
https://dx.doi.org/10.4314/dujopas.v10i2b.1 
ISSN (Print): 2476-8316  

ISSN (Online): 2635-3490  
Dutse Journal of Pure and Applied Sciences (DUJOPAS), Vol. 10 No. 2b June 2024 

 
 

 
Author for Correspondence 
Yusuf A. Y.,  Ahmed A., Yunusa M. A., DUJOPAS 10 (2b): 1-17, 2024                                                          1 

 

Modified Regression-Cum-Ratio Types Estimators of 
Population Coefficient of Variation in Survey Sampling 

 
Yusuf Ajibola Yahya1* Ahmed Audu2 and Yunusa Mojeed Abiodun2 

                           

 1Department of Statistics,  
Federal Polytechnic,  

Kaura Namoda,  
Zamfara,  
Nigeria . 

 

2Department of Statistics,  
Usmanu Danfodiyo University,  

Sokoto,  
Nigeria.  

 
Email: yusaji710@gmail.com 

  
 

Abstract 

Enhancing the efficiency of estimators is one of the major concerns in sampling survey. Efficiency of 
estimators measures the precision of the estimator with respect to the corresponding parameters. In this 
paper, four methods of estimating the population coefficient of variation of the study variable using 
auxiliary information were suggested by modifying some existing estimators using unknown weight 
and power transformation techniques. The properties (Biases and MSEs) of the proposed estimators 
were derived up to first order of approximation using Taylor series approach. Numerical analysis of 
MSEs and PREs of the proposed and other related existing estimators considered in the study was 
conducted to justify the efficiencies of the proposed estimators and the results obtained revealed that the 
proposed estimators have minimum MSEs and higher PREs compared to competing estimators 
implying that the proposed estimators are more efficient than the existing estimators considered in the 
study. 
 
Keywords: Auxiliary information, Efficiency, Coefficient of Variation, Mean Square Error, 
Percentage Relative Efficiency.  
  
 
INTRODUCTION 
Survey sampling deals with parameters estimation, sample size determination, data gathering 
for estimation (Singh, 2003). The use of auxiliary information is well known to improve the 
precision of the estimate of the population mean and other parameters of the study variable 
in survey sampling (Cochran, 1940). Coefficient of variation is a unit free tool used for making 
comparisons between two quantities with different units. For example, comparison of height 
and weight of individuals. 
 
Many researchers like Ahmed et al. (2016), Audu and Adewara (2017), Audu et al. (2021a), 
Audu and Singh (2021), Muili et al. (2020), Sahai and Ray (1980), Srivastava and Jhajj (1981), 
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Singh and Tailor (2005), Sisodia and Dwivedi (1981), Khoshnevisan et al. (2007), Singh and 
Solanki (2012), Adejumobi and Yunusa (2022) have worked extensively in the development 
of estimators using auxiliary information. The coefficient of variation is expressed in 
percentages to indicate the extent of variability percent in the data, the tool is used in the field 
of Economics, Sociology, Psychology, Business Studies, Education Biology, Physics, 
Chemistry Geography Computer science, Mathematics etc. The estimation of population 
coefficient of variation in the presence of auxiliary information can be found in the works of 
Rajyaguru and Gupta (2002), Archana and Rao (2014), Adichwal et al. (2016), Singh et al. 
(2018), Audu et al. (2021b), Yunusa et al. (2021), Singh and Kumari (2022), Yunusa et al. (2022).  
Having study the efficiency of the existing related estimator mentioned above, it is observed 
that their efficiency gained (PRE) is not significant and further transformation of the 
estimators can lead to additional efficiency gain of the estimators. Therefore, this study 
proposed modified improved estimators for the estimation of population coefficient of 
variation of the study variable in the presence of auxiliary information that will provide a 
more precise and efficiency estimate of the true parameter. 
 

