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ABSTRACT 

Decision making is one of the important activities of the managerial problems. Scientific methodology for quantitative 
techniques is an essential tool in the contemporary decision making protocols. In this paper an attempt is made to de- 
velop a stochastic model on manager’s performance appraisal. Managerial choice among the available options for deci- 
sion making is formulated to obtain the stochastic process, to derive the model and to obtain statistical measures. Nu- 
merical illustrations are provided for understanding the managerial performance and its evaluation. This study is useful 
to assess the abilities of an employee by his/her employer. Development of Desktop automations to this study will open 
a wide spectrum of dynamic Decision Support Systems. 
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1. Introduction 

The paradigms of Decision making procedures have 
transformed from the conventional methods of Logical 
and Artistic orientation to Scientific and Technological 
approaches. Traditionally, the decision making is con- 
sidered to be a discipline of Art which is serving the 
cause of Research and Academia as science. The combi- 
nation of Mathematical language with Statistical theme 
and Computational assisting programs elevated the deci- 
sion making process as a technology of the current day to 
day management problems. Hence the managers have to 
handle the activities of decision making with a concept of 
managerial engineering. Activities of an organization 
have to be thoroughly evaluated from time to time. Re- 
gular monitoring on and updating the managerial activi- 
ties is a must to any organization. A suitable interface 
between the management and the employee is very es- 
sential to improve the quality of managerial performance. 
Performance evaluation is a device to assess the ability of 
a manager by their managements. The primary goal of a 
performance evaluation is to provide a quantitative meas- 
urement of a component’s contribution to the whole sys- 
tem. Quantity of the managerial activity is a measure of 
the organizational efficiency. It is playing a pivotal role 
in speculating and computing the growth indicators. 
Hence, modelling the decision making activity is an ab- 
solute need of an organization to get the performance 
measures of their employees. A healthy management sys- 
tem is a result of the effective performance of its inter-  

nal managerial setup. We may not come across the same/ 
similar situations for all decision making issues. It can 
provide an appraisal protocol between the employee and 
the employer.  

As the job of the manager for decision making is con- 
sidered to be more uncertain, the performance of a man- 
ger may be assessed through a suitable evaluation model. 
Decision making of the present day’s management prob- 
lems is an embodiment of Stochastic Processes, theory of 
Probability and other related with mathematical aspects 
management issues. Hence, measuring the manager’s 
performance through the Modelling is one of the impor- 
tant thrust areas in Management Research methods. The 
methods of decision making may have manifold objec- 
tives. The precision of decision making can be quantified 
by means of statistical techniques. The amalgamation of 
Mathematical, statistical and managerial programs be- 
came the prime concern of a researcher of decision sci- 
ence. Development of an evaluation format, identifica- 
tion of performance parameters, designing the guide lines 
for getting feedback, setting up of evaluation schedules 
etc. are the important activities of management problems.  

The computational alternative to simulation for a large 
class of stochastic management models by involving 

functions of random variables, were handled to deal the 
problems like risk analysis [1]. The critical assumption in 
concurrency control performance modelling were inves- 
tigated for managerial decision making issues [2]. The 
Productivity situations of sales members by modelling 
their sales on periodic evaluation were carried out for 
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assessing capability of business activators [3]. Number of 
mathematical models were suggested to measure the fi- 
nancial performance of economic firms [4]. Benchmark 

performance for assessing the practices of risk manage- 
ment were developed for evaluating the abilities of the 
portfolio managers [5]. Hierarchical control frame works 
were developed to solve performance management prob- 
lems in distributed computing systems operating in a data 
centres [6]. Performance appraisal system using multi- 
factorial evaluation model in dealing with appraisal grades 
were developed and expressed in linguistic terms [7]. De- 
velopment of Generalised Stochastic Petri Nets (GSPN) 
model was the breakthrough for performance evaluation 
in business processes [8]. The experimental driven mod- 
els with Gaussian approach were developed for data base 
studies using the online performance analysis [9]. Tele 
communication service management systems using serv- 
er models with load dependency were developed to study 
the database servers with suitable performance models 
[10]. Simulation based performance evaluation of mobil- 
ity management schemes using target communication 
system modeling and traffic modeling was carried out 
[11].  

