LECTURE 3(A) 22 February 1988

| NNOVATI ON UNDER THE | MPACT OF TECHNOLOGY | MPORTS

I NTRCDUCT! ON

Thus far, the innovation chain has been discussed as if technol ogy
inmports do not occur and the process of innovation is the only way of
acquiring new technol ogy. In fact, both industrialized and devel oping
countries inport technology, and therefore it is inportant to understand the
i npact of technology inports on the process of innovation

BYPASSI NG STEPS | N THE | NNOVATI ON CHAI N

The fundanental effect of the inport of a technology on the innovation
chain for that technology is that the inport pernmits a part of the chain to be

bypassed. In other words, by introducing the inported technology at a
specific step in the innovation chain, all the prior steps in the process of
i nnovation of that technology are made redundant and unnecessary. For a

manuf actured product, the inported technology can be introduced at any one of
the following stage: (1) marketing/distribution, (2) manufacturing, (3)
engi neering for manufacturing, (4) developnent and design, (5) applied
research or (6) basic research. One can think therefore of technol ogy inports
in terms of a nulti-point switch which determnes at what step in the
i nnovation chain the inported technol ogy enters the chain

PREVI QUS KNON_EDGE | MPORTED TECHNOLOGY
[
| DEA
BASI C RESEARCH --------
APPLI ED RESEARCH -------

DEVELOPMENT & DESI GN ------
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MANUFACTURI NG -----------

MARKETI NG DI STRIBUTION -------



PRCDUCT/ PROCESS
I'N THE ECONOWY

It is often said that a country acquires knowhow when it inports
t echnol ogy. That this is too superficial a view is revealed by the above
juxtaposition of the innovation chain and the inport of a technol ogy. The
representation shows that there are in fact different types of know how and
the setting of the switch determnes the type of knowhow that is acquired
through the inport of the technol ogy. In particular, one nust distinguish
bet ween mai nt enance know how achi eved through switch- setting 1, nmanufacturing
know how (switch-setting 2), engi neeri ng-for-manufacturing know how
(switch-setting 3), design and developnment know how (switch-setting 4),
applied research knowhow (switch-setting 5), and basic research know how
(switch- setting 6). 1In addition, one may al so include operational know how
which is what the consuner requires to use the product/service

The different types of know how can also be ranked on the basis of the
extent to which they contribute to self-reliance (which is the capacity of a
society to take and inplenent independent decisions), or conversely, to
dependence (which is the situation in which a society's decisions and actions
are determ ned by external societies). In that sense, the types of know how
constitute a heirarchy of levels of self-reliance and of dependence:

RESEARCH KNOW HOW

DESI GN & DEVELCOPMENT KNOW HOW
DEPENDENCE

ENG NEERI NG FOR- MANUFACTURI NG KNOW HOW

SELF- RELI ANCE
MANUFACTURI NG KNOW HOW

MARKETI NG DI STRI BUTI ON KNOW HOW

The concepts devel oped above regarding (1) the relationship between
technol ogy inmports and the innovation chain and (2) the distinction between
the different types of know how can be used to throw light on the Japanese
approach to technol ogy inports. Japan has been a major inporter of technol ogy
over the past four decades and the enphasis has been on purchasi ng operationa
and/ or mai ntenance and/or manufacturing know how. But, these purchases of
foreign technology have only been a starting point. The Japanese approach
consists of the "four-to-one thunb-rule" according to which, for every $1
spent on the inport of technology, the technol ogy-inporting firn agency then
spends $4 on to acquire engineering-for-manufacturing know how, design and
devel opnment know how, and research know how for the sanme technol ogy that has
been inported. In other words, the approach is to work backwards through the
i nnovation chain fromthe step at which the technology is inported -- this why
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t he approach is sonetimes known as reverse-engi neering. The Japanese approach

-- as is well known -- has been emnently successful with the inporting
firmagency often ending up technologically ahead of the foreign firnm agency
from which the technology was inported. Quite often, Japanese firns

coordinate their technology inports (under the aegis of their (MTI) Mnistry
of Trade and Industry) so that one firminports the technol ogy and shares the
benefits with other firnms in the same field so that the country as a whole
advances technol ogi cal | y.