 Consider a finite population ( )1 2, ,......, NM M M M= of size N consisting of distinct and 

identifiable units. Let Y and X denotes the study and auxiliary variables and let iY  and iX be 

their values corresponding to thi  unit in the population ( )1,2,.....,i N= . For the population 

observations, means, mean squares and covariance for the study and auxiliary variables, we 
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1

1 N

i

i

Y Y
N =

=  ,  
1

1 N

i

i

X X
N =

=  , ( )
2

2

1

1

1

N

Y i

i

S Y Y
N =

= −
−
 , ( )

2

2

1

1

1

N

X i

i

S X X
N =

= −
−
  and 

( )( )
1

1

1

N

YX i i

i

S Y Y X X
N =

= − −
−
 1 1, ,

y x
y x

S S
n N C C

Y X
 − −= − = = ,

2 2

20 02

,rs
rs r s




 
=

( ) ( )
1

1

1

N
r s

rs i i

i

Y Y X X
N


=

= − −
−


 
For the sample observations, means, mean squares and covariance for the study and auxiliary 
variables, we define as 
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Existing estimators in the literature 
The usual unbiased estimator to estimate the population coefficient of variation is given by: 

0
ˆ y

y

s
t C

y
= =           (1) 

The mean square error (MSE) expression of the estimator 0t  is given by: 

( ) ( )( )2 2

0 04 301/ 4 1y y yMSE t C C C  = + − −       (2) 

Archana and Rao (2014) proposed ratio-type estimator for the population coefficient of 
variation, is given by 

AR y

X
t C
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          (3) 
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The mean square error indication of the estimator ARt  is given by: 

( ) ( ) ( )( )2 2

40 30 21 041/ 4 1 1/ 4 1AR y y y xMSE t C C C C    = + − − − + −                 (4) 

 
Singh et al. (2018) proposed ratio-type, exponential ratio-type and difference-type estimators 

for coefficient of variation of the study variable Y  using mean of the auxiliary variable and 
are given below with their MSEs as 
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Singh et al. (2018) proposed arithmetic, geometric and harmonic mean estimators (AM, GM, 

HM) based on 0t  and 1t  estimators for estimating coefficient of variation of the study variable 

Y  and are given below with their MSEs as: 

4

ˆ
1

2

yAM
C X

t
x

  
= +  

   

         (11) 

2

4
ˆGM

y

X
t C

x



 
=  

 
          (12) 

1

4
ˆ2 1HM

y

X
t C

x


−

  
= +  

   

        (13) 

( )
2 2

2 2 40
4 30 21

1

4 4 2

r x
y y y yx y x x

C
MSE t C C C C C C

  
   

 −
= + + − + − 

 
  (14) 

where, 
21 2

, , &
2

yx y

x

C
r AM GM HM

C

 


−
= =  

Singh et al. (2018) proposed arithmetic, geometric and harmonic mean estimators (AM, GM, 

HM) based on 0t  and 2t  estimators for estimating coefficient of variation of the study variable 

Y  and are given below with their MSEs as: 
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Singh et al. (2018) proposed arithmetic, geometric and harmonic mean estimators (AM, GM, 

HM) based on 1t  and 2t  estimators for estimating coefficient of variation of the study variable 

Y  and are given below with their MSEs as: 
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Audu et al. (2021b) suggested the following two difference cum ratio type estimators of yC  

utilizing the known X as: 
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Adichwal et al. (2016) suggested the following estimator for estimating yC  using the known 

2

xS  as, 
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Where 1  and   are the characterizing constants to be determined such that MSEs of the 

estimators 7t  is least. 

The minimum MSEs of the estimator 7t  for the optimum values of these constants is, 
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Singh et al. (2018) proposed ratio-type, exponential ratio-type and difference-type estimators 

for coefficient of variation of the study variable Y  using mean of the auxiliary variable and 
are given below with their MSEs as 
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Singh et al. (2018) proposed arithmetic, geometric and harmonic mean estimators (AM, GM, 

HM) based on 0t  and 2t  estimators for estimating coefficient of variation of the study variable 

Y  and are given below with their MSEs as: 
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Rajyaguru and Gupta (2002) proposed arithmetic, geometric and harmonic mean estimators 

(AM, GM, HM) based on 0t  and 9t  estimators for estimating coefficient of variation of the 

study variable Y  and are given below with their MSEs as: 
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Singh et al. (2018) proposed arithmetic, geometric and harmonic mean estimators (AM, GM, 

HM) based on 8t  and 9t  estimators for estimating coefficient of variation of the study variable 

Y  and are given below with their MSEs as: 
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Audu et al. (2021b) suggested the following two difference cum ratio type estimators of yC  

utilizing the known 2

xS as: 

