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SIENCE I N I NDI A

It will be recalled that the sinple nodel of technology- society
interactions (Figure 1 of Lecture 1) led on to a view of science-technol ogy
interactions (represented in Figure 2 of Lecture 2).

According to this view, the vitality of science in a society depends upon

(1) the challenges thrown up by the innovation chain leading to
t echnol ogy and

(2) its internal nonmentum arising from the back-1og of unresolved
pr obl ens.

This vitality is also sustained by the supply of instrunents, materials and
techni ques fromindustry.

But, the sinple nodel of technology-society interactions (Figure 1 of
Lecture 1) had to be nodified to take into account, on the one hand, the
exi stence in nost developing countries of dual societies, and on the other
hand, their strong interaction with the industrialized countries. |n pursuing
this nodification, it was found (Figure 1 of Lecture 2) that the coupling with
the developed countries leads to the domi nance of foreign-collaborating
i ndustry based on the inmport of western technology, and that the dua
character of developing societies results in an overwhelmngly elitest thrust
of indigenous technol ogy. Further, even these indigenous technol ogica
efforts consist alnmpst wholly of the imtation and adaptation of western
technol ogy, rather than of innovation

Thi s al nost conpl ete decoupling of science and technol ogy from each ot her
has a profound inpact on science in developing countries and produces its
first major abnormality. Because of the preponderance of technol ogy inports
and of the imtative character of indigenous technology, the initial part of
the innovation chain (consisting of research, design and devel opnent, and

engi neering-for-manufacturing) hardly exists in devel oping countries. As a
result, their scientific systens are not subject to the pressure of basic
problens energing from technol ogy. And, wthout this pressure from

t echnol ogy, indigenous science is deprived of a powerful driving force; if it
is to flourish, it nmust depend solely upon its internal nonentum

This internal nomentum of science is the product of the "mass" of
scientists and the "velocity" or pace of scientific research. The "mass"
depends upon the size of the scientific body (and many devel oping countries
just do not have enough scientists!), but not nmerely upon the nunber of
sci enti sts. What is required is a comunity of interacting scientists with
the well-established traditions of a peer system Scientific peers are
crucial for discussions, brain-stormng and testing out ideas, for acquiring
di fferent ways of |ooking at a problem for enhancing the quality of sem nars,
synposia and conferences, for rigorous assessnment and constructive criticism
of work, for help in inproving its quality, for a process of recognition that
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is appreciated, and so on. In short, without the environnent of an actively
interacting scientific community, there cannot be the natural selection of
scientific ideas and data which only will ensure that the fittest theories and
experiments survive.

The tenpo of research activity depends upon the exi stence and mai nt enance
of an atnosphere of excitement which in turn requires a conviction of being
"hot on the trail™ of inportant discoveries. Such an atnosphere is
facilitated by rapid conmunication between scientists through persona
contacts, seminars, synposia and conferences and through well-referred
journals which ensure quick publication. The pace of research is usually set
by outstanding scientists who attract a follow ng. The point is that
scientists tend "to hunt in packs" behind | eaders.

In exam ning whether science in developing countries can devel op and
sustain such an internal nmonmentum it is necessary to recall the strong
interaction between the educational and scientific institutions in the
i ndustrialized countries and those in the developing countries. In many
cases, the latter institutions are direct off-spring of western institutions
havi ng been pl anned, conceived, delivered and nurtured by them The unbilica
bonds are rarely severed, and even when this is achieved, the filial ties
remai n strong. As a result, scientists in developing countries derive from
their counter-parts in the west the energing areas for research, the trends
and fashions and the stream of inspiration. They turn avidly to western
scientists for the criteria of excellence, and for assessnent, evaluation and
recognition.

The whole process is accentuated by the fact that |arge nunbers of
devel opi ng-country scientists have been trained in the institutions of the
western worl d. If they return to their native countries (and nmany do not!),
they spend the bulk of their remaining professional lives continuing the
thenes of their foreign researches, ook back nostalgically to their halycon
days abroad, and above all re-inforce the value system of dependence on
western scientists and institutions. This dependence results in two further
abnormalities of science in devel oping countries.

