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| NTRODUCTION

India continues to produce a substantial quantity of
science and engineering (S& E) personnel through its edu-
cational system and through higher education oversess.
Over thelast 3 decades, there has been asteady increase
in student enrollment, adding up to nearly 6.5 million by
1996. However, enrollment in basi ¢ sciences has dropped
to 19.6 percent (from 30 percent) of the total over this
period, and there has not been a significant increase in
enrollment in engineering and technology (which account
for about 5 percent of the total).

In this paper, the focus is on the trends in the gen-
eration of these human resources in India and how cer-
tain important economic changes may have an impact on
the career paths and opportunities for these personnel.

Current dataon S& E personnel in Indiaare limited,
with the most recent sources being Research and De-
velopment Statistics (DST 1996) and the 1998 Science
& Engineering Indicators report (NSB 1998) of the
National Science Foundation (NSF). Nevertheless, broad
implications may be drawn based on these dataand analy-
ses of current important economic circumstances. This
discussion paper is based to a large extent on qualitative
assessments of trendsin S& E graduate education and is
meant to serve primarily as abasis for further discussion
and identification of areas for future research and data
collection.

S& E graduate education needs to be viewed in the
context of the major issues that face Indian S& E person-
nel and nationa policymakers: the impact of the dynamic
growth of the information technology industry worldwide
and its effects on demandsfor skills, the economic down-
turn in Asian economies (even though at this point India
has not been as adversely affected as other nationsin the
region), and what NSF refers to as the “circulation” of

human resources in S& E. Also important is the growing
concern over the need for enhancing technol ogy-based
economic development and the consequent demand for
enhanced involvement of S& E personnd in the produc-
tive sector.

GENERATION OF S& E PERSONNEL IN
INDIA

Inan overall sense, Indiacontinuesto produce S& E
personnel at a steady rate, and currently has a stock of
over 6.3million (Rao 1998). Of these, however, only about
150,000 are engaged in research and development (R& D),
mostly in governmental laboratories. The rest are either
overseas or in nontechnical careers; someareinindustry.
Table 1 shows the growth in doctorate recipients from
India (in the United States) over the period 1985-96.

As can be seen, the proportion of total Ph.D.s
awarded in S& E areas has remained more or less con-
stant, except in more recent years when it has increased
somewhat. The median age for aPh.D. has stayed some-
what stable as well, at around 29 years.

Within S&E, dlocation across fields has changed.
The greatest increase has been in the computer and in-
formation sciences, which accounted for 3.9 percent of
total S&E doctorates in 1985 and 9.1 percent in 1996,
reflecting the rapid growth in the information technolo-
gies(IT) industry and the attractiveness of thisfield from
a career standpoint. It is noteworthy that many of the
Indians in the software and hardware industries in India
and overseas hold advanced degrees.

Of these, most had clear plansto stay in the United
States after receipt of their Ph.D. According to the DST
report, 1,082 of the 1,482 recipientsin 1996 had firm plans

Table 1. Number of Ph.D.s from India by year of award, 1985-96

1985 | 1986 | 1987 [ 1988 [ 1989

1090 | 1991 | 1992 | 1993 [ 1994 | 1995 | 1996

541
84

579
81

602
83

647
80

679
78

S&E (percent)......

881
80

924
81

1,072
80

1,139
81

1,289
82

1,426
84

1,481
84

SOURCE: Government of India, Ministry of Science and Technology, Department of Science and Technology, Research and Development Statistics,

New Delhi, India, September 1996.
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to locate in the United States after receiving their Ph.D.;
456 of these had definite employment plans. Mogt of the
employers (79.2 percent) were in industry/business, and
15.8 were educationa ingtitutions. In contrast, in 1985,
47.4 percent of the employers were in industry/business
and 44.5 percent were educationa institutions.

To bring greater depth to this scenario, data are re-
quired on the numbers of advanced degree-holders of
Indian origin who have returned to India and the location
of their employment there. Typically, even though Indian
Ph.D.shavetended to prefer to stay in the United States,
therapid growth in certain sectors of the Indian economy
and greater overal mobility should suggest anincreasein
this recirculation of skills.

