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Abstract- In this chapter suggests dual to ratio-cum-product type exponential estimator in stratified random sampling. In fact, 

Srivenkataramana (1980) transformation has been used on Tailor and Chouhan (2013) estimator. The bias and mean squared 

error of the suggested estimator have been obtained upto the first degree of approximation. The suggested estimator has been 

compared with usual unbiased estimator in stratified random sampling, combined ratio and product estimators, dual to 

combined ratio and product estimators, Singh et al. (2008) ratio and product type exponential estimators and dual to ratio and 

product type exponential estimators given by Tailor et al. (2013). An empirical study shows the performance of the suggested 

estimator. 
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I. INTRODUCTION 

 

Bahl and Tuteja (1991) envisaged ratio and product type exponential estimators using exponential function. These estimators 

were studied in stratified random sampling by Singh et al. (2008). Using Srivenkataramana (1980) transformation on auxiliary 

variates Tailor et al. (2013) obtained dual to Singh et al. (2008) ratio and product type exponential estimators. Singh et al. 

(2009) envisaged ratio-cum-product type exponential estimator for population mean. Tailor and Chouhan (2013) suggested 

ratio-cum-product type exponential estimator of population mean in stratified random sampling.  

Let us consider a finite population  NUUUU ,...,, 21  of size N which is divided into  L  strata of sizes 

 LhNh ,...,2,1 . Let y
 
be the study variate and x  and z  be two auxiliary variables taking values hihi xy , and hiz

respectively where hNi ,...,2,1 . Here the auxiliary variate x  and the study variate y
 
are assumed to be positively 

correlated while the auxiliary variate z  is assumed to be negatively  correlated with the study variate y . To estimate 

population mean of the study variate y , a sample of size hn is drawn using simple random sampling without replacement 

from each stratum that constitutes the stratified random sample of size n  such that  
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Our problem is to estimate population mean of Y  of the study variate y  using stratified random sampling. 

Usual unbiased estimator of population of population mean Y  in stratified random sampling is defined as  
hh

L

h

st yWy 



1

. 

Similarly, unbiased  estimators of population mean X  of the auxiliary variate x  and population mean Z of the auxiliary 

variate z  are defined respectively as 
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      and      
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  respectively, 

where 
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 are means of sample taken from 

thh  stratum for the auxiliary variate x  and z  

respectively. 

Hansen et al. (1946) envisaged combined ratio estimator for population mean Y as 

.ˆ
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For negative correlation between the study variate y
 
and the auxiliary variate z , combined product estimator is defined as 
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Variance of unbiased estimators stst xy ,   and stz
 
are respectively given as 
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The biases and mean squared error of the combined ratio estimator RCŶ  and combined product estimator PCŶ  are 
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where 

X

Y
R 1          and          

Z

Y
R 2 . 

Bahl and Tuteja (1991) developed ratio and product type exponential estimators for population mean Y in simple random 

sampling as 
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and 
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Singh et al. (2008) studied Bahl and Tuteja (1991) estimators in stratified random sampling as 
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Tailor et al. (2013) used Srivenkataramana (1980) transformation and obtained dual to Singh et al. (2008) ratio and product 

type exponential estimators 
STYRe

ˆ
and  

ST

PeŶ as 
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where 
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  are unbiased estimators of population mean X and  Z  

respectively. 

Singh (1967) utilized information on population mean of two auxiliary variates i.e. X and  Z  and suggested ratio-cum-

product estimator for population mean Y in simple random sampling as 
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Tailor et al. (2012) defined Singh (1967) estimator RPŶ
 
in stratified random sampling as 
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Singh et al. (2009) defined ratio-cum-product type exponential estimator in simple random sampling as 
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Tailor and Chouhan (2013) studied RPeŶ
 
in stratified random sampling as 
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II. SUGGESTED IMPROVED RATIO-CUM-PRODUCT ESTIMATOR 

 

Using the transformation 
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, Srivenkataramana (1980) obtained dual to classical ratio estimator as 
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Using the same transformation i.e. 
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Tailor and Chouhan (2013) estimator is suggested as 
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To obtain the bias and mean squared error of the suggested estimator  
ST

RPeY ˆ
, we write 
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Now the suggested dual to ratio-cum-product type exponential estimator in terms of se
i
'  are expressed as 
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Taking expectation of both sides of (5.2.3), the bias of the suggested dual to ratio-cum-product estimator 
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RPeY ˆ
 
upto the first 

degree of approximation is obtained as 
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Taking square and expectation of both sides of (5.2.3), mean squared error of the suggested dual to ratio-cum-product estimator  
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,
upto the first degree of approximation is obtained as 
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III.  EFFICIENCY COMPARISONS 

 

This section compares the efficiency of the suggested estimator 
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 , with respect to usual unbiased estimator sty , 

combined ratio and product estimators RCŶ  and  PCŶ , dual to combined ratio and product estimators 
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Comparisons of (5.2.5), (5.3.1), (5.3.2), (5.3.3), (5.3.4), (5.3.5), (5.3.6),     (5.3.7), (5.3.8), (5.3.9) and (5.3.10), shows that the 

suggested dual to ratio-cum-product type exponential estimator of population mean   
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 would be more efficient than 
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                (5.3.20) 
Expressions (5.3.11) to (5.3.20)  provide  the conditions under which suggested dual to ratio-cum-product type exponential 

estimator has less mean squared error as compared to sty
 

ST

Pe

STST

Pe

ST

PCRCPCRC YYYYYYYY  ˆ,ˆ,ˆ,ˆ,ˆ,ˆ,ˆ,ˆ
ReRe and 

ST

RPeŶ .  