( )
2 2 2

2 2

2 3 42 2 2

ˆ
ˆ

2

y x x x
a x x y

x x x

C S s S
t w S s w C

s S s

    
= + + − +    
     

     (45) 

( ) ( )2 2 2

2 3 1 4 1 3 1 4 1 3 4 12 2 2a yMSE t C A w B w C w D w E w w F= + + + − −    (46) 

where, 

( ) ( )
( )

( ) ( )( ) ( )
( )

( ) ( ) ( )

( )

2
402 2 2

1 04 12 30 22 1 1 1

222

1 04 12 22 30 1 1 04 12

3022 04 402

1 12

22

1 1

1
1 2 1 , ,

4

1
1 3 1 3 4 2 1 2 , 1

2

33 1 5 1 1
3 2

2 2 2 8

1

2

x
y y y x

y

y y y y

y

y y

S
A C C C B C

C

C C C C D C

C
E C C

F C


      


       

  
 




− 
= − + + − − − + = = 

 

− 
= + − + + − − − = − + − 

 

− − − 
= − − − + + 

 

−
= − ( )12 042 1y 

 
− − 

 

 

Yunusa et al. (2021) proposed log ratio type ratio estimator of yC  utilizing the known 2

xS as: 
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The MSE of the estimator 8t , up to the first order of approximation is, 
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Singh and Kumari (2022) proposed four estimators for coefficient of variation based on 
information on a single auxiliary variable. 
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METHODOLOGY 
 
Proposed Estimators 
Having studied the estimators in the literature, four estimators for the coefficient of variation 
based on information on a single auxiliary variable were proposed as in (57)-(60) 
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( )01 1 2

ˆ
ˆ 2 exp

2

a

y

y

C X x x x X
t u X x u C

x X X x X

      − 
= + + − + −       

+        

               (57) 

( )02 3 4

ˆ
ˆexp exp 2 exp

2

a

y

y

C X x x X x x X
t u X x u C

X x x X X x X

         − − − 
= + + − + −           

+ + +           

 (58) 

( )
2 2 2

2 2

03 5 62 2 2

ˆ
ˆ 2

2

a

y x x x
x x y

x x x

C S s s
t u S s u C

s S S

    
= + + − + −    
     

       

(59) 

( )
2 2 2 2 2

2 2

04 7 82 2 2 2 2

ˆ
ˆexp exp 2

2

a

y x x x x x
x x y

x x x x x

C S s s S s
t u S s u C

S s s S S

       − −
= + + − + −        + +        

               (60) 

Where a=1.3, real constant to minimize the mean square errors (MSEs) of the estimators. 
 

Properties (Bias and MSE) of 0 , 1, 2,3, 4kt k =  

Let the sampling relative errors be given by: 
2 2 2 2

0 1 2 22 2
, , ,

y y x x

y x

s S s Sy Y x X

Y X S S
   

− −− −
= = = =  

Such that, 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( ) ( )

0 1 2 3

2 2 2 2 2 2

0 1 2 40 3 04

0 1 0 2 30 0 3 12

1 2 21 1 3 03 2 3 22

0

, , 1 , 1

, , ,

, , 1

y x

yx yx y x y y

x x

E E E E

E C E C E E

E C C C E C E C

E C E C E

   

         

           

           

= = = = 


= = = − = − 


= = = = 


= = = − 

   (61) 

The estimators 0 , 1, 2,3, 4kt k = in terms of errors can be expressed and simplified respectively 

as in (62), (63), (64) and (65) 

( )

( )

( )

( )( )
( )

( )

( ) ( )

( )

1 2

2 1

1 1 1

01 1 2
1

2

1 1

0

1 1

2 1 1 1
2 exp

11
1

1

y
a

y

S XX

Y X X X X X
t

X X XS
u X X

Y

 

  






  + +
+   +   + + −  

= −      + ++    
+ − + + + 

             (62) 

( )

( )

( )

( )

( )

( )

( )( )
( )

( )

( ) ( )

( )

1

1 2

12

0 1 1 1

02

1 1

1 2

2

3 1 4

0

1
exp

11

2 1 1 1 1
exp 2 exp

1 1

1
1

1

y

a

y

X X

X XS

Y X X X X X
t

X X X X X

S
u X X u

Y





   

 






   − +
    + ++   
  

+     + − + + −  += −           + + + +       
 +
 + − + +
 + 

 (63) 
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( )

