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ABSTRACT 
An extended class of generalized double sampling estimator using information on an auxiliary variable is 

proposed for the estimation of ratio (product) of population parameters. Bias and mean square error are found, 

and the properties of the generalized estimator are studied. Classes of estimators depending on optimum and 

estimated optimum values in the sense of minimum mean square error are also investigated. 
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I. INTRODUCTION 

Let a first phase large simple random sample of size 'n  be drawn from a population of size N  and 

only the auxiliary variable 2
x  be observed on this first phase sample, and further, let both the study variables 

 
1

x,y  and the auxiliary variable 2
x   be observed on the second phase simple random sample of size n  from 

the first phase sample of size 'n . For population values  N,.....,,i;Y
i

21  on y , 

 N,.....,,i;X
i

21
1

  on 1
x  and  N,.....,,i;X

i
21

2
  on 2

x  , let the population means 

of y , 1
x  and 2

x  are respectively 
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The population ratio  R  of the population means Y   and 
1

X  and their product  P   are 

1
X

Y
R   and 

1
XYP   . 

Further, let 0201
 ,  and 

12
  be the correlation coefficients between  

1
, xy ,  

2
, xy  and  

21
, xx  

respectively, and  
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Also, for first phase sample values  n,...,,i;x
i

 21
2  on 2

x , second phase sample values 
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 Using auxiliary information on 2
x , the double sampling estimators of Singh (1965) for the ratio 

1
X

Y
R   and the product 

1
XYP   are respectively 
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where 

1

ˆ

x

y
R   and 1

xyP̂  . 

Further, Singh, R. Karan, Rizvi, S.A.H and Rizvi S.A.M. (2012) proposed the following generalized double 

sampling estimators: 

 
22

x,x,R̂gR̂
gd

                   (A) 

and  
22

x,x,P̂hP̂
gd

               (B) 
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g and 
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h are the first order partial derivatives. The optimum value of 
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RMSE  is  
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 and the minimum mean square error is given by 

 
22

2

211
CCR

'nn
)R̂(MSE)R̂(MSE

mingd 







  .         (D) 

Proceeding on same lines, the optimum value of 
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for which the minimum mean square error to the first degree of approximation, is  
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The optimum value C
X

R
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*1
 in (C)  may not be known always in practice, hence the alternative is 

to replace the parameters involved in the optimum value by their unbiased or consistent estimators to get the 

estimated optimum value depending upon sample observations as  
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Using the estimated optimum value in (G), the estimator depending upon estimated optimum value is given as a 

function  

   Ĉ,x,x,R̂gR
***

estd 22
          (H) 

attains the minimum mean square error given by (D). 

Similarly, replacing the parameters involved in  
*

2
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  by their unbiased or consistent 

estimators, the estimated optimum value is 
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which gives the estimator depending upon estimated optimum value as a function 

 
 CxxPhP

estd

ˆ,,,
22

***



           (J) 

and  *

)(
ˆ

estd
PMSE  equals the minimum mean square error given by (F). 

 

The Proposed Estimators 

The proposed estimators for ratio (R) and product (P) are: 

 22

22
22

,,,,ˆˆ
xxg

ssxxRgR                   (1.1) 
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estimating R , the proposed generalized double sampling estimator is 
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where 
1

k  and 
2

k  are the characterizing scalars to be chosen suitably. 

It may be easily verified that conditions (1.3) to (1.9) are satisfied for all the estimators 4321 ,,,i,R̂
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show that the conditions (1.5) to (1.9) are also satisfied for the estimator 
5

R̂ . The regularity conditions from 

(1.3) to (1.9) may easily be verified for the estimators 
321

R̂,R̂,R̂  and 
4

R̂  also, and some more double 

sampling estimators in the literature [see Cochran (1977), Sukhatme et.al. (1984) and Murthy (1967) for further 

details]. 
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where 
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2 2



 

x
  is the coefficient of kurtosis of  2

x  . 

Further, it is assumed that the sample is large enough to ignore terms involving 

332210
e,e,e,e,e,e   of degree greater than two, to justify the first degree approximation [see 

Murthy (1967) for more details]. 

Expanding  tgR̂
g
  about the point  22

22 22 xx
S,S,X,X,RT   in third order Taylor’s series, we 

have 
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Taking expectation on both sides of (2.3), to the first degree of approximation 
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 Satisfying the conditions in (3.8), some particular estimators depending on estimated optimum values 

1
D̂ ,

2
D̂  and attaining the minimum mean square error in (3.3), are given in the following section 4 

(Conclusions). 

 

IV. CONCLSIONS 

(a) The optimum values 1
D  and 2

D  of 1
g  and 3

g  respectively minimize the mean square error of 

 22

22 22 xxg
s,s,x,x,R̂gR̂   and the resulting mean square error is given by 

   


















22

2

211
CCR

'nn
)R̂(MSER̂MSE

ming
 

       

  

  












1

22

2

12

2

121202

2

xx

x
CrCR





                    (4.1) 

    
22

2

211
CCR

'nn
)R̂(MSE 








  



S. Ali Manzar Rizvi, et. al. International Journal of Engineering Research and Applications 

www.ijera.com  
ISSN: 2248-9622, Vol. 09, Issue 3, (Series-I) March 2019, pp. 75-89 

 

 
www.ijera.com                                 DOI: 10.9790/9622-0903017589                                88 | P a g e  
       

 

 
 

       

  

 1

11

22

2

12

2

121202

2















xx

x
CrCR

'nn 



 .              (4.2) 

 Further, the minimum mean square error of the generalized estimator proposed by Singh, R. Karan, 

Rizvi, S.A.H and Rizvi S.A.M. (2012)  
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which satisfying all the regularity conditions in (3.8)                                                                               

for the generalized estimator 
*

ge
R̂  depending upon 

estimated optimum values, attain the minimum 

mean square error in (3.3) or (4.1). 

(d) We may easily derive the similar results for 

the estimators developing for P  also on the same 

lines of g
R̂  or ge

R̂ . 

(e) Single sampling results may be easily 

found as the special cases of this study for Nn 
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