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Abstrac·L 

T~0 paper reports the findings of an ongoing project on .manpower 
lnt ·.-ielliLi".; for a £"O'lerHr::e~nt re~~ec..rch orga.nisc..tion ~ The flo\-7 of 
~ci~ntistE fro~ one grade to an oth~r has been modelled 
~~n~id~ri~2 rc8ruitment, promotion and retirement polieies. Age 
distributions of scientists have been incorporated in the 
formulations and lt has helped in retirement calculations from 
various grades. Euture scenarios with alternative policies are 
generated and discussed. 

1.0 INTRODUCTION 

The most important asset in an R&n organisation is its 
scientists and engin~ers. A large number of research works have 
been conducted on various aspects of R&D manpower. Many system 
dynamicists have also addressed themselves to tbe problems of 
manpower in R&D organizations. The works of Roberts (1967a; 
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). 

2.0 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 (20 years), and 

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

A number of meetings with the Scientists of CSIR(HQ), 

The autho.rs g.ratefull.r acknowledge the fiJJL'iJJcial suppo.rt received 
fo.1· this resea.rch f.1·om CSJR (ENR Di<.'ision). 
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NISTADS and NPL, and a study of variuus publications by CSIR 
related to manpowr planning in it:=. la.bora·toi·ies helped i!1 

defining the ~;cope of -Lhe invest.igation in the following way : 

i) Sel eci;i on Q.f. c..s.I.R Units ful: Study 

The investigation will be carried out in NISTADS and NPL. 
The decision in favour of these two organisation was taken 
keeping iu vie\-J the (>.mtrasting ::;i t.uation they present in matters 
c:r: thPir sL:.c.,::;, ac-:.ivities and the avail:"l1iility of years of 
organisational history. Two CSIF Units w~re selected for the 
purpose of the study. The first is a laboratory with a large 
number of sci en Lists and a long !:i story, while the second is an 
institute mainly involved in theoretical investigations and has a 
relatively smaller number of scientists and a history of about 9 
years. The results for the first unit are given in this paper. 

ii) Fact.ors Included in. :t.h.e. Studv 

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 manpower-related factors as 
productivity of scientists, reward system, research facilites, 
and organizational culture, etc. 

iii) Categorv cl. t..h.e_ Manpower 

The study was limited to Scientists (Grade B through Grade 
G) only. 

iv) Manpowf':~ £lQR 

The existing recruitment promotion and retirement ~olicies 
were considered for the purpose of modelling the manpower system. 
The effect of anticip~ted policy changes were examined. These 
provided the necessary inputs· in suggesting new policies with 
regard to recruitment, promotion and retirement. 

v) ~ Msttbpdolog-y fQr.. Analysis 

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) . G.Qmpu+,er Database 

Computer databases were developed for both the CSIR units 
not only to capture the hi~torjes of manpower but also to 
estim3te the parameter values necessary for the system dynamics 
models and to generate and analyse the past behaviour of the 
manpower systems. 
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vii) G~neration Qf s~encrio:. 

Emphasi5 was give to the generation of future scenarios 
under different policy environments. 

3.0 DATA COLLECTION AND ANALYSIS 

The discussion with the CSIR scientists was followed by a 
preliminary model which was later discussed wlth scientists of 
the two units. Eased on the discussi~n and the model 
requirement~. data un the f6llowing manpower related aspects of 
Lhe two units were cnll~sted for each group of scientists: 

; \ 
~I 

ii) 
iii) 
iv) 

v) 
vi) 

vii) 
viii) 

ix) 

number of scientists, 
age distribution, 
recruitment rate from ~xternal sources, 
leaving rate which included : 
a) resignations from a level, 
b) retirement rate, 
c) natural wastage, i.e., death, retirement, etc., 
promotion rate, 
minimum period of ~tay in a level fur being eligible for 
promotion, 
age of recruitment of various levels, 
expected age of scientists at vad ·.:>us levels, and 
age of retir?ment. 

While searching for manpower 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 required 
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 Uni~ in 
order to circumvent the above mentioned difficulties and also to 
l1elp in estimating the paramter values for the system dynamics 
mod~l. The details of the databases are given in Mandal et al. 
(1990). 

It i~ seen from historical data for the first unit that the 
numh~r of junior scientists (in grade B and C) has come down from 
81% from 1974-75 to 74% during 1982-83 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 Er. Err. F, G, DRG and DIRECTOR) during the last 
fifteen years. 

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 3nd to generate the 
future behaviour of the manpower system in future. 