The filial loyalty of native scientists to their western nentors and al ma
maters inhibits serious interaction with their colleagues. An actively
interacting scientific comunity does not form because these scientists are
nmore reluctant to walk to the next |aboratory than to fly across continents

and oceans to talk to the scientists of the developed countries. Any
recognition and praise received in the course of these foreign contacts is
deeply cherished -- "batteries are recharged", it is said -- but this

inspiration and stimulation from the west only increases their spiritual
di stance fromtheir colleagues. Even nore vehenently do they feel that their
work is too sophisticated and advanced to be appreciated in a backward country
and that "there is no one to talk to" at home. Thus, the abnormality is that
the peer group which native scientists look up to is abroad in the
institutions of the west, and not in their own countries. |In the absence of a
| ocal peer group of conpatriot scientists, rigorous internal assessment and
eval uation becomes difficult, refereeing suffers, the quality of journals
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deteriorates, etc.

In addition, the subservience of native scientists to their "teachers"” in
the west leads to the following approach to the choice of problens and
probl em ar eas:

Step 1: Becone famliar with the output of "western"” research
Step 2: Identify western fashions and frontier areas.
Step 3: Concentrate effort on these fashions and frontier areas.

If the resulting work is noticed in the west, and appreciated there, then the
effort is adjudged successful; if it is ignored, the endeavour is construed as
a failure. Thus, the criterion of success, viz., recognition fromthe west,
only re-inforces in a positive feed-back sense the whole approach to the
sel ection of research areas and topics.

The result of this approach is that the distribution of indigenous
research efforts over the various disciplines and sub- disciplines is very
simlar to those in the devel oped countri es. But, this distribution is not
identical because of the well-known difficulties of doing research in
devel opi ng countries. These difficulties include poorly-stocked libraries,
long delays in receiving journals, extrenely l|imted opportunities of
travelling to the west and participating in foreign conferences, badly-
equi pped | aboratories, inport restrictions, inadequate |aboratory supplies and
i nfra-structure, non-availability of crucial components and materials,

bureaucratic interference, etc. As a consequence, the gestation times for
"starting up and getting going" are nmuch longer and the tenpo of work is nuch
slower. In short, the signals fromthe advanced countries are received after
a delay tine and are responded to nuch later. Even successful conmpetition
with western research is not easy, except by the blessed few in abundantly
endowed and well-patronized I|aboratories. And as for pioneering work, it
rarely occurs -- there have been very few path-breaking researches fromthe

devel opi ng countri es.

The simlarity between the patterns of research in the devel oped and
devel oping countries is adjudged an abnormality and a matter of serious

concern because it represents an illegitimate driving force which inhibits the
aut ononous devel opnent of an internal dynamc. Most devel opi ng-country
scientists, however, view this simlarity with approval as a confirmation of
the international character of science. If the slogan "science is
international™ nmeans that the laws of nature are invariant with respect to
country, there can be no argument. If, however, it neans that the pattern of

science is not socially and historically conditioned, then there is nuch to
di sput e.

The pattern of science is influenced both by the society in which it
grows as well by as by its own history. This is why the main preoccupations
of science have been different at different periods of its history --
nmechani cs in the sixteenth and
seventeenth centuries, heat in the mddle nineteenth century, electricity in
the I ate nineteenth century, and nore recently nucl ear and solid state physics
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in the post-Wrld War 1l period. It appears that there are two circunstances
under which a particular aspect of nature becones the focus of intense
scientific activity: firstly, when there is a confluence of the flows of

basi ¢ problens generated by technology and of relevant background know edge
produced by previous science; and secondly, when there is a torrent of
under st andi ng casued by a conceptual or experimnmental break-through

This view inmplies that the foci of scientific activity in severa
countries will be the sanme if the problenms generated by their energing
technol ogi es are identical', their scientific systems share a conmon history,
and their scientists belong to the sane peer group. This is the case with the
"devel oped countries" -- they are characterized by the sanme pattern of soci al
wants, they are involved in the devel opnent of the sanme technol ogies, their
scientific systens have evol ved together and share a common history, and their
scientists have bel onged to, or becone part of, the sane peer group during the
course of several centuries. Science is certainly trans-national anongst the
set of industrialized countries.

But, it is difficult to extend these argunents to the devel oping
countries. Because of the alnost conplete dependence on technol ogy inports
and the imtative-adaptive approach to indigenous technology generation
science in these countries is not subject to the pressure of problens thrown

up by technol ogy. The scientific systens, in nmpobst of these countries, are
only a few decades ol d And, though their scientists look to the west for
their peer group, this view 1is not reciprocal -- by and [large,
devel opi ng-country scientists can be treated as "canp- followers" who can be
i gnored because their contributions are peripheral. Thus, nost devel opi ng
countries cannot be included in the set of countries across which science is
trans-national. Further, the distribution of their research efforts over the
different areas is not the result of autononous forces, but the natural
consequence of followng "western" fashions. The simlarity of this

distribution with that in the industrialized countries is a manifestation of
t he subservient position of devel oping country science, and not a proof of the
view that it is part of an international effort.