The | ndian approach has been very different -- the general tendency and
practice (see, however, exception below has been to inport operational and/or
mai nt enance and/or manufacturing know how and nmake no attenpt to do
rever se- engi neering. The result is that technol ogy-inporting firns/agencies
never acquire the engineering-for-manufacturing know how, design and
devel opment know how, and research know how for the technol ogy that has been
i mport ed. As a result, their technological |evel remains static and after
sonme time they are so backward technologically that they are forced to go in
for another technology inport in order to nodernize. This is why there are
repetitive collaborations (like blood transfusions) at frequent intervals over
a period of tine. The absence of coordinated inports of technol ogy al so | eads
to repetitive coll aborations by a nunber of firns at one point of tine.

Thus, there are sharp differences between the Japanese and Indian
approaches to technol ogy inmports. Japanese firns | ook upon technol ogy inports
as starting-points for reverse- engineering and make the expenditures for the
acquisition of know how for engineering-for-manufacturing, design and
devel opnent, and research. In contrast, Indian firms see technol ogy inports
as a substitute for reverse-engineering and as a way of avoiding expenditures
on the crucial preceding steps of the innovation chain. No wonder that the
Japanese approach has proven to be a spring-board for greater self-reliance
and the Indian tendency has resulted in increasing dependence upon the

t echnol ogy- exporting countries. It is also clear that the inports of
product s/ services enables Japan to imtate those products/services, adapt and
nodify them and finally even inprove upon them India has frequently

imtated, sometines adapted, but very rarely inproved upon inported
products/services because inprovenent depends upon conpetence in the
engi neering- for-manufacturing, design and devel opment, and research steps of
the innovation chain.

There are two very inportant exceptions to the generalizations nade
above. Firstly, the small-scale sector of Indian industry often cannot afford
the costs of technology inports and therefore this sector has frequently
turned for technol ogy developnment to Indian R & D institutions, particularly,
the CSIR. In response to this demand-pull, the CSIR has often been successfu
i n devel opi ng technology. |In fact, the bulk of the products/services rel eased
by CSIR have been to small-scale industry. The situation here is one where
self-reliance is strengthened there is no substitute to indigenous conpletion
of the innovation chain and, as a consequence, self-reliance is strengthened

Secondly, there are sensitive technologies for which inports are not
possi bl e because, for instance, industrialized countries ban technology
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exports in strategic areas. Space and nucl ear technologies are well-known
exanples. In the case of such technol ogies, India has not been able to inport
t he products/processes. Thus, it has not been able to buy operational and/or
mai nt enance and/or manufacturing know how. The country has had no alternative
except to incur the requisite expenditures to go through the innovation chain
for those products/processes. Thus, it has been forced to acquire the
know how  for research, desi gn and devel opnent, and engi neeri ng-
for-manufacturing for the technol ogy that could not be inported.

There is an international dinension to this process. Innovative ability,
i.e., the ability to conplete the innovation chain, is an instrument for
achieving self-reliance and developnent in |India, and other devel oping

countries. But, industrialized countries often see their technol ogy exports
as an instrunment of control over developing countries. They also do not
hesitate to use them as ways of undermning self-reliance and increasing
dependence. In particular, as soon a developing country is on the verge of

achieving self-reliance with respect to knowhow for research, design and
devel opnent, and engi neering-for-manufacturing for a technology which it was

prevented from inporting, industrialized countries rush in to offer
hi t hert o- enbargoed  products/processes at cut-rate prices along wth
operational and/or maintenance and/or manufacturing know how. Unl ess the

benefits of self-reliance are included in the economc calculus, the
tenptation is to accept the cut-rate offer of technology inports and avoid the
expenditures on conpleting the innovation chain indigenously. If this
tenptation is succunbed to, the inevitable result is the underm ning of
self-reliance

India did not succunmb to such tenptations in the case of the rocket
propellant which it ultimtely devel oped indigenously. A counter exanple is
liquid-crystal-display technology where the inports of foreign technol ogy on
"attractive" ternms destroyed India's LCD capability just when it was maturing.

A simlar situation is developing in the case of GDOI technology for
el ectroni ¢ exchanges where several powerful tel ecommunications nulti-nationals
are conpeting. Another exanple is nonsoon prediction where offers to predict
our nonsoons just when the country's capability is growing in this area.
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SOMVE HI STORI CAL FEATURES OF SCIENCE & TECHNOLOGY | N I NDI A

| NTRODUCTI ON

The descriptions of science and technol ogy and innovation in India have
thus far been ahistorical. They tend to give the inpression that things have
and will remain the sane. But, there is a dynamic in every situation. And

everything has a history.