There is another side to the coin, however. Even
though there are datathat indicate that “brain circulation”
isoccurring for some countries such as Taiwan and South
Korea, Indiaand Chinadtill experience more“braindrain”
than not. This is perhaps understood by the fairly high
level of S& E personndl in Indiaactively seeking employ-
ment. According to DST, 676,099 science graduates and
100,249 science postgraduates, as well as 152,015 engi-
neering graduates and postgraduates combined, were on
the active registers of employment exchanges in 1993.
More current data are not available.

Given that economic conditions may have made it
favorable for S&E personnd to return to India if they
entered specific industry/business areas but that overall
employment prospects for them do not seem to have im-
proved, research is needed to determine what specific
trends are emerging as a resullt.

This is particularly important when viewed from a
national economic development perspective. |deally, coun-
tries like India need to harness their S& E personnel and
capabilities to accelerate the development process and
further the development of national science and technol-
ogy infrastructure, research, and training. A mgjor chan-
nel through which this could occur is the national labora-
tory system (e.g., the Council of Scientific and Industrial
Research—CSIR) and nationa teaching institutes such
as the Indian Ingtitutes of Technology (11 Ts). There has
been considerabl e criticism of the extent to which mecha
nisms have actually made contributions to the productive
sphere; it is only recently, for example, that the CSIR
system has been asked to focus its energies on such ef-
forts. This has been accompanied in many cases by bud-

get cutbacks, which have limited the ability of nationa
labs to offer attractive salaries and career prospects to
new graduates. The upshot is that the private sector, and
in particular the information technology area, isbecoming
amajor career choice for such graduates.

This in turn is having an impact on the supply of
future teachers (Rao 1998, p. 29):

In the field of postgraduate education and re-
search in engineering and technology the follow-
ing trends are worrisome. (1) The average turn-
out of Master’s Degree holders in engineering
technology isonly around 5,000 per year and this
is againgt the capacity of more than 15,000. (2)
The loss of engineering graduates to software
industry istaking place on alarge scale with con-
sequences to postgraduate programmes. On ac-
count of these negative developmentsthereisan
acute shortage of teachers with postgraduate
qualificationsin engineering and technology. The
Situation is becoming one of concern as expan-
sionin engineering education will haveto go hand
in hand with economic growth. (3) The number
of doctorates in engineering and technology be-
ing produced annually now is only about 400 and
90 percent of them come from only adozen insti-
tutions.

Indeed, as table 2 shows, the number of doctor-
ates in engineering has dropped considerably over the
period 1982-94.

Table 2. Doctorate degrees awarded by field

Faculty 1982-83 1990-91 1993-94
Total. e, 6,948 8,383 9,369
Engineeringltech...... 511 629 348

SOURCE: Government of India, Ministry of Science and Technology,
Department of Science and Technology, Research and
Development Statistics, New Delhi, India, September 1996.

In science, however, the number of doctorates has
increased from 2,892 in 1982-83 to 3,505 in 1993-94. The
overal total number of doctorates has also increased, ris-
ing from 6,948 in 1982-83 to 9,369 in 1993-%4.

DST has compiled estimates of the total stock of
engineering degree-holders by discipline; these are sum-
marized in table 3.



Table 3. Engineering degree-holders by field

Discipline/Year 1986 1990 1995 2000
Total.overerrerienns 390,830 492,180 660,660| 848,660
{0111/ S 94,540 11,940 153,160| 186,830
Mechanical......., 108,400| 131,200| 164,220 197,980
Electrical........... 76,390 87,030] 106,220| 125,870
Chemical........... 23,660 27,510 32,300, 37,700
Telecom............ 25,520 41,830 67,290 96,260
Metallurgy......... 11,960 13,120 14,880 16,780
Automobile........ 730 1,140 2,720 5,140
Aeronautical...... 1,360 1,530 1,760 1,950
Other................. 20,4100 32,440 66,930 110,350

SOURCE: Government of India, Ministry of Science and Technology,
Department of Science and Technology, Research and
Development Statistics, New Delhi, India, September 1996.

The specific field of computer software and hard-
ware is not detailed separately but is probably included
within telecommunications, electrical engineering, and
other.

It is perhaps worth comparing these figures with
the numbers of first university degrees in S&E in India
over the period 1985-95 (table 4).