4.0 THE SYSTEM DYNAMICS MODEL 

A system dynamics mode] h3~ been developed for the 
mentioned situati~n only for the Scientists group starting 
Grade B :::nt.-iard:.:~. Il! t.he rnodeJ. th':?: tl1r~~ highest grades (G, 
and DIRECTORl are clubbed together to form Grade H. 

above 
f:t·om 

DRG 

The system dynamics model basically models the stock of 
scientists in each grade and the intermediate flows. Figure 1 
gives an overview of stock and flow of scientists at various 
grades. The value of a stock increases as flows occur into it, 
and decreases as flo~:-1:::. occur out of it.. The i nfJo;.;s t.o the stock 
of scientists consist of the following: 

1. Recruitment rate, 
2. Promotion f~om immediate low grade. 

The outflows frr.);:: a steel<; con::;ist.s of 

1. Wastage (Retirement/Resignation/Death), 
2. Promotion to immediate higher grade. 

RKruitmtnt RKruitmtnt 

Ltaving 
Retirtmtnt 

Ltaving 
Rttirtmtnt 

Ltaving 
Rttirtmtnt Rttirtmtnt Rttirtmtnt 

Fig. 1 : Overall Flow Diagram . 

Recruitment frt .a Grade 

An analysis of the recruitment data 
indicates massive recruitment in B and 
negligible recruitment in the higher grades. 
assumes that recruitment takes place only at 

Promntion from/to a Grade 

for various grades 
C grades and very 
Therefore, the model 
B and C grades. 

Promotion from a grade to its immediate higher grade has 
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been modelled by considering years of service for eligibility and 
the hi~torical average of the fraction of such people who used to 
get promoted to the next higher grade. 

Since the old practice of promoting technicians to Grade B 
is stopped for a few years now, the model does not consider such 
a possibility. 

Wastages 

Wastages 
scier.tist:os at 

i:Jclude death, retirement. 
a parti~ular grade. 

a.nd of 

For Grades B snd C CSIR has a stated policy of 100% 
promo~1on. But the historical averages of the fractions of the 
eligible scientists who have actually got promotion from this 
g·rade are less than 100~~. The model assumes t.hat, the remaining 
fractions are value of the wastages from this grade. 

CSTR follows a restricted promotion p0licy for Grades Er, 
Err. F and H. Therefore, m~ny eligible scientists will naturally 
continue to stay in CSIR Units in the same grade till their 
promotion or their retirement in the same grade at a future time. 
The model defines c, level of eligible scientists after the 
completion of required years of service in a grade. Pipeline 
delay functions are used for this purpose. The promotion from 
this level is made R~~ording to the historical average of th~ 
fractions getting promotion. The retirement, however, takes place 
at two stages: befor~ and after the scientists become eligible 
for promotion. 

The mechanism of modelling for retirement is depicted in the 
influence diagram shown in Fig. 2. A detailed discussion of 
such a scheme in g.i ven elsewhere ( Mc>Lap~1 tr3. et e:l. , 1990). In a 
nutshell, the scheme requires computation nf total age of all the 
scientists in a grade, expressed as a level . The value of such a 
level increases it v:ith the ag':"~ e>f incoming :~c.ienti;:;t.;:; and ageing 
of the exl st.lng sc.i eut.i sts wi tL tJ me, w};eY"t:<':~' .it reduces as 
scientists get ~ro~oted or retire. The average age of the 
scientists is computed in a group by dividing the total age of 
5cient.ists by the total number of scientist~ in that grade. 
Assuming a normal distribution for the age of scientists in a 
group with its mean as the average age, so computed, and a 
reasonahle value of standard deviation, the retirement rate is 
computed for every grade of scientists. 

The database created for the CSIR units L~lped in computing 
th.;: ini tlFt} va1ue5 of t.he level variab] e::o. and the different 
lX-:.J·am•~ters nee:1ed fur the system dynamics model. Data for the 
period 1975-1985 were used to compute the parameter values for 
the first CSJR un.it. 
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NO· OF SCIENTISTS 
DESIRED 

TOTAL NO. OF 

+ ""'""'. ~ 
I /'M'"'~f \ 

+ ( +( ---~, 
IN COM lNG RETIREMENT + AG£ 

RATE . RAT£\ + 

RETIAt:M£NT 
AG£ 

-+1 + 'IUTAI. d. OF 
SCIENTISTS IN A 

/'"'"""""'~ 
INCOMING 

AGE 
Fig. 2: Modtliing of Agt • 

The model ha::. been simulated ip PC-XT 1-1i th the help of the 
PC version of DYMOSIM software package (Bora and Mohapatra, 
1982). The details of the model equations are given in Mandal et 
al. ( 1990). 

