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Role of technology and relevance of self-reliance

S. C. Tiwari

Global economy and new world
order

Rapid economic liberalization during the
last two years, though projected as well
thought out, and the continuation of Neh-
ruvian policy in the changed world order
to lead India into becoming an economic
giant, may indeed turn out to beé a pathway
to economic siavery, My apprehension is
likely to sound naive when most vocal
elements of society starting from poli-
ticlans to intelligentsia have been mes-
merized by the charm of World-Bank and
IMF loans and the lure of high-tech life
style with the modemization of Indian
industry through multinaticnals. Incon-
venient questions are not raised, disturbing
issues not debated, and deeper long-term
implications of the new market-driven
adhoc economic measures are not ap-
preciated. 1 think the role of scientisls
and technologists is much more profound
than merely undertaking a bargaining ex-
ercise for more funds. I intend to share
my thoughis and experien¢es with the
readers in the context of technological
self-reliance.

Though political and social changes
occur in complex ways, some observations
may help to understand the present world
scene, Technological advances are respon-
sible for the super power status of a few
countries, and the prime impetus for major
technologies bas been the war-cloud rather
than the welfarc. Holion' noted that ‘a
current symptom is the popular identifica-
tion of science with the technology of
superweapons . In USA, the share of
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basic research was only 7% out of 10
billion dollars spent on scientific research,
and only 15,000 out of 7,350,000 scientists
and technologists were involved in any
basic research around 1938. According
to a 1983 I'Epﬂl'tz, 75% of the satellites
were for military use and USA spent 1.5
billion doliars on antisatellite weapons.
High technology is primarily a miiitary
technology which needs huge non-pro-
fitable expenditure of the governments.
In view of the secrecy involved the out-
dated military technology is transferred
to the industry as advanced technology.
Industry has to devise a method for its
commercialization, and most often by in-
troducing perverted usage and complex
solutions to simple problems of the society.
Sustenance and growth of advanced tech-
nology is entirely dependent on the ar-
tificial and questionable notions of pro-
gress and needs. Mass production of
consumer articles requires world market
and continuous supply of raw materials
to the industry. The diminishing quality
of raw matenals in technologically ad-
vanced countries increases the energy cost
of extraction of pure materials, hence the
energy crisis and search for cheap raw
materials. The so-called developing coun-
tries provide raw materials at throwaway
prices in exchange for manufactured goods,
and in the name of modernization con-
sumerism spreads in these countries. Impo-
rted outdated industrial technology and race
for mcdemity are perpetual processes for eco-
nomic deprivation in the poor countries.

In the cold war era, whereas American
industries provided vital economic support

to military technology by exploiting world
market and American people, the closed
system in USSR permitted a limited ac-
cess to world market. Moreover, in con-
trast to American consumerism sociely,
in USSR the high tech lifestyle was re-
latively nonexistent. Nevertheless USSR
was competing with USA in the arms
race even in antisatellite weapons and
third generation nuclear weapﬂnsz. Bank-
ruptcy of the USSR and weakening of
the American economy was a foregone
result. Once USSR collapsed, the only
way open to USA and the Western powers
for retaining their superiority was through
economic domination forcing market-dni-
ven economy in the rest of the world,
and dumping the obsolete technologies
in the so-called developing countries. |
suggest that advanced technology is not
economically viable in the long run, and
therefore the collapse of the Amencan
systern is also inevitable.

India’s post-independence perod could
be broadly divided into three major phases
in terms of the outlook of Weslern powers.
The period unil 1970 was marked by
general apathy. Nuclear and space re-
search programmes and establishment of
a large pool of S&T personnel created
a sense of alarm during the next 15 years
or so. It was during this perod that
Indian political leadership showed strong
commitment to sclf-reliance in S&T and
provided unqualified support for S&T.
Scen in this light one may understand
the reason for the attention Indian science
received in repuled US and UK science
journals. In fact, a dctailed survey on
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Indian Science carried out by Nature was
published’ in 1984. Since 1985, in the
third phasc marked by the policy of al-
lurement, there has been a delermined
cffort to turn Indian society into a high-
tcch consumerist socicty.