Table 4. First university degrees in S&E

in India, 1985-95

Field 1985 1990 1995
All univ. degrees..........., 646,748 750,000 750,000
Engineering............... 21,088 29,000 29,000
Math. & comp. SCi..... NA NA NA

SOURCE: National Science Board, Science & Engineering Indicators -
1998, NSB-98-1 Arlington, VA, 1998.

Clearly, these is a generd lack of available data on
graduates in computer sciences (and mathematics); this
is an important area in which further and more refined
data collection is needed in order to better understand the
changing composition of S& E degrees.

S& E AND ProbDUCTIVITY

One of the major purposes of enhancing the quality,
quantity, and proper deployment of S& E is economic de-
velopment and the strengthening of the economy. Indian
national science and technology (S& T) policy hasaways
been based on this need as a central focus (along with an
emphasis on self-reliance). Since independence, the gen-

eration of highly qualified scientists and engineers (and
the establishment of premier educationa institutions such
asthellTs) have been driven by this objective. However,
accomplishments in terms of concrete and positive con-
tributionsto productivity by S& T have been questionable,
and one of the “negative’ effects of an imbalance be-
tween the supply of personnd and the economy’s ab-
sorptive capacity has been brain drain.

Today, the discussion has turned from brain drain to
brain circulation, which may apply to some Asian coun-
tries more than others. Brain circulation appears to be
occurring in some countries (but may change with the
recent Asian economic crises). This takes place in the
form of graduates returning to jobs back home, network-
ing with colleaguesin their countriesof origin, and thereby
creating more of a dynamic two-way flow of talents and
skills between the United States and the home country.

Of paramount importance, however, is to investi-
gate to what extent this type of circulation actually con-
tributes to home countries scientific and technological
infrastructure (broadly defined to include research, train-
ing, policy, transfer of knowledge, etc.) and hence, inturn
enhance the economic development process.

For example, considering that Indiais primarily an
agricultural country and is the number one producer of
certain commodities such as jute, sugar, fruits, and veg-
etables, it is—in terms of productivity—on the low end of
the spectrum (Rao 1998, p. 19) (table 5).

Table 5. Indian agricultural productivity

Production Yield
Type of Plant -
Annual (1000 T) | World Rank | Yield kg/ha | World Rank
JUEB..voris 1,260 1 1,465 10
Fruits/veg........... 100| 1|  Variablgd Below 10
Raw sugar.......... 13-14,000 1 10% Below 5

SOURCE: P. Rama Rao. "Science and Technology in India: Retrospect and
Prospect.” Address to the 85th Annual Session, Osmania University,
Hyderabad, India, January 3, 1998.

The potentia contribution of technologica know-how
and skills is critica in improving productivity in agricul-
ture, amainstay of the economy. Y et the trend in doctoral
degrees awarded in agriculture from Indian universities
has declined in recent years. Thetrend in doctora recipi-
entsin agricultura sciencesfrom the United States shows
asmilar decline, but precise dataare not available (table 6).
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in agriculture in India
1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995
712 | 688 | 703 | 715 | 715 | 611 | 572 | 572
SOURCE: Government of India, Ministry of Science and Technology,

Department of Science and Technology, Research and
Development Statistics, New Delhi, India, September 1996.

Thisisthetype of trend that raises concernsfor the
long term. Regardless of the tremendous growth and ad-
vances in areas such as IT, and the admittedly positive
implications of these for productivity improvementsin al
sectors of the economy, the need for basic technological
capabilities that can continue to improve agricultura effi-
ciencies is criticd to the long-term economic develop-
ment of the nation.

Moreover, technologica capacities are required for
the further processing of agricultural commodities into
value-added products, the economic benefits of which are
growing rapidly worldwide. Adding vaue to agricultura
resources is amainstay of economic development: mov-
ing up the “value chain” is central to the wealth creation
process that underlies economic development. For thisto
occur, the country needs personnel with skillsin appropri-
ate areas—food processing, fermentation, packaging,
chemica engineering, tissue culture, biotechnology, etc.
With these skill sets properly harnessed, the Indian
economy could build a vaue-added industria base that
generateswealth from itsagricultural and natura resource
base.