A validation scheme proposed by Forrester (1961), Forrester 
and Senge (1980) and Mohapatra (1990) has been followed to 
develop confidence in the model. The scheme considers validation 
of the following model attributes: 

1) Importance of the model objectives, 
2) Validation of the model struct.ure, 
3) Validation of the model behaviour, and 
4) Validation of policy implications. 

The details of the validation tests are available in Mandal 
e~ al. (1990). The manpower dynamics model passed through the 
validation tests satisfactorily and the model is considered to be 
rea~onab]y good r~presentation of reality. 

Th~ behaviour reproduction tests were carried out with the 
n0del based at 198R. To negate any propagation error occurring 
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actual and simulated values of scientists at 
1989, the initial values for the manpower 

refixed at their 1989 v:::lcles for the puryose 

5.0 POLICY TESTING AND SCENARIO GENERATION 

For CSIR Units, like any other organisation, it is 
es::ent.ial ·that the mana.gement should modify t.he existing manpower 
pGlicies and introdu~e new policies, if nese=sary, to suit future 
rc·:;t.:i remer:t.::::. :tnc: :L·rec3.st tb;:, effect:'· c f such changes in 
policies. Keepi~g tl1i~ in mind different policy simulation runs 
\-;ere taken and result.::: an:llysed. TLe various policies tested are 
giyen i:: Tabl~·= 1. 

POLICY 

1. Reference policy 

2. Policy 1 (Pl) 

3. Policy 2 (P2) 

4. Policy 3 (P3) 

~- Policy 4 (P4) 

6. Policy 5 (P5) 

DESCRIPTION 

Continuation 
(do-nothing 
recruitments 

of present situation i.e. 
strategy). In this policy 
at Gr3.de B and Grade C are 

80% and 20% of the total vacancy. 
Promotions occur at 100%, 100%, 75%, 50% 
and 25% of the eligible candidates at 
Grades B, C, Er. EII and F, respectively. 

Recruitments ut B, C, Er and Err grades 
Hi th 40?6, 30?~, 20YS and 10% of 'Lhe 
vacancies re~p~c~ivLly. Promotions as in 
the reference policy. 

Recruitments at B, C, Er. Err and F 
grades with 25%, 25%, 20%, 20%, and 
10% of 'Lhe vacancies respe~tively. Promo­
tions as in the ref,c-r·:.~uc,.: policy. 

Promotions 
and 28?~ of 
Er, Err and F 
the reference 

at the rat.e of 82%, 55%, 
the eligibl~ scientists at 
grades. Recruitments as in 
yolicy. 

Promotions at 'Lhe rate of 68%, 45%, 
and 22% of the eligible scientis'Ls 
at Er, Err and F grades. Recruitments as 
in the reference policy. 

Promotion at the rate of 50% of the 
eligible scientists at. Er grade (as per 
recommendation of Kailash Chandra 
Committee Report). Recruitments as in the 
reference policy. 

----------------------------------------------------------------
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Different perform2nce measure~ th3t have been analysed for 
policy comparisons are as follows: 

i) number of scientists at various grades, 
ii) number of eligible scientists at various grades, 
iii) average age of scientists at various grades and overall 
average age of the scientists in the organisation, 
iv) ratio of junior scientists (Sc.B+Sc.C) to senior 
scientists (Sc.FJ+Sc.EJJ+Sc.F+Sc.H), 
v) number cf fre:.:.}; re,::rui tmen ts and number of promotions 
at a grade. 

t ... :u:r.ure ScP.narJ o \-:i tJ·1_ EPf~ren.~- Po 1 i ~_;y_ 

Fig. ~ and Fig. 4 depict the number of scientists at 
various levels during the 20 year period. The observations made 
are the following: 

a) The total number of scientists in the Unit always varies 
between 300 and 310 und is always less than the ceiling limit of 
320. 

b) Number of scientists B goes 011 inc~reasing from :its 
value of 25 before ~~abilising at a value of about 77. This 
due to the fact that, as per the present policy, 80% of 
vacancy is filled by recruitment at scientist R grade. 

