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Abstract: 

One of the aims in survey sampling is to search for the estimators with highest efficiency. 

In the present paper, an improved estimator over the mean per unit estimator of population 

mean with known coefficient of variation is proposed. The conditions under which the 

proposed estimators perform better than the other existing estimators of population mean 

have been given. A numerical study is also carried out to see the performances of the 

proposed and existing estimators of population mean and verify the conditions under which 

proposed estimators are better than other estimators. And a simulation study has been done 

to verify the   proposed estimators perform better than the existing estimators as they are 

having lesser mean squared error. 

Keywords: Coefficient of variation, Bias, Mean square error, Auxiliary variable, Relative 
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1. Introduction 

Sampling is done when the population is very large and we have to get the result very soon. The 

population parameters are estimated by the corresponding statistics in a natural sense. As it has been 

mentioned that the most suitable estimator for the estimation of population parameter is the 

corresponding statistics so to estimate population mean the most suitable estimator is the sample mean. 

Although he sample mean is an unbiased estimator of population mean and it has reasonably large 

variance and our aim is to search for the estimator with minimum variance or may be biased but with 

minimum mean squared error. 

 

Let  the  variable  of  interest  be  y  taking  the  value  Yi  for  the  ith     (i=1,2,……….N)  unit  of  the  

population  of  size  N. 

Further let 
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For   y1,y2,…………yn  being  the  sample  observations on y in  a simple random  sample of size n 

without  replacement,  let 
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For  simplicity,  it  is  assumed  that  the  population  size  N  is  large  enough  as  compared  to  the  

sample  size  n  so  that  finite  population  correction (f.p.c.)  term  may  be  ignored.  
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2. Proposed estimator 

Using known coefficient  of variation  Cy   for  the  estimation of  population  mean  Y , the  proposed  

estimator  is 
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where  k   is the characterizing scalar to be chosen suitably. 

 

2.1. Bias and Mean Square Error of Proposed estimator 

 

From (2.1), we have 
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(2.2)     

Taking  expectation  on  both  sides,  we  have  bias  up  to  terms  of  order  O  (1/n)  to  be
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 Again,  squaring  both  sides  of  (2.2)  and  taking  expectation,  we  have  mean  square  error of ky  

up  to  terms  of  order  O(1/n)  to  be 
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The  optimum  value  of    k  minimizing  the  mean  square  error of 
k
y  in  (2.4)  is  given  by 
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and the  minimum   mean  square error  of 
k
y   is  given  by     
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3. Estimator with Estimated Optimum 


k  

 

For  situation when values  of 2   and 1  or their good guessed values  are not available ,the alternative  

is to  replace these 2  and  1  involved in the optimum ok  by their estimates 


2   and 


1   based on 

sample values and get the estimated optimum value of k denoted  by 

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where  
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Thus, replacing k  by estimated optimum   



k  in the estimator  
k
y  in (1.1), we get for wider practical 

utility of the estimator based on the estimated optimum 


k   given by 
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To find the bias and mean square error of 
ek
y , let 
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Substituting  ( )01 eYy +=   ,  ( )1

22 1 es yy +=  and  


k  from (3.3) in (3.2), we have                                                    
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Taking expectation of (3.4) and ignoring terms of e’s greater than two, we can easily check that the 

bias of 
ek
y  is of order O(1/n); hence , the Bias(

ek
y ) is negligible for sufficiently large value of n , that 

is,  the estimator  
ek
y  is approximately unbiased estimator of the population mean  Y .Further,  squaring  

and  taking  expectation  up to  terms of order O(1/n) 
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which is same  as  mean square error for the optimum ok , that is, estimator 
ek
y  based on estimated 

optimum  


k  attains  the  same  mean  square  error as that of the estimator 
ok
y  based on optimum ok .

      

4. Concluding  Remarks 

 

a)  For  the  optimum  value ok  of  k,  it  is  clear  in  (2.5)  that  the  estimator  
ok
y attains  the  

minimum  mean  square  error   
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b) The estimators 
ok
y   with optimum value ok  and  the estimator 

ek
y   based on estimated optimum  



k   have same mean square error given by 

( ) ( )
oe kk yMSEyMSE =

              

               

( )
( ) yy

yyy

CCn

CCY

n 12

2

2

1

2
2

2

414

2





−−+

−
−=

 

              ( ) ( )
( ) yy

yy

CCn

CCY
yMSE

12

2

2

1

22

414

2





−−+

−
−=                                                    (4.2)                         



Communications on Applied Nonlinear Analysis 

ISSN: 1074-133X 

Vol 32 No. 10s (2025) 

  

4073 
 

https://internationalpubls.com 

which shows that estimators 
ek
y  or 

ok
y   based on estimated optimum or optimum value are more  

efficient than the mean per unit estimator  y  in the sense of having lesser mean square error.
 

c) For normal parent population (that is, for 01 =   and  32 = ) , the optimum value ok   from  

(2.4), reduces to  
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showing that the proposed estimator 
k
y  is more efficient than y  in normal parent population also. 

 

5. Empirical Study 

 

Considering  the  data  given  in  Cochran  (1977,  page 34)  dealing  with  the weekly expenditure of 

family on food  (y)  group,  computation  of  required  values  have  been  done  and  we  have  the  

following   

33=n , 49.27=Y , 
613033.992 =y , 

36306.0=yC , 
4651.11 =

, 
7146.52 =

 

Using the required values, we have 

 

 ( ) 018576.3=yMSE                     (5.1) 

 

 
( ) ( ) 4892803.2==

oe kk yMSEyMSE                                                                        (5.2)
 

          From the above, the  percent  relative  efficiency  (PRE)  of  the  proposed estimator  over  the  

usual   mean  per  unit  estimator  is  121%. 

 

6. Simulation Study 

 

In this section, simulation is conducted to evaluate the performance of the proposed estimator with 

respect to traditional estimator. For this study we have generated a population size N = 1000 from 

standard normal distribution using rnorm package in software R, draw sample of size n = 200. The 

whole simulation process starting from the drawing sample from variable Y from normal population 

and calculating the estimate was repeated 50000 times. 

$MSE(\bar{y})=0.001300325$\\ 

$MSE(\bar{y}_{k_e})=MSE(\bar{y}_{k_0 })=0.0009572594$\\ 

 

 ( ) 001300325.0=yMSE                     (6.1) 

 

 
( ) ( ) 0009572594.0==

oe kk yMSEyMSE                                                                 (6.2)
 

 

From the above, the percent relative efficiency (PRE) of the proposed estimator over the usual   mean 

per unit estimator is 135.8383%. 
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7. Result and Conclusion 

 

This paper deals with the estimation of population mean of the study variable with known coefficient 

of variation. The expressions for the bias and mean squared error of the proposed estimator has been 

derived up to the first order of approximation. A theoretical comparison of the proposed estimators has 

been made with the existing estimators of population mean under simple random sampling scheme. 

An empirical study is also carried out to judge the performance of the proposed and existing estimators 

of population mean. Along with the empirical study a simulation study has been done to check the 

validity of the proposed estimator. Through this simulation study, it has been found that the proposed 

estimator is more efficient than the other existing estimator. As proposed estimator are more efficient 

estimator for population mean. 
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