 

IV. EMPIRICAL STUDY 

 

To see the performance of the suggested estimator 
ST

RPeY ˆ
, a natural population data set is being considered. Description of  the 

populations is given below : 

 

Population I [Source: Murthy (1967), p. 228] 

y : Output , 

x : Fixed capital , 

z : Number of workers . 

  

 

 

 

 

N=

10  

n=

4 

1
n =2 

2
n =2 

1
N =5 

2
N =5 

1Z =51.80 2Z =60.60 1
X =214.40 2

X =333.80 

 
1

Y =1925.80 2
Y = 315.60 

1z
S =0.75 

2zS =4.84 

1xS = 74.87 
2xS =66.35 

1
yS =615.92 

2yS =340.38 

08.38
1
zxS  

2zxS =287.92 
1yzS =-411.16 

2yzS =-1536.24 

1yxS =39360.68 
2yxS =22356.50   
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Table 5.4.1: Percent relative efficiencies of sty , ,ˆ,ˆ
PCRC YY ,ˆ 

RCY STST

Pe

ST

PC YYYY 

ReRe

ˆ,ˆ,ˆ,ˆ
,

ST

Pe
Y ˆ

 , 
ST

RPeY
ˆ

 

and 

ST

RPeY ˆ
 with respect to sty

 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

V.  CONCLUSION 

 

In this chapter dual to ratio-cum-product type exponential estimator has been suggested using Srivenkataramana (1980) 

transformation. In section 5.3 conditions under which the suggested estimator would be more efficient than other considered 

estimators have been obtained. Table 5.4.1 reflects the percent relative efficiencies of  all considered estimators. This table 

shows that the suggested dual to ratio-cum-product estimator  
ST

RPeY ˆ

 

has highest percent relative efficiency as compared to 

usual unbiased estimator sty , combined ratio estimator ,ˆ
RCY  combined product estimator PCŶ , dual to combined ratio 

estimator ,ˆ 

RCY dual to combined product estimator ,ˆ *

PCY , ratio type exponential estimator 
STYRe

ˆ
,  dual to ratio type 

exponential estimator 
STY *

Re

ˆ
, product type exponential estimator 

ST

PeŶ , dual to product type exponential estimator 
ST

PeY *ˆ

and ratio-cum-product type exponential estimator 
ST

RPeŶ . Thus the suggested dual to ratio-cum-product type exponential 

estimator 
ST

RPeY *ˆ
 is recommended for the estimation of population mean when conditions obtained in Section 5.3 are satisfied. 

 

REFERENCES 

 
[1]. S. Bahl, R.K. Tuteja, “Ratio and product type exponential estimators”, Information and optimization science, Vol.12, Issue.1,1pp.59-163, 

1991. 

[2]. H.P. Singh, R. Tailor, S. Singh, J.M. Kim, “A modified estimator of population mean using power transformation”, Statistical Papers, Vol.49, 

Issue.1, pp.37-58, 2008.   

[3]. H.P. Singh, L.N. Upadhyaya, R. Tailor, “Ratio-cum-product type exponential estimator”, Statistica, Vol.69, Issue.4, pp.299-310, 2009. 

[4]. M.P. Singh,  “Ratio-cum-product  method  of  estimation”, Metrika, Vol.12, Issue.1, pp.34-43, 1967.  

[5]. T. Srivenkataramana, “A dual of ratio estimator in sample surveys”, Biom. J., Vol.67, Issue.1, pp.199-204, 1980. 

[6]. R. Tailor, S. Chouhan, “Ratio-cum-product type exponential estimator of finite population mean in stratified random sampling”, Comm. 

Statist. Theo. & Meth., Vol.43, Issue.2, pp.343-354, 2013. 

[7]. R. Tailor, S. Chouhan,  R. Tailor, N. Garg, “A ratio-cum-product estimator of population mean in stratified random sampling using two 

auxiliary variables”, Statistica, Vol.72, Issue.3, pp.287-297, 2012. 

[8]. R. Tailor, N. Jatwa, R. Tailor, N. Garg, “ Dual to ratio and product type exponential estimators in stratified random sampling using two 

auxiliary variates”,. J. Rel. & Statist. Studs., Vol.6, Issue.2, pp.45-126, 2013. 

[9]. M.H. Hansen, WN. Hurwitz,  M. Gurney, “Problems and methods of the sample survey of business”,. J. Amer. Statist. Assoc., Vol.41, 

Issue.234, 173-189, 1946. 

Estimator  
sty  

RCY
ˆ
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ˆ

 


RCŶ
 

 


PCŶ
 

PREs  100.00 313.75 115.9

5 

432.03 123.7

4 

Estimator  STYRe

ˆ
 

ST

PeY
ˆ

 
STY *

Re

ˆ
 

ST

PeY *ˆ
 

ST

RPeY
ˆ

 

PREs  173.94 107.94 234.9

6 

111.95 244.8

6 

Estimator  ST

RPeY ˆ
 

    

PREs  454.56     