Political leadership has failed singulatly
to comprehend the real impont of this
sort of modemization which may ultimate-
Iy ruin the country. Though our achieve-
ments and performance in S&T have
been dismal, these are not thc reasons
for the recent upheavals in S&T policy,
Thesc are used as 2 posieriori arguments
(o justify fund cuts and reverspl of the
policy of self-reliance. It is quite hkely
that the ealry into the much talked about
21st century may wilness the fall of the
American system, and therefore (o {oliow
USA is highly unimaginative. Is it ad-
visable 10 rush for global marketsm
thouphtlessly even if my assertion is taken
with scepticismm? The necessity of sclf-
reljant technolopy and the tadically new
approach to development are most rele-
vant today i we have (o survive as an
independent nation.

Science and technology

Science is universal and transcends na-
tional boundaries. Men of sciente may
become secretive and possessive of know-
ledge, but nature s open to reveal its
secrets to anyone who meditates for it
Therefore, self-reiiance in science is not
a meaningful term. At best one could
say that a nation should have suifici-
ent strenglh of scientifically-trained man-
power who are an asset for a nation
aspiring Tor self-reliant technology. Un-
fortunately since the days of Bhabha the
role of science in technology and the
distinction between science and techno-
logy have not been understoed, and the
misplaced emphasis on pure science has
resulted in confuston, Conilemporary re-
search i1 pure science is moslly done in
high-icch laboratorics termed as big science,

science 1s therefore seen closely related
with technology, however the aim of science
is more in consonance wilh that of philo-
sephyq_ Besides observations on natural
phenamena, the  empirical  knowledge
created in laboriutory experiments is the
basis of modern science. Rescarch activity
simed at understanding nalure is pure
seicnce or expertmental patural philoso-
phy. A scientist s not concerned wilh
the wse of this knowledge, though ap-
plication of scientilic knowledge for de-

vising better experiments to probe (he
nature has been a continued process. [t
is also remarkable that depending on their
philosophical thinking scientists may dif-
fer on the perception of objective reality‘i.
Earlicr small laboratories and incxpensive
experiments could ensure freedom for a
scientist to pucsue the search for truth.
Now heavily funded big science has na-
turally led peaple to ask: Why should
society support such an activity?

The question is most relevant in India,
because with meagre resoutces it 1 un-
justified to invest heavily on such pure
science. But the proponents of pure
science argue that an econamy based on
modern science and technology is essen-
tial for development; Bhabha® underscored
the neced for modern science ‘as a live
and vital force’. Menon' viewed basic
research to be “at the frontiers of sCjence
on a competitive intemational basis’, and
recently Rao® has also pointed out the
importance of basic research. An alert
reader would easily discover that the out-
look of Bhabha on basic research, centres
of excellence and ‘proper appreciation
and financial support’ for a lalented few
has guided the top science managers Cill
to date, and that there is nothing new
what Menon’ or Rao® have said. lronically
they have argued for support for basic
science precisely for reasons which Bhab-
ha gave, though Bhabha had assured us
in 1966 for returns within the next few
years, The same arguments have been
repeated time and again, and the gap
betwecq promises and achievements has
been widening since then. Doces this not
suggest a basic flaw in S&T policy?

Let me first discuss basic science. High-
ly talented people are necessary not only
for scicnce but in every sphere of life,
What one needs is a natural urge o
understand the nature and an aptitude
for science in an individual for scicnti-
fic research, A personal encounter with
Raman recounied by Daniel® is illuminai-
ing. Centres of excellence cannot pe
created by funds and buildings; rather
than specially favourcd select institutions,
there should be the institutes committed
10 science and the values which support
and encourage any curious mind. It must
be remembered that Raman or Dirac are
not produced by the system; therclore
policics are hot made for such original
minds, The system should be able lo
train and support commutted professional
scientists, and recogrize and encowrage tue
cases of 3 few ongingl ihosynciatic minds.
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To base science policy for a few in-
dispensable talented scientists, and create
instituttons around them is not only un-
scientific but is fraught with practical
problems. A highly original scientist may
not necessarily be a good science ad-
ministrator and otganizer of institutions.
Secondly, concentration of power on poli-
cy matters it a2 few individvals may
adversely affect the system due 10 their
personal weaknesses. In our country, any-
one who docs a bit of original work
immediately aspires for an administrative
post. Why shounld scholarship be recog-
nized and rewarded this way? 1 am not
aware if Dirac and Emsiein ever held
any admimistraiive position. Much has
been written on Raman, but 1 think he
failed to understand his limitations as a
science administrator and wasted his talent
and time og petty matters, The preference
pof Bhabha for scientists trained abroad
and of Saha" for his own students has
fed to the present situation such that
practically all appointments are made with
these criterta relegating merit into the
background. Basic research aiso suffers
due to personal prejudices. To take (wo
recent examples on basic research, proton
decay experiment required heavy funding
but due to Menon's interest it easily got
financial support. Menon’ quoted Karl
Popper’s view on routine fesearch i.e.
merely compilation of empirical data, and
criticized most of the basic Science done
in India for this reason. Does proton
decay experiment not fall into the category
of Popper’s fable? High temperature
superconductivity research got extensive
support {rom government mainly due t0
the interest of C. N. R. Rao and his
influence in the govemment. In the ab-
sence of institutional norms and ‘gemuine’
science policy there is no methed fo
evaluate the desirability and success ol
such heavily funded researches. The idca
of ‘front-line research’ and ‘intcmational
competitiveness’ to justify such rounine
basic science creates conlusion, and re-
tards real progress of scieace by neglect-
ing small projects. Can’t we emulate the
examples set by J. C. Bose and Raman
for basic scrence?