For example, there is a growing demand for high-
quality flavors and extracts (essences) by the global food
and beverage, aromatics, and perfume industries. Indian
spices, botanicals, fruits, and vegetables are acknowl-
edged to be very high in taste and flavor content even
though yields may be low. Market demographics have
been changing in recent years: there is a growing con-
sumer demand for exotic tastes and more variety in fla-
vors and aromatics. The growth of new markets, for ex-
ample aromatherapy and organic foods, is another driver
of demand.

To meet these new demands and enter these mar-
kets comptitively, capabilities in new technologies that
provide higher extract yields and higher efficiencies are
required. These technological developments are occur-
ring in various countries around theworld (substantialy in
the United States), and it is essentia that India develop

S& E personnel with skillsin these areas. Such skillsmust
be built upon a solid foundation of training and research in
the appropriate area of agricultural engineering.

An important consideration here is that technical
skills by themselves may not be adequate. There has to
be an appreciation of market trends (and opportunities)
and incentives for S& E personne to pursue them. The
knowledge of market opportunities needs to be dedt with
by appropriate modificationsto the teaching/research pro-
gram. Incentivesfor S& E personnel can only come from
private industry and through nationa policies.

BroaDER Economic CONTEXT OF
S& E EpucaTioN

Rao (1998) makes a strong and crucia argument
that the broader economic context within which scientific
and engineering activities take place—including educa-
tion—must be taken into consideration in al aspects of
S& T policy. Of particular importance are the commercial
aspects of technology. To fully capitalize on the competi-
tive resources of the country, there is a need to focus
& T activitiesin such away as to optimize the commer-
cidization, in a competitive sense, of scientific and tech-
nological know-how.

Inthisregard, education in S& E must be based on a
broader concept of knowledge than smply functiona spe-
cidization. Of specific importance are the areas of fi-
nance, organization and management, and marketing.
These are areas with which S& E personnel need to have
aworking familiarity. The base of such expertise, inter-
estingly enough, may aready be developing, with various
government agenciesinvolved in S& T in India becoming
more involved with venture capital, technology commer-
cialization, and market-driven approaches to S&T. The
recently created Technology Development Board is one
such example; its mission is to promote the commercia
development of technology and mobilize the resources
and inputs needed for this end.

This need is present in most sectors of the Indian
economy—hedlth, pharmaceuticas, chemicals, agriculture,
tel ecommuni cations, transportation, energy, etc. Thechal-
lenge for the future is to be able to identify, with some
accuracy, which are the opportunity areas of the future
and to develop educational programs to generate the skill



sets that will be required. This is admittedly a mgjor un-
dertaking. Fortunately, in the United States and Europe,
educational and research programs in the relevant areas
aready exist and can be taken advantage of by Indian
students.

Another dimension of the globa context is the very
process of globalization itself. Corporations are becoming
increasingly global in their character, and the economies
of the world—as evidenced by recent economic events
in Asia and Latin America—are becoming increasingly
intertwined. Asaresult, onefinds U.S. corporations with
aglobal reach paying more attention to the recruitment of
talent from the countries in which they operate and de-
pending increasingly on skills available in these countries.
This applies not only to the mainstream areas of S& E but
aso to the newly emerging ones, such asIT, aswell. For
example, nearly every magjor U.S. software company has
established a development operation in India, with thein-
tention of utilizing the vast and dtill relatively inexpensive
technical resources available there. This hastwo effects:
firgt, there is tremendous mobility in the IT field between
the United States and India, and the number of Indiansin
this industry—for example, in Silicon Valley—has sky-
rocketed in the past decade. Second, the growth of the
industry is drawing people away from other career paths
in S&E, with the consequent implications for long-term
economic development discussed earlier.

There is another trend that is gradualy emerging
that is of significance in educationa terms. Indian engi-
neering graduates, mainly from the lITs, are now being
found in high-level positions in the financial sector. For
example, an I T graduate is now head of Citibank world-
wide. Many of the senior staff in multilateral financial
ingtitutions, such asthe Internationa Finance Corporation
and the World Bank, are Indian engineering graduates
from the 1970s and 1980s. They in turn are becoming
role models for future generations of engineering gradu-
ates.

