-
quire importation of basic materials like
steel sections and other engineering compo-
nents from abroad because of .their not
being according to the standards develop-
ed for such products in the country, namely
the Indian standards. It is, therefore,
imperative to screen the collaboration
arrangements and insist on importation of
only that technology and design which are
definitely not available in the country,
and cannot be substituted by indigenous
technology and design.

There are many cases where collaboration
agreements have been signed without due
consideration being given to the basic ma-
terials for which standards are available
in India and production of which is well
established in the country, Further, colla-
boration projects in which there is to be any
sizeable requirements of imported raw
materials or components should generally
not be approved.

Collaboration agreements usually con-
tain clauses for Indian counterparts to be
trained abroad in the country and organi-
zation of the collaborating authority. For
such overseas trips, trainees should be sent
to acquire only those technologies which
are not available in this country. Simi-
larly, experts from the collaborating country
should be those who deal with subjects
forwhich the Indian counterpart is not avail-

able. It is common knowledge that many
experts have come to India to give advice
on subjects on which Indians aremuch more
knowledgeable and experienced. 'This
action is not only wasteful in money, but
also leads to frustration on the part of the
Indian counterpart who in all respects re-
mains more qualified than the expert.
Just as it is important for India to send only
properly qualified trainees abroad, the
experts from abroad should also have the
proper qualifications, and therefore it is
necessary that the Indian counterparts
should be satisfied that expert advice from
abroad is necessary and the proposed fo-
reign expert is the right man, When-
ever a package deal is made, there should
be an understanding that for every foreign
expert who is engaged, there should be an
Indian under-study to take over from him
as soon as possible. This will naturally
lead to the services of the foreign expert
being required only for a limited period.

9. Conclusion-The organization and
the policy regarding science and technology
has been the subject matter of investiga-
tion of the Expert Group on Engineering
Sciences of the Administrative Reforms
Commission. This Committee is looking
into the matter and its report will be made
available very soon. It is hoped this re-
port will receive careful consideration as
it contains certain important recommen-
dations regarding the reorganization of
various scientific laboratories.
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APPENDIX A

REPORT OF THE PLANNING COMMISSION SUBCOMMITTEE ON MOTIVATION,
TRAINING AND PUBLICITY

INTRODUCTION

0.1 The Subcommittee on Motivation,
Training and Publicity was appointed at
a meeting called by the Planning Commis-
sion on "'Guide-lines for economy in Cons-
truction Cost'? held on 6 December, 1965

New Delhi. Thein Vigyan Bhavan,
Subcommittee consisted of the following :

Dr. Lal C. Verman, Director General,
Indian Standards Institution (Convener);
Shri M.V. Desai, Adviser, Ministry of
Information and Broadcasting,
Shri @.B. Patel, Director, National Buil-
dings Organization,
Shri S.G. Pendse, Director of Training,

committee feels that these recommenda-
Directorate General of Labour and
Employment,
Shri G.K. Vij, Chief Engineer, Central
Water & Power Commission.

0.2 The terms of reference of the Sub-
committee were as follows :

The Committee may suggest :

(1) motivation or incentives to be given
to engineers and artisans as a mea-
sure of economy;

(ii) training of artisans to save waste
and improve quality of work;

(iii) publicity of good engineering works
where economy is achieved.

It was further emphasized while consti-
tuting the Subcommittee that the report
on the scope should be action-oriented.

0.3. The committee held three meetings
between the end of January and the middle
of March during which all matters coming -

under the terms of reference were dis-
cussed, keeping in view the objective of
achieving optimum utilisation of the vast
outlay envisaged in construction projects
in the fourth Five Year Plan. In these
discussions, the committee was also assis-
ted by the participation ofMaj Gen Harki-
rat Singh, Adviser (Construction) and Shri
A.N, Malhotra, Director (Construction),
Planning Gommission,

0.4 In this Report only the recommen-
dations of the committee are given briefly
without the full background of discussions
held, the object being to pin-point avenues
of action which is urgently called for. The.

tions should be earnestly and speedily imple-
mented ifmaximum benefit is to be derived.

1. Motivation and Incentives
1.0 The committee recognized that the
questions ofmotivation and incentives were
largely concerned with the psychological
and human factors which have to be taken
into account to get the best out of the tech-
nical personnel engaged in construction
projects-large or small. Incentives pre-
sent an appropriate device through which
motivation may be. provided, but they
cannnot by themselves meet the present-
day challenge where many complex human
problems are involved, such as those con-
cerned with the creation of proper climate
for everyone concerned to put out his best
effort, which means, among other things,
that:

(i) everyone feels an important mem-
ber of a group engaged in useful
national activity;
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(ii) people under whom he is working
are, to his mind, capable and effi-
cient leaders, towards whom he
would naturally feel a sense of
respect;

(iii) his work is being appreciated and
in exceptional cases even being ma-
terially rewarded; and

(iv) any delay or failure to win : recog-
nition is most. likely an indication
that he should strive harder-and
not to feel frustrated.

These and many other human factors
enter into creating the right climate. The
committee's. recommendations
could only be limited to such concrete
steps as would. require administrative
action, but in order to produce the right
climate many other things will have ta be
done,. including very careful selection. or
even training of professional leaders: to
ensure that he possesses the skill required
to deal with human material.

1.1 The committee noted that in the
present system of working of the public
services, the supremacy of the adminis-
trative secretariats over the technical per-
sonnel worked as a disincentive for taking
initiative by the latter. It recommends
therefore that the present system of public
administration should be appropriately
modified so that the control of all technical
departments from the lowest levels right up
to the top level should be entirely in techni-
cal hands both in the States as well as at the
Centre.
Gandhi in a recent speech has endorsed a
similar course of action).
1.2 It is further recommended that. the
pay scales of the engineering services and
other perquisites of office should in no case
be inferior to those of the corresponding ad-
ministrative services.

therefore . butions made by members of their staff

(Prime Minister, Shrimati Indira.

1.3 If an engineer during his employ-
ment makes an extra effort. to acquire addi-
tional qualifications or makes an outstand-
ing contribution to achieve economy in
construction, he should be appropri. tely
rewarded by the department or the pro-
ject with which he is concerned. Further-
-more, whenever an engineer or group of
engineers show greater aptitudes or higher
efficiency they shculd be suitably rewarded
by thedepartment or the project concerned.
1.3.1 The committee recommends that the
heads of various departments in charge of
executing projects should be recognized as
competent authority to recognise the contri-

3

towards achieving economy and efficiency
and to award incentives to deserving in-
dividuals and teams of co-workers in their
departments. The awards may take the
form of advance increments, out of turn
promotions, accelerated promotions, cash
awards, certificates of merit, etc.

1.4 In addition, the committee feels
that there should be incentives constituted
at the national Jevel and recommends as
follows :

(i) National awards numbering not
less than ten should be instituted
by the Planning Commissivn to
reward individuals or groups for
outstanding achievements in cons-
truction economy.

(ii) The awards should take the form
of lump sum payments, ranging
from Rs. 10,000.00 to Rs. 50,000.00
for each significant achievement.

(iii) The Planning Commission should
invite proposals every year for the
awards from all over India.

(iv) A board ofjudges appointed by the
Planning Commission should select
the recipients of the awards,
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(v) Awards should be given only in
deserving cases and not:as a matter
of course.

1.5 The committee felt it necessary to
draw the attention of the appropriate au-
thorities to the undesirability of the ex-
treme degree of vigilance exercised in
recent years by the Special Police Estab-
lishment, the Department of Technical
Examiner, the Vigilance Departments and
other similar agencies. While such vigi-
lance may have succeeded in putting down
corruption to some extent, it was at the
same time acting as a serious disincentive
to sincere workers, resulting inthe loss of
initiative even at senior levels. The
committee therefore recommends. that the
following steps be taken which would be an
effective alternative to present methods for
putting down corruption and encouraging
increase of efficiency :

(a) Place the whole responsibility for
the proper and efficient working
of the departments and projects on
their respective heads, giving them
full powers of staff under them;

(b) Leave it to the heads themselves to
deal as a rule with all cases of cor-
ruption or other malpractices within

the department. Outside agencies
concerned with vigilance should
remain at the disposal of the heads
for conducting independent investi-
gations if the head of the concerned
department or project were to ask
-for such help.
In -relation to the departmental
head himself, the outside agencies
should have the responsibility to
maintain close vigilance.

