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M. Mukherjee

1. Let us assume that there are E, engineers (or scientists) in
a country at the end of year O. In that year, the outturn of engineers
(or scientists) is e,. In general, we may write E, and e, respectively
for the stock at the end of and outturn during the {th year. Not all
engineers in the stock E, will complete the first year ; some will retire,
some will join other occupations or go abroad and some will die
or become unfit for service due to ill health. Thus there will be a
continuing attrition of the stock ; let the annual rate of attrition be r per
cent. At the end of the first year, the stock will, therefore, be
E,=(1—r)E,+e,, and in general, we may write

EB,=(1—-n)E,_;+e (1)

This expression enables us to work out an estimate of stock for
year x given an estimate of stock for year y provided we have data on
outturn for the period covered by year x and year y. Using some past
data on stock, it is thus possible to work out an estimate of stock for a
recent year. Also, if some recent estimate of stock is available, the
expression may be used to derive an estimate of stock for a past year.

2. Estimates of stock of both engineers and scientists in India
for the year 1955-56 have been worked out by the Perspective Planning
Division (PPD) of the Planning Commission.! The same sources further
give data on outturn of engineers or scientists for the period 1915-16
to 1955-56.2 One can, therefore, make use of the 1955-56 stock and
the given data on outturn to work out estimates of stock of engineers

* Head, Plaoning Division, Indian BStatistical Institute, Calcutta.

1 Engineers in [ndia, Number and Distribution, Manpower Studies, No. 5,
October 1957 (mimeographed), and Soientists in India A Statistical Study,
Manpower Studies No. 16, July 1959, (:nimeographed),

2 Conceptually, outturn should include inflows from other countries and
other oooupations. But available data usually relate to parsons qualifying as
engineers (or scientists) during a year.
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and scientistd in 1915.16, making a reasonable assumption about the
rate of attrition. This procedure, however, yields very surprising
results, aa will be seen from table (I) below.
Table 1: Stocks of engineers and scientists in India in 1915-16
rate of attrition per year (p.c.)

Particulars 2.5 3
(0) (1) (2)
engineers 30,892 47,760
scientists 7,006 12,046

The estimates of stock used for 1955.56 are 71,900 for enginecrs
and 23,283 for scientists. It is difficult to conceive of such large stocks
of engineers and scientists in India in 1915.16 because the rate of
annual outturn of engineers and scientists in 1915-16 were respectively
429 and 136, and these rates were probably lower before 1915-10.%
Even in seven or eight years after 1915-16 the rates of annual outturn
did not rise materially. Thus, even the lower figures of stock obtained
by using a rate of attrition of 2.6 per cent (i.e. on the assumption
that effective lives of engineers and scientists are as long as 40 years)
does not appear to be consistent with the probable rates of outturn
prior to 1915-16.

3. This puzzling result may be due to any one of the following
three reasons. The rate of attrition used may be still lower, though
a small reduction in this probably would not improve matters. Secondly,
the annual estimates of outturn may not be correct, or may not be
strictly consistent with the notion of stock used. Finally, the estimates
of stock for 1955.-56 may be high.

4. However, a good deal of care has been taken by the PPD to
work out the estimates of stocks, making use of both annuul estimates of
outturn and data given in National Registers of Scientific Personnel with
reasonable adjustments whenever necessary. Thus, it is difficult to
think of these figures as off the mark. While it is not clear whether
the migrants to Pakistan havo been included in the annual (ata of
outturn used to build up the stock estimates, we have considered these
figures as excluding migrants. If the flgures include migrants, the
outturn and stock figures will be even less consistent. Net inflow of
technical personnel from abroad will have a tendency to bring the
stock and outturn estimates more consistent. Appropriate adjustments
have been made by PPD for this. However, small changes in assump-
tions here cannot be dimensionally important. One may probably feel