( )

( )

( )

( )( )
( )

( )

( )

22
3

2 21 2 2
32 3

03 21 2
0 22 2

5 3 6

0

1

11 1
2

2 1 1
1

1

xx
a

x xy x

xy

x x

SS

S SS S
t

Y SS
u S S u

Y



 

 




  +
+   +  + +  

= −  
+ +   

+ − + + + 

  (64) 

( )

( )

( )

( )

( )

( )

( )( )
( )

( )

( )

2 2 2 2

3 3

2 2 2 21 2 2
3 32 3

04 21 2
0 22 2

7 3 8

0

1 1
exp exp

1 11 1
2

2 1 1
1

1

x x x x

a

x x x xy x

xy

x x

S S S S

S S S SS S
t

Y SS
u S S u

Y

 

  

 




    − + + −
+       + + + +  + +    

= −  
+ +   

+ − + + + 

 (65) 

( )

2 22
0 1 1 0 2 1

2

1 1 1 12

0 21 1 2 2
1 0 101

2
2 2 0 22 1 1 2 2

2 0 1 1 0 2 1 1 0 1

1
1

2 2

2 2 8

1
2 2 2 8

y

y

X
u

C
t C

u


     

  
    

  

     
        

   
+ − − + + +   

    + −
  
+ − − −=   
  
  
+ + − − + + + − − −  
   

                         (66) 

( )

2 22
0 1 1 0 2 1

2

3 1 1 12

0 21 1 2 2
1 0 102

2
2 2 0 22 1 1 2 2

4 0 1 1 0 2 1 1 0 1

1
1

2 8

2 2 8

1
2 2 2 8

y

y

X
u

C
t C

u


     

  
    

  

     
        

   
+ − − + + +   

    + −
  
+ − − −=   
  
  
+ + − − + + + − − −  
   

                         (67) 

( )

2 22
0 3 3 0 4 3 2

2

5 3 3 32

3 2 3 0 2 2
3 0 303

2
2 2 3 2 3 0 22 2

6 0 3 3 0 4 3 3 0 3

1
1

2 2

2 2 8

1
2 2 2 8

x

y

y

S
u

C
t C

u


     

  
     

  

     
        

   
+ − − + + +   

    + −
  
+ − − −=   
  
  
+ + − − + + + − − −  
   

                         (68) 

( )

2 22
0 3 3 0 4 3 2

2

7 3 3 32

3 2 3 0 2 2
3 0 304

2
2 2 3 2 3 0 22 2

8 0 3 3 0 4 3 3 0 3

1
1

2 8

2 2 8

1
2 2 2 8

x

y

y

S
u

C
t C

u


     

  
     

  

     
        

   
+ − − + + +   

    + −
  
+ − − −=   
  
  
+ + − − + + + − − −  
   

                         (69) 

Subtracting yC from both sides of (66), (67), (68) and (69) to obtain, 
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( )

2 22
0 1 1 0 2 1

2

1 1 1 12

0 21 1 2 2
1 0 101

2
2 2 0 22 1 1 2 2

2 0 1 1 0 2 1 1 0 1

1

2 2

2 2 8

1
2 2 2 8

y

y y

X
u

C
t C C

u


     

  
    

  

     
        

   
− − + + +   

    + −
  
+ − − −− =   
  
  
+ + − − + + + − − −  
   

            (70) 

( )

2 22
0 1 1 0 2 1

2

3 1 1 12

0 21 1 2 2
1 0 102

2
2 2 0 22 1 1 2 2

4 0 1 1 0 2 1 1 0 1

1

2 8

2 2 8

1
2 2 2 8

y

y y

X
u

C
t C C

u


     

  
    

  

     
        

   
− − + + +   

    + −
  
+ − − −− =   
  
  
+ + − − + + + − − −  
   

            (71) 

( )

2 22
0 3 3 0 4 3 2

2

5 3 3 32

3 2 3 0 2 2
3 0 303

2
2 2 3 2 3 0 22 2

6 0 3 3 0 4 3 3 0 3

1

2 2

2 2 8

1
2 2 2 8

x

y

y y

S
u

C
t C C

u


     

  
     

  

     
        

   
− − + + +   

    + −
  
+ − − −− =   
  
  
+ + − − + + + − − −  
   

            (72) 

( )