1989 
is 

the 

c) Number of sc~entists C starts decreasing from its 1989 
value of 179, reaches a minimum of 32 ir1 1994 and picks up again 
to stabilise at about. 77 at the end of t,he simulation run. Such a 
behaviour is 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, promotions from Grade B is much 
less due to the small number of scientists at this grade. 
However, from 1994 onwards, more and more grade B scientists get 
promoted to grade C thus increasing the number of Grade C 
scientists. 

d) Before finally stabilising at about 72 the number of 
scientists at Grade ET fluctuates no~iceably. This fluctuation 
occurs in a directi;n almost opposite to 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 initially is quite high) as compared to the promotions to· the 
grade Err-

e) Number of scientists Err initially increases and later 
decreases. This can be attributed to the higher inflow to this 
grade froru Er grade ( initially a large number of Er are 
eligible to be promoted to Err grade as compar~d to the number of 
Err ~ligible to be promoted to F grade. 
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B=SCB C:SCC E=TOTE1 T:TOTSC 

MAXIMUM VALUES 7.7E+Ol l.BE+02 1.4E+02 3.1E+02 
MINIMUM VALUES 2.5E+Ol 3.2E+Ol 4.0E+Ol 3.0£+02 

.OOE+OO l.OOE+02 2.00E+02 BCE 

.OOE+OO 1.75E+02 3.50E+02 T 
1989.0*---- ---"' 

1991.5*------ ----* 

1994.0*----- ----"' 

1996.5*-------- -----* 

1999.0"'-------- ----*---------*---- ----* 

2001.5*-------

2004.0*--------- -~-

2006.5*---------"'-

2009.0*---------*--

Fig. 3: Dynamics of Scientists B, c, E 1 for 

Reference Pol'icy. 

BC 

____ ., 

-----* BC 
• BC 

-----* BC 
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P:TOTE2 f= TQTF H = SCH V:VAC 

MAXIMUM VALUES B.6E+01 6.DE+Ol 7.0E+OO 2.SE+Ol 
MINIMUM VALUES l.lE+Ol l.OE+Ol l.OE+OO 1.2E+Ol 

.OOE+OO 

.OOE+OO 
1989.0* 

1991.5"'-

1996.5 

1999.0 

2001.5 

2004.0 

S.OOE+Ol l.OOE+02 PFH 
2.50E+Ol S.OOE+Ol V 

---------"'---------"'---------* PF 
• PV 

----"'---------"' 

FV 

------"' 

• PF 

" 2009.0 ---------"'---------~ 

Fig. ' : Dynamics of Scientists Ell ' F, H and Vacancy 

·for Reftrence Policy. 
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f) Number of scj~nti~ts F start~ at 11, remains almost 
constant at that value for about 6 years, but thereafter 
conti.nues t.o increase with i ntermi t.tent fluctuation to reach a 
final value of 50 at the end of the simulation run. The higher 
rate of promotion from Err grade after the delay period of 
about 5 years causes this behaviour. 

g) Number of scicnti~t~ H (which includes scientists G, 
scientists DRG and Director) decreases after a slight initial 
increase in the initial period. This is because the scientists 
c:.tc:.in rc,tirem~.~11t, ag:e 1.--;ith tir!le ar.td also ll1ere are less 
promotions frnm F grade, due to stiff norm~ of promotion. 

c 

En 

Et 

B 

c 

lcl 1999 

B 

F 

Eu 

lal 1989 

(b) 1994 

(d) 2004 

c 
B 

lel 2009 

Fig. 5 : Manpower Structure for 1989, 1994, 1999, 2004 and 2009 for N PL. 
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Fig. 5(a) through Fig. 5(~) give the distribution of 
scientists at various grades during the years 1989, 1994, 1999, 
2004 and 2009. It is noticed that the prevailing bulge in Grade C 
is progressively advancing to immediate higher grades after every 
five years. It has however taken about 10 y~ars for the bulge to 
pass from Grade Err to Grade F, presumably because of stiff 
promotion policy at this grade. 

Thus the effect of the reference policy is to 
bottom-heavy pyramidaJ manpower structure of Fig. 5(a) 
an almost cylindrical structure of Fig 5(e) in 2009. 

convert a 
of 1989 to 

Fig. 6 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 5 years and thereaftei slowly rjses to stabilise at 
the value 0.98. 

Fig. 8 also shows the lwhaviour of overall average age of 
scientists with respect to the referenc~ policy. It shows an 
almost continuously rising trend of av~r2ge age of scientists 
with time. Such a rise has resulted from a relatively large 
number of scientists at. higher grade (obviously Hith higher age). 

Scenarios kl.ilh Po lie'~ Al terne>ti ves 

Table 2 shows th""' major outputs for ne\·1 policies. 
salient features .of these policies are discussed 
subsequent sections. 

