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Abstract 
  In this paper a class of ratio-cum-product estimator of population mean using auxiliary 
information is suggested in double sampling for stratification with their properties. The bias and 
mean squared error of the suggested estimator is obtained up to the first degree of approximation. 
The suggested estimator has been compared with ratio and product estimators given by Ige and 
Tripathi (1987) and usual unbiased estimator of population mean in double sampling for 
stratification. Asymptotic optimum estimator is identified. Estimator based on estimated optimum 

value is also obtained. An empirical study has been carried out to assess the performance of the 
suggested estimator. 

 

Key Words: Finite Population Mean, Double Sampling For Stratification, Bias, Mean 

Squared Error. 
 
1. Introduction    

Stratification not only provides better representation of the population under 

study but also improves the precision of the estimators. There might be a situation when 

strata weights are not available or if available, strata weights are outdated and can’t be 

used. This type of situation occurs during the household survey, when investigator does 

not have information about newly added household in different colonies. This situation 

leads investigator to use double sampling for stratification. Neyman (1938) developed 

the theory of double sampling. Singh and Vishwakarma (2007) have studied the 

properties of Bahl and Tuteja(1991) estimators in case of double sampling. Sharma 

(2012) has also studied same estimators of population mean in case of double 
sampling.Chouhan (2012) has discussed ratio-cum-product type exponential estimators 

of population mean in double sampling for stratification. Ige and Tripathi (1987) 

,Tripathi and Bahl (1991) , contributed well in the field double sampling for 

stratification. Singh and Ruiz Espejo (2003) defined ratio-cum-product estimator of a 

finite population mean. Singh and Tailor (2005) have developed ratio-cum-product 

estimator using coefficient of variation. Singh and Vishwakarma (2006) defined 

combined ratio-product estimator of finite population mean in stratified random 

sampling. Motivated by Singh and Ruiz Espejo (2003) and Singh and Vishwakarma 

(2006) , a ratio-cum-product  estimator for population mean in double sampling for 

stratification is suggested in this paper. 
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Let us consider a finite population  NUUUUU ,...,, 321 of size N  in which strata 

weight  Lh
N

Nh ,...3,2,1,   are unknown. In double sampling for stratification 

(a) a first phase of sample S   of size n  using simple random sampling without 

replacement is drawn and only auxiliary variate x is observed. 

(b) the samples is stratified into L strata on the basis of observed variable x .Let hn  

denotes the number of units in 
thh stratum  Lh ,...,3,2,1  such that 




L

h

hnn
1

. 

(c) from each hn  unit, a sample of size hhh nvn   is drawn where 10  hv , 

 Lh ,...,3,2,1 , is the predetermined probability of selecting a sample of size  hn  

from each strata of size hn  and it constitutes a sample S of size 
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. In S  

both study variate y and auxiliary variate x are observed. 

Let y and x  be the study variate and the auxiliary variate respectively. Let us define   
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 : Correlation coefficient between y  and x  in the stratum h , 
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Ige and Tripathi (1987) have defined classical ratio and product estimators in double 

sampling for stratification as  
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The biases and mean squared errors of estimators RdŶ  and PdŶ  up to the first degree of 

approximation are defined as 

   





















 



yxhyh

L

h h

h
Rd SRS

vn

W

X
YB 2

1

1
11ˆ

,                                                (1.3) 

  



















 



yxh

L

h h

h
Pd S

vn

W

X
YB

1

1
11ˆ

,                                                                 (1.4) 

   yxhyhyh

L

h h

hyRd RSSRS
v

W
nn

f
SYMSE 21

111ˆ 222

1

2 























 



,      (1.5) 

   yxhxhyh

L

h h

hyPd RSSRS
v

W
nn

f
SYMSE 21

111ˆ 222

1

2 























 



.      (1.6) 

Where 
X

Y
R    and 

h

h
h

n

n
v


 . 

2. Suggested Estimators                                                                                                                      

Motivated by Singh and Ruiz Rspejo (2003) and Singh and Vishwakarma 

(2006), we have suggest ratio-cum-product estimator for population mean Y in double 
sampling for stratification as 
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where  is suitably chosen real constant can be determined such that mean squared 

error of 
)(ˆ 

RPY  is minimum. It is to be noted that                                                                                                                               

(i) for   1 in (2.1), the estimator 
)(ˆ 

RPY reduces to the ratio estimator proposed by 

Ige and Tripathi (1987) as 
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(ii) for   0 in (2.1),the estimator 
)(ˆ 

RPY reduces to the product estimator proposed 

by Ige and Tripathi (1987) as 

.
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dsRP                                                                                                 (2.3) 

To obtain the bias and mean squared error of the suggested estimator
)(ˆ 

RPY , we write 

 ods eYy  1   ,  11 eXxds   and     11 eXx   

such that        00)( 11  eEeEeE o  and 
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Adopting the usual procedure for finding the bias and mean squared error, the bias and 

mean squared errors of the proposed estimator
)(ˆ 

RPY up to the first degree of 

approximation are obtained as 
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Putting (2.6) in (2.5), we get the minimum mean square error of 
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RPY as 

   22

1

2)( 11
111ˆ  


























 



yh

L

h h

hyRP S
v

W
n

S
n

f
YMSE ,                       (2.7) 

Let us define 

2

1

1
1

xh

L

h h

h S
v

WA 










  ,    

yxh

L

h h

h S
v

WB 












1

1
1  ,   2

1

1
1

yh

L

h h

h S
v

WC 










  



98 Journal of Reliability and Statistical Studies, June 2014, Vol. 7(1) 

where     
A

B
   , 

CA

B
2  have their usual meaning. 