Bhabha® illusteated the role of indig-
enous lechnology using an aralogy with
the aircaadl flighty however, i & only
recenily that the distinction between sci-
ence and technology has been ecabized'.
Mashelhae makes an important pomt
that though the necessity of applied re-
search for devetoparean s fodt, basic re-
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scarch is accended supernior place at a
national tevel. Technological advancement
demands forcsizght in leadership, spirit of
teamwork., and Innovativencess, skill and
experience in an individual. The mcthod
of science. effective use of scientifi¢ tech-
nigques and application of scientific hoow-
ledge enhange the capabilities of 2
technolopist, and have become crucial in
sophisticated technologies; but in the ab-
sence of echnically-oricnled minds these
by thcmseives are of no use. Working
style and ouilook of a technologist con-
siderably differ from that of a pure scien-
tist. A professionp} scientist doing what
18 termed as routine rescarch work 13
most suitable in technology development.
Enterprising and imaginative Icadership
which could make use of pure scientists
and technologists is crucial for advanced
technology. Development of vacvum tube
amphificr, and discovery of electron dif-
froction by Davisson illustrate the role
of basic research. To take another ex-
ample, during [945, Kelly of Bell lab
concluded that a study group for new
device technology be sct up, as vacuum
tubes might not be vseful for high swiich-
ing SpEEdS. Fisk and Shﬂﬂklﬂy prgpnsed
scmiconductors as possible materials for
new devices. A group consisting of Bas-
deen, Shockley and DBrattain (who were
to get Nobel prize afier Davisson from
this lab) was formed by Kelly to carry
out research in elecironic processes in
semiconductors. This effort culminated in
the inventuon of transistor in December
1947.

Why advanced technology?

Saha had unconditional commitment for
the nation and believed that only science
and industrial development could mprove
the living conditions of the people, Visible
affluence in the West greatly influenced
his thinking, and I think his sharp cni-
ticisms of govermment policies played 2
significant role in shaping the S&T policy
at that time. Saha'’ yighdy pointed out
that ‘when cheap faclory goods began to
pour in ladian marcket, most of the artisans
lost their jobs and became peasants’. He
advocated rapid industrialization, and
though his views were similar to Bhabha,
for political reasons he remained anta-
gonist to the gpovernment. Is it true that
modern technology and industralization
lcad (o material prosperity for all?
Socioeconomic studies in West show
that unemployment and poverty are rising
in the technologically advanted countries.

12
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Pockets of allluence, the enormously wi-
dening g£ap between rich and poor, and
cavironmen(al pollution are becoming sy-
nonymous with advancement in technol-
ogy. It seems that the tremendcus
psychological impact of modernity has
baen in transforming sensitive minds to
arrogant robot-Jike objects thereby revers-
mg the process of scientific enlighten-
ment, George Brown, chairman of the
Science, Space and Technology Commit-
tee, USA has argued’® that morket-driven
technology 15 not needed for satisfying
basic human needs: his views have been
highlighted in a recent Science editorial.
If we wish o gain from this experience
then we Mmust revise the development
approach adopted so far based on modem
techinology.