2 22
0 3 3 0 4 3 2

2

7 3 3 32

3 2 3 0 2 2
3 0 304

2
2 2 3 2 3 0 22 2

8 0 3 3 0 4 3 3 0 3

1

2 8

2 2 8

1
2 2 2 8

x

y

y y

S
u

C
t C C

u


     

  
     

  

     
        

   
− − + + +   

    + −
  
+ − − −− =   
  
  
+ + − − + + + − − −  
   

             (73) 

Squaring and taking expectations on both sides of (70), (71), (72), (73), the MSEs of the 
suggested estimators were obtained as: 

( ) ( )2 * 2 * 2 * * * *

01 1 1 1 2 1 1 1 2 1 1 2 12 2 2yMSE t C A u B u C u D u E u u F= + + − + −     (74) 

( ) ( )2 * 2 * 2 * * * *

02 2 3 2 4 2 3 2 4 2 3 4 22 2 2yMSE t C A u B u C u D u E u u F= + + − + −     (75) 

( ) ( )2 * 2 * 2 * * * *

03 3 5 3 6 3 5 3 6 3 5 6 32 2 2yMSE t C A u B u C u D u E u u F= + + − + −     (76) 

( ) ( )2 * 2 * 2 * * * *

04 4 7 4 8 4 7 4 8 4 7 8 42 2 2yMSE t C A u B u C u D u E u u F= + + − + −     (77) 

where, 
2 2

1 2 3 4

3 9 12
, , , ,

2 2 2

a a a a a
a   

− −
= = = =      
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( )
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Differentiating (74) partially with respect 1u  and 2u , equate the results to zero and solve for 

1u  and 2u  simultaneously, to obtain 
* * * *

1 1 1 1
1 *2 * *

1 1 1

E F C D
u

F B C

−
=

−
 and 

* * * *

1 1 1 1
2 *2 * *

1 1 1

B E D F
u

F B C

−
=

−
. Substituting 

the results in (74), the minimum mean square error of 01t  denoted by ( )01 min
MSE t  is obtained 

as in (78) 

( )
* *2 * *2 * * *

2 * 1 1 1 1 1 1 1
01 1 *2 * *min

1 1 1

2
y

C D B E D E F
MSE t C A

F B C

 − −
= + 

− 
     (78) 

Differentiating (75) partially with respect 3u  and 4u , equate the result to zero and solve for 

3u  and 4u  simultaneously, to obtain 
* * * *

2 2 2 2
3 *2 * *

2 2 2

E F C D
u

F B C

−
=

−
 and 

* * * *

2 2 2 2
4 *2 * *

2 2 2

B E D F
u

F B C

−
=

−
. Substituting 
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the results in (75), the minimum mean square error of 02t  denoted by ( )02 min
MSE t is obtained 

as in (79) 

( )
* *2 * *2 * * *

2 * 2 2 2 2 2 2 2
02 2 *2 * *min

2 2 2

2
y

C D B E D E F
MSE t C A

F B C

 − −
= + 

− 
     (79) 

Differentiating (76) partially with respect 5u  and 6u , equate the result to zero and solve for 

5u  and 6u  simultaneously, to obtain 
* * * *

3 3 3 3
5 *2 * *

3 3 3

E F C D
u

F B C

−
=

−
 and 

* * * *

3 3 3 3
6 *2 * *

3 3 3

B E D F
u

F B C

−
=

−
. Substituting 

the results in (76), the minimum mean square error of 03t  implied by ( )03 min
MSE t is as obtained 

in (80) 

( )
* *2 * *2 * * *

2 * 3 3 3 3 3 3 3
03 3 *2 * *min

3 3 3

2
y

C D B E D E F
MSE t C A

F B C

 − −
= + 

− 
     (80) 

Differentiating (77) partially with respect 7u  and 8u , equate the result to zero and solve for 

7u  and 8u  simultaneously, to obtain 
* * * *

4 4 4 4
7 *2 * *

4 4 4

E F C D
u

F B C

−
=

−
 and 

* * * *

4 4 4 4
8 *2 * *

4 4 4

B E D F
u

F B C

−
=

−
. Substituting 

the results in (77), the minimum mean square error of 04t  denoted by ( )04 min
MSE t is obtained 

as in (81) 

