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Abstract

2f an ongeoing project on .manpower
saearch organisation. The flow of
to an other has  been modellad
t prometion and retirement policies. Age
scientists have besen incorporated in the
it has helped in retirement calculations from

. -
distributions of
formulations and
various grades. Future scenarios with alternative policies are
generated and discussed.

1.9 INTRODUCTION

The most important asset in an R&D corganisation 1is its
scientists and enginee=rs. A large number of research works have
been conducted on various aspects of R&D manpower. Many system
dynamicists have also addressed themselves to the problems of
manpower in R&D organizations. The works of Roberts (1867a;
1967b) stand unique among them. .

The model presented in this paper is an outcome of a project
undertaken jointly by the IIT, Kharagpur and NISTADS, New Delhi
to study the evolving manpower structure in R&D laboratories
under Council of Scientific and Industrial Research (CSIR).

2.9 THE APPROACH
The model attempts to

1. study the effect of existing policies of recruitment,
promotion and retirement on overall manpower structure for a
Jongterm future (28 years), and

Z. attempt to recommend a suitable policy or a set of
policies for recruitment, promction and retirement or structural
changes to achieve the manpower structure as might be desired.

A number of meetings with the Scientists of CSIR(HQ),
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for this research from CSIR (EMR Division).
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NISTADS and NPL, and a study of variuus publicaticens by CSIR
related  to manpowr planning in  its  laboratories helped in
defining the scope of the investigation in the following way

The investigatiorn will be carried out in NISTADS and NPL.
The decision in favour of these two organisation was taken
k ng in view the contrasting situation they present in matters
heir sizes, ot ivities and the availahility of years of
igaticnal history. Two CEIE Units were selected for the
e= of the study. The first is a laboratory with a large
r f scientists and a long history, while the second is an
institute mainly involved in thecretical investigations and has a
relatively smaller number of scientists and a history of about 9
vears. The results for the first unit are given in this paper.

ii) Eacters Included in the Study

The study investigated the long-term manpower structure of
the CSIR units. The current study, being the first of its kind in
the CSTR, has excluded such important manpeower-related factors as
productivity of scientists, reward system, research facilites,
and organizational culture, etc.

iii) Category of the Manpower

The study was limited to Scientists (Grade B through Grade
@) only.
iv) Manpower Elow

The existing recruitment promotion and retirement policies
were considered for the purpose of modellinsg the manpower system.
The effect of anticipated policy changes were examined. These
provided the necessary inputs in suggesting new policies with
regard to recruitment, promotion and retirement.

V) I.llﬂ M_QL}J_Q’,}"\,I{)WV m eni]}":'

System Dynamics was used as the primary methodology for
structural and policy analysis because of its many desirable
characteristics such as generality, ease of communication,
ability to explicitly represent physical flows, and inherent
capability to model nonlinearities and produce model behaviour
in time, etc.

vi) . Computer Databhase

Computer databases were developed for both the CSIR units
net only to  capture the histories of manpower but alse to
estimate the parameter values necessary for the system dynamics
models and to g=nerate and analyse the past behaviour of the
manpower systems.
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vii) Generation of Sceparios

Emphasis wa give tn the generzation of future scenarios
under different po1lcy environment

3.2 DATA COLLECTION AND ANALYSIS

The discussion with the CEIR scientists was followed by a
preliminary model which was later discussed with scientists of
the two units. PBased on the discussicn  and the model
reguirements, data un the following manpowsry related aspects of
the two units werce cenllscted for each group of scientists:

i} number of scientists,

ii) age distribution,
iii) recruitment rate from external sources,
iv) leaving rate which included
a) resignations from a level,
b) retirement rate,
¢) natural wastage, i.e., death, retirement, etc.,
v) promotion rate,
vi) minimum period of stay in a level for being eligible for
promotion,
vii) age of recruitment of variocus levels,
viii) expected age of scientists at various levels, and

ix) age of retirement.

While searching for manpowser related data in the two CSIR
units the following difficulties were encountered.