8 B8ee Appendix Table,
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that the assumption about attrition made by PPD is on the low side, but
this alone again may not solve the dilemma posed here. There does seem
to be a possibility that the stock figures for 1955-56 includes many people
without adequate enginecring and scientific education, and the figures
of outturn stock do not represent exactly the samo category of people.
5. If this surmise is correct, then it is worthwhile to try to
build up estimates of current stock which are exactly comparable with
the data on outturn presented in the PPD papers. This can be done
by making use of relation (1), and using a hypothetical figure for the
base period stock.* If we want to estimate stock for 1955.56, on the
basis of an estimate of stock for 1915.16 and the data on outturn for
the intervening years, the magnitude of stock chosen for 1915.16 will
have little effect on the estimate of stock for 1935-56 for attrition
rates of 2.5 per cent or 3 per cent because even for 25 per cent rate
of attrition, since the iutervening period is 40 years, none in the
original stock of 1915-16 will survive in 1955.56, and the estimates of
stock in 1955-56 will depend only on the data of outturn. This is
brought out in table (2) presented below for 3 per cent.rate of attri-
tion which we consider as morc realistic.
Table (2); Stocks of engincers and secientists in 1955-56 based entirely
on outturn data end hypothetical figures of base period stock.
Year Stock of engineers at attrition Stock of scientists at attrition

rate of 3 per cent and with rate of 3 per cent and with
assumed base period stock assumed base period stock
10e, 2e, 10e, 2e,
1915-16 4290 858 1360 272
1955.56 59,056 58,038 20,126 19,802
PPD estimates
for 1953-66 71,900 71,900 23,283 23,283

6. The position, however, does not substantially alter if we take
2.5 per cent as the rate of attrition instead of 3 per cent used in table
(2). The differential effects of these two rates of attrition have been
presented in table (3) below for base period stock equalling 10 times
the base period outturn (£,=10e,).

7. A study of tables (2) and (3) indicates that the procedure
adopted by us results in a wide departure from the PPD estimates in
the case of engineers, while the difference is much smaller in the case

4 Annunl figures of outturn of engineers and scientists and annual estimates
of their stocks caloulated under different assumptions are given in the Appeudix
Table for the period 1216-16 to 1060-G1.
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of scientists. The differences are reduced when either a lower attrition
rate or a higher estimate of base period stock is adopted. In fact,
for scientists, a base period stock of 10e, coupled with a 2.5 per cent
rate of attrition gives a flgure not far off the PPD estimate.

Table (3) : Stocks of engineers and scientists at 3 per cent and 2.6
per cent rates of attrition and with assumed base period stocks of 10e,.

Year stock of engineers at stock of scientists at
3 per cent 2.5 per cent 3 per cent 2.5 per cent
attrition  attrition attrition  attrition
1015-16 4290 5290 1360 1360
1955.56 39,056 62,163 20,126 21,118

PPD estimates for 1955-56 71,900 71,900 23,283 23,283

8. Since we are interested in the estimates of the stock of
engineers and scientists over the decade 1950-51 to 1960-61, we may
do this following different procedures. One way will be to accept the
PPD estimates for 1955.56 and obtain the annual estimates by working
forward and backward with relation (1). &he other procedure will be to
start with a hypothetical base (sny, 10e,) 1915-16 and work out the series
from this using the entire data on outturn. The results of this calculation
are presented in table (4) below, for the attrition rate of 3 per cent applied
in both the methods. We have also presented figures calculated
according to the second method using a rate of attrition of 2.5 per cent.

Table (4) : Stocke of engineers and scientists in India during
the period 1950-51 to 1960-61 calculated according to different methods.

Year engineers scientists
worked from worked from worked from worked from
1955-56 esti- 1915-16 stock : 1955.56 esti- 1915-16 stock:
mates : attri- attrition mates : attri- attrition