Substitution of (2.6) in (2.5) yields the asymptotic optimum estimator (AOE) of Y as 
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With same mean squared error as given in (2.7)                                                                                                

it is obvious that the estimator 
)(ˆ o

RPY


 in (2.8) requires the prior information 

of ),( R , which can be obtained easily from the previous surveys. 

 

3. Efficiency comparisons 

Variance of usual unbiased estimator dsy in double sampling for stratification 

is given as 
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Efficiency comparisons for the suggested estimator 
)(ˆ 

RPY  

From (1.5), (1.6), (3.1) and (2.5) it is observed that the suggested estimator 
)(ˆ 

RPY  

would be more efficient than  

(i) usual unbiased estimator dsy  if 
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(ii) Ige and Tripathi (1987) ratio type estimator RdŶ  if 
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(iii) Ige and Tripathi (1987) product type estimator PdŶ  if 
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4. Estimator Based on Estimated optimum 

If the investigator failed to get the value of ),( R , the only alternative left 

for the investigator  is to replace ),( R  by its consistent estimate )ˆ,ˆ( R .hence the 

estimator based on estimated optimum is 



Ratio –cum- Product Estimator of Finite Population Mean in...  

 

 

99 

  .ˆ1ˆˆ )ˆ(
















x

x

x

x
yY ds

ds

dsRP
o                                                                 (4.1) 

where   













 1

ˆ

ˆ

2

1
ˆ

R


  has their usual meaning. 

Upto the first degree of approximation, mean squared error of the estimator 
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which is same mean squared error as given in (2.7).  

 
5. Empirical study 

To exhibit the performance of the suggested estimator in comparison to other 

estimator, two natural population data sets are being considered. The descriptions of 

population are given below. 

 

Population I- [Source: National horticulture Board] 

y : Productivity (MT/Hectare) and x : Production in ‘000 Tons 

 

Population II- [Source: Murthy (1967), p 228] 

y : Output and x : Fixed capital 

 

 

N =20 n =8 
1n =4 2n =4       

1n =7 2n =7       1N =10 2N =10 

1Y =1.70 2Y =3.65 1X =10.41 2X =289.14 

1xS =3.53 2xS =111.61 1yS =0.50 2yS =1.41 

1yxS =1.60 2yxS =144.87 
2

yS =2.20 

N =10 n =4 
1n =2 2n =2       

1n =4 2n =4       1N =5 2N =5 

1Y =1925.8 2Y =3115.6 1X =214.4 2X =333.8 

1xS =74.87 2xS =66.35 1yS =615.92 2yS =340.38 

1yxS =39360.68 2yxS =22356.50 
2

yS =668351.00 
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Estimators Range of   

Population 

I II 

dsy  )155.1,50.0(a
 

)170.1,50.0(a
 

RdŶ  )0.1,655.0(a
 

)0.1,670.0(a
 

PdŶ  )655.1,0(a
 

)670.1,0(a
 

Common range of ‘ ’for 

)(ˆ 
RPY  to be more efficient 

than dsy , RdŶ and PdŶ     

)0.1,655.0(a
 

)0.1,670.0(a
 

Optimum value of ‘ ’            0.827633 0.835300 
 

Table 1: Range of   in which 
)(ˆ 

RPY  is better than dsy , RdŶ  and PdŶ  

 

 

Estimators
 dsy

 RdŶ
 PdŶ

 

)ˆ(ˆ o

RPY


 
Population I 100.00

 
115.46

 
50.08

 
122.73

 
Population II 100.00

 
138.96

 
34.20

 
158.62

 

Table 2: Percent relative Efficiency of dsy , RdŶ , PdŶ  and 
)ˆ(ˆ o

RPY


 
 
w.r.t.  dsy

 
 
6. Conclusion 

Table I provides the wide range of   in which suggested estimator 
)(ˆ 

RPY  is 

more efficient than dsy , RdŶ  and PdŶ . If the scalar  even deviates from its optimum 

value, the suggested class of estimators 
)(ˆ 

RPY will yield more efficient estimators. 

Section 3 deals with the theoretical efficiency comparisons of considered estimators, 

provided the condition under which suggested estimator 
)(ˆ 

RPY has less mean squared 

error in comparisons to ratio and product estimators given by Ige and Tripathi (1987) 

and usual unbiased estimator of population mean in double sampling for stratification. 

Table 2 exhibits thus there is a significant gain in efficiency by using optimum 

estimator 
)(ˆ 

RPY  )ˆ(
)ˆ( o

RPYor


 over dsy , RdŶ  and PdŶ . Thus the suggested 

estimator
)(ˆ 

RPY ( or 
)ˆ(ˆ o

RPY


 ) is recommended for use in practice for estimating the 

population mean provided conditions given in section 3 are satisfied. 
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