1. Aggregate level data where not available in consolidated
form.

2. The data for this study were not available in regquired
form and had to be derived from a huge amount of data maintained
in the personnel record of each scientist.

3. Certain personnel records were not updated properly. In
such cases the data were validated by personally discussing the
cases with the scientists (if on role of the Unit) or with the
senior scientists in charge. A questionnaire was circulated among
the scientists for providing individual data in case of the
second CSIR unit.

It was decided to develop databases for each CSIR Unit in
order to circumvent the above mentioned difficulties and also to
help in estimating the paramter values for the system dynamics
model. The details of the databases are given in Mandal et al.
(1990).

It is seen from historical data for the first unit that the
number of junior scientists (in grade B and C) has come down from
81% from 1974-75 +to 74% during 1982-383 and, finally, to 65%
during 1989-90. This reflects existence of avenues for promotion
of. junior scientists (scientists in Grades B and C) to senior
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grades (Grades E7, Er7, F, G, DRG and DIRECTOR) during the last
fifteen vears.

Although this is a welcome trend one is not sure of the type
of manpower structure which will be obtained in future. It is
necessary to construct a mathematical model and to generate the
futurse behaviocur of the manpower system in future.

MODEL
s mod=] has been ap=d for the above
ly for the Scientist:s group starting from
12 model | the thres highest grades (G, DRG
bbed together to form Grads H.

The system dynamics model basically models the stock of
scientists in each grade and the intermsdiate flows. Figure 1
gives an overview of stock and flow of scientists at various
grades. The value of a stoclk incresases az flows occur into it,
and decreases as flows occur out of it. The inflows to the stock
of scientists consist of the following:

1. Recruitment rate, _
2. Promotion from immediate low grade.

The ocutflows from a stock consists of

1. Wastage (Retirement/Resignation/Ieath),
2. Promotion te immediate higher grade.

Recruitment Recruitment Recruitment Recruitment Recruitment
Fresh i ‘ l l ‘
Recruitment ;..o Bound l Time Bound Selection Selection Selevction Selg:on
| hed
B X— ¢ X—£1 XK En—2%— F 22— 6 2508
Pr ti Promotion Promoti Promotion Promotion T Promotion I
Promotion Rate Rate [ Rate Rate Rate Rate
trom STA Leaving Leaving Leaving Leaving Leaving Retirement
Retirement Retirement Retirement Retirement Retirement

Fig.1: Overall Flow Diagram .

Recruitment at a Grade

An analysis of the recruitment data for various grades
indicates massive vrecruitment in B and C grades and very
negligible recruitment in the higher grades. Therefors, the model
assumes that recruitment takes place only at B and C grades.

Promotion from/to a Grade

Promotipn from a grade to its immediate higher grade has
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heen modelled by considering ysars of servio:
the historical average of the fraction of =u
get promoted to the next higher grade.

for ligibility and
h people who used to

O I

Since the cold practice of promoting technicians to Grade B
is st ppcd for a few years now, the model deoes not consider such
z pessibility. :

a2 aAFes

Wastages include death, retiremeni and resignation of
aclentists at a particular grade

For Grades B zand C SIR has &a stated policy of 100%
proemotion. But the ?storical averages of the fractions of the

eligible scientists who have actually got promotion from this
grade are less than 1880%. The model assumes that the remaining
fractions are valus of the wastages from this grade.

CETR follows & restricted promotion for Grades Eg,
11, F and H. Therefore, many eligible sc s will naturally
continue to stay in CSIR Units in the rade till1  their
promotion or their retirement in the same at a2 future time.
The model defines 2z level of eligible ntists after the
completion of required years of service grade. Pipeline
delay functions are used for this purpo rromction from
this 1l=vel is made a~cording to the his averags of the

fractions getting promotion. The retireme
at two stages: befor:- and after the scient
for promotion.

ver, takes place
be ome eligible

The mechanism of modelling for retirement is depicted in the
influence diagram shown in Fig. 2. A detailed discussion of
such a scheme in given elsawhere {Mohapatra In =a
nutshell, the scheme requires computatiom »f . 11 the
scientists in a grade, expressed as a level . al of such a
ievel increases it with the age of incominsg zci i
of the existing scientists with time, where :
scientists get roted  or retirs. The average a
scientists is computed in a group by dividing the tot
scientists by the total number of scientists in t
Assuming a normal distributicen for the age of scient
group with its mean as the averag:s age so  comput
=asonable value of standard deviation, thé retir n
computed for every grade of scientists.

