
 

 

MODIFICATION OF SEPARATE… Adam and Abubakar FJS 

FUDMA Journal of Sciences (FJS) Vol. 5 No.2, June, 2021, pp 404 - 412 

404 

 

 

 

MODIFICATION OF SEPARATE RATIO TYPE EXPONENTIAL ESTIMATOR: A POST-

STRATIFICATION APPROACH 

 

Adam Rabiu
∗, Abubakar Yahaya, and Muhammad Abdulkarim  

 

Department of Statistics, Ahmadu Bello University, Zaria. 

Corresponding author: adamrabiutk@gmail.com  

 

ABSTRACT 

In this research, modification of separate ratio type exponential estimator introduced in an earlier study is 

proposed. Expressions for the bias and mean square error (MSE) of the proposed estimator up to first degree 

of approximation are derived. The optimum value of the constant which minimize the MSE of the suggested 

estimator is also obtained. In the same vein, efficiency comparisons between the proposed estimator and 

some related existing ones under the case of post-stratification is conducted. Empirical studies have been 

conducted to demonstrate the efficiencies of the suggested estimators over other considered estimators. 

The proposed MSE and Percentage Relative Efficiency (PRE) were used to evaluate the achievement of 

the modified estimator.  
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INTRODUCTION 

In sampling  scheme, the  auxiliary  information  is used to 

improve the  precision of estimators  of the  population  of the  

main quantity under  study.   Ratio type and product type 

estimators have been extensively used when auxiliary 

information is obtainable. In estimating population means 

Tailor et al (2016); we use sample mean 𝑋 ̅which is unbiased 

and has a large amount of variation.  We now, seek an estimator 

with minimal variance or may be biased but with a minimum 

MSE as compared to sample mean. Classical Ratio estimator is 

considered mostly in practices when the correlation between 

interested variable Y and supplementary variable X is positive 

as suggested by Lone and Tailor (2014). The product type is 

adopted when the relationship between the interesting variable 

and the additional variable is negative as suggested by Lone 

and Tailor (2015).   The post-stratification problem was first 

discussed by Hansel et al. (1953) and Cochran (1940) and 

Robson (1957) visualized classical ratio and product estimators 

which were studied in the case of post-stratification by Ige and 

Tripathi (1989). Chouhan (2012) the proposed class of ratio 

type estimators using various known parameters of auxiliary 

variate in case of post-stratification. Lone et al. (2016) 

proposed a ratio-cum-product type estimator in the case of 

post-stratification. Singh (1967) used the information on the 

population mean of two auxiliary variates and the proposed 

ratio-cum-product type estimator for population means in 

simple random sampling. The research conducted by Singh 

(1967) and Chouhan (2012) motivated us to propose the class 

of ratio-cum-product type estimators in case of post-

stratification. Lone and Taylor (2014) as well as Lone and 

Taylor (2015) proposed dual to separation ratio type 

exponential estimator and dual to separation product type 

exponential estimator respectively in case of post-stratification. 

Many Researchers including  Holt and Smith (1979), Jagers et 

al. (1985),Jagers et al. (1985) Jagers (1986), Ige and Tripathi 

(1989),Agrawal and Panda (1993), Singh & Espejo 

(2003),Vishwakarma and Singh (2011), Tailor et al. 

(2011),Lone and Tailor (2015) contributed significantly to this 

area of research. 

 

Materials and Methods 

Consider a finite population 𝑍 = (𝑍1, 𝑍2, … , 𝑍𝑁) of size N. Let the population be divided to L strata with h th stratum 

containing Nh unit, h=1,2,…,L, so that 



L

h
h

NN
1
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N

N
W

h

h
  is the stratum weight. Suppose a sample of 

size n is draw from population Z using simple random sampling without replacement.  After selecting the sample it is observed 

that which units belong to ℎ𝑡ℎstratum. Let 𝑛ℎbe the size of the sample falling in ℎ𝑡ℎstratum such that ∑ 𝑛ℎ
𝐿
ℎ=1 . Here it is 

assumed that n is so large that possibility of being zero is very small .Let 𝑥ℎ𝑖be the observation of 𝑖𝑡ℎobservation or unit that 

falls ℎ𝑡ℎstratum for auxiliary variate x and 𝑦ℎ𝑖  be the  𝑖𝑡ℎobservation or unit that falls ℎ𝑡ℎstratum for study variate y then, 
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; hth stratum mean for study variate y 
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In the case post-stratification, usual unbiased estimator of Y is describe as: 

yWY h
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 is sample mean of 𝑛ℎ sample unit that unit fall in the ℎ𝑡ℎstratum. 