(d) The quality control mechanism
within the construction depart-
ments should be strengthened by
establishing quality control units
responsible directly to the head
himself.

2. Training
2.0 Until the recent past, most skills in
India had been passed down from father to
son, as indeed was the case in most other
parts of the world until a few additional
decades ago. With the development of
increased demand for skilled workers, and
evolution of new technologies requiring
newer and more sophiscated skills, coupled
with the urge to boost productivity, systema-
tic training ofworkers has acquired a degree

No. of seats Seats Percentage
Trade sanctioned introduced introduced

1 Building Constructor* 224 176 88
2 Carpenter 7 290 6 288 86
3. Blacksmith 5 468 4 688 86
4 Plumber 1 248 1 040 83
5. Sheet Metal Worker 4 288 3 632 85
6. Welder (Gas & Electric) 8 188 7 640 93
7. Wireman 8 528 7 656 90:
8. Electrician 13 032 12 048 92

ee

48 266 43 168 89
* Includes the trades of bricklayer, stonelayer, concreter, plasterer and floor layer,
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of importance in modern economies, which
India has had to reccgnize in early stages of .

planning. With the increased pace of deve-
lopment, training of skilled workers in India
will have to be given added attention
commensurate with our future needs.
2.0.1

engineering trades under the Directorate
General of Employment of the Ministry of
Labour and Employment, training is impar-
ted at present in 8 trades pertaining to the
construction industry and the capacities
created in these trades up to the end of
Third 5-Year Plan, were as given in Table
at the bottom of page 55.

The period of training at present is 18
months for all trades but it is proposed to
change this in the Fourth 5-Year Plan, when
the period will be reduced to 12 months for
some trades and increased to 24 months
for others. Since economy in building
construction is new to be given high priority
the committee recommends that the lines
in which training may be directly given
should be as indicated in the following
paragraphs.
2.1
essential construction trades:

In this context the committee noted
that out of the 30 engineering and 22 non-

The following may be considered as

Bricklayer Riveter
Concreter Plumber
Stonemason Painter
Plasterer Decorator
Floor-layer *Welder
Blacksmith *Carpenter
(reinforced concrete) (building and furni-

ture)
Steel fabricator *Wireman
Fitter (structural) *Draftsman
*Trainees from these trades are liable tomi-
grate to industries other than construction.
22 The Department of Labour and
Employment should continually keep un-
der review the requirements of the building

'construction trades in the country which
in the past had not been given the impor-
tance they deserved. Jn the light of the
present needs of the country, the existing
facilities in respect of these trades should
be considerably expanded.
2.2.1 In this connection, particular atten-
tion of the committee was drawn to the
possibility of welding becoming more com-
monly used in construction as a result of
implementation of Indian Standards on
steel economy which is being pushed at a
forced pace by the Ministry of Steel. The
demand for qualified welders would conse-
quently increase considerably. The existing
capacity for training weldersin India as seen
from table mentioned in 2.0.1 is of the order
ofabout 7,600 a year against a sanctioned
capacity for 8,200. On this basis, however,
of the planned production of steel plates,
sheets, strips, structural steel, etc. it has
been estimated that the requirement of
additional welders during the fourth plan
period would be of the order of about
80,000 which should call for an addition of
16,000 welders per year. It would be
necessary, therefore, that the present plans
for training welders would have to be consi-
derably expanded to a level well above
16, 000 per year so as to always have an
adequate number available to active
employment.
2.2.2 For other trades, similar estimates
may have to be made and adjusted from
time to time. A measure of flexibility, there-
fore, would be highly advisable in creating
and expanding facilities for training.
2.3 Anamount of specialization in train-
ing to a degree greater than now exists was
called for. It should be examined as to
what extent this could be done, especially
in trades where already a good deal of
specialization existed in field practice but
not so much in training, for example, black-
smiths (reinforced concrete), plasterers,
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floor-layers, etc. Such specialization would
be conducive to improving the quality and
reducing the period of training.
2.4 Insome of these trades such as' brick-
layer, mason, plumber, étc: the training
period could also be considerably reduced.
In order, however, to achieve this, it would
be necessary t» introduce manual dexterity
test, among others for selecting trainees
for admission.

2.5 In addition to the training centres
organized by the Ministry of Labour, train-
ing of tradesmen should be simultaneously
attempted as a necessary part of all large
projects where expenditure on training could
be absorbed in the project outlay itself.
Some experience on these lines was avail-
able in Bhakra Nangal and Farakka pro-
jects, which could be used as a model to
other projects.
2.6 It was particularly desirable that
permanent public works departments at
the Centre and in the States should also give
serious attention to training on these lines.
This may require some additional expen-
diture, but it would more than pay forr itself
by yielding higher quality, efliciency. and
economy.
2.7. In all official agencies, it must be a
recognized practice that if a worker in parti-
cular skills, such as carpentry, masonry
etc. has a certificate from a training insti-
tute, he. should be given a premium in
wages.. In the case of wiremen and plum-
bers, however, it is considered essential to

actuallyban ali workers not having a certi-
ficate of any kind. To achieve this, the
existing inspection procedure in these trades
should. be tightened.
2.7.1 . Thosé workers who were already
skilted should be provided facilities for
obtaining a trade certificate without having
to undergo. a formal course of training, and
without undue formalities..

2.7.2 The responsibility for recognition
of the competence vf an Institution to issué
such certificates should be vested in a centrah
body, such as the Labour Ministry.

3. PUBLICITY.
3.0 With regard to publicity the com-,
mittee emphasized that wide publicity was
essential for the purpose of promoting the
achievement of significant economies. . It
was necesssry to bring to the attention. of
engineers at large the important technical
information and data having.a bearing on
construction economy, of which a large
volume was already available in the count-
try as a result of the past researches and
actual construction experience. .The pub-
licity given to such information is. intended
to create awareness among engineers and
others engaged in construction projects
about the need and possibilities for economy
and also to enable them to profit from the
knowledge of other's experience. The
Committee felt that the value of publicity
in creatirig such consciousness was not at
present being adequately appreciated in
authoritative quarters and this attitude will
have to undergo a significant change if
substantial resultsare tobe achieved. In
order to meet the present situation, 'the
following recommendations are made:

3.1 The National Buildings Organiza-
tion, the Indian Standards Institution, the
Central Water and Power Commission, the
Central Board of Irrigation and Power,
the Indian Roads Congress and other simi-+
lar organizations should extend -their facili-
ties to serve as clearing houses for techni-
cal information, in their respective fields,
They should not orily 'be responsible for
collecting and making available such in-
formation to engineers on demand; but
should themselves publicise it through all
the channels open to theni, such as their own
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publications, the 'fYojana"' ef the Planning
Commission, etc.
3.2 All large engineering projects should
themselves publish detailed reports on all
matters connected with the achievement of
efficiency and economy obtained during
their construction operations, which could
be useful to engineers engaged elsewhere in
similar activity. In this connection it was
emphasized that the responsibility for
writing of such reports should not be left
diffused but should be squarely placed on
the chief executive of the project and these
reports should nat be treated as of less im-
portance than the project itself. (In this
connection, attention of the committee
was drawn to numerous pamphlets which
had been issued by the Bhakra authorities
on occasions of visiting dignitaries, but
none of them catered to the need of engi-neers interested in the lessons learnt from
the construction of the dam.) Specific
provision should be made for adequatestaff right from the beginning of a project
to help the chief executive in this task.
3.3 The committee recognised that the
reading habit among Indian engineers had
to be vigorously stimulated. Besides, there
was a need to bring out periodicals con-
taining original Indian contributions te
engineering presented in an impressive
and readable manner. Since the country
was launching on large-scale construction
programmes, the committee feels that
there is room for starting in India, with the
blessings of the Planning Commission, an
independent journal on engineering cons-
truction economy, which should be pro-
duced attractively and made available to
engineers at all levels at a reasonable price.It should cover all the sectors of building
construction, such as roads, railways, water-
ways, multipurpose projects, public works,
private construction of houses, ware-houses,
factories and so on. The aims of the jour-
nal would be:

(i) to promote reading habit among
Indian engineers.

(ii) to publish articles about better
training, better methodology, bet-

ter quality control, greater economy,
higher productivity, standardiza-
tion etc.