LAl ol -l

~

The database creatsd for the C2IR units helped in computing
the initial wvalussz of the level variablez and +the different
paramaters needed for the system dynamics model. Data for the

< 5 sed to compute the parameter values for

Y ©
perioed 1975-1988 ware us
irst CSTR unit
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Fig- 2: Modeliing of Age -

The model has been simulated in PC-XT with the help of the

PC wversion of DYMOSIM software paglag ({Bora and Mohapatra,
1882). The details of the model =squations are given in Mandal et
al. (1998).

A validation scheme propos=d by Forrester (1961), Forrester
and Senge (1984) and Mohapatra {(189@) has been followad to
develop confidence in the model. The scheme considers validation
f the following model attributes:

1) Importance of the model objectives,

2} Validation of the model structure,

3) Validation of the model behaviour, and
4) Validation of policy implications.

The details of the validation tests are available in Mandal
=t al. (19%9). The manpower dynamics model passed through the
validation tests satisfactorily and the model is considered to be
r=easonably good representation of reality.

The bhehaviour reproduction tests were carried out with the
model  based at 1985 T negate any propagation error occurring
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due to mismatch of actual and simulated values of sclentists at
various grades in 1989, the initial values for +the manpower
dynamics model were rafixed at their 1888 vsluwes for the purpose

lati zneratlio '

nf siman forennsiing, and

5.0 POLICY TESTING AND SCENARIO GENERATION
, like any other is
agement should mojlfy

policies, -
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1. Reference policy Contlnuatlon o)
(do-nothing s
recruitments at Grade B and Grade C are
8% and 20% of the total vacancy.
Promotions occur at 100%, 100%, 75%, bH@%
and 25% of the =ligible candidates at
Grades B, C, E7, Er1 2nd F, respectively.

resent situation i.e.
t Y. In this policy

o

Policy 1 {(P1) : Recruitments at B, C, Ey and Ej1 grades
with 40%, 3@%, 28% and 10% of the
vacancies respectively. Fromotions as  in
the reference policy.

3. Policy 2 (P2) Recruitments E; and F
grades  with 20%, and
19% of the vacanei = S PEC tlvely Promo-
tions as in th 3 ete) i

4. Policy 3 (P3) Promoticons at the rate of 82%, 55%,
and 28% of +the eligible scientists at
E7, Er7 and F grades. Recruitments as in
the reference policy.

n

Folicy 4 (P4) Promotions at Lhe rate of 68%, 45%,
and 22% of the eligible scientists
at Er, Err and F grades. Recruitments as
in the reference policy. '

8. Policy &5 (P5) Promotion at the rate of 5@% of the
eligible scientists at Ep grade (as per
recommendation of Kailash Chandra
Committee Report). Recruitments as in the
reference policy.
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Different performance measures ihzat have been analysed for

y S me
rolicy comparisons are as feollows:

i) number of scientists at various grades
i1) number of eligible scientists at various grades,

iii) average age of scisntists at various grades and overall
average age of the scientists in the organisation,

iv) »ratio of Jjunior scientists (Sc.B+Sc.C) to senior
scientists (Sc.F1+8c.Er1+8c.F+5¢.H),
v) number <f fresl recruitments and number of promotions

at & grade.