( )
* *2 * *2 * * *

2 * 4 4 4 4 4 4 4
04 4 *2 * *min

4 4 4

2
y

C D B E D E F
MSE t C A

F B C

 − −
= + 

− 
     (81) 

 
RESULTS AND DISCUSSION 
In this section, numerical analysis to justify the performance of suggested estimators 

, 1,2,3,4amkt k = with respect to some existing estimators using two (2) datasets was conducted 

 
Dataset 1: Murthy [20] 
X: Area under wheat in 1963  Y: Area under wheat in 1964 

21

12 40 04 30 03 22

34, 15, 208.88, 199.44, 0.72, 0.75, 0.98, 1.0045,

0.9406, 3.6161, 2.8266, 1.1128, 0.9206, 3.0133

x yN n X Y C C  

     

= = = = = = = =

= = = = = =
 

 
Dataset 2: Singh [21] 
X: Number of fish caught in year 1993 Y: Number of fish caught in year 1995 

21

12 40 04 30 03 22

69, 40, 4591.07, 4514.89, 1.38, 1.38, 0.96, 2.19,

2.30, 7.66, 9.84, 1.11, 2.52, 8.19

x yN n X Y C C  

     

= = = = = = = =

= = = = = =
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Table 1: MSEs and PREs of the proposed and existing estimators considered in the study 
Estimators Dataset 1 Dataset 2 

 MSE PRE MSE PRE 

Auxiliary Information: ,X x  

0t  0.008003575 100 0.03808821 100 

ARt  0.027115658 29.47 0.7645918 49.82 

1t  0.006868341 116.53 0.03731461 102.07 

2t  0.006868341 116.53 0.03731461 102.07 

3t  0.006868341 116.53 0.03731461 102.07 

4

rt  
0.006868341 116.53 0.03731461 102.07 

5

rt  
0.006868341 116.53 0.03731461 102.07 

6

rt  
0.006868341 116.53 0.03731461 102.07 

1at  0.006737495 118.79 0.03404568 111.87 

1pt  
0.006033 132.66 0.036522 104.29 

2pt  
0.005659 141.43 0.035795 106.41 

Proposed estimators ( )0 , 1, 2kt k =  a=1.3 

01t  
0.004322121 185.18 0.032886721 115.82 

02t  
0.003662027 218.56 0.03122314 121.99 

Auxiliary Information: 
2 2,x xS s  

7t  
0.00696301 114.94 0.037568 101.38 

8t  
0.006962763 114.95 0.037568156 101.38 

9t  
0.006962763 114.95 0.037568156 101.38 

10t  
0.006962763 114.95 0.037568156 101.38 

11

rt  
0.006962763 114.95 0.037568156 101.38 

12

rt  
0.006962763 114.95 0.037568156 101.38 

13

rt  
0.006962763 114.95 0.037568156 101.38 

14t  
0.00712551 112.32 0.0375686 101.38 

2at  
0.006013652 133.09 0.02810758 135.51 

3pt  
0.006417 124.72 0.036308 104.90 

4pt  
0.004996 160.19 0.029721 128.15 

Proposed estimators ( )0 , 3, 4kt k =  a=1,3 

03t  
0.003773914 212.08 0.02276788 167.29 

04t  
0.0006149313 1301.54 0.004143642 919.20 
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The computational formula for Percentage Relative Efficiency (PRE) is given by: 

( )
( )

( )
0

100
MSE t

PRE T
MSE T

=   

where T is any estimator and 0t is sample coefficient of variation 

 
Table 1 indicate the mean square errors and percentage relative efficiencies of the suggested 
and other existing related estimators considered in the study using two datasets. Results 
obtained from the table revealed that proposed estimators under the use of auxiliary 
information, has minimum MSEs and higher PREs compared to other competing existing 

estimators, it could also be seen that the estimator 04t  is highly efficient than other proposed 

estimators. This shows that the suggested estimators are more efficient than their counterparts 
and have higher chances to produce estimates closer to the true values of means for any 
population of interest. 
 
CONCLUSION 

In this study, four improved estimators for estimating the population coefficient of variation 

of the study variable Y using the information of auxiliary variables were suggested. The 

variants of the proposed estimators were derived up to first order of approximation using 

Taylor series techniques. From the empirical study, the results show that the proposed 

estimator are better than the existing estimators considered in this study. Hence we 

recommend that the proposed estimators should be used in practice. 
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