In the past, for the most part, Indian students came
to the United States to study S& T with a clear intention
of staying in that field throughout their careers. A subtle
but important change may be occurring in more recent
times, in that students see an initid S& T education as a
channel to a career in an atogether different area—fi-
nance, consulting, business, etc. Thisis not atogether a
bad thing; in fact, for some time now, it has been known
that few |1 T graduates have stayed in engineering as a
career, and have succeeded in other fields, particularly in
the private sector.
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Inasense, thiswasthe origina vison of thellTs: to
generate Indian “technocrats’ who would take on lead-
ership roles in technology and industry, and hence con-
tribute to the economic development of the country. Asit
happened, a large proportion of these graduates accom-
plished this, but overseas. Whether thistrend is changing
and more engineering graduates are returning to India
after their education (and perhaps a brief career) over-
seas is an issue that needs to be explored.

From the perspective of organizations concerned
with S& T, such asNSF and national S& T agencies, these
trends raise an important question. To what extent is ad-
vanced S& T education to be seen as precisely that, pre-
paring students for careers in their respective fields of
S& T, and towhat extent isit anintellectua training ground
that prepares these students for a broader panorama of
career options? And which of these two is the more im-
portant from along-term economic devel opment perspec-
tive?

This issue has severa implications in terms of fi-
nancing of graduate education, establishment of new in-
stitutions, and the types of support that can or should be
provided to students.

Furthermore, if indeed one result of thistrend is a
downward pressure on the supply of trained S& T gradu-
ates further aggravated by the poor employment pros-
pects in S& T areas, measures need to be taken to ad-
dressthisissue. Rao (1998) points to the “assured place-
ment scheme” of the Department of Atomic Energy in
India, which first brings graduates into their own training
school wherethey are coached for ayear in an advanced
field of importance to the department. They are then as-
sured of ajob at the end of the year. A similar approach
could be adopted by private industry in India as well.

RecenT Economic CRISES

Some mention has been made of the impact of the
recent economic crises in Asia on the ability of students
from these countries to pursue advanced education in the
United States and on the circulation process.

The most immediate effect of the Asian economic
criseswould be on the ahility of foreign studentsto afford
education in the United States without financial support
of some kind. There is anecdota evidence that this is
taking place (Honan 1998), partly due to risng costs of
education in the United States and partly because other



countries are recruiting students more vigorously. Nine of
the 10 countries that send the greatest number of stu-
dents to the United States are Asian (Canada.is the only
non-Asian country). Additionaly, the financia crisis has
forced many Asian studentsto seek cheaper housing, get
part-time jobs, and transfer to collegesin other countries.
To what extent this overal trend is reflected in trendsin
S& E graduates requires research.

The Asian crisis would have had a greater impact
on the plans of students from the worst affected coun-
tries (South Korea, Thailand); its effects on Indian stu-
dents may have been less. However, the India rupee has
aso been losing vaue steadily, which islikely to have an
impact over time. NSF analysis of foreign doctoral recipi-
ents and their stay rates in the United States shows that
India and China have the highest rates; this is likely to
continue for the reasons outlined earlier.

The Asian economic crisis does highlight one issue
that bears deeper consideration—the relationship between
productivity-driven economic considerations and the de-
mand for and behavior of S& E graduates. The argument
has been made that a mgjor reason for the downturn in
these economies was a lack of long-term and targeted
investment in productive wedalth-generating efforts that
would add value to local resources and generate sustain-
able competitive industries. Instead, much of the invest-
ment was going toward speculative ventures, rea estate,
and debt financing of noncompetitive industries, where
the need for highly trained S& E personnel is low. One
would then expect that most of the jobs and opportunities
for S& E personnel would bein academiaand the govern-
ment. In India, this has certainly been the case, given the
low demand for S& E personnel in the private sector. Y et
it isin the private sector, where their knowledge can be
gpplied to the development of competitive technology-
based enterprises, that their full value should beredized—
at least in terms of contributions to productivity.

