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mamifacturing 1w lour different ranges.
() up to Rs 30000, (n) Rs 50.001-
LOG 000, oy Re 100t 1=-7 5 lakh, and
(1v) over Ry 7 3 takhy Canara Bank also
presented  the general gwidelines
goveriing thair agricultural finance as
CTon loan

The tssuey such as the unpact of the
new hiberaliced plobal economic policy

an the import/enport of by-products of
the aromafic and medicmal plants, high
cost of disttflatton umits  especially
where the production 1s low. lack of
modern pre- and post-harvest techmaques
as existing conventional practices con-
sumes considerable man-hours with low
immput, R&D project funding. and scien-
tist-entreprencur coordination formed the

basts for much heated debute among the
participants.
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SCIENTIFIC CORRESPONDENCE

Declining trend in M Sc and PhD manpower: Modelling and

forecasting

During 1938-47, the number of students
graduating with - Master’s degree in
sciences from Indian Universiiies was
about 6560 of which 259 (4%) went on
to take PhD degrees'. This number
increased to 12% (23.934 Ph Ds out of
206343 MScs) during  1980-89
{ref. 2).

In this paper we study this growth
trend and look for a mathematical model
which would capture the process of
growth and make projections for future.
We note that the observed trend 1s the
result of not only the facilities {(such as
available seats) but of wider socio-
economic factors such as supply and
demand. Tt is this dynamics of growth
that we wish to capture In model
formulation,

Here we present in brief a model and
forecasts for the total numbers of M Scs
and PhDs. For subject-wise analysis,
detalls of various other models and a
comprehensive review of literature, we
refer to our report’,

When a new course of study is
introduced those who graduate influence
the newcomers; one person talks to
another and influences him/her about its
utility, two influence four, four
influence eight, eight influence sixteen
and so on. That is the number of people
who are convinced ahout the utility of
the course grows, This mechanism of
growth is siumlar to the colony of
biological cells in a medium, which
grows through cell division and is
descnbed by the logistic equation

ANIdE = gN {1~ (NIM)], (1)
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where M 1n biological growth denotes
the carrying capacity of the environment
and in the context of M Scs and Ph Ds,
represcnts the total possible number of
people who ultimately acquire the
degrees. N s the number of degree-
holders at time ¢ and g is a constant
growth parameter The growth follows a
S-curve and is such that 1t i1s almost
exponential in the beginning. slowly
tapering off and ultimately vanishing
when the total number A reaches M.

The above mechanism also holds for
the growth of a new product. tech-
nology, or idea, where the person who
adopts an idea influences anothcr, two
influence four and so on. This can be
interpreted as a growth which tahes
place in any SOCIO-ECONOMIC €RVIron-
ment through the interaction between
those who have adopted the product N
and those who are potential adopters,
(AM-N). In fact, equation (1) which was
formulated by Verhulst as early as 1835
for biological growth 1s known as the
Mansfield model® of technology diffus-
ion and 1s extensively used in modelling
new product diffusion’®. The mecha-
nism of growth of an academic
discipline s simlar to that of a new
technology, product or idea, as the
M Scs and PhDs can be thought of as
products of the education sector.

In equation (1) N, the cumulative
number of those who have acquired the
degree, is not the same as the total stock
at that time, since our influencing
agents include even those who have
retired N must exclude those who leave
because of death. However, since in

India major expansion in academic
manpower has come around early
sianties. the numbcer of those who leave
because of death can be assumed to be
small.

The meaning of Af, 1n the context of
cumulative manpower needs expla-
nation Since. in general. seats ftor
M Scs and to some extent Ph Ds, remain
fixed, technically there should not be a
finite A, ie an upper hmit to the
cumulative manpower. Why then do we
introduce Af7? This 1s because. (n a long-
term perspective, once the existing
degrees and qualificauons become non-
productive  and  unattractive, the
facititics would remain unutilized, If
this happens therc will be a decline in
the out-turn and such a data would
visualize a finite A/ Thus existence of
M mplies a possitble saturation 1n
growth. Such a trend 1s indecd noticed
1 the actual data (Figures 1, 2)

Within the framework of this model.
the growth trends in Frgures | and 2 are
seen as consisting of three S-curves.
Since two of them start at higher value
of MScs and PhDs we introduce a
paramcter p which has the effect of
shifling the y {out-turn) avis Our model
equation thus becomes

dN/dt = gN 1= (NAD)] + p. {(2)

The model paramcters g, M and p for
three s-curves are determuned by fitung
the past data’ to equation (2) using
SYSTAT package®. The values of the
parameters and their fit statistics are
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Table 1. Estimated values of model parameters and their statistics

M
Item Time span = Q {x100} I=o
1951-66 12.7 0.1550 2180.8 0.9945
(2.9) (0.C10) (445 0)
M5c 1967-77 - 98.0 02678 4203.9 0.9989
(13 4) (0 017) (85.2)
1978-88 - 63.6 01114 13895.0 0 99392
(17.5) (0.006) (404.9)
1951-62 74 6 0.1309 200.7 0.8937
(72 5) (0.043) (58.6)
Ph D 1963-76 41.7 0.1510 434.2 0.8973
S.H S H. S.H
1977-89 277.9 0 1030 976.2 0.9976
S.H S H S.H

—_ i i, R

bl

Values in bracket indicate associated standard error S.H. (singular Hessian).
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Figure 1. Fit and modei projection for M Sc in natural sciences.

given 1n Table 1. The goodness of it is
ndscated by the  R*-values. Thesc
parameter values enable us to make
projections for future.