The computation of manager’s performance with con- 
ventional methods based on psychometric measures is 
being used by many researchers. The above research re- 
view has given much emphasis on Psychometric appro- 
ach for measuring the performance of a manager. These 
approaches have the limitations as they are not supported 
by proper classical mathematical theories and they are 
considered to be non-parametric studies. As decision 
making problems are mostly influenced by uncertainty 
factors and probabilistic assumptions, development of 
modelling is more appropriate for measuring the perfor- 
mance of a manager. Even though the philosophy of per- 
formance evaluation has been applied in many decision 
making problems deals with machines, databases, Indus- 
tries, administrative organizations, etc., very little work 
has been reported on measuring the performance of man- 
ager using mathematical formulations and model based. 
Computing the performance of a manager through sto- 
chastic models is quite rational as these methods are con- 
sidered to be parametric and justified with competent 
probability theory. In this study a new approach of quan- 
tifying the abilities of a manager in modelled using the 
probabilistic assumptions. 

2. Methodology 

Consider an environment of managerial decision making 
where manager should act on more than one task. Each 
task is having more than one exclusive option of han- 
dling the activity, among which one option is suitable for 
correct handling of the task and the remaining options are 

not suitable for correct handling of the task. The selec- 
tion of the suitable option by the manager is through the 
means of either knowing the correct approach with cer- 
tainity or by guessing the option on probabilistic ways. 
The proper selection of option shall benefit the employer, 
for which the manger deserves the reward. On the other 
hand the improper choice of decision option may give 
adverse effect on the organization, for which the em- 
ployer may face penalty. The manager, during his work- 
ing time with the organization may perform number of 
tasks; in each task his decision may be either correct or 
wrong. Let the manager has performed a finite number of 
tasks among which some are handled with correct ap- 
proach and the rest of them are handled with improper 
approach. The influencing effect of his success or failure 
can be quantified in terms of any conventional methods 
of measure. If the abilities of successes or failures of the 
manager are having some payoff, then the total perform- 
ance shall be numerical value. In order to formulate the 
above phenomena in to a model, probabilistic assump- 
tions are being considered and a stochastic model was 
developed after successful attaining of stochastic proc- 
esses.  

Let a manager has a total number of “A” activities dur- 
ing the period of appraisal “t”. Each activity has “r” 
number of possible complimentary options from which 
one is chosen by the manager for his task. While select- 
ing the options, the manager may be either aware about 
the correct and suitable option or he may select one of 
the options with pure chance manager. Let “Ai” be the 
number of tasks that are being handled by selecting the 
option with chance “pi”. Let pi = 1 when the manager is 
aware of the correct/suitable decision option for handling 
the task. Whereas if the manager has selected the option 
on chance factor, then pi > 0; and 0 < pi < 1. 

Let A1 be the number of handled tasks by a manager 
with chance 1 1p   i.e. he has handled the selection of 
decision option with certainity. Let A2 be the number of 
handled tasks with chance 2 ; i.e. he has handled 
the task by selecting the decision option with chance 

1 2p 

1 2 . Similarly Let Ar be the number of handled tasks 
with chance 1p rr   by the manager; i.e. he has han- 
dled the selection of decision option with chance 1 .  r

Which implies that 
1

; 1
r

i i
i

A A p i


 1, 2, , ,i r for  

1r

  

 . Let us further assume that there are no unhandled 
tasks i.e. the manager has to handle the given tasks and 
he should not say no to the management for handling any 
given assigned task to him. The appraisal of the man- 
ager’s performance is based on the credits/benefits/re- 
ward (when the tasks are successfully handled) and deb- 
its/risks/penalty (when the tasks are handled with failure). 
The quantified values for credits and debits are denoted 
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by “C” and “D”, where C > 0 and D < 0. C and D are real 
numbers with ranges  and .  0D 

0r 

0

0D 

 0 C  

C  

3. Stochastic Model 

The following are some useful notation while developing 
the model.  

r: number of options that are available to the manager 
for each activity, where , r is finite and compli- 
mentary, among available r options, there is only one 
option considered to be fit to deal the activity.  

C: Positive performance score or credit/reward points 
for adopting the correct option, . D: Negative 
performance score or debit/penalty points for adopting 
the wrong option, .  

Ai: Number of activities that are handled with chance 
of selecting the correct option is 1 i

1

r

i
i

ip   for i = 1, 2, 3, 
4, ···, r. 