Furthermore, in an economic downturn, not only does
private industry cut back on R&D expenditures, but the
government typically aso cuts budgets in S& T-related
areas. All of this has the net effect of reducing even fur-
ther the demand for S& E personnel in S& E careers. The
only mgor source of demand under these conditionswould
be overseas employers (such as in the United States),
and that would be subject to the sector prioritiesin those
economies. Thus, the growth in the information industry

inthe United States (and its counterpart in India) is draw-
ing an increasing number of Indian engineers because of
both its economic attractiveness and the decline of op-
portunities in other fields.

Thuswe have adownward spiral effect where past
economic policies, based on alack of focus on the role of
S& T to economic growth (and the consequent low de-
mand for such skills), produce conditions that further de-
teriorate this demand. This subject—the relationship be-
tween economic policies and demand conditionsfor S& E
personnel—requires further investigation.

Inthe padt, theimplications of broad economic trends
and conditions have not been stressed in the anayss of
educational needs in S& E and patterns of S&E educa
tion. In today’s more integrated and dynamic global
economy, it would be prudent to bring these factors into
an anaysisof thiscritical issue. Thisin turn means broad-
ening the disciplinary base for the study of S& E educa-
tion to include expertise in technology and economic de-
velopment, economic policy, technology commercidiza-
tion, and competitive strategy, among others.

| ssUES FOR FURTHER RESEARCH

Clearly, there areanumber of issuesthat need to be
addressed to devel op amore current and accurate under-
standing of the Situation today and in the future with re-
spect to S& E graduate education. In the case of India,
thelack of dataisinitself a problem, but the types of data
that need to be gathered and the rel ationships that need to
be studied a so need to be reassessed. Some of these are
summarized below.

CoMPARATIVE DATA ON DISTRIBUTIONS
AcRross S& E FiELDs IN THE UNITED
STATES AND INDIA

Of particular interest here would be the changesin
distribution between new fidds (e.g., IT) and traditiona
areas, as well as distribution changes within fields (e.g.,
food processing). In addition, data on distribution between
the United States and Indiain terms of degree recipients,
and theemployment locations of both groupsby field, would
provide better insight into current trends.



Data oN Economic CONDITIONS AND
EmPLOYMENT CHoOICES oF S& E
GRADUATES

The correlation of broad economic indicators, such
asthose used by the World Bank and the United Nations
Development Programme, as well as assessments of the
competitiveness of different countries (e.g., the World
Competitiveness Report), with employment paths and
patterns of demand for skillsin S&E would provide very
useful data for future education planning and reform. Of
importance here is the need for a conceptual framework
that builds upon andytica principles in economic devel-
opment and allows propositionsto be devel oped about the
relationships between economic development dynamics
and career patterns and choices of S& E personndl in In-
dia

TiME-SERIES DATA ON CAREER PATHS OF
INDIAN SCIENTISTS AND ENGINEERS

Asdiscussed earlier, many Indian engineering gradu-
atesare now in senior positionsin other fields—business,
consulting, finance, etc. Thisisan important trend both in
terms of how we evaluate graduate S& E education and
how we develop new educationa programs and policies.
Just as the I1Ts were established based on a “techno-
cratic” vision, there may be an emerging need for educa-
tiond ingtitutions to integrate S&E with such areas as
entrepreneurship, innovation, economic development, and

finance to create a new generation of what the United
Nations (UN) refersto as “techno-entrepreneurs’ for the
modern globa economy.

TRENDS IN SOURCES OF FUNDING

Patterns of funding and the composition of sources
of funding for R&D, graduate education, and training is
another area for more thorough data collection. This is
particularly important because there is an ongoing shift
away from public sector funding for R& D and agrowing
emphasis on technology commercidization. Of interest
would be changes in the distribution between Indian and
U.S/foreign sources of funding and the types of support
being made available from these sources.

IMPACT OF S& T PoLiciEs oN GRADUATE
EbucaTioN

During the 1970s, considerable emphasiswas given
to the role of S&T policies and policy mechanisms in
srengthening S& E capabilities in developing countries.
The UN’s Vienna Program outlines eight areas where
policies needed to be developed in S&T; one is human
resources. During the 1980s and 1990s, there was a re-
duced emphasison S& T policies, but it may now be use-
ful to assess the impact of the S& T policies developed
and implemented by countries such as India on the cur-
rent situation with respect to S& T human resources.
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