A more poignant argument to reject
advanced technology stems from the his-
torical fact that India was most prosperous
in the medi¢val age with indigenous tech-
nology. We had a great tradition of
science and technology in the spirit of
what today is called peaceful uses, but
essentially for this reason we were en-
slaved by foreign invaders. A treatise on
history of technology' is a recommended
reading, but [ would quote few sentences
from Singec’s epilogue: ‘In skill and in-
ventiveness, during most of the period
treated in this volume (700 B.C.—-1300
A.D) the near East was superior © the
West, and the far East superior to both.
... For nearly all branches of technalogy
the best products available to the West
were those of the near East.... Tech-
nolagically, the West had butle 1o bring
to the East. The technological movement
was in the other direction, ... Thus from
Persia and China, and to some eXtcnt
from India, materials, wares, techniques
and idcas filtered through the main ap-
proaches to the West', This is not intended
to harp on past glory, but only to show
that there does exist compelling historical
evidence praving the supeaor status of
Indian technology.

The only justification for advanced te-
chnology is defence, Evidently so long
as sciepfists and technologists are a party
to the stupid arms race, every enlightened
thinker would face a2 moral dilemma,
However, military superpowers are not
bencvolent nations, and their concern for
humanity, justice and morality is, to put
mildly, supcrfluous. Therefore, we need
self-retiance in advanced technology for
defence, and there can be no dithering on
thus.

-
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Ground realities

Passing events bceasionatly jolt us, loud
proclamations are made, and then follows
the state of slumberness once apain. Short-
comings and f{ailures are not critically
analysed, and usuaily there is no attempt
for improvemeni In 1981, Sanghvi'®
brought out the salient features of self-
reliance, and the 69th session of the
Indian Science Congress in 1932 had the
focal theme on basic research in self-
reliant 8 & T. Despite the Interministerial
Task Force, national debate and focal
themes, we stil] find the same arguments
as those given by Bhabha® when advanced
technology is denied to uvs. This is not
the first time that the problems faced by
working scientists have been pointed out,
however, the recent deba!e” must be
givelt serigys constdecation, Harsh hat
realistic analysis given by Bhargava'® has
made public what was known in private
circles since long regarding the top sci-
ence administrators. Ironically he himsalf
is not much different from others, if we
reflect on his past writings ", and remarks
in Nature . Nevestheless, lack of integrity,
commitment, honesty and scientific vision
ATAONE SCITMUSES In power, and the ab-
sence of a mechanism to impose account-
ability highlighted by him deserve utmost
attention of the policy-makers,

The phrase ‘retnventing the wheel” 10
criticise seli-rettance 1n tCChnﬂlﬂgym is
misleading, and unfortunately no tech-
nologist has effectively countered thys.
Transistor was invented in 1947, but tran-
sistor technology requires tngenious and
sustained effort over a long period of
time. Electron gun tcchnology cannot be
developed without first demonstrating
the 0ld Child-Langmuir lgw. Developing
samething is always reinventing by one-
self, and that is what makes it {nteresting.

Mashelkar's point mentioned earlier is
also operative within a laboratory. For
example, in the Central Electronics En-
gineering Research Institute, Pilani in the
late 70s and early 80s the devetopment
work on microwave tubes was considered
infenior to sericonducior device wehno-
logy by the then Director, In recent years
joining superconductivity research and
pushing semiconductor technology into
the background by CEER! was most un-
imaginative. Project leaders and directors
regard publications in foieign journals as
superior research retarding the develop-
ment of creative technological work, I
think with efrcouragement and proper sup-
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port CEERI would have by now become
a pioneering research 1ab in the advanced
technology of gyrotron and free electron
laser.

The indigenous devclopment of tech-
nology is ofien blocked at implementation
level by vested interests. In March 1979,
the Department of Electronics, New Delhi
sanctioned a project on high power micro-
wave tubes at the Electronics Engineering
Department of Banaras Hindu University.
Due to lack of technical competence of
the project leadership after the sad demise
of the first Chief Investigator, the dubious
role of the Monitoring Group in mis-
directing the efforts of the project team,
and foreign collaboration of the produc-
tion agency ultimately led to the failure
of this project. Despite sophisticated equi-
pment and excellent laboratory facilities
not even the technology of a single sub-
assembly of microwave tube has been
developed, though the Centre has been
made permanent.