A0: Number of activities that are not handled A0 = 0. A: 
Total number of total activities that are handled by a 
manager during the period of decision making process. If  

A1, A2, A3, ···, Ai tasks are of different types, then A A


 . 

Further the tasks are categorized as A1, A2, A3, ···, Ai;  
Ai are the number of activities that are handled by se- 
lecting the correct option with chances 1,1 2,1 3, ,1 i

i

 
respectively; Xi is the output for correct handling of 
managerial task on ith activity; Yi is the output for wrong 
handling of managerial task on ith activity;  

i iZ C X D Y 

i iA Z

 

1

 
r

i

T



 is the score for the ith activity;  

 is the total score on overall performance of 

A activities. 
Let Xi be a random variable obtained as a result of cor- 

rect handling of a task by selecting the available option 
with chance 1 i ; for ; Xi = 1, if the ran- 
domly chosen managers option for decision making is 
correct for ith task; Xi = 0, if the randomly chosen manag- 
ers option for decision making is wrong for ith task. The 
above phenomena represents a stochastic process which 
yields the discrete random variable  

1, 2,3, ,i 



r

 , 2,3, , , 1i iX X i r  . This process has the probability 
function as  Pr 1 1iX i  ;  Pr i 0 1X i i  

3, , 1,r r 
. and 

, for ; . The 
raw moments for the above probability distribution are 

Pr iX j

 

 0  1j  1, 2,i

1
m

iE X  i  for all .  1m
Let Yi be another random variable obtained as a result 

of wrong handling of a manager’s task by selecting the 
available managerial option with chance 1 i

1, 2,3, ,i r 
; for 

; which the number of activities that are 
handled by the manager are = Ai; Yi = 1, if the randomly 
chosen manager’s option for decision making is wrong 
for ith task. Whereas Yi = 0, if the randomly chosen man- 

ager’s option of the decision making is correct for ith task. 
Similarly, Yi is a random variable obtained from the sto- 
chastic process such that  , 1, 2,3, ,Y i r 

 
i . This proc- 

ess has the probability function as Pr 0 1Y i ; i

 Pr 1 1iY i i     0Y j  1j 
1, 2,3, , 1,i r r

. and Pr i ; for ; 
 

   
. The raw moments for the above 

probability distribution are 1
n

E Y i i 
1n 

 , 0;i iP x y

i  for all 
. As the events of getting success or failure are 

complementary, the Joint probability   i = 
0, 1 and 0,1j  . Hence,  

   
1 1

0 0

, , 0i i i i i i
i j

E x y x y p x y
 

 . 

4. Statistical Measures on Performance 

While handling a managerial task it is observed that there 
are two disjoint approaches namely either getting success 
or getting failure after selecting the managerial option to 
the given task. Hence the resultant activity of managerial 
performance can be expressed as the linear combination 
of both success and failure.  

Let Zi be the function of managerial performance score 
function in handling one task in ith category, where the 
option among that group is selected on chance basis with 
probability 1 i . then, The Performance score function 
on ith category for one task is i i iZ C X D Y     and the 
Performance score function on ith category for Ai tasks is  

 ;

, 1, 2, ,3,2,1
i i i iT A C X D Y

i r r r

    

   

 
1

r

i i i
i

T A C X D Y


         (4.1) 

Let T be the total score on Performance of the manager 
for handling A tasks, then the performance score function 
of a manager is defined as  

            (4.2) 

Method of moments is considered for finding the sta- 
tistical measures of the proposed model. As the first or- 
der non central moment is the Average Performance 
score of a manager, it is given by E[T].  

Average Performance Score:  
The Expected (or overall) Performance score of a 

manager is 

  
1

1
1

r

i
i

N C D i
i

             (4.3) 

Variability of the Performance:  
The deviation or variation in the performance of a 

manager is another important statistical measure. This is 
mostly useful in measuring the consistency of the per- 
formance. The variance of the total score is    
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        22 2

1

1 1
r

j

C D i
 

 
222

2 2
2

1 1

1r r
i ji

i
i i i

A AC D iA
V T C D i A

i i i 

               
              (4.4) 

The 3rd Central Moment is  

          2 2

1

1
r

i

i

A
C D i

i

2 2

3
1 1

2 1 1
r r

i i

i i

A A
T C D i C D i

i i


 

 
                 