Future Scepario with Reference Peliny

Fig. 3 and Fig. 4 depict the number of scientists at
vels during the Z8 year period. The observations made

various 1
are the fo

lways varies
ing 11m1+ of

bet
328

b) Number of scientists B goes on increasing from its 1989
vaiue of 25 before stabilising at a value= of about 77. This is
due to the fact that, as per the present pelicy, 80% of the
vacancy is filled by r=cruitment at scientist B grade.

¢) Number of scientists € starts decreasing from its 1989
value of 179, reaches a minimum of 32 in 19394 and picks up again
to stabilise at about 77 at the end of the simulation run. Such a
behaviour 1is due to a higher rate of promotion at this level
compared to the recruitment into this level which is just 20% of
the existing vacancies. Moreover, promoticns from Grade B is much
less due to the small number of scientists at this grade.
However, from 19%4 onwards, more and more grade B scientists get

romoted to grade C thus increasing the number of Grade C
scientists.

d) Before finally stabilising at about 72 the number of
scientists at Grade Er fluctuates noticeably. This fluctuation
occurs in a direction almeost opposite te  the direction of
fluctuation of Grade C scientists. This is due to a higher rate
of promotions to this grade from Sc.C grade (number of scientists
C inpitially is quite high) as compared to the promotions to  the
grade Er7.

e) Number of scientists Eyy initially increases and later

decreazes. This can be attributed to the higher inflow to this
grade from E7 grade ( initially a large number cof E1 are
eligible to be promoted to Erp grade as compared to the number of
Err 2ligible to be promoied to F grade.
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=SCB C=SCC E=TOTEY
MAXIMUM VALUES 7.7E+01 1.8E+02 1.4E+02
MINIMUM VALUES J2.5E+01 3.2E+01 4.0E+01
+00E+00 1.00E+02
.00E+00

*+ o o o

$o o o o

%o o o o

%o o o o

% s o o o

W e - . o

%* o . * °

— v o - -

2009.0%~=mmmmmmm

Fig-3: Dynamics of Scientists B,C,"E'.l for

Reference Policy.
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P=TOTE?2 F=TOTF H=SCH V=VAC

MAXIMUM VALUES B8.6E+01 6.0E+01 7.0E+00 2.5E+01
MINIMUM VALUES 1.1E+01 1.0E+01 1.0E+00 1.2E+01

.00E+00 5.,00E+01 1.00E+02 PFH
. 00E+00 2.50E+01 5.00E+01 V
1989.0* K om e o e o e e B o e o o o o = * PP
; . PV
1991 .5%-f--F----Ymmmmmmem R mmmmm - e M
1994.0 *
1996.5 *
: FV
1999.0 ®
2001 .5~ * e YR e K et e e *
2004.0 x
. PF
2006.5 * PV

2009.0 R i e *

Fig. 4 : Dynamics of Scientists Ejj» F»H and Vacancy

‘for Reference Policy.
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£y Numher of s ists F starts at 11, remains almost
constant at +that valus for abnut 6 years, but thereafter
continues to increass with intermittent fluctuation to reach a
final value of 58 at the end of the simulation run. The higher
rate of promotion from Ejy grade after the delay period of
about 5 yecars causes this behaviour.

£) Number of scientists H (which includes scientists G,
scientists DRG and Director) decreases after a slight initial
increase 1n the initial period. This is because the scientists
zttain ire age with time =zd aTso there are less
rromotions from F grade, due to stiff ncrms of promotion.

l

Eu[

F
Ep
€1
[ il
8
(a) 1989
o[ ]
.
Eul
3
¢ 1
B
{b} 199¢&
"” H" u"
E F F
Ey ' £y
E; € Eq
¢ ¢
8 B
(c) 1999 {d) 2004 (e) 2009

Fig- 5 : Manpower Structure for 1989, 1994, 1999, 2004 and 2009 for NPL.
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Fig. ©&(a) +through Fig. ©B&(e) give the distribution of
scientists at various grades during the ye=ars 1989, 19894, 19989,
2004 and 20@8. It is noticed that the prevailing bulge in Grade C
is preogresgssively advancing to immediate higher grades after every
five years. It has however taken about 18 years for the bulge to
pass from Grade Ejr to Grade F, presumably Dbecause of stiff
rromotion policy at this grade.