A clue to the dynam c can be obtained by |ooking at how the cumul ative
nunber of foreign collaborations have changed since independence. Figure 1
shows that one can denarcate three main phases

(1) the inport-substitution phase from 1956 to about 1962 when there was
an enornmous grow h in the nunber of foreign collaborations,

(2) the internediate phase between 1962 and around 1979 during which
there was a "trough" in the nunber of foreign collaborations, and

(3) the current nodernization phase whi ch began around 1979.

The first and third phases were the result of definite declared governnental
policies, but the internmediate phase was not so nuch the result of explicit
policy as of a conjunction of factors that were of course policy-rel ated.

THE | MPORT- SUBSTI TUTI ON PHASE

I ndi an i ndependence corresponded to the growi ng determ nation of |ndian

i ndustry to assume political power and control the hone nmarket. In
particul ar, because manufacturing and selling is often nore profitable than
being distributing agents for foreign products, Indian industry sought to

aunch the inport-substitution phase around 1956 to acquire operational,
mai nt enance and nmanufacturing knowhow.  This involved the inport of a |arge
nunber of technol ogies corresponding to the requirenents of the Indian narket.
Since these inports took place through foreign collaboration agreenents,
there was a large increase in the nunber of such agreenents.

The entire exercise was greatly facilitated by the 2nd and 3rd five-year
pl ans based on the Mahal anobis strategy of developnent involving a rapid
growm h of capital goods and the infrastructure. Wth this thrust, available
forei gn exchange was to be used largely for inports of internedi ate goods and
of technol ogy. This neant that foreign exchange was not available for the
i mport of consuner goods as was the case before. Al so, many capital goods
could not be inported. As a result, there was a market for consuner goods and
for many capital and internedi ate goods. Both of these markets were net
largely by foreign collaboration tie-ups. The policies were quite successfu
-- from a country which during the 1930s inported alnost all manufactured
products (except a few such as textiles) India started manufacturing al nost
all its requiremnents.
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THE 1962-79 | NTERMVEDI ATE PHASE

The 2nd and 3rd Plans largely ignored foreign exchange bottl enecks as
wel |l as agriculture and wage consuner goods. Both these shortconi ngs becane
significant as a result of the 1962 war and the droughts of 1965-67 -- the
avai | abl e forei gn exchange had to be used now for food and ot her essential and
defence-rel ated inports. The resulting strain on foreign exchange reserves
meant a cutting back on technol ogy inports. In addition, the failure of the
Mahal anobi s strategy to make the econony/industry self- sustaining neant that
t he demand for conuner and capital goods become easily saturated. The m d-60s
recessi on aggravated the situation

It is natural to wonder how in a country with a popul ation of about 400
mllions in 1956 the market could get saturated within the short span of about
six years from 1956-62. The answer lies in the fact that India is a "dual
society” in which only the richest 15% of the popul ation can afford to buy the
out put of the manufacturing sector. The poorest 85% are in a sense outside
t he market econony because they do not have the requisite purchasing power to
articulate their denmands. India in 1956 was for all practical purposes a
mar ket consisting of only about 60 mllions. Once this small market was
sat urat ed, demand decl i ned.

Thus, a conbination of foreign exchange constraints and recessi on-denmand
saturation led to a decline in the nunber of foreign collaboration agreenments
bet ween 1962 and 1969.

The beginnings of the Geen Revolution in agriculture in 1969 can be
associated with a resurgence of industrial growh and aggregate investnent
This is what probably accounts for the a spurt in foreign collaboration
agreements between 1969 and 1975- 6. The simlarity between the 1962 and 1975
peaks suggests that 1969-75 spurt in foreign collaboration agreements
corresponds to a replacenent of the old technologies, i.e., repetitive
col l aborations, inmported during the previous spurt in 1956-62 -- but this
suggestion has to corroborated by detail ed exam nation of which technol ogies
were inported between 1969 and 1975.

What is interesting is the post-1970 demand from several groups
(particularly those that had established indi genous manufacturing capability)
to ban technology inports during a period when the nunber of foreign
col | aborati on agreements were rising. A cry of self-reliance was raised.
Many  mechanisnms were established to screen proposals for foreign
col | abor ati ons.

But, the cry of self-reliance was articulated in unfavourable context of
an econony slowy comng out of recession. The self-reliance slogan
increasingly fell on deaf ears. The nunber of foreign collaboration
agreements started increasing from around 1970 and rose to a peak around
1975- 76.



LECTURE 3(B) 7 A. K. N. REDDY

COPTI ONS FOR GETTI NG OQUT OF RECESSI ONS

However much recessions favour the demand for self-reliance by reducing
technology imnports, they are considered by the industrial sector as
unf avourable to grow h.

