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A BIVARIATE OPTIMUM MODEL ON
RECRUITMENT AND PROMOTION BASED
ON EFFICIENCY AND SENIORITY
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Abstract

In Manpower planning quantitative models have been used for
predictingthe future structure and cost associated with i, given the
current structure and policies on promotion, recruitment and wastage.
In this paper o bivariate model has been discussed on fresh recruitments
and promotions based on efficiency and seniority with the assumption
on the maintainability of grade structure.
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Introduction

Yacancies in any grade of a firm are filled either with promotions from next lower
grade or by fresh recruitments. Promotion can be classified inio two categories
namely promotion based on efficiency and promotion based on seniority. Similarly
recruitment can also be classified into the above two categories in the sense that
seniority in recruitment means the equivalent work experience of a person in other
firms and efficiency in recruitment is referred in the same sense as it is used in
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promation (such as possessing qualifications,training etc. to fulfil the needs of the
management). Here we assume that promotion to a grade is allowed only from the

next lower grade. But persons from other lower grades with high efficiency in the
same firm can compete as new recruifs,

In this paper the above two aspects seniority and efficiency are considered in o
bivariate framework both in promation and in recruitment. Firstwe apply the traditional
Markov model to derive the estimates of the transition probabilities and policies
towards promotions and recrvitments under certain assumptions as in [2] with a
difference of maintainability of grade structure over a finite period of time. Secondly
we obtain the minimum levels of seniority and efficiency both in promotions and in
recruitments and also obicm fhe correspOndmg cost. assocnaied with the above two
operations. . .

Notations
f = 1,2,..., T being the horizon usually 't' represents a year
i i = 1,2,...... kStotes of the system representing the various grades, total

‘ number of grades being k.

Number of staff in grade | atthe beginning of perlod f

Z
—
=

Il

Probabifity that a member of staff in grade i at the beginning of period
tis in grade j ot the beginning of the next time period (t+1)

L
=
st
I

_79
—
—
=

Number of new recruits to grade j during period #:

Wastage factor expressed as a proportion of members of staff of grade j

.
=)

e = Proportion of staff promoted from grade (j~ 1) fo j:

1-e. = Proporiicn of newly recruited staff to grade .

Assumptions -
No double promotion
No demotion

States of the system are mutually exclusive

Cal

N(1), the vector of existing staff structure is known and N1}, the vector of staff
requirements for the future periods are assumed to be the same over a finite
period oftime T,+=1,2,3,...., T
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5. wit), the wostage vectors are knownV t= 1,2, ..., T

4. Work Model

I+ = 1 represents the present period, then N1} for various values of j represents
the existing stoff structure, Then under certain Markovian assumptions:we have [1]

NE+D=2p,(ON(OHR(D V=120 (1)

Since at any point of fime @ member of the staff would either stay in the same grade,
move to another grade or leave the system, we have

k
S P e =l Vi=12..k (2)
=1 -

As there are no double promoftions and demotions along with the maintainability
of grade siructure over a period of time T, equations (1) and {2) takes the form

N,(e+1} =N,(1) = P (1) N (1) + Puy (O N, (1) + R(1) (3)
Pu(t) + py,, (1) +wft) =1 V=12 k (4)

With the obove assumptions, the number of staff to be promoted and the number
to be recrvited for various grades can be estimated as follows.

Fort=1landj=k (1hé higHestgrade) equations (3) and (4) become
N2)=N(D)= P AN +p(k_m(1) Nk‘}(l) +R(1) (5)

P () =i-w(1). (6
(as there is no promotion from the highest grade, Presyyl1) = 0)

Therefore the total number of promotions and recruitments is given from equations
{5} and (6) as

P (ON, (D+ R(1) = NLD-N(ID{1-w1)] =N (Do, (1) = N, (2) (say) (7)
since number of promotions and recruitments follow the ratio e, : (1 - ¢,) we have
Peril N (1) = N,(2) (®)

Rk{1} = (1-e N, (2) ()

Equations (8) and (%) give the number of promotions from (k— 1) to k and the
number of new recruits to grade k respectively. From equation (8) we have
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e N\ (2)

N,.(1)

Fort= 1 andj = (k-1) in {4) we have
p{k—l](k-!)(]) =1- wk—l(]) - p(k_”k“) (] ])

By proceeding thus, the numbers of promotions and recruitments and the transifional

probabilities can be estimated for all other states of the system at various time
points.