These abnornmalities of indigenous science are aggravated by
the lack of a strong instrunent ndustries in developing
countries. These countries are alnost totally dependent on
i nstrunment inports. It is well-known, however, that when a new
type of instrument arrives on the scientific scene, there is an initial rush
to exploit it but this rush is followed by a leveling off in its use after the
nmost significant applications are achieved. Thereafter, and that is when
devel oping countries succeed in inmporting the instrunent, only the residua
applications are left for exploitation. But, the instrunent has by this tine
beconme such a prized and prestigious acquisition that it assumes a dom nating

! And according to the technol ogy-society scheme (Figure 1 of Lecture 1), this
inplies simlarity in the social wants in the societies of these countries

The Indian scientific systemis an exception in that its history goes back
to nore than a century.
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position. Problens are chosen for the sake of the instrument, rather than the
instrument being selected to suit the problens. And, in this way, western
instrunment industry (which is linked with western technol ogy and science) has
a determning effect on the pattern of science in devel opi ng countries.

A viewpoint has been presented of how society shapes science in
devel oping countries. It provides quite an accurate description of science in
India, but there are sone peculiarities in the Indian case which nerit
nmention.

I ndi an science is not a post-independence phenonenon; it has a history of
over a century. Being virtually a sub-continent with conditions totally
different fromthose prevailing in the home country of the col onial power, and
of fering prom se of enornobus natural resources, a nunber of scientific survey
organi zations (Ceol ogical Survey of India, Botanical Survey of India, etc.)
were established even in the last century. Techni cal education was also
started around that tine, and the local intelligentzia took advantage of it.
Wth the establishnent of a few universities in the second half of the
ni neteenth century, science education began to be inparted and many students
qui ckly demonstrated their ability to grasp mathematics and science. Wth the
growmh of native business activity and of an intellectual comunity, a
nmovenent for national independence began to gather nomentum in the first
decades of this century.

During the late twenties and early thirties, there was a flowering of
science in |ndia. It was during that period that several Indian scientists
made outstanding contributions. Ranman, Bose, Saha, Sahni and ot hers bel onged
to this era. They shared several characteristics: they were all educated in
India, they were very patriotic, they displayed an intense nationalistic
pride, they had firmroots in the local culture. They storned their way into
western science by path-breaking scientific work. But, though they received
the highest honours, they remained outside the apparatus of governnent.
Nevert hel ess, they were the leaders of Indian science, they started its
journals, founded its academ es and initiated an indi genous peer group system

And then canme political independence in 1947, and the nationa
governnent's decision to give science the maxi num possible support. Fundi ng
was escalated rapidly. A large nunber of agencies and institutions for

education, science and technol ogy were hurriedly established. To direct these
funds, agencies and institutions, science adnmnistrators and technocrats were
requi red, but neither Raman nor Bose nor Saha nor Sahni becanme governnent
scientists.

In anticipation of the high-1evel nmanpower requirenents for this increase
in technical activity, it was decided to get the manpower trained abroad. The
process actually started a year or two before independence, and for severa
years thousands of Indian students were sent to the universities of Wstern
Europe and North Anerica. It is these foreign-trained scientists and
engi neers who took over the |I|eadership of institutions when the
| ocal | y-educated "old guard" retired. The "new breed" brought with them the
frontier areas enphasized in their foreign universities. They had not grown
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in the atnosphere of |ocal |aboratories, and had never experienced the days of

gl ory. They returned alienated, and many remained so. The i ncipient
i ndi genous peer system established by the stalwarts of the thirties began to
col | apse. But the "old guard" could not stop the process as it had no

position in the new government system for funding science and organizing
| aboratories.

Little distinction was nmade in the first 2-3 decades after independence
bet ween science and technol ogy. And, all the anbitious steps to set up a vast
infrastructure for generating technology did not appear to take into account
the fact that the bulk of the technology would be inported and that the
generation of indigenous technology would be through a process of imtation

and adaptation, rat her than innovation. Nevert hel ess, gover nient
t echnol ogi cal establishnents began to play an increasing role in
deci si on-nmaki ng regarding science. In particular, the heads of these

establi shments becane the |eaders of science and the arbiters of science
policy even though they were pre-occupied with nanaging the process of
imtating and adapting "western" technology. |In terms of funding, personnel
equi pmrent and infrastructure, the support for scientific research becane
al rost two orders of magnitude greater than in the pre-i ndependence era. But,
it is a noot point whether Indian science has nmade the sane inpact on science
as it did during the thirties. It is this phenomenon of vastly increased
i nvestments on Indian science producing a dimnished inpact which has been
consi dered strange, but it only enphasizes the general picture of science in
devel opi ng countries outlined here.