There are three options in the Indian context for getting out of the
crises of recessions:

Option 1: raising the inconmes of the poorest 85% of the population so that
they also become part of the market which thereby becones significantly
enl ar ged;

Option 2: adopting the strategy of export-oriented growh; and

Option 3: nodernization based on diversifying the product-mx of the
manuf acturing sector so that the richest 15% can buy new types of goods.

The problem with Option 1 is that the bulk of the poorest 85% of the
popul ation lives in the rural areas, and their poverty is mainly because of
i nadequat e control/access over the crucial assets of |and, water and capital.

The redistribution of assets (particularly land and water) is a necessary
condition for raising their incomes. But, redistribution is too radical a
solution for the vested interests in rural areas. Hence, Option 1 is rarely
chosen in devel opi ng countries.

The "success" economes of South Korea, Taiwan, Hong Kong and Singapore

are usually cited when Option 2 is recomended. But, there are severa
problenms with Option 2. Firstly, the export-led growmh of these four
econom es has been sponsored by the industrialized countries via their
multi-national conpanies and is under their aegis. Secondly, a necessary
condition for the success of the export-led strategy is the absence of trade
barriers and protectionism in the industrialized countries. Thirdly,

i ndi genous technology is of the 1950s vintage and is therefore too old and
inferior for the manufactures from such technology to conmpete in the
i nternational export rmarket. So, Option 2 requires massive inports of
technology and the blessings of the industrialized countries and the
mul ti-national conpanies.

The case for Option 3 is based on the fact that the richest 15% of the
popul ati on was starved of consunption goods for about 25 years (from about

1955- 80) . In particular, their craving is for foreign consunption goods
because their philosophy seens to be: "all that is rural is bad, all that is
urban is better, and all that is foreign is best!™ Now, the richest 15% in
India is small in percentage terns, but very large in nunbers -- around 1981

they constituted about 103 mllions which is roughly the sanme as Japan's
popul ati on of about 120 mllion. If therefore production can be oriented

towards their desires, then there is an enornous narket waiting to be
expl oi t ed.

But, in order to tap this market, firstly, the elementary- m ni nrum needs
bi as of goods/services that has characterized production since the 1950s nust
be abandoned/m nim zed, and secondly, the consunption patterns of the



LECTURE 3(B) 8 A. K. N. REDDY

i ndustrialized countries nust be brought in even though these westernized
consunption patterns are oriented towards |uxury consunmption (TVs, VCRs,

private transportation (cars and two-wheel ers), kitchen gadgets, etc.). But,
for this new luxury thrust in the pattern of consunption, the technol ogies
avai l abl e indigenously are quite inadequate. Hence, the <corollary of

west erni zati on of consunption patterns is a nmassive inport of technol ogies.

Such massive inports are possible only if the barriers to the free inport

of technol ogies are renbved. 1In other words, all the institutional nechanisns
for rigorously assessing whether technology inports are really necessary have
to disnmantl ed. In other words, Option 3 requires the so-called
"l'iberalization" of the econony. The elimnation of controls (such as

licensing) becones inperative even though these controls may have been
responsi ble for the careful husbanding of resources and the good housekeepi ng
whi ch together kept India out of the debt trap into which so many devel opi ng
countries had fallen.

The real problem with Option 3 is that the technology inports have to
paid for which neans that once the previously accunmulated surpluses are
exhausted the only of meking the paynents is with exports. So, Option 3
requires a sinultaneous adoption of Option 2, i.e., conbination of Option 2
and Option 3 becones obligatory.

THE CURRENT MODERNI ZATI ON PHASE

Such a strategy of export-led nodernization was nooted as far back as the
1970s with the visit of a group of US businessnen led by Oville Freeman.
This visit was followed by the general pronotion by the Wrld Bank of its
export-led strategy. By the time India applied for an I M- | oan, an export-Ied
strategy and economic liberalization were laid down as conditions for the
grant of the | oan.

All these trends coming under the general rubric of nodernization were
initiated around 1980. They have gathered trenendous nonmentum since 1985.
I mports of technol ogi es have been liberalized, and as a result, there has been
a trenendous increase (Figure 1) in the nunber of foreign collaboration
agreements. Mul ti-national corporations have been wel conmed. There has been
an proliferation of luxury goods to satisfy the cravings of the richest 15%
VWhether it is tw-wheelers, TVs, VCRs, or kitchen gadgets, foreign
col | aborati on agreenents have led to a |large nunber of manufacturers of each
item i.e., repetitive collaborations have been liberally permtted.