(10)

P (1) =

5. Bivariate framework

Let X and Y be discrete random variables representing seniority and efficiency
respectively.

Let p,{x, y) be the joint probability distribution of these two variables for all members
of staff in grade | in the organizafion and F, {x; y) be the cumulative joint probability
that X <xand Y <y: .

Letg (x) = Zy p;(x,y) and h{y) = ¥, P(x,y) be the respective marginal distributions.
Let the corresponding cumulative distribution functions be
Gfx) = P[X<x] and Hj(y) = P[¥Y<y]

Suppose organization’s palicy exists for the proportion of promotions and recruitments
based on seniority and on efficiency, then the respective minimum levels of these
factors required for promotion and recruitment can be estimated.

During the first year seN'(2) and (1-s)e N'(2) would be the number of promotes
from grade (i-1) o | based on seniorily and efficiency respectively, where s, and
(T-s) are the proportions of promotions from grade (j~1) o grade j based on
seniority and efficiency respectively. Similarly if r and (1-r) are the proportions of
recruits o grade j bosed on seniority and efficiency respectively, then r(1-e}N (2)
and {1-7){1-e)N'(2) would be the number of recruitments in the grade | based on
seniority and efficiency respectively. If x,, x, are the minimum levels of seniority
required for promotion from {j —1) to j and recruitment info grade | respectively,
then they can be obtained from the following equations

seN(t + 1) = N (){1= G, (x)] (12)
r{l-e)Nft + 1) = M{O[1-Gx,)] (13)

where M,.(t) is fotal number of candidates appeared the interview for recruitmentinto
grade j during the time .
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Similarly if Yis¥, Ore the minimum levels of efficiency required for promotion from
grade (j-1) fo | and recruitment into grade j; then we have

(I=s)eN'(t+ 1) = N_(0[I - H_{y)]  (I4)
(1- Fj)u—ej}N;(t +1)= A"'j(’)ﬂ_H,(yzU (15)

The Order in which the promotion and recruitments based on these two factorsare fo
be given, may also influence the chance of a specific member of siaff gefting promoted
orrecruited. It does not affect the person with high values Xand Y itis likely fo affect
those around the cut-off values of Xand Y | see equations {12) o (15) ] These cut-off
values are influenced by the degree of correlation between X and Y,

Having got the number of promotions and recruitment from various cells of bivariate
table the optimal cost can be obtained provided we are given the corresponding
associated costs.

6. Example

Assume that a firm has only 3 grades with the following data.
470 02

N{1)= 1335 | = N{2), w{l})=| 0.
280 0.05

where N(1);N(2) are the staff structure in three grades at time t = 1 and t = 2
respectively and w(1) is the wastage rate at time t = 1 from N(1) during the first
time period. Promotions from grade 1 to 2 and 2 to 3 are alone considered. The
joint distribution of seniority and efficiency of staff in grade 1 and 2 are given in
tables I and IE. Also given are the following, e,= 0.6, e, = 0.65,s, = 0.65,
s;=0.7,r,=0.6. :

Table-1 Distribution of Seniority and Efficiency of staff in grade 1 at
time =1

Y\X =2 {2, 5) >5 Total
1 100 70 40 210
2 80 50 25 155
3 60 35 10 105
Total 240 155 75 470
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Table-1l Distribution of Seniority and Efficiency of staff in grade 2 ot
time t=1

Y\ =2 (2, 5) =5 Total
1 80 55 25 160
2 40 30 15 | 105
3 40 20 10 70
Total 180 105 50 335

Using equations from {3} t¢ {1 1) in work model for this example recruitment vactor
R{1) and the transition matrix P(1) are obtained as follows

120 0.745 0.055 0
R ={ 17| PM={0 0.873 0.027
5 0 0 0.95

This implies that for maintaining the staff grade structure at1=1,2, 5.5% of the
staff from grade 1 and 2.7% of the staff from grade 2 should be promoted to the
respective higher grades.