Mashelkar'? did well to highlight the
strengths of CSIR and supgesied how it
can play an ijmportant role in the post-
liberalization era. While 1 concur with
him on the former, his suggestions do
not reflect imaginative and bold response.
To put the performance and the role of
CSIR in perspective, Bhabha’s unreason-
able criticisms® of CSIR, and Bhatnagar’s
pragmatism'’ need to be recalled, Pre-
eminence of basic scientists and their
dominant role in policy making has from
the beginning been disadvantageous to
CSIR. Moreover, CSIR Ilgadership has
always adopted the submissive and mis-
placed pragmatic approach. Faced with
criticisms, the need for publicizing the
achievementis was felt by G. S§. Sidhu in
1983 (ref. 3). Today we {ind substantial
resources being wasied on publicity. 1dea
generators and providers of new concepts,
and marketing efforts recommended by
Mashelkar would funther misdirect the
efforts of CSIR. Market-oricnied aclivities

should be left to the public sector uniis
like CEL.

Few comments ot the universities are
also 1n order. Big research projects and
centres of excellence have in reality cor-
rapied the univeisity system, and teaching
and institutional values have sulfcied most,
Costly equipment are inaccessble 10 stu-
dents, and a few influentinl professors
with burcaucratic nmpnd-set usually head
more than one big project. 1T indusinos
start funding directly the eseaich projects,
the condifion will deteriotate Curther. In

this connection 1 refer to a very revealing
report by Dickson® and quote from its
preface: *. .. Some insert fabricated data
into published research papers as a sub-
stitute for what companies want to keep
secret. . .. A study carried out at Harvard
University in 1986 showed that University
scientists who worked with industry funds
were four times as likely to keep their
research  secret as their colleagues;
two-thirds of them felt they were being
pressured io spend 100 much of their
time on commercial activities’.

Suggested new approach

The best system in a socicty is that which
ptovides ample opportunities for an in-
dividual to satisfy natural interests and
to develop mind and body, while at the
same time making use of personal traits
and abilities for collective good. How
can we establish such a system? In the
light of foregoing discussion I would
make the following suggestions:

Minor Policy changes. (1) the scheme
of centres of excellence and heavily fun-
ded research projects in Universities/basic
research institutes should be abolished,
{2} financial support for Ph.D. and post-
doctoral students should be the respon-
sibility of UGC, and CSIR should stop
JRF/SRFRA scheme, (3) M.E./M.Tech,
Courses should be discontinued,
(4) Science and engineering papers
should be deleted from the IAS and other
civil scrvice examinations, (5) it should
be mandatory that no single person holds
more than one administrative post at one
time, (0) government funding for par-
ticipation in symposia-conferences abroad,
and for holding them in India should be
stopped at least for the next five years,
(7) CSIR labs should allocate some grants
to explore the areas of ancient Indian
technology for R& D, and (8} R&D work
carricd out in CSIR labs should be pub-
fished as internal reports or in some cases
in Indtan journals oaly.

New Policy., This should broadly re-
cognize the difference between pursuit of
knowledge for the sake of it and apphica-
tion of knowledge with specific materinlis-
tic objectives, Universities and tundamental
rescarch institules in one categoty, and
S&T agencies hke CSIR, DOE, ALC,
Spuce Research Organizations, cte. in
another  calegory  require  andependent
policics. Bare minimum funds neeessary
far the first calcgory should be provided
by the government, and these should be
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total freedom for schools of thought
evolving in these places of learning. On
the other hand rather than wasteful ex-
penditure on administrative structures of
as many as a dozen government agen-
cies/departments, all these should be dis-
solved, and a small, autonomous agency,
let us call it National Science and Tech-
noiogy Commission should be created.
Policy formulation, recommendation for
fund allocation in broad disciplines, and
performance evaluation would be the res-
ponsibility of NSTC, It is suggested that
the membership of this commission should
be limited to 4-5 scientists and tech-
nologists, two government representatives
and one elected representative each from
national political parties.