Using the Stephen (1945), the variance of �̅�𝑝𝑠to the first degree of approximation is obtained as  
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Lone and Taylor (2014) defined some classes of modified dual exponential estimators of finite Y  in case of post-stratification 

as: 
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The MSE of the estimator provided in equation (2) is obtained as follows: 
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bias and  MSE of (4) are obtained as follows respectively: 
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MSE of the estimator in equation (7) is obtained as: 
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bias and MSE of (9) is obtained as follows respectively: 
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Modified separate ratio exponential type estimator 

Following Srivenkatarama(1980) and Bandyonpadhyay(1980) transformation we suggested 

modification of  separate ratio type exponential  estimator for population mean �̅� in case of post 

stratification. 
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Where x h

*
is as defined earlier and 𝛼 is an unknown constant 

To obtain the bias and MSE of the proposed estimatorY
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Substitute (14) and (15) into (13) and retaining terms up to the second power of 𝑒𝑠
′ 
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Expanding the right hand side of equation (16) and retaining terms up to the second power of 𝑒𝑠
′we have 
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To obtain bias we take expectation of both side of equation (17) then 
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Therefore the bias of the proposed estimator (�̂̅�𝑝𝑠
∗∗𝑅) is: 
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By squaring both side of (17), taking expectation and retaining terms up to the second power of 𝑒𝑠
′ , we get the mean square error 

of the proposed estimator (�̂̅�𝑝𝑠
∗∗𝑅) up to the first degree of approximation by saying : 
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 The MSE of the proposed estimator (�̂̅�𝑝𝑠
∗∗𝑅) is
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We obtain the optimum value (𝛼) to minimize 𝑀𝑆𝐸(�̂̅�𝑝𝑠
∗∗𝑅) by differentiating 𝑀𝑆𝐸(�̂̅�𝑝𝑠

∗∗𝑅) with respect to 𝛼 and equating the 

derivative to zero we have: 
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By substituting the value of  opt
into (19) we get the minimum value of 𝑀𝑆𝐸(�̂̅�𝑝𝑠
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     2.2 Efficiency comparison 

Theoretical comparison of the proposed estimators has been made with the competing estimators of the population mean �̅�. 

Therefore, comparison of (1), (6), (8) and (11) shows that the recommended estimators �̂̅�𝑝𝑠
∗∗𝑅 under ratio type exponential 

estimators would be more efficient than 
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1. Empirical study 

To study the merits of the proposed estimators we are going to consider two natural population data sets. The descriptions of the 

populations are given below: 

 

Table 1: Population I 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Johnston et al. (1972), p.171 

 

                                              

 

 

Constants Stratum I Stratum II 

 

 
 

4 4 

 

 
 

10 10 

 

 
 

149.7 91 

 

 
 

142.8 102.6 

 

 
 

181.17 43.16 

 

 
 

37.08 158.76 

𝜌𝑦𝑥ℎ 
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Table 2: Population II 

 

 

 

 

Source: Johnston et al. (1972) 

 

 

 

Population I 

Table 3 : MSE and PRE of  proposed and some conventional r e l a t e d  e s t i m a t o r s  o v e r  sample mean 

           Table 3  
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Table 4: MSE and PRE o f  proposed and some conventional  r e l a t e d  e s t i m a t o r s  o v e r  sample mean 

 

                                   Table 4 

 

 

 

 

 

 

 

Constants Stratum I Stratum II 

 

 
 

2 2 

 

 
 

5 5 

 

 
 

37.60 46.40 

 

 
 

45.60 58.40 

 

 
 

5.04     10.24 

 

 
 

21.0 15.84 
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0.39 0.27 

 

 
 

4.04 3.44 

Estimators MSE PRE 

 

 
 

     2.2128 100 

 

 
 

2.10365 105.19 

 

 
 

2.01365 109.89 

 
2.0012 110.59 

 
1.9492 113.53 

Estimators MSE PRE 

 

 
 

5.8752 100 

 
7.0504 83.33 
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CONCLUSION 

 

In table 4.3 and 4.4 above the proposed and conventional 

estimators considered  over the population mean are 

presented. The MSE and Percentage Relat ive Efficiency 

(PRE) a r e  also presented in the table. For modified separation 

ratio type exponential estimator using population I and 

population II the PRE values 113.53and107.97 respectively for 

the proposed estimator as compared to the other conventional 

estimators shows, that the suggested estimator �̂̅�𝑝𝑠
∗∗𝑅  

p e r f o r m  better than the existing estimators with minimum 

MSE of 1.949158) and 5.441537  respectively for datasets I 

and II. Thus the proposed estimator is recommended for use in 

practice if the conditions obtained in section (2.2) are satisfied 
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