tion 3 p.c. 3p.e 25p.c tion 3 pe. 3po. 2.6pec
1950.51 54,971 40,010 42,279 17,109 13,432 14,210
1951-52 57,322 42,811 45,223 18,005 14,438 15,264
1952-53 60,210 46,135 48,700 19,145 15,685 16,562
1953.54 63,022 49,370 52,102 20,264 16,908 17,842
1954-56 87,202 53,960 56,870 21,724 18,469 19,464
1955-56 71,900 59,056 62,163 23,283 20,126 21,188
1956.57 77,330 64,871 68,196 25,040 21,978 23,114
1967-58 82,930 70,845 74,411 27,121 24,151 25,368
1958-59 90,075 78,3563 82,184 29,289 26,408 27,716
1959-60 100,134 88,763 92,800 31,068 29,174 30,581
1960-61 110,232 99,202 103,670 34,980 32,270 33,787
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Even though the rate of attrition of 2.5 p.c. gives figures closer
to those given in cols. (2) and (5), the choice, according to us, is really
between those obtained from 1955-56 stock and those arrived at from
1915-16 stock using the same rate of attrition of 3 per cent. 'I'nis is
partly on logical grounds and partly because we think that 3 per cent
is a more reasonable rate of attrition than 2.5 per cent. If this is
granted, then we get a difference of about 11,000 for engineers and about
2700 for scientists for the year 1960.61. The differences are wider for
1950.51, being about 15,000 for engineers and about 3700 for scientists.
Had we used the series based on 2.5 per cent attrition rate for scientists
and thus reduced the 1960-61 difference and about 1000, even this would
have resulted in a difference of the order of about 3000 in 1950-51. It
ia clear, therfore, that the two procedures give different results for the
time horizon under study. This difference, in all probability, arises
partly out of accepting a lower rate of attrition for PPD estimates
and partly because of the possibility of inclusion in stock of persons who
are not included in estimades of cutturn. Thus, if the outturn estimates
are inflated for such persons, it is conceivable that the two procedures
would give closer results.

9. For making a somewhat deeper study of the problem, it is
necessary to make certain assumptions about the rate of growth of the
outturn. In the simplest case, we may assume that the annual outturn
is constant and e in every year. Also, let the rate of attrition be

r per cent and we denote 1—» by R. This gives,
n l_RH
E,=R E”+ije 2)

If, however, we assume an arithmatical progression for the series
of outturn given by
e,=e,+la (3)
then we have,

—=R" 1—R" a _ 1—R*
B =R'E+ =g o+ Zg[n—Rg | @
Lastly, if the outturn grows at the geometric rate of s per cent

per year, and we denote 1+4s by S, then we have,
_ S"—R" -
E,,-—REO+§_~_4Ru Se, (5)

These formulae help us to pose our problem. However, the
actual series of outturn do not follow & simple law. A trend line with
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superimposed random disturbances may reflect the process of growth
better, and it is necessary to take up this study. Once a growth law
giving a reasonable fit is obtained, it should be possible to study some
of the properties of the process in a more systematic way.

10. We notice, for example, that when worked back from the
1955-66 stock, the sequence of E, diminishes for some thirty years
monotonically (when attrition rate is taken to Le 3 per cent) after
which an increasing sequence ensues, which is almost monotonic in all
our caleulations. However, with large random disturbances about a
trend, particularly when these compare dimensionally with magnitudes
of both e and £, the picture cannot be expected to be very exact.
But with any reasonable trend, the sequence of E, will probably have
specific turning points. This is a problam, which could be studied better
when we get a satisfactory growth law. Apart from this, the law will
be useful for working out projections needed for planning purposes,
and also to obtain the estimates of the type given in table (4). We
give below some illustrative calculations when the growth law given by
equation (5) is supposed to hold.

11. Assuming a geometric law, when we start with a diminishing
sequence first, we can find the conditions which satisfy the inequality
B, >E,,, which reduces to

B, 8 [(S—1)&
e7>m{(l—iR)R"“+l} e (8

This expression enables us to compute up to which value of n the
sequence will be decreasing for given values of 3, r, B, and e¢,. The
following calculations bring this out for s=0.1, r=0.03.

E, Jes the year from which the
sequence starts increasing
33 0,1
40 1,2
50 3,4
100 0,10

To derive a value of s which will, say, double the stock in a given
number of years, other things remaining the same, involves use of
equations with high powers of ; such equations cannot be solved. But
putting the values in the equation helps us to obtain a numerieal
solution. Given F,==72000 and ¢,=6700, with » at 3 per cent it can
be caleculated easily that s has to be of the order of 8 per cent for
E, to double in 10 years,
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