Professional enginecring/technical insti-
tutes should be delinked from the Univer.
sity system. The National Engineering
Education Board should be created to
govern these institutes. I think the training
school programme at BARC has been
quite successful. NEEB and NSTC should
devise suitable schemes on the patiem of
BARC training school and UPSC for
selecting and training S&T personnel for
various laboratories and research orga-
nizations. Rather than Ph.Ds, the intake
snouid be mainly B.Tech./M.Sc.
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Science & technology in India—An evaluation

Swmit Bhaduri

The spate of articles and letters i1n recent
issues of Current Science and in other
publications inciuding newspapers has rai-
sed a number of tssues such as the health
and future of Indian science and its socie-
tal relevance. Serious concern has been
expressed about inadequate Government
support and the mechanism for the uli-
lization of the available meagre resources.

It is mstructive to note that this is by
no mcans a umique Indian phenomenon.
Seven years ago, about fifteen hundred
British scientists paid eight thousand
pounds of their own money for half a
page in The Times to express their deep
concern about the state and ‘management’
of Briush science., More rccently, Time
magazine in an article has bluntly summed
up the way a large section of American
society views scientists and their pro-
fession: they are—‘the new villains of
Western Society ... engaged in buiiding
toys for the rich’,!

Though the problems and questions
agitating the minds of scientists, tech-
nologists, the public, and fund-giving
authoritics the world over have some
common charactenistics, they do differ
significantly in matters of detail between
nations. In fact the differences could be
so deep and wide-ranging that, to be
effective, Lhe plausible remedijal actions
and policics would have to be different.

The purpose of this article is to assess
the interdependencies and inadequecies
of science and technology in the Indian
context. However, to begin with, it is
necessary to delineate some of those com-
mon charactenstics of technology and its
science base that cut across national boun-
danes.
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A few general points

While science Is certainly not identical
with technology, the social dimension of
science is manifested to a large extent
by the level of technological advancement
of a given society. Progress in basic
science, evolution of superior technolo-
gy, and economic prosperity are lherefore
often imagined as following one another
in a mechanical and automatic manner.
This, however, is not true in today’s
world: the relationships and interdepen-
dencics between the three are exceedingly
complex.

First of all, the path from scieatific
discoveries to commercially useful pro-
ducts or processes—the fruits of innova-
tion —is one with lots of bends and curves,
and not a linear one as is often assumed.
The ‘linear model’ of innovation is of
little relevance in today’s world for many
reasons, an important one being the highly
elastic and arbitrary time span between
a given discovery and its final use.’

Secondly, while technology develop-
ment angd its successful commercial use
definitely require a strong science-base,
the converse is not necessarily lrue. A
strong science base does not automatically
ensure technological innovations. Most of
the ‘how’ questions of technology could
be satisfactorily answered, if and only if,
due attention is paid to a crucial set of
associated ‘why' questions, ie. if the
underlying science is understood and es-
tablished to a rcasonable extent. However,
a ‘how’ question has often been known
to Jead to a new set of ‘why’ questions,
thereby opening up unexplored areas. The
synergistic relationship between science

and technology—an aspect often ignored
by the ‘linear model’, needs to be fully
appreciated. Technology could feed the
engine of economic growth only when
this relationship is selectively and con-
sCigusly nurtured.

The survival and sustainable growth of
science and technology require crucial
inputs from the socio-economic environ-
ment. In most cases it is the nature,
extent and mechanism of such inputs that
determines the success of failure of a
'science and technology policy’.

It should also be remembered that ideo-
logies and political compulsions play an
overwhelmingly important role in deter-
mining a nation’s socio-economic prio-
rities and goals. The ‘trickle down theory’
of Reaganomics, the ‘flying geese’ pattern
of shared growth of Japan and the Asian-
Pacific countries, or our own vision of
‘commanding heights’ for the public sec-
tor, are broad concepts indicative of the
dominant ideclogies and their associa-
ted visions for economic growth. Not-
withstanding the ideological differences,
they all envisaged definite roles for
science and technology in the overall
process, and introduced mechanisms for
Governmental encouragement and inter-
ventions. OQur own oOnce recputed, now
much critcised CSIR laboratories, Lhe
‘Delphi’ exercise undertaken every five
years by the Ministry of [ntermational
Trade and Industries (MITI) of Japan,
the ‘star-war’ programme of the U.S.A,
are nothing but vchicles and instances of
such Governmental interveation,

The lesson to be drawn from all this
is two-fold. First, no science and tech-
nology policy would be successful unless
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