India has accurmulated a great deal of experience with regard to how
technology inports should and should not be used to acquire technol ogical
capability and know how. Despite this, the approach to such inports in the
1980s has not differed in any neaningful way from the inports of the 1950s.
The enphasis continues to be on the inport of operational and/or naintenance
and/ or manuf act uri ng know how  w t hout subsequent attenpts to do
reverse-engineering. 1In fact, in the current phase, there is a great deal of
what be called "screwdriver technology”, i.e., the inport of equipnent,
particularly electronics, in a conpletely- knocked-down (CKD) condition, the
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assenbly of the equiprment with a screwdriver, culmnating with the claimthat

t he equi pnent has been indigenously manufactured. Wth the persistence of
this approach, it is clear that technological levels are unlikely to rise --
technol ogy-inmporting firnms/agencies wll never acquire the know how for

engi neeri ng-for-manufacturing, design and devel opnent, and research for the
technol ogy that has been inported.

THE NRI PHENOVENON

One of the distinguishing features of the current nodernization phase is
the i nmportance given to NRIs (non-resident Indians) particularly fromthe USA

Indian inmgrants into the USA are in many ways unique anong that
country's inmmgrant comunity. They have not imrgrated because of religious
or political persecution; nost of them landed in the US as highly trained
professionals; they occupy key positions in the professions; they are
affluent; they retain strong cultural and econonmic links with India. As a
result, they are in a position to offer fromthe US massive anmpunts of capita
and technol ogy.

Such offers were received with alacrity by the new l|leadership in India
for several reasons. Firstly, this |eadership was unconstrained by the ties
with the | eaders of the scientific establishment that the previous | eaderships
had built over decades. Secondly, the new |eadership felt that the Indian
sci ence and technol ogy establishnment (except for space and atom c energy) had
failed to deliver self-reliance and indigenous technology capability in
frontier areas. And for that matter, they had not even delivered technol ogies
for the rural poor. In this context of disappointment with the local S & T
establishment and attraction to the NRIs, the NRIs came in with attractive
of fers of capital and technol ogy fromkey positions in the USA

Wth such unassailable credibility, their offers were not easily refused.
A few dissenting voices were raised. Was it not distorting values to
downgrade the professionals who had returned from the USA in the 1960s and
1970s? Was it not nore profitable for the NRIs to invest in India than in the
US because of the higher interest rates in India? The NRI offers also cane
with a |arge nunmber of demands for liberal tax and custonms concessions, house
sites, land, etc. Also, barring rare exceptions, the NRIs were not prepared
to pack their belongings in the US and cone home to link their fortunes with
t hose of the nother country.

The honeynmoon with the NRIs did not |last too |long. The crass conmerci al
notivations of the NRIs became obvious, and the econonmic price of tying up
with NRIs started becom ng apparent.

THE NEXT PHASE?

Al ready, several problenms with the current export-led nodernization
st rat egy have come to t he surface. Firstly, t he bills for
noder ni zation/liberalization have started comng in. The bal ance-of - paynents
situation is deteriorating rapidly. Debt problens are nounting, and it is
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even becoming difficult to service the debt by making interest paynents. But,
all this is no news at all to other devel oping countries such as Brazil and
Mexi co whi ch enbarked upon the sane course. Secondly, product diversification
was a way out of recession for a short period during which the appetite of the
richest 15% could be satisfied with |uxury goods. But, the market for even
t hese goods must quickly get saturated, and that is what happened in the case
of two-wheel ers, many kitchen gadgets, TVs, etc. It |looks that the nunber of
foreign collaboration agreenent will peak for the third tine (see Figure 1)
and then start declining to the acconpaniment of the self-reliance slogan.
Thirdly, all is not well on the exports front because the export strategy is
comng up at a time when the industrialized countries are raising trade
barriers and protectionist policies to solve internal problenms such as
unenmpl oyment. Coming on to the stage of history nuch later than South Korea,
Tai wan, Hong Kong and Singapore, can their success play be reenacted by India

even when the favourable conditions have disappeared? O, wll political
probl ens and their economic roots force Option 1 involving raising the incones
of the poorest 85% and having a huge and expanding internal market? WII it

becone essential to explore a devel opment-oriented approach as distinct from
the growt h-and-trickl e-down strategy that has been followed all these years?