(iii) to bring to the knowledge of the
engineering profession the remark-
able achievements in construction
projects currently made in India
which often Jay buried in the
archives of many projects. (As an
example may be mentioned the
outstanding feat achieved by In-
dian engineers in plugging the leak
in the Bhakra Nangal dam a few
years ago, the details of which are
still not known to the engineering
profession either in India or else-
where in the world).

(iv) to publish case histories of construc-
tion economy achieved in ather
countries.

(v) if possible, also to have an abstract
ing service limited to selected items
relating to construction economy.

3.3.1 The committee suggests that the
management of the journal should be in
the hands of a person with initiative and
drive and that it might have to be subsidiz-
ed in early stages. It is recognized that
the jorurnal could be successful only if a
person of the right calibre could be found
and induced to take charge of it, but the
committee feels that the attempt would be
worthwhile.
3.4. The committee recommends that
governmental agencies concerned with
publicity, such as the Press Information
Bureau, the All India Radio and others
should themselves undertake, as a part of
their programmes, to highlight construction
economies achieved in various projects and
works, and wherever necessary give promi-
nence to the names of the individuals res-
ponsible for bringing about such economies.
For this purpose, these agencies should
name an officer from among their own staff
who would be charged with the responsi-
bility to give special attention to publicizi-
ing achievements in construction economy.A senior officer in the Planning Commis-
sion may also be named to act as the co-
ordinator between these departments and
the construction projects and to give advice
about the publicity material.



Proper Utilisation of Existing Skilled Personnel
R. R. DANIEL*

The requirement of an adequate number
of skilled personnel in all important areas
of national activity is vital for the rapid
and balanced development of any new
Nation. It is also obvious that, in order
to make them effective, we need necessary
Resources, enlightened Management and
an efficient Training system. In a country
like ours with limited resources and limited
number of skilled personnel, it becomes
of paramount importance to maximise
the services of such available personnel.
While there are many other associated
problems of equal importance such as
talent search, training systems, prevention
of brain drain, etc. we would restrict our
enquiry here to the skilled personnel
existing in the country at present times,
some reasons for the inadequate and in-
efficient utilisation of their services and
some suggestions as to how best to improve
them. We first enumerate below some of
the important reasons, which according
to us, lead to inadequate and inefficient
utilisation ofskilled personnel in the country,

1, Not selecting the best available man
for the job.

2. Red Tape involved, and the con-
sequent slowing down of all work,

3. Systems which involve loading of
Skilled Personnel with too much of
administrative work.

4, Lack of administrators who under-
stand the language of the specialist.

5. Unnecessary duplication of work,
6. Ill-defined final objectives of schemes,

7.

8.

Lack of appreéiation of good work
accomplished,
Lack of sufficient encouragement, and
often the existence of director indirect
discouragement of Skilled Personnel,
for taking part in consultancy.

9. Absence of some sort of contract system
resulting in the specialist spending too
much valuable time in developing or
perfecting conventional and routine
accessories or methods.

10 Inadequate contact between R&D and
Production units.

Il Insufficient opportunities for specia-
lists to meet and exchange information
and ideas. Our Conferences and
meetings often end up asa platform
for ''Veterans'' to sermonise to the
younger generation instead being a
forum for the active specialist,

12. Skilled worker not associated with
teaching at some appropriate level.
(We include under teaching, writing
of books and articles as well), Teach-
ing is one of the most intellectually
satisfying jobs and helps in keeping
the feed back to education vigorous.

13. The specialist concerned is sometimes
unaware or not fully aware of areas
where he can usefully contribute by
way of consultation or part time
participation.

14. Inadequate facilities and opportunities
provided at an individual level
to bring the best out of the person
concerned,

* Tata Institute of Fundamental Research, Colaba, Bombay.
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15. Sometimes the limited available re-
sources areevenly distributed among
too many projects in an Institution
or among a group of institutions
without any consideration of relative
priorities between them; this leads
to all round inefficiency. (Often this is
done as a "'simple solution'' of the
problem by the top men).

It is revealing that all the above reasons
are linked directly or indirectly to short-
comings in Management, scientific and/
or administrative. The solution therefore
seems obvious and almost simple, namely
one of setting up the right kind. of Manage-
ment. Here we are of the opinion that the
following two aspects are of dominating
importance: (i) Evolving a new cadre
of scientist-managers whose duty ulti-
mately will be administration. (ii) To
evolve a suitable machinery through which
'the Government can get access'to the right
kind of advice from scientists and technolo-
gists whenever necessary regarding national
problems.

We do, not wish to elaborate on all the
aspects enumerated above because many
of them have been dealt with at different
places by experts. However, we would
like to emphasize the importance of Consul-
.tancy (items 8 and 13) and Contract System
(item 9) which at present are not suffi-
-ciently practised; in fact their importance
and usefulness have often been not even
fully realised.

Two obstacles.which
«
come in the way

of practising Consultancy effectively are:

(i) the lack of a sufficiently extensive system
by which the right kind of expert can be
brought in for a job and (ii) administrative
and other hurdles which the expert has to
tackle before taking up the assignment.
Here we trust. that the setting up of some
kind of Regional Consultancy Centres
on lines similar to Employment Exchanges
might be beneficial in providing expert
advice for many problems facing Industry
and production, big and small. (This kind
of a centre can also be set up as a Private
enterprise). One may also think of a third
reason which stands in the way of pro-
moting Consultancy namely the lack of
proper awareness on the part of the
producer on the benefits of Consultancy.
This again is partly due to the fact that
Industry has not made much effort to under-
stand where science comes in, and the
scientist has not taken enough trouble to
make the industrialist aware of his own role.

5

.An effective functioning of an organisation
like the Science Congress on a regional
basis, meeting many times in a year,
_might provide a suitable forum to achieve
this.

The Contract System can-be. practised
-with great advantageparticularly incertain
areas of Development. Quite often, it is
of rather routine nature 3 requiring a
'certain amount of ingenuity on the part of
the worker. If such jobs are given on a
contract basis to a smaller. unit. (usually a
private enterprise), it would free the spe-
cialist to tackle more important problems.
At the same time such a system will breed
skill and competence in a chain reaction.



Science Round Table-Some Observations'
VIKRAM SARABHAI**

1. Two Cultures

Decentralisation, delegation, report-
ing and control, cvaluation and motiva-
tion are aspects of the management system
closely related to the objective of an orga-
nisation. They also bear the imprint of
assumptions which are made concerning
the task. At one end of the spectrum are
certain administrative services, acting on
past precedents and traditions providing
security and continuity, impersonalised to
the extent that if one person is substitu-
ted by another, every one knows how the
successor will behave and operate under
a given set of circumstances. . At the
other end, there are organisations based
on research and development, involving
individuals who act on insights and hun-
ches, non-conformists questioning assump+
tions, innovating-and learning: The two
extremes require organisations and work+
ing cultures which are rather different.
Yet-many tasks encountered in-the con-
temporary world call for organisations,
wherein creative thinking and innova-
tion are essential ingredients of survival
as well as growth. The diversity of tasks
that require to be performed within the
governmental framework require indivi-
duals who are not only sensitive to the
needs of the.two cultures but can provide
a dynamic relationship to the conflicting
systems. In this context, the study of
atomic energy in India isof relevance, for
* Largely based on paper : "Organisation for Developmental Tasks :

a culture appropriate to research and
developmental tasks was established with-
in the framework of government.

2. Institutions for Innovation
Institutions for innovations require orga-

nisations built around men. No orga-
nisation chart should stand in the way of
recognising and rewarding talent.

3. Control of Peers
In professiona 1 groups, scientists, engi-

neers and others, it is important to recog~
nise that motivation and control is largely
inherent and contained in professional
commitments. In organisations using
large professional groups, the role of ad-
ministration has largely become one of
service arid not of control. This requires
a basic change in attitudes rather thana
change in procedures and practices. Con-
trol is exercised through discussion and
judgement of peers. Money, hierarchical
status and power are important needs for
most, but to scientists and professional
groups the need for autonomy of working
conditions and self-development are

also
important factors.

4, Formal and Real Organisation
The early beginnings of any. institution

are crucial, and the 'culture' (or lack. of
it) brought by the first entrants play a

significant role in establishing norms,

Atomic Energy Commission of
India" by Kamla Chowdhry and Vikram Sarabhai and on Convocation Address to the Indian Institute
of Management, Ahmedabad April 1967, delivered by Vikram Sarabhai.