TOMRDS AN ALTERNATI VE TECHNOLOGY AND SCI ENCE FOR | NDI A

A detailed diagnosis of technology and science in India has been
presented. The situation can be sunmmarized thus:

(1) Technology in developing countries is oriented towards the demands of
the elite which are best satisfied by "western” technol ogy.

(2) Science in devel oping countries is nodelled on science in the devel oped
countries; in addition it is bereft of the driving force of indigenous
technol ogy which is based on the imtation and innovation of "western"
technol ogy, rather than on innovation

Hence, technology is inconsistent wth need-oriented, sel f- reliant
devel opnment, and science has neither the driving force of indigenous
technol ogy nor an internal monentum  This diagnhosis suggests how technol ogy
and science in developing countries should be re-oriented. A very brief
indication of this re- orientation is presented bel ow

Technol ogy in devel oping countries should cease to be elite- oriented, it
must becone devel oprent-ori ent ed. The overwhel mi ng thrust should be towards
technol ogies for the satisfaction of basic needs, starting from the needs of
the neediest, and for strengthening self-reliance based on social
participation and control. In short, the filter (cf. Figures 1 of Lecture 1
and Figure 1 of Lecture 2) that determ ned which social wants are transmtted
as demands upon technol ogy-generating institutions and which wants are ignored
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must be nade to operate in the interests of the poor. Such a thrust wll
develop only when the felt needs of the poverty-stricken masses are identified
in all their conmplexity and subtlety, and when the interaction between people
and technol ogies ensures social participation and control and therefore
self-reliance. What is required therefore is direct contact between
technol ogy-generating institutions and the people, and this contact can be
best achieved by the conmmtnment of these institutions to the problens of the
people. A w der range of technol ogical options will have to be generated to
enable the people to escape from the present Hobson's choice wherein the
traditional technologies are inadequate and "western"” technologies are
i naccessi bl e because of their costs, resource requirenents, energy denands

etc. This means that the alien guidelines (Figures 1 of Lecture 1) for the
generation of technology currently in use will have to be jettisoned, and new
par adi gns devel oped. In other words, the satisfaction of basic needs in
devel oping countries will require the generation of alternative technol ogies
appropriate for devel opnment. Such alternative technologies may be so
| ocation-, resource- and culture-specific that perhaps they cannot either be
imported or generated by a process of inmitation and adaptation. |nnovation
will become inperative, and it is this pressure to innovate which wll
revitalize the technol ogy-generating institutions by defining for them a
pur pose and m ssion.

Since many new technologies will be required to achieve the tasks of
devel opnent, the innovation chains which nust be conpleted to bring these
technol ogies into being, will inevitably throw up a host of basic problens for
scientific research. If the local scientific system responds to this
pressure, then it would have acquired one crucial driving force for the
devel opnent of science. 1In fact, indigenous technol ogy and i ndi genous sci ence
wi || beconme nmutual ly reinforcing.

If science in developing countries becomes preoccupied with the basic
probl enms thrown up by the task of innovating indigenous technol ogy, there wll
necessarily be an attenuation of the strong influence of western science
particularly in the distribution of research efforts. Such an attenuation
will pronote interaction between |ocal scientists. If this interaction is
further stinmulated by concerns arising fromthe environnent, then the process
of conversion of a body of native scientists into a cormmunity of peers will be
facilitated. Al this corresponds to the devel opnent of an internal nonmentum
which is the other crucial driving force for the vitality of science.

VWhen these two driving forces operate on indigenous science, there is no
guarantee that the distribution of research efforts in devel oping countries
will remain the same as that in the industrialized world. In fact, it is
al nrost certain that many of the principal foci of research activity will be
different in the two sets of countries. The difference will arise mainly over
those aspects of science which interface wth technology, but these
differences will be super-inposed upon an identity of concerns with regard to
the fundanmental forces of nature, the basic structure of matter, the core of
life and the design of the universe. Thus, there is a distinct possibility of
devel opi ng- country science being different from devel oped-country science - a
diversity which can only be in the interests of world science
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In conclusion, therefore, it appears that whether the objective is the
re-vitalizing of science or the re-orientation of technology, the hope lies in

a commitnent to the local environment. Technology and science will discover
their hositorical mssions only if they strike roots in the societies which
support them In that situation alone will the poor in devel oping countries

i nherit science and technol ogy and therefore the earth.