Certain 
in the 

POLICY 

1.Reference 

2. Policy P1 

3.Policy P2 

4.Policy P3 

5.Policy P4 

6.Policy P5 

TABI.E 2. 

(JUNIOR:SENIOR) SCIENTISTS 
RATIO 

1989 1999 2009 

1. 98 0. 80 0.98 

1.96 0.41 0. 49 

1. 96 0.25 0.32 

1. 96 0. 78 0.94 

1.96 0.82 1.00 

1. 96 0. 80 0. 92 

AVERAGE AGE OF 
SCIENTISTS 
1989 1999 2009 

36.19 39.01 40.50 

36.19 40.87 43.70 

36.19 42.34 46.16 

36.19 39.00 38.00 

36.19 39.16 40.19 

36.19 39.00 40.47 
-------------------------------------------------------------

Policy P2 study the effects 
The ratio of junior to 

of alternative 
senior scientists 
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G = G SC S=SSC R=RGS 

MAXIMUM VALUES 2.0E+02 2.2E+02 2.0E+60 
MINIMUM VALUES 8.3E~01 1.0£•02 3.7E-01 

7:TOTAVG 

4·1E+ 01 
HE+01 

2· $ OE+01 
5.00E+Ol 

• O.OE+OO 
1989.0*---------*S 

4·25£+01 
1.50E+02 
l.SOE+OO 

6• OOE+01 7 
2.50E+02 GS 
3.00E:t-00 R 

------*-----R~--*G--------* 
• R G 

S R. G 
R S • G 

8G 
1991.5*---------*-R- ----G*--8------~---------* 

R S 
R • 5 

R .G S 
R G. • S 

1994.0*----R-G--*----- ---*---------*----5----* 
R G 8 

R G • S 
R G S. 
R .G S . 

1996.5*-------R-*-G-- ----*------5--*---------* 
R. G S 
R. S 

R S 
R S 

1999.0*---------*R---- G--*---8-----*---------* 
.R S 
.R 5 
.R S 
.R S 

2001.5*---------*R----- --*--S------*---------* 
.R G . S 
• R 
• R 
• R 

2004.0*---------*--R--­
R 
R 
R 

• R 
2006.5*---------*-R-----

• R 
• R 
• R 

R 
2009.0*---------*--R----

G . S 
G. S 
G.5 

-G*S--------*---------* 
GS 
GS 

G.S 
G.S 
G*S--------*---------* 
G.S 
G.S 
G.S 
G.S 
-S---------*---------* GS 

Fig. 6: Junior to Senior Scientists Ratio a·nd Average 

Age for Reference Poli.cy. 
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dec1·r..:ase:::o with t..:i me and "t.hc decrease; .i. n ·_:~::-. ...., c:f 1;ol icy F2 is more 
than that. of policy Pl. At the er~d of simulation run the number 
of senlur scienti~ts for yoJicy ?2 ar~ ~bout 10% mure than that 
of policy Pl. The same i~ attributed tu the increased 
recruitment rate at higher levels. 

During the simulation runs for Pl and F2 the average age of 
scienti~ts show~ ~~~ increase. The incr~use in case of P2 i~ 
r1lg!1cr Uecau~:.t~ t."Jf r,:.~cru.i t1nc~nt ~1i t!·1 }·1igh incorning age ::tt. 
leveL_,. A::- the rt-'Cru~ t.mer1 L rat"' fnr F2 iii.. upp(: r· levels is 

PCJ.lC.:y 

Tc~:le 2. 
F2 r~J!!. T!~e c.omparai...i ve ;_;t.t~c::,· 

in ~vcrage age in 
can also be made 

l1igher 
higher 

case 
from 

Policies F3, P4 and P5 arP designed to study alternative 
promotional policies. The effects of changing norms for promotion 
are prominently displayed in policies P3, P4 and P5, by the 
changes of the number of scientists at higher grades. Because the 
promotions from a level subsequently effect the next higher 
grade, the accumulation becomes prominent at the higher grade. In 
policy P3 (10% more promotion than the existing policy), the 
increase in the promotional fractions has resulted in a decrease 
of the junior to senior scientists ratio, resulting in more 
number of senior scientists. Policy P4 ( !0% less promotion than 
the existing policy), as expected, has restricted the number of 
senior scientists and Policy P5 (50% promotion from Er to Err as 
compared to 75% in tlau existing policy) produced a structure with 
very few scientists .i.~ Grades Err 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 reg~rding the manpower strategy. 

6.0 CONCLUSION 

Basic objectives of this study has been to study the 
manpower flow for CS!R laboratories by changing the scenario of 
promotion 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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