** Chairman, Atomic Energy Commission
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procedures and practices in the organi-
sation. The numbers should be large
enough to achieve a critical size to permit
positive interactions. An inappropriate
social culture can also be transferred by
appointing persons from a different work-
ing 'culture'. In this connection, the
appointment in a key position or in large
numbers at lower positions, of competent
Government officials whose experience is

primarily derived from routine adminis-
tration, in research organisations or in
industrial enterprises, is very questionable.

5. Administrative Practices
The existing government procedures of

selection, promotion, evaluation, budge-
tary controls, buying of supplies and equip-
ment are highly inappopriate to the effec-
tive functioning of scientific laboratories
and industries involving complex techno-
logies.

6. Professional Role of Chief Execu-
tive
In research laboratories, and in other

develomental tasks it seems important
that the Chief Executive, besides policy-
making and administration, maintain a
direct contact with his professional role.
The creation of administrative practices
appropriate to a given technology or set
of tasks comes with familiarity and know-
ledge-of-acquaintance -of the technology
or tasks concerned.

7. Strategic Decision Making Body
The body to which the Chief Executive

refers for policy and strategic decisions

VIJNAN KARMEE

must be compact in size and consist ofmem-
bers chosen for their expertise and roles,
rather than from a representational angle.

8. Basic, Applied and Developmental
Research Related to Industrial Acti-
vity
There is a need for a constant inter-

play between the basic sciences, technology
and industrial practice if economic pro-
gress is to result from the activity under-
taken. The wearing of several hats
by the same person, and the mobility of
personnel from one type of activity to
another have undoubtedly provided the
impetus for growth in the projects of the
Department of Atomic Energy. We may
contrast this with the practice prevalent
in higher educational institutions for basic
sciences and technology and national labo-
ratories where the work of applying the
results of research to practical ends had
to be done through other units, not orga-
nically related to the laboratories or the
men that work in them.

9. Organisation and Men : and
Inter-Relatedness of Factors for
Development
The various factors indicated earlier

are interrelated and mutually dependent.
A change in one influences the total
scheme of things, for in organisational
structures and culture, the whole is more
than the sum of its parts. Structures,
procedures .and techniques are important
but these must be sustained by a cluster
of attitudes conveying care, trust and
nurturance on the part of. responsible
persons.
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Seience Pelicy goals and priori-
ties
Science is the pursuit and accumu-
lation of knowledge, and technology
is the application and utilisation of
such knowledge.

12 Technology and science are not
two separate and autonomous enti-
ties. But these are a closely coup-
led and integrated system.
The purpose of science and techno-
logy is to create material wealth
and to meet the material needs of
the nation. Nation is not soil.
Nation is people.
Science and technology should be
wedded to social technology. Science
and technology are not for the
people but with and by the people.
Science and technology appear to
be among the best tools to bridge
the gap and growing disparity
between advanced and developing
countries. The revolution of rising 1.

expectations can only be met by a
scientific and technological revolu-
tion.

For Science to grow, a scientific
temper and rational approach in
the community are essential. It
is the attitude of mind - resilient
change, and resistant to dogma,
prejudice, pride and jealousy. Scien-
tists today are not that scientific
after all.

1.7

1,9

* Director, Central Leather Research Institute, Madras.

Science for

about it,
action.

Science sake is now
out of date. Also the spiritual con-
tent is irrelevant. Science is not
only to. know but to do something

Science is a strategy of

1.

1.1

Research in basic science develops
the highest type of creative minds
and experimental needs. Today's
basic research is tomorrow's applied
research. Therefore, basic and
applied research should go hand
in hand.

1.3

As it is difficult to finance a lot of
basic research and as there is more
need for applied research there
should be some selectivity. This.
necessitates a selective approach in
the choice of fields and men. This
basic research may be (a) oriented
to National needs, (b) the selec-
tion of creative people and the deve-
lopment of schools around them.

1.4

1.5

10 Prohlems of perception
Even in the applied field, selecti-
vity is important in the . choice of
research, It is necessary to identify
clearly (a) fields of science that are
likely to offer greater opportunities
for the country's advancement
(b) fields of industrial products
where science catalyses (c) choose

products that will yield quick re-
turns, and (d) integrate the nation's

1.6

needs with research needs,
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Research Yields and Research
Evaluations
To plan programmes' and fix priori-
ties, one should have the necessary
tools and techniques to evaluate .

research outputs, yields and their
utilisation.

The Type of the Industrial Re-
search Institutes and evaluation
of the performance
A working paper prepared by Law-
rence W. Bass, for the U.N. In-
dustrial Development Organisation
ID/WG.2/R.6. and ID/WG. 2R/7,
as presented by the author at the
workshop of Managers of Industrial
Research [Institute in Developing
countries, Athens, Greece, 4-18 July
'67, would give an indication of the
lines of approach. With suitable
modification they may be readily
applied to our research laboratories.

Indigenous versus foreign col-
iaboration

Many a developing country faces
the problem at one time or the
other in regard to the import of
knowhow and foreign collaboration.
This provokes different reactions
from industry, research institutions
and the government. Industry is
not sure of the time when indige-
nous knowhow will be made avail-
able whereas it could get it from
external sources on reasonable terms
saving time, uncertainty and also
having the benefit of tried-out pro-
cesses, turn-key jobs and inter-
nationally known brand names for
ready sales. But the indiscriminate
import of technology will go con-
trary to the development and growth
of the country's progress: Imported

technology is more suited to condi-
tions in the countries from which
it is imported and is not necessarily
adopted to the local resources, genius
and skills of the people. Some-
times, outdated and outmoded pro-
cesses and equipment are imported
and at other times, indigenous
industry may have to be continuously
dependent upon the imported know-
how. Tying up of -local industry
to foreign practices militates against
contact with indigenous research.

2.

3.

No country can afford to be self-
reliant in respect of technical know-
how and there should be inter-
national trading in it. Import of
technology should be permitted
only on a rational basis reckoning
the present and the future require-
ments of the industry. A techno-
economic evaluation of different
knowhow proposals has to be carried
out. Where technology is readily
available or likely to be available
in reasonable time or where a foreign
collaboration already exists in that
given field, the import of further
knowhow should not be permitted.
Once foreign collaboration is per-
mitted, the capacity required should
be built up in the country on the
basis of multiple units based on this
knowhow and making this know-
ledge available for a number of
other purposes. This would create
competition between the different
groups and productivity will in-

4.

crease, apart from the large saving
in the import of components, main-
'tenance parts etc. Steps alsc may
be taken-simultaneously for dupli-
cation of the knowhow and design
of the imported equipment. Further
development. and. improvement . on
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the imported knowhow must be
ensured by continuous research by
industry within the country. The
obtaining of imported knowhow may
also be channelised through an
agency instead of leaving it to
each entrepreneur. Instead of each
one seeking a separate technical
collaboration with foreign firms, a
common approach must be made
which would save a considerable
amount of foreign exchange, lead
to standardised plant and equip-
ment in the country and also to
healthy competition as each unit
would be working under similar
conditions. It is also time Indians
should begin to trust Indians and
rely on their own capacities rather
than continually depend upon others.

Application and utilisation of
research

My ideas on the application and
utilisation of research are contained
inmy paper published inMINERVA. ..

Scientific Planning and Organi- 7.
sation

There should be a National Science
Council composed of members
drawn from different schools of
scientific thought in industrial deve-
lopment, The members of this
council, may be at least half, should
be elected from among working
scientists. The present method of
nominations and musical chairs

- should be avoided. It is also neces+
sary that all branches of science,
must come under this umbrella in-
cluding atomic energy, agricultural
research and even a good amount
of defence science.

The business. of this National Coun-
cil shall be the formulation of
policy regarding science and techno-
logy for the nation; identification
of problems; national priorities,
the allocation of funds, the conver-
sion of national needs into techno-
logical projects, to match men with
the jobs, with objectives related to
the experience and the expertise
available.

This Council may even set up ex-
pert panels to define areas and ob-
jects, translate these into technolo-
gical projects, assess the resources
and skills needed to complete these
projects, set out priorities in the

_ light of the resources available, and
decide the type of knowhow, machi-
nery etc., that require to be impor-
ted,5,.
These panels need not be full time
and they should not sit in Delhi,
Pick and choose the brains for a
particular purpose till the job is
complete.

Scientific Advisory Committee
to the Cabinet

6.