               (4.5) 

The Fourth central Moment is  

     

     
 
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i
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i
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
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          (4.6) 

The coefficient variation is 

        
2 1

1

1
r

i

D i
i

1
2 22

22 2 2 2
2

1 1 1

1
1 1

r r r
i ji i

i
i i j i

A A C D iA A
C D i C D i A C

i ii



   

               


    


1, 2, ,j i 

10iA  1, 2, ,i r 

      
    (4.7) 

 
Table 1 and Figure 1(b), it is observed that the credits 
(C) and penalties (D) are related as 

The rest of the statistical measure can be obtained 
from the above derived four central moments  1D C 

10A

; The av- 
erage performance of manager are increasing functions 
of credits. The expected performance score of manager is 
a decreasing function of the number of available options 
for each task, i.e. i

5. Numerical Illustrations & Sensitivity 
Analysis 

 ; . From the data 
in Table 1 and Figure 1(c), it is observed that when the 
credits and penalties are equal in magnitude in opposite 
direction, the average performance of manager is in- 
creasing function of the credits (C) when there is only 
one option for each task. However the average perform- 
ance of manager remains zero, when there are only two 
options for each task of the management. The average 
performance of the manager is a decreasing function of 
“C” when (C = −D) and the number of options for each 
task are more than or equal to “3”. Moreover, there is a 
negative performance on average, when there are more 
than two options for each managerial task.  

1, 2, ,i r 

1C 

Total expected scores for different values of i (number of 
options), C (Credit Points), D (penalty points); all Ai ≥ 0, 
for  for calculating the Expected Scores for 
Manager’s Performance in Table 1; The graphs were 
displayed tin the Figures 1(a)-(d). The Variances of Per- 
mformance abilities were calculated and presented in 
Table 2 and the figures were displayed in Figures 2(a)- 
(d); displayed in Annexures 

From the data in Table 1 and Figure 1(a), it is ob- 
served that the expected scores of manager’s perform- 
ance are increasing function of the credits. Irrespective of 
the number of options for each managerial task. Further 
it is observed that the expected scores are decreasing 
functions of the number of options for each managerial 
task, under the assumption of all the categories of tasks 
are equal i.e. ; . From the data in  

From Table 2, it is observed that the variability in the 
performance is an increasing function of the credits (C) 
for all categories of decision making problems when 

; 

s.    

1D C . From Table 2 and Figure 2(a), it is       
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Table 1. Expected scores for manager’s performance. 