For MScs there are three different
phases of growth 1950-67. 1968-80
and 198 1~9. it can be scen from Figure
I that there was a pownt of inflexion
around 1967 and 1f boostl tn opportunity
had not came around that tung the
nunibers of those taking M Sc depree
would have dechined  (see iguie 1
slarred numbers), Simularly points of
imflesion came i PO80 and 1989 The

emergence of new growth curves after
the points of inflexson is linked to the
expansion of facilities for M Sc and
Ph 1) in the late sixties and seventics.

Figure 2 displays analysis for total
Ph Ds, There are again three phages of
growth 1950-64, 196374 and {975~
1989, The points of inflexion are ¢learly
seen only for the second region around
1974 and for the third region around
1989,

A significamt result of this analysis s
that around 1989 we see a pomt of
mflexion both (or total number of M Scs
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and PhDs and their numbers have
started declining in nineties. This trend
i1s likely to continue unless new
opportunities and facilities are created
This result is at vartance with all the
earlier manpower studies'™'' that
predict increase in M Scs up to the year
2000.

Our analysis based on mathematica!
models unmistakably predicts a declin-
ing trend for annual turnover of science
manpower both for M Sc and PhD
during the nineties. This result besides
peing at variance with available pro-
jections'® ' sends a clear warning
signal to the planners.

Why is there a declining trend when in
most of our institutions seats for M Sc
are fixed and 1n generai there are excess
number of people seeking admissions?
One possible reason could be the under-
utilization of facilities Even if in the
beginning all science seats are filled.
some people do not utilize the facility to
graduate in the subject but rather
migrate to more lucrative courses such
as MBA, engineering, medical and other
professional courses. The catchment
area for these courses is so narrow that
the same set of students qualify for
various courses. Is there a possible way
of reverstng this trend? We argue that
increasing the number of seats and
expansion of facilities at the existing
institutions that award M 8¢ and PhD
degrees is unlikely to rcverse the trend.
This is because at manv places even the
available facilities are under-utilized.

The possible solutipa lies in spreading
the facilities more widely -across the
country. If one assumed that the accessi-
bility to MS¢ and PhD facihities for
thos¢ coming out of schoels and
colleges is not a problem, then the
average transfer rates from lower to
higher education wtll continue to follow
the past trend. This would imply that
with the expansion of school educalion,
those going 1 for bigher educalion
should proportionately increase. Dsti-
maies based on such average transfer
rate arguments are contrary to the
obscrved declining trend. We therefore
look for alternate explanations.

Although the educational facilities at
school and to some extent at under-
graduate level have spread over the
years, students conung out of these
courses will have to moye to distant
pluces where facthitiey for post-graduate
cducation are conceqprated Neglect of
this nusteteh in the spread of educa-
tona! faciliies ¢t school level, under-

Juy
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Figure 2. Fit and model projection for Ph D 1n natural sciences.

graduate  level
levels'?  give
based on average transfer ratios
contrary to the observed data. Therefore
instead of ncreasing the seats in
existing institutions in proportion to the
increased  output from school and
college system a strategy of creating
new facilities for higher education at
smaller and widespread places or
awarding more scholarships to facilitate
movement of these students to centres
of post-graduate cducation is more
hkely to succeed because this will
enlarge the base from which to draw
students. This may initially dilute the
quality which however is expected to
Impfove over time.

Decline in the out-turn of PhDs
implies a somewhat different form of
under-utifization of existing facilities.
The set of students whag qualify for
research fellowships are also the one
who compete for various administrative
jobs and leave without fully availing the
facibity/fellowship given to them. Also
catchment area for Ph D remains small
due to limits on the number of fellow-
ships. In addition, non-awvailability of
secured career commensurate with the
number of years of work [eads to
teakages out of the PhD stream. One
possible mechanism to prevent leakage
and for Increasing science PhDs is to
increase the number of fellowships by

and post-graduate

increasing projections
0,10

lowering the amount in the first year to
widen the catchment area and making it
more attractive to those who continue
research.

In this context it is worth mentioning
a general concern in USA about the
shortage of PhD scientists in nine-
ties' 'Y and of levels of federal R&D
funding particularly to young investi-
gators. In a recent paper Baker'> has
analysed in detail PhD labour market
within the context of demand and
supply of Ph D scientists in USA and
indicated that low levels of federal
research funding, particularly to young
investigators, 1s not sending the right
message to,young bright minds, viz. that
the state values therr efforts. This is also
true in the Indian c¢ontext. The
importance that the state artaches to
R&D has a direct bearing on the growth
trend of PhDs. A positive and
encouraging attitude of the Government
towards R&D is necessary if the
declining trend in the out-turn of M Scs
and Ph Ds in sciences is to be reversed.
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