The only way open is to have a
Scientific Advisory Committee com-
posed of only a few members. A
good proportion of this Committee
should be from working scientists.
The Scientific Advisory Committee
shall be responsible for the trans-
lation of the policy decisions set up
by the Science Council into ad-
ministrative decisions and imple-
mentation of the projects drawn up
based on national needs, This
committee should be vested with
the necessary authority to deal with
every ministry and to ensure that
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the decisions and the projects are
implemented.
'National Science Council is responsi-
ble for policies etc. and responsible
to Scientific Advisory Committee. .

Scientific Advisory Committee is re-
ponsible . for decisions, implemen-
tation, etc. and responsible to
cabinet.

Administration and Implement-
ation of Science policies
In regard to the implementation, we
may have to consider radical changes
once the problem is well identi-
fied, the priorities set and the re-
search and development task forces
established, these should be en-
trusted to a leader who should be
made responsible for the progress
of the project. The project should
cut across Ministries, laboratories

or industries. The essential thing
is proper identification and defini-
tion of a project and locating a man
who can deliver the goods. Then,
the responsibility and authority
should be defined and delegated
to the leader and to his colleagues
-at all levels. Once national priori-
ties are fixed, the job should be
broken into various components,
the inputs should be analysed and
provided, the leader named and
given full responsibility and authority.
Initiative and experimentation is
the basis of efficiency. Our whole
organisational and administrative

8.

set up is based on mistrust. Distrust
kills initiative and therefore there
is no climate for experimentation,
initiative or efficiency. The pro-
ject leader must be judged by the
total performance of the project.
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SCIENTIFIC ADVISORY COMMITTEE TO THE CABINET (SACC)

The Committee was established in 1956. .

Its terms of reference are:

(t) To advise the Cabinet

(a) in the formulation and imple-
mentation of the Government's
science policy ;

(6) on the coordination of scientific
work between the various
ministries and semi-govern-
ment and non-governmental
scientific institutions in the
country including the scientific
and technical departments of
the universities ;

scientific and technical
cooperation with other countries
and with international scientific
and technical organisations, and

(¢) on

(d) on such matters as may be
referred to it.

(iz) To place before the Cabinet such
proposals and advice that may im-
prove and develop scientific and
technical work in the country.

The Committee consists of 15 members
-scientists and technologists. Since the
death of Dr. Homi Bhabha, the Cabinet
Secretary has been Chairman of SACC.
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EXCERPTS FROM FOUNDER MEMORIAL LECTURE OF THE SHRI RAM
INSTITUTE FOR INDUSTRIAL RESEARCH, 1967

by D. S. KOTHARI

Science Policy
Interaction between science and society,

between science and Government is a very
complex thing. Many aspects of this

interaction are difficult to define with any

precision, Even in the advanced countries
the mechanism, for formulation of science

policy and goals is still in a most rudimen-

tary stage. Partly the difficulty is in-
herent in the situation, because of the

inherent unpredictability of fundamental
discoveries in science which in a few years

may have an altogether new and far-reach-

ing impact on the life and progress of

society. Also, and essentially, the difficul-

ty arises from the simple fact that science

policy almost invariably goes far beyond
political
Science

science. It involves
and social issues and decisions.

policy has two components, somewhat rela-
ted but distinct. It is concerned with

policy about pursuit and development of

science, but it is even more concerned with
utilization of science to meet national needs
and goals, The national goals which in-

volve science range over a wide spectrum:

agriculture and industry, improvement and

control of environment, medical care,
science education, computers and auto-

mation, population control, and so on.

Whatever the resources, big or small, there

is always the problem of deciding what

not to do in order that something can be

done with reasonable speed and chances
If resources are distributed

complex

of success.
over everythingworthwhilewhich one wishes

to do, then the effort will get so diffused

that nothing really would be done. This

% *

problem of concentration of effort is a basic
issue for every country, and if anything,
it is crucial for a developing country like
ours. Even advanced countries (such as

the U.K.) are now finding that several
areas of big science such as high energy
physics and space research are now getting
almost beyond their resources.

It is most important that there should be
some mechanism whereby Government, at
the highest level, can get as ccmpetent
objective and unbiased an advice as possi-
ble on matters relating to science policy.
An important aspect of science policy
which needs serious examination is about
the respective roles and missions of the
various agencies in the country concerned
with the promotion and use of science,
such as the C.S.I.R. and other Research
Councils, the U.G.C., the A.E.G., the
Defence Research Organisation and other
Government departments concerned with
science.

At present, quite a few of the agencies
have moved into fields and assumed res-

ponsibilities which go beyond their respcc-
tive purposes and main functions. In all
countries, and especially in a developing
one, there is a marked tendency and danger
for this to happen. Some of the organisa~-
tions, with passage of time and the opera-
tion of the Parkinsonian law of prolifera
tion, become too big and amorphous to

make efficient contribution to science and

development of the country. A situation
can even arise when the organisations forget
their proper role and responsibilities. Where
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aims, targets and responsibilities are ill-
defined, an unbiased assessment of work
and evaluation of achievements of the
various agencies becomes near impossible.
In such a situation the relative allocation
of the slender available resources between
the competing agencies depends more on
the pulls and prestige of the leaders of those
agencies on the current international fashion
in science than on the worth-whileness of
the agencies' programmes and their con-
tribution to meet national needs. In the
context of what has been said above it
is relevant to recall that recently in the
U.K., the D.S.I.R. (which corresponds to
our C.S.I.R.) has been abolished. The
functions of the D.S.LR. relating to funda-
mental research have been transferred to a
new Science Research Council. Many of
its functions concerned with applied
science and industry have been taken over
by the new Ministry of Technology.
The usual mechanism is to have a high

level Science Advisory Committee. For
such a committee to function properly, it
is perhaps necessary that a major part of
its membership belongs to persons who
enjoy confidence of the scientific commu-
nity, but are themselves not in charge of
big science agencies or science related
departments. Another important consi-
deration is that the committee should in-
clude among its members
social scientists and persons knowledgeable
in the fields of industry and management.
When the committee consists largely of
people who themselves are in charge of
science using agencies, it. becomes almost
impossible for the committee to go into any
critical discussion of problems and to reach
objective and unbiased decisions.
Viewed in this light, the Science Advisory
Committee in our country needs subs-
tantial reorganisation as regards its com-
position and functioning.

economists,

The support for science depends much
on the understanding and vision of the
political leadership, and on the general
awareness in the country, about the role,
strength and limitations of science. It
would serve a distinctly useful purpose ifa
'Science Report' dealing with the progress
of science and important questions bearing
on science policy, was placed annually
before our Parliamcnt. A discussion in
the House on such a report would serve a
valuable purpose. The C.S.I.R. could be
assigned the responsibility for preparing
the report for submission to Parliament.

It is important to recognise that in an
age of science and technology, universities
in advanced as also in developing countries
have acquired a new role and a new signi-
ficance. Through the pewerful and sym-
biotic combination of teaching andresearch,
education and discovery, youth and age,
orthodoxy and heterodoxy, universities in
the modern world make a contribution to
science and its growth as no other organi-
sation or agency can or does. The cx-
perience of more than a century, starting
with the great German Universities has
demonstrated beyond doubt that teaching
and research flourish best in combination.
The best of either is achieved in an atmos-
phere where both are cultivated, and in
this invigorating combination of teaching
and research, lies the real strength of
universities,