Thuzs the effect of the reference policy is to co
bottom-heavy pyramidal manpower structure of Fig., 5({a) of 1988 to
an almost cylindrical structure of Fig 5(e) in 2008.

A

Fig. € shows the behaviour of junior scientist to senior
~scientist ratio with respect to reference policy run. It can be
observed that the ratio which is higher initially, falls during
the initial § years and thereafter slowly rises to stabilise at
the value £.98.

Fig. 6 also shows the behaviour of overall average age of

scientists with respect te the reference policy. It shows an
almost continuocusly rising trend of average age of scientists
with time. Such a rises has resulted from a relatively largs

number of scientists at higher grade (obvicusly with higher age).

Scenarios with Policy Alternatives

Table 2 shows the major outputs for n=w policies. Certain
salient features  of these policies ave discussed in the
subsequent sections.

TABLE 2
POLICY (JUNIOR:SENIOQR) SCIENTISTS AVERAGE AGE OF
RATIO SCIENTIGSTS

1888 1999 2039 1989 1989 20389
i1.Reference 1.86 g.8a @.98 36.19 38.01 40.50
2.Policy P1 1.88 @.41 @.49 36.19 4@ .87 43.74
3.Policy PZ 1.98 2.25 @.32 38.19 42.34 46.16
4 . Policy P3 1.96 @2.78 g.984 36.18 38.09 398.00
5.Policy P4 1.98 .82 1.00 36.19 29.18 4@.19
6. Policy ?5 1.986 2.8 @.3a2 36.19 39.00 40.47

Policy £Fi and P2 study the effects of alternative
reorultment policiess. The ratio of junicor te senior scientists
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Fig. 6: Junior to Senior Scientists Ratio and Average
Age for Reference Policy-
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decrecascs with time and the decrease in Zusne of policy P2 is more

<
mulation run the number

than that of pelicy Fl. At the end of sim
of senlor scientists for pelicy P2 are about 18% moere than that
of policy P1. The same is attributed +o  the incre=ased

recruitment rate at higher levels.

the simulation runs for Pl and F2 the average age of

shows  an  increase. The in case of P2 is

r titment with iing ag= at  higher

entl rate for r levels is  higher

s higher incre: average age in  case

smparative o also be made from

Policies P3, P4 and PS5 ars designed to study alternative
promctional polilicies. The =ffects of changing norms for promotion
are prominently displayed in pclicies P33, P4 and FS, by the

changes of the number of scientists at higher grades. Because the
promotions from a level subseguently effect +the next higher
grade, the accumulation becomes prominent at the higher grads. In

»olicy P23 {(10% more promotion than the existing policy), the
increase in the premotional fractions has resulted in & decrease
of the Junior to senicr scientists ratio, resultinsgs in more

number of senior scientists. Policy P4 ( 1% less promotion than
the existing policy), as expected, has restricted the number of
senior scientists and Pelicy P5 (58% promotion from Ey to Err as
compared to 75% in the existing policy) produced a structure with
very few scientists in Grades E7r and above.

The ©policy runs, as discussed above, show different
scenarios for the system. The long term behaviour predicts
appreciable changes with respect to organisational structure, age
of scientists, recruitment, promotion and retirement pattern with
different policies. It is expected that from the analysis of
these scenarios the management would be in a better position to
take an appropriate decision regarding the manpow=sr strategy.

6.2 CONCLUSTON

Basic objectives of this study has been to study the
manpower flow for CSIR laboratories by changing the scenario of
promoticn and recruitment. The model runs have been made for
various policy alternatives.

One important feature of the study is the development of a
consolidated database. The database has helped in estimating the
parameter and the initial values of the model.

Various recruitment and promotion policies have been tested
on the system dynamics model developed. The results show that a
wide variety scenarios can be generated. The model can be used by
the management to design and analyse the longterm effect of
various policies.
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