Estimation of cut-off levels for seniority and efficiency
for promotion

The minimum {cut-off) level for promotion based on seniority and efficiency from
grade 1 1o 2 can be respeciively obtained as follows.

From equation (7), N' ,(2) = 43. Number of promotions and recruitments into to
grade 2 are calculated respectively as 26 and 17 using equations {8) and (9).
From equation (12),we have,

{0.65)(0.6)(43) = 470[1-G, (x,}]
that is

17 = 470P[X >x,]

This implies that out of 26 employees promoted, 17 are by seniority and the
remnaining 9 are by efficiency. From table | ,we see that, the cell X = 5, ¥ = 3] =
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10, the remaining 7 are selected from cell X > 5, Y = 2) = 25 by using simple
interpolation as 7/25=0.28. Therefore the cut-off fevel for promotion under seniority is
(X = 5,Y > 2.72). The balance 9 should be promoted under efficiency. They are
selected from the cell (X == (2, 5), Y = 3} = 35. Again by interpolation {(9 X 3=35) =
0.77], we have the cut-off level for promotion under efficiency s (X > 4.23,Y = 3).

In the same way the minimum (cut-off) level for promotion based on seniority and
efficiency from grade 2 to 3 can be obtained respectively from table Il as follows.

We have N',(2} = 14. Number of promotions from grade 2 to 3 and recruitments to
grade 3 are respeciively 9 and 5. Out of 9 promoted from grade 240 3, 6 members
are promoted by Seniority and 3 are by efficiency. The cell (X >5,Y = 3) has 10
employees,which is 1 greater than the required number 9. So the minimum cut-off
level in this case by both seniority and efficiency will be (X > 5, Y = 3) with one
person left from the cell. That person will be one with the minimum seniority among
the 10 present in the cell. If by chance, all the 10 present in the cell possess the same
seniority, then a new test has to be applied to select 9 persons among the 10.

If costs associated with seniority and efficiency for promotions from grade 1 into
grade 2 are given as

Table- Il The cost associated with Promotion from grade 1 to grade 2

Y\X =2 (2, 5) 25 | Totdl
1 300 400 800 1500
2 450 600 950 | 2000
3 500 850 1200 2550
Total 1250 1850 2950 6050

The distibution of promotion from grade 1 into grade 2 is as follows.

Table-1Y Distribution table of Promotion from grade 1 to grade 2

Y\X <2 (2, 5) >5 Total
1 0 0 0 0
2 0 0 7 7
3 0 9 10 19
Total 0 9 17 24

Hence the optimal cost will be7 X250 + 10X 1200 + 9 X 850=Rs.26300
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Estimation of cut-off levels for seniority and efficiency
in Recruitment

Suppose that we are given the following table

Table-V Distribution table of candidates appearing inierview for Recruitment in
grade 2

Y\ <2 {2, 5) =5 Total
1 40 20 7 67
2 20 8 4 32
3 15 12 2 2%
Total 75 40 i3 128

From R(1} we see that 17 should be recruited in grade 2 [ 10 under seniority, 7
under efficiency,using equation (13) and (15} } for which the minimum {cut-off)
levels for seniority and efficiency are respectively obtained as (X > 5,Y > 1.43) and
(X>3.25Y =3}

Therefore the distribution of recruitment is as follows.

Table-VI Distribution table of Recruitment in grade 2

W <2 2.5 | =5 Total
1 ) ) 7 !
2 0 0 4 4
3 0 7 2 9
Total 0 7 10 17

if costs associated with seniority and efficiency for recruitments into grade 2 are
given as follows '
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Table-VIl The cost associated with Recruitment in grade 2

Y\X =2 {2, 5) >5 Total
1 500 700 1000 2200
2 800 900 1200 2900
3 900 1300 2000 4200
Total 2200 2900 4200 9300

Then the optimal cost will be 4X1000+4X1200+2X2000+ 7X1300 = Rs. 21900

Conclusion

In this paper Markovian Model is embedded in a bivariate framework to generate
promotion probabilities and recruitments. The bivariate aspect of seniority and effi
ciency associoted with promotion and recruitment is studied. Qur approach is very
much relevant to the present day situation as most of the organizations follow the
dual criteria of seniority and efficiency in promotion and recruitment.
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