A face-to-face confrontation and critical
dialogue between the professors and their
bright inquisitive students, without. the
inhibition and constraints which generally
operate in non-university type institutions,
acts as a powerful stimulus to original
thinking and creativity and helps to open
new horizons of thoughts. Also scientific
work is now becoming increasingly more
and more of.a team effort, and in promoting
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team work, a university atmosphere has a
distinct advantage. When there is shortage
of trained men of first-rate ability, as we
face today, it is wiser to invest them general-
ly in the universities than elsewhere. . This
would result in a high degree of multi-
plication effect, as the top men would not
only contribute to research but also the
training of the younger generation. It is

important to ensure that the effort exceeds
a certain critical mass so that it can gene-
rate and sustain a sort of chain process
producing many more and more of able
men. For the progress of science, educa-
tion and research, and for the improve-
ment of its quality, it should be almost
a basic policy that university type of work
should not be done in government establish-
ments or other institutions which are di-
vorced from teaching. This is a matter
which needs serious attention. Labora-
tories for scientificwork outside the universi-
ties, unless these happen to be directly
concerned with applied research and for
a clearly defined mission, are unlikey to
have a fruitful and vigorous life of more
than a few decades (if not less). This
arises from a variety of causes, The top
men around whom the laboratory was

originally organised, may have left or would
have passed the prime period of their
creative activity and inspiration; the labo-
ratory, unlike a university, lacks the conti-
nuing stimulus and challenge of fresh
students joining every year; and the purpose
for which the laboratory was set up may
no longer be relevant as entirely new lines
of development may have made to some
extent obsolete the. field. of. work for the

laboratory was originally set up. A
deteriorating .laboratory,. whatever the
cause of its degeneration, always poses a
serious problem. What is to be done
with the expensive equipment and the
huge staff ? It often: tends to bolster. up

pensive but not-to-be used

its scientifically weak case by asking for
more funds, more buildings, and more
men. Unable to compete in quality
science, it shifts its endeavour to compete
in terms of prestige buildings and ex-

equipment.
It tends to believe that people would judge
the quality of its work by the quality of
the buildings-marble floors and high
salaries, may be taken in as an index of
quality work and quality scientists, It
is much easier and quicker to achieve high
quality, even in international standards,
with regard to buildings and imported
equipment than in science education and
research. Spending money;- specially
someone else's money, is far easier than
spending thought. In a developing
country such as ours, the highest priority
must go to the strengthening of the uni-
versities. If research institutions out-
side the universities expand tco rapidly
it would result in depleting the universities
of their competent men, and may be also
of the money which should. go to them.
In the long run, weak universities would
inevitably weaken the entire research effort
of the country.

It is often suggested that one way. of
meeting the situation would be to en-
courage national laboratories and other
research institutes outside universities to
undertake some teaching work either in
association with universities or on their
own, This should be fully supported and
encouraged. At the same-- time it. is a
relevant question to ask as to what extent
such an arrangement would strengthen
the universities. As-a recent editorial.in
Nature on the U.K. Report.of the Work-
ing Committee on Liaison. between Uni-
versities and Government Research. Esta-
blishments (Sutherland Committee Re-
port - 1967) has pointed out ''As things

(Contd. on page 72)
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Government of India
SCIENTIFIC POLICY RESOLUTION

No. 131/CF/57.-The key to national
prosperity, apart from the spirit of the
people, lies, in the modern age, in the
effective combination of three factors,
technology, raw materials and capital, of
which the first is perhaps the most impor-
tant, since the creation and adoption of
new scientific techniques can, in fact, make
up for a deficiency in natural resources,
and reduce the demands on capital. But
technology. can only grow out of the study
of science and its applications.

2. The dominating feature of the contem-
porary world is the intense cultivation of
science'on a large scale, and its applica-
tion to meet a country's requirements.
It is this, which, for the first-time in man's
history, has given to the common man in
countries advanced in science a standard
of living and social and cultural ameni-
ties, which were. once confined to a very
small privileged minority of the popula-
tion. Science has led to the growth and
diffusion of culture to an extent never
possible before. It-has not only radically
altered man's material environment, but,
what is of still deeper significance, it has

provided new tools of thought and has
extended man's mental horizon, It has
thus influenced even the basic values of
life, and given to civilization a new vitality
and a new dynamism.

:

3. Itis only through the scientific approach
and method and the use of scientific know-
ledge that reasonable material and cul-
tural' amenities and services. can be pro-
vided for every member. of the community,
and it is out of'a recognition of this possi-
bility that the idea of a welfare state has

grown. It is characteristic of the present
world that the progress towards the practi-
cal realisation of a welfare state differs
widely from country to country in direct
relation to the extent of industrialisation
and the effort and resources applied in the
pursuit of science.

4, The wealth and prosperity of a nation
depend on the effective utilisation of its
human and material resources through
industrialisation. The use ofhuman mate-
rial for industrialisation demands its edu-
cation in science and training in technical
skills. Industry opens up possibilities of
greater fulfilment for the individual. India's
enormous resources of man-power can
only become an asset in the modern world
when trained and educated.

5. Science and technology can make
up for deficiencies in raw materials by
providing substitutes, or, indeed, by
providing skills which can be exported
in return for raw materials. In indus-
trialising a country, a heavy price has to
be paid in importing science and techno-
gy in the form of plant and machinery,
highly paid personnel and technical
consultants. An early and large scale
development of science and technology
in the country could therefore greatly
reduce the drain on capital during the
early and critical stages of industrialisa-
tion.

6. Science has developed at, an ever-
increasing pace since the beginning of the
century, so that the gap between the ad-
vanced and backward countries has widen-
ed more and more. It is only by adopt-
ing the most vigorous measures and. by
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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
tradition of scholarship and original think-
ing and its great cultural heritage, to parti-
cipate fully in the march of science, which
is probably mankind's greatest enter-
prise today.

7, The Government of India have
accordingly decided that the aims of their
scientific policy will be-

(z) to foster, promote, and sustain
by all appropriate means the culti-
vation of science, and scientific re-
search in allits aspects-pure, applied
and educational;

(ii) to ensure an adequate supply, with-
in the country, of research scientists
of the highest quality, and to re-
cognize their work as an impor-
tant component of the strength of
the nation.

(iii) to encourage, and initiate, with all
possible speed, programmes for the
training of scientific and technical

(Contd. from page 70)

are, the evidence, the Committee has

compiled of the willingness of the esta-
blishments to help with teaching, can be
interpreted not only as a proof of goodwill

personnel, on a scale adequate to
fulfil the country's needs in science
and education, agriculture and
industry, and defence;

(iv) to ensure that the creative talent of
men and women is encouraged and
finds scope in scientific activity;

(v) to encourage individual initiative
for the acquisition and dissemina-
tion of knowledge and for the dis-
covery of new knowledge, in an
atmosphere cf economic freedom.

(vi) and, in general, to secure for the
people of the country all the bene-
fits 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

taking
deemed

formulation of policies, and by
such other measures as may be
necessary from time to time.

but also as a sign that the establishments
have been endowed with resources which
might have been better spent in wniversi-
ties."
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EDUCATION COMMISSION ON SCIENCE EDUCATION AND RESEARCH
% *

National Science Policy
16.84 Science policy and. decisions con-
cerning science now play such a vital role
in the national economy and defence that
it is most important for the governmental
authorities at the highest level to ensure
that on major scientific issues they can
get advice which is as impartial and ob-
jective as it possibly can be. It is impor-
tant to have an advisory body which is

appropriate for this purpose. Such a body
should have on it, besides, heads of major
agencies concerned with scientific research,
persons who have a high standing and
regard in their professions and who ins-
pire general confidence - a proportion of
these members should be distinguished
young scientists in their thirties. The
number of such persons should be not
less than the agency heads. They could be
from the universities, research institutions
(government or non-government), industry
and public life. The advisory body should
also have on it not only scientists and techno-
logists but also economists and social
scientists and persons with experience of .

industry and management.

16.85. A fundamental concern of science
research policy is the relative allocation of
priorities with reference to different sectors
of scientific effort, both in terms of subjects
and in terms of operating agencies. This is
a problem which involves vital scientific
issues, but it goes beyond science. It
involves important economic and political
considerations. The resources in men and
material available at any time forR & D
are severely limited. This is so even for
affluent countries. The number of able
scientists and engineers is often the critical

%

factor in determining the total volume of
the R & D effort. Difficult and some-
times unpleasant choices have to be made
among the many competing claims on
the use of the available talerit and profes-
sional manpower. This is inevitable, and
a responsibility which cannot be shirked.
To lay down effective and. operational
priorities is not at all an easy thing. It
needs a relatively well defined formation
of the national goals and objectives, and
it needs hard, courageous and imaginative
thinking.

16.86. The present Scientific Advisory
Committee to the Cabinet cannot perhaps
be considered to have effectively performed
the functions efivisaged above, no matter
what its terms of reference are. The
Committee is mainly constituted of repre-
sentatives of the important research orga-
nizations in the country. This makes; to
'say the least, an objective and critical
examination of issues of national research
policy difficult. .The members are often
too directly involved to be able to take an
objective and detached view. In most of
the advanced countries the top Advisory
Committee is composed of people who have
no 'vested interests' in an institution to
defend or to fight for.