R D E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 TS 

2 (−1/K) 20 7.50 4.44 3.13 2.40 1.94 1.63 1.41 1.23 1.10 44.79 

4 do 40 17.50 11.11 8.13 6.40 5.28 4.49 3.91 3.46 3.10 103.37

6 do 60 27.50 17.78 13.13 10.40 8.61 7.35 6.41 5.68 5.10 161.95

8 do 80 37.50 24.44 18.13 14.40 11.94 10.20 8.91 7.90 7.10 220.53

10 do 100 47.50 31.11 23.13 18.40 15.28 13.06 11.41 10.12 9.10 279.10

2 (−1/R) 20 7.50 3.33 1.25 0.00 −0.83 −1.43 −1.88 −2.22 −2.50 23.22 

4 do 40 18.75 11.67 8.13 6.00 4.58 3.57 2.81 2.22 1.75 99.48 

6 do 60 29.17 18.89 13.75 10.67 8.61 7.14 6.04 5.19 4.50 163.95

8 do 80 39.38 25.83 19.06 15.00 12.29 10.36 8.91 7.78 6.88 225.48

10 do 100 49.50 32.67 24.25 19.20 15.83 13.43 11.63 10.22 9.10 285.83

2 (−R) 20 0.00 −6.67 −10.00 −12.00 −13.33 −14.29 −15.00 −15.56 −16.00 −82.84

4 do 40 0.00 −13.33 −20.00 −24.00 −26.67 −28.57 −30.00 −31.11 −32.00 −165.68

6 do 60 0.00 −20.00 −30.00 −36.00 −40.00 −42.86 −45.00 −46.67 −48.00 −248.52

8 do 80 0.00 −26.67 −40.00 −48.00 −53.33 −57.14 −60.00 −62.22 −64.00 −331.37

10 do 100 0.00 −33.33 −50.00 −60.00 −66.67 −71.43 −75.00 −77.78 −80.00 −414.21

0.1 (−1/R) 1 −49.50 −66.33 −74.75 −79.80 −83.17 −85.57 −87.38 −88.78 −89.90 −704.17

0.3 do 3 −15.17 −21.22 −24.25 −26.07 −27.28 −28.14 −28.79 −29.30 −29.70 −226.91

0.4 do 4 −10.50 −15.33 −17.75 −19.20 −20.17 −20.86 −21.38 −21.78 −22.10 −165.06

0.6 do 6 −5.33 −9.11 −11.00 −12.13 −12.89 −13.43 −13.83 −14.15 −14.40 −100.28

0.8 do 8 −2.25 −5.67 −7.38 −8.40 −9.08 −9.57 −9.94 −10.22 −10.45 −64.96

 

    
(a)                                                             (b) 

    
(c)                                                              (d) 

Figure 1. Total expected scores for varying values of (a) C and D = −1/k; (b) C and D = −1/C; (c) C and D = −(C); (d) C(<1) 
and D = −1/C. Total expected scores for different values of Aj (number of tasks), C (Credit Points), D (penalty points); vary- 
ing values of Aj’s for j = 1, 2, ···, i, i = 10.  
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Table 2. Variability scores for manager’s performance. 

C D V1 V2 V3 V4 V5 V6 V7 V8 V9 

1 −1/i 118.75 103.70 87.89 75.52 65.97 58.48 52.47 47.55 43.47 

4 Do 1318.75 1148.15 959.77 814.72 704.86 619.99 552.86 498.58 453.87 

9 Do 6318.75 5555.56 4662.89 3966.72 3436.34 3025.24 2699.34 2435.48 2217.87 

16 Do 19618.75 17325.93 14572.27 12411.52 10760.42 9478.30 8460.67 7636.03 6955.47 

1 −1/c 200.00 311.11 450.00 608.00 777.78 955.10 1137.50 1323.46 1512.00 

4 do 1254.69 1123.61 959.77 833.00 738.72 668.11 614.55 573.46 541.69 

9 do 6125.93 5446.91 4598.15 3926.52 3411.52 3011.04 2693.06 2435.48 2223.11 

16 do 19250.29 17111.89 14438.89 12322.06 10697.21 9432.06 8426.10 7609.92 6935.73 

1 −c 200.00 311.11 450.00 608.00 777.78 955.10 1137.50 1323.46 1512.00 

4 do 3200.00 4977.78 7200.00 9728.00 12444.44 15281.63 18200.00 21175.31 24192.00 

9 do 16200.00 25200.00 36450.00 49248.00 63000.00 77363.27 92137.50 107200.00 122472.00

16 do 51200.00 79644.44 115200.00 155648.00 199111.11 244506.12 291200.00 338804.94 387072.00

0.2 −1/c 1928.00 5047.11 8946.00 13233.92 17737.78 22372.90 27093.50 31872.79 36694.08 

0.4 do 530.75 1305.11 2273.06 3339.68 4461.53 5617.10 6794.70 7987.46 9191.07 

0.6 do 285.33 624.00 1047.33 1515.95 2010.37 2520.71 3041.50 3569.51 4102.72 

0.8 do 215.19 399.61 630.14 887.72 1161.22 1444.68 1734.77 2029.46 2327.47 

 

    
(a)                                                             (b) 

    
(c)                                                             (d) 

Figure 2. Graph for variability in the performance for varying values of (a) C and D = −1/K; (b) C and D = −1/C; (c) C and D 
= −(C); (d) C(<1) and D = −1/C.  
 
understand that the variances are decreasing functions of 
the number of options in each category of the task, when 
the number of tasks in each category are fixed for 

1D C  1C 
1C  D C

; . From Table 2 and Figure 2(b), it is 
observed that the variances are decreasing functions of 

the number of available options in each category of the 
task, when the number of tasks in each category are fixed, 
for ;   . From Table 2 and Figure 2(c), it is 
observed that the variabilities in manager’s performance 
are decreasing functions of the number of available  
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options to the manager in each task when C 1 ; 
1D C  . Table 2 and Figure 2(d), reveals that the 

overall variabilities are decreasing functions as the num- 
ber of available options to each task are monotonically 
decreasing at , 2C  1 D C C, .  D  
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