16.87. We recommend that the Scientific
Advisory Committee be reorganized and
-provided with an effective secretariat with
a professional component adequate to
its tasks. The Committee should be in a

position to assess the broad scientific needs
of the country including the universities
and advise government on science policy +

and allocation of total resources between
different sectors of scientific activities,

Ea ng IE gS
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The task of this body should be to review
continuously the. national research policy
situation.

16.88. Recently the Atomic Energy De-
partment has undertaken a programme
for research in radio astronomy and also
in the field of molecular biology. The
interest of the AEC in these fields is to be
welcomed. But it needs to be stressed
that these. fields of research should pri-
marily be developed and supported in the
universities unless there be compelling
reasons to the contrary (we are not aware
of such reasons).

16.89. We should like at thisstage to

say a word about the Research Councils.
We have the Council of Scientific and
Industrial Research, the Indian Council
of Agricultural Research, the Medical
Research Council, and the Defence Re-
search Council. It is our view that bodies
concerned with science policy and imple-
mentation and which have executive and
managerial functions requiring detailed
and expert examination of diverse issues,
should ordinarily have professional scien-
tists, engineers or science administrators
of high standing as their chairmen.

16.90. We may mention that in most of
the scientifically advanced countries
the organization at the national and
governmental levels of research has

undergone drastic changes during
the last five years or so. Inthe
UK, follawing the Trend Committee
Report, the Department of Scientific and
Industrial. Research (which corresponds
to the CSIR) has been completely over-
hauled. In its place there has been consti-
tuted the Science Research Council which
deals with. those functions of the DSIR
which were-concerned with basic research,
fellowship awards.and: research grants to

the universities to provide a

universities. Several of the DSIR labora-
tories, including the National Physical
Laboratory have been transferred to the
-new Ministry of Technology with a view
to bring the laboratories into closer rela-
tionship with industry. The AEC is

with the Ministry of Technology. There
is also an Advisory Council on Science
Policy.
16.91 It should be a major task of the
national research policy, and policies of

'climate'
conducive to research, and to prevent and

eliminate, through energetic and public
measures, all dangers and infringements
of autonomy and freedom of action in re-
search. It should be recognized that all
this needs delibertate effort, and it also

takes time. To quote Michael Polyani:
'Those who have visited the parts of the
worldwhere scientific life s just beginning,
know the back-breaking struggle that
the lack of scientific tradition imposes on
the pioneers. Here research work stag-
nates for lack of stimulus, there it runswild
in the absence of any proper directive in- ~
fluence. Unsound reputation grows like
mushrooms, based on nothing but common

place achievements, or even more on empty
boasts-However rich the fund of local

genius may be, such environments will fail
to bring it to fruition.'

16.92 In the case of scientific work, zest
and enthusiasm of high quality are ex-

tremely important. This needs freedom
from petty worries and distractions, a pro-
per research climate and a good morale

It is no easy thing to
institutions with inter-

These demand
devotion and dedi-

among scientists.
build scientific
national reputation.
single-minded effort,
cation.

16.93. In. determining. our priorities for
research we should be guided by our own
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national needs and not be unduly influenced
by what may happen to be the current
fashion in science. If space research and
nuclear physics are given a high place in
a nation's programme of research, it will
be futile to expect that the young talent will
elect agriculture or industrialresearch. If
marble floors and possession of expensive
equipment become the outer symbols of
scientific status, a waste of national re-
sources in the name of science and research
becomes almost inevitable. Fred Hoyle
has observed: 'People who work-inmarvel-
lous buildings are dominated by those

buildings, wherea it is the other way round
|

for people who work in rabbit warrens.
The builders of the great European cathe-
drals knew this perfectly well. Walk into
a big cathedral and it wipes your brain
clean of all thoughts. The same thing
happens when you walk into these wonder-
ful modern office blocks. The same thing
happens all too easily in big science.*

Science Academy
16.94, In the scientific life of a country
'a national organization or academy of
sciences.occupies an exceedingly important
place. In some ways its role is crucial for
the growth of science education and re-
search. While this is not the place to go
into the subject at any length; we feel that
a brief reference is necessary.

In India, the role of a National16.95.
Academy is performed partly by the
National Institute of Sciences. However,
itmay need some drastic reorganisation, if
the Institute is to exercise a vigorous leader-

_ship in science and play a more significant
role in the scientific activities of the nation.
In recent decades the demarcation between
science and technology has become increas-
ingly thin and artificial, and for this and

office for three years.

other reasons, it may be desirable to widen
the scope of the fellowship and bring into
the Institute more engineers and technolo-
gists. Further, if the Institute is to be
seriously concerned with the inter-action
between science, economic growth and
national development, it would be useful
to extend the fellowship to economists and
social scientists. This is the practice in
several academies, the most important
being the Soviet Academy of Science.

16.96. In the above context, we may refer
also to the Science Council of Japan esta-
blished after World War II, as it has some
features which could perhaps be usefully
incorporated in our own organizations.
The Council is the legal and official re-
presentative body of thescientists of Japan.
The JSC has no direct control over re-
search. Its function is to determine what
is best for science in Japan and to advise
government accordingly. It is under the

jurisdiction of the Prime Minister. It has
seven divisions : (1) literature, philosophy,
pedagogy, psychology and socialogy, history
(2) law, political science; (3) economics,
commerce and business administration;
(4) pure science; (5) engineering; (6) agri-
culture; (7) medicine, dentistry, pharma-
cology. The 210 members of the Council,
30 from each of the seven divisions, hold

They are elected
by a nationwide constituency of electors
who are either graduates of at least two

years standing or possess five or more years
of actual research experience. The Council
has a Management Committee of 31

members. The constitution of the Japanese
Council is highly democratic. In these days
when science impinges on broad issues
of economic and national problems, it is
desirable that a national organization of
scientists is not controlled entirely by the

*Fred Hoyle 'Of Men and Galaxies', University of Washington.
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scientific aristocracy, as it were but the
entire scientific community gets a chance to
participate in the life and work of the
organization.
16.97 Many of the major issues of science
policy involve considerations which go
outside the strict domain of science. In
view of this, and other reasons, it is an
advantage for a national organization which
claims to speak on behalf of the scientific
community to involve in its deliberations
some elected representatives of the entire
fraternity of science. For a country of the
size of India it may not be possible to adopt
the pattern of the Science Council ofJapan,
but the possibility could be explored of
associating with the National Institute of
Sciences a small number of scientists (not
fellows of the Institute) elected by the
scientific community. The number of such
members could be limited to about a third
of the total strength of the Council. Such
an arrangement would help the process of
activization of science by bringing closer
contact and participation between its diffe-
rent components,
16.98. A national academy has also a
major function in promoting international
relations in science. Such a body represents
the country on international scientific orga-
nizations such as the International Council
of Scientific Unions and its various commi-
ttees. India is almost the solitary case of
a country which is not represented on the
ICSU by a professional academy but by the
Government. It is worth mentioning that
science academies often help in furthering
cooperation between countries amongst
which political relations may not be
normal.*

CONCLUSION
16.99 The broad conclusions are simple

and apparent. But often it is the obvious
things which are the hardest to imple-
ment :

-Strengthening of university science and
research should be conceived as a
fundamental goal of national science
policy.

-In the universities, good work, good
teaching and good research should be
energetically and generously supported
at all levels. In science, the cutput in
terms of achievement is directly propor-
tional to the input in terms of hard
and honest work. Work of poor quality
and pseudoresearch should be ruthlessly
discouraged.

-Contacts between the universities and
national laboratories, scientific govern
ment departments, and industry should
be vigorously promoted and strengthened.
Any one who has a real competency and
willingness to participate in university
work should be encouraged to do so.
So great and urgent is our need that
all resources need to be fully exploited.

-'Right climate', leadership and dedica-
tion are important factors in promoting
team-work and in generating scientific
work of high quality. Able and gifted
men should be given every opportunity
for concentrated and sustained work free
from petty worries and distractions. In-
formal and enlightened public support of
science (but not lip service or uncritical
adoration) is an essential factor in creat-
ing a proper climate for scientific work.
Science should not only be held in high
regard but it should also enjoy the con-
fidence of the public.The universities
have an obligation and a role in
promoting public awareness and under-

*For instance, the USA Academy of Sciences has shown much initiative in exploring the possibilities of scienti-
fic cooperation with the Peoples' Republic of China. (Science, June 17, 1966).
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standing of the organization and achie-
vement of science in the country, its
strengths and weaknesses.

In science departments, the administra-
tive load and 'routine' should be cut
down to a minimum,

-Teaching and research are mutually
supporting activities. There is no real
border line between them-they merge
into each other. In their symbiotic com-
bination lies the unique and peculiar
strength of the universities.

-Our resources are limited, so one has to
spend more thought to get more out of
our resources-spending thought is more
difficult than spending money.

16.100 Science education and research
are crucial to the entire developmental
process of the country. The experience of
several countries, notably the USSR and
Japan has shown that it is only on the basis
of purposeful science education and re-
search that a stagnant economy can be
radically transformed into an industrial
economy in a comparatively short time.
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The highest priority therefore has to be
given to the improvement in the quality,
as also a balanced expansion, of science
education and research. The responsibility
for this rests primarily with the Central
Government and the scientific agencies
closely associatedwith it. They alone can
provide the necessary leadership and re-
sources,

16.101. We cannot conclude this chapter
better than by recalling the memorable
words of Jawaharlal Nehru :

Science has developed at an ever-in-
creasing pace since the beginning of the
century, so that the gap between the ad-
vanced andbackward countries has widened
more and more. It is only by adopting the
most vigorous measures and by putting
forward our utmost effort into the develop-
ment of science that we can bridge the gap.
It is an inherent obligation of a great coun-
try like India, with its traditions of scholar-
ship and original thinking and its great
cultural heritage, to participate fully in the
march of science, which is probably man-
kind's greatest enterprise today.*

*Statement in Parliament on the Science Policy Resolution.
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INVITEES TO THE SCIENCE ROUND TABLE

1. Achaya, Dr. K.T.,
Regional Research Laboratory,
HYDERABAD.

Atma Ram, Dr.,
Director-General,
G.S.I.R., NEW DELHI.

3. Bhagawantam, Dr. S.,
Scientific Adviser to the Defence
Minister, NEW DELHI.

4 . Brahm Prakash, Dr.,
Director, Metallurgy Group,
Bhabha Atomic Research Centre,
Apollo Pier Road, _

BOMBAY-1.

a. Chandrasekhar, Prof. S.,
Mysore University,
MYSORE.

6. Chawla, Dr., J.P.,
Director,
Technical Development and
Production (Air),
Ministry of Defence,
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7. Chipalkatti, Dr. V.B.,
Shri Ram Institute for Industrial
Research,
19, University Road,
DELHI-7.

8. Daniel, Prof. R.R.,
'Tata Institute of Fundamental
Research,
Colaba, BOMBAY -5.

Das Gupta, Shri
Assistant Editor,
The Statesman,
CALCUTTA.

Amalendu,

10.

13. Ghosh, Dr.

Dayal, Shri Maheshwar,
Project Engineer,
Tarapur Atomic Power Project,
Apollo Pier Road,
BOMBAY-1,2.

Dhawan, Prof. Satish,
Director,
Indian Institute of Science,
BANGALORE.

12. Ghatage, Dr. V.M.,
General Manager,
Hindustan Aeronautics Ltd.,
HAL P.O,., BANGALORE.

AN,
Indian Standards Institution,
NEW DELHI.

14 . Hans, Dr. H.,
Kurukshetra University,
KURUKSHETRA.

Hari Bhushan, Shri,
Planning Commission,
NEW DELHI.

15.

16. Joshi, Dr. A.B.,
Deputy Director-General,
Indian Council of Agricultural
Research,
NEW DELHI.

17. Kanekar, Dr. C.R.,
Tata Institute of Fundamental
Research,
BOMBAY-5.

9.
18. Maheswari, Dr. S.C.,

University of Delhi, ..

DELHI-7.
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19. Meckoni, Shri V.N.,
Head,
Reactor Engineering Division,
Bhabha Atomic Research Centre,
Apollo Pier Road,
BOMBAY-1.

20. Mehra, Prof. S.R.,
Central Road Research Institute,
NEW DELHI.

21. Moorthy, Dr. V.K.,
Head, Metallurgy Division,
Bhabha Atomic Research Centre,
Apollo Pier Road,
BOMBAY-1.

22. Mukerji, Dr. S.K.,
General Manager,
Trombay Fertilisers,
Chembur, BOMBAY-74,

23. Nag Chaudhury, Dr. B.D.,
Member,
Planning Commission,
NEW DELHI.

24.. Narasimhan, Prof. R.,
Tata Institute of Fundamental
Research,

Dr. Homi Bhabha Road,
Colaba, BOMBAY-5.

25. Parathasarathi, Shri Ashok,
Senior Research Officer,
Department of Atomic Energy,
Apollo Pier Road,
BOMBAY-1.

Ram Das , Dr.,
UNICEF,
11, Jorbagh, NEW DELHI-3.

27. Ramalingaswami, Dr. V.,
Department of Pathology,
All India Institute ofMedical
Sciences,
NEW DELHI-16.

28. Ramanan, Prof. S.,
-Tata Institute of Fundamental Re-
search,
Colaba, BOMBAY-5.

29. Ramanujam, Prof. C.P.,
Tata Institute of Fundamental]
Research,
Colaba, BOMBAY-5.

Rao, Shri A. S., ,

Director, Electronics Group,
Bhabha Atomic Research Centre,
Apollo Pier Road,
BOMBAY-1_

30

31. Roy Chaudhury, Dr. Ranjit,
Professor of Pharmacology,
Institute of Post Graduate
Medical Education & Research,
CHANDIGARH.

32 . Samson, Maj-Gen. jR.,
- Chief Controller,
Defence Research & Development.
Organisation,
Ministry of Defence,
NEW DELHI-1.

33. Sarabhai, Dr. Vikram,
Chairman,
Atomic Energy Commission,
Apollo Pier Road,
BOMBAY-1.

34. Seth, Shri D.S.,
Director-in-Charge,
Tata Chemicals,
Bombay House, Bruce Street,
BOMBAY.26.

35 . Seshadri, Dr. T.R.,
Delhi University,
DELHI-7,

36. Shah, Dr. V.C.,
Reader in Zoology,
University of Delhi,
DELHI-7.
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37. Siddiqui, Dr. O.,
Tata Institute of Fundamental Re-
search,
Colaba, BOMBAY-5.

38. Singh, Dr. Amarjit,
Director,
Central Electronics Engineering
Research Institute,
PILANI,

39. Singh, Maj.-Gen. Harkirat,
Planning Commission,NEW DELHI.

40. Singh, Shri Jagjit,
General Manager,
South-Eastern Railway,CALCUTTA.

41. Swaminathan, Dr. M.S.,
Director,
Indian Agricultural Research
Institute,
NEW DELHI.

42. Tilak, Dr. B.D.
Director,
National Chemical Laboratory,POONA.

43. Wardarajan, Dr. S.,
Research Director,
Hindustan Lever Ltd.,
Backbay Reclamation,
BOMBAY-1,

44 Verma, Dr. A.R.,
Director,
National Physical Laboratory,
NEW DELHI-12.,
Yash Pal, Prof.,45.
Tata Institute of Fundamental Re-
search,
Colaba, BOMBAY-5.

Could not attend :

46. Fareeduddin, Shri S., Head, Chemical
Engg. Divn., Bhabha Atomic Research
Centre, BOMBAY.
Govindachari, Dr. T.R., Director,
CIBA Research Centre,
BOMBAY.
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Several times a year, ships carry-
ing, among other things, angles
and channels, bars and joists,
and other steel products made in
Jamshedpur, sail away from the
Calcutta port...bound for East
Africa, the Middle East, the Far
East and Australia. These steel
products are of utmost impor-

;
tance to the importing countries
for their economic development.
Exports by Tata Steel, which are
channelled through Commerciat
and Industrial Exports Limited
(CIEL), the Government-recog-
nised export house of the Tata

\The Tata Iron and Steel Company Limited a

Tata Steel goes abroad
Group, spurted to over 43,000,
tonnes valued at Rs. 2.25 crores.
during 1966-67, from about 26,500.
tonnes valued at Rs. 95 lakhs in'
the previous year. The increas-
ing exports indicate Tata Steel's,
concern to do its bit to augment
the country's foreign exchange
earnings, so vital to the success
of our national goal of planned:
industrialization.

TATA STEEL

(UN 48188

Printed and Published by Baldev Singh at the United India Press, Link House, B, S. Zafar Marg, New Delhi.
Regd. No. A-1468

Regd. D-1650

4
1

1


