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ABSTRACT 

Following Tailor & Tailor (2012) and Panda & Sahoo (2020), we  propose a  

product-type exponential estimator in post-stratified sampling using variable 

transformation. The proposed estimator, under certain conditions are 

shown to be more efficient than the  usual unbiased estimator in case of 

post-stratification and some existing estimators. The efficiency of the newly 

proposed estimator has shown through numerical illustration and graphical 

representation.  

Keywords – Auxiliary Information, Variable Transformation, Post-Stratified 

sampling, Bias, Mean Square Error and Bar Diagram.  

 

1. INTRODUCTION 

Stratification is a commonly used techniques in sample survey. Stratified sampling presumes 

the knowledge that the strata size and sampling frame for each stratum are known. But in many 

situations, it happens that the overall population size and also the percentage of unit that falls in the 

strata are known but the sampling frame for the stratum are may not be available or it quit time-

consumable for preparing. In such situations we can not be supposed to use stratified random 

sampling. So, to overcome from this kind of problem we use post-stratification technique in which 

sample of size ‘n’ is drawn by simple random sampling without replacement, these sample is 

stratified in different strata and used as stratified samples.  

Let us consider the population size  𝑁 that stratified into 𝐿 strata of size  𝑁1, 𝑁2, 𝑁3 … … … 𝑁𝐿 

such that  ∑ 𝑁ℎ = 𝑁𝐿
ℎ=1 . Let 𝑛ℎ be the sample size falling in the ℎ𝑡ℎ stratum such that  ∑ 𝑛ℎ = 𝑛𝐿

ℎ=1  . 

Now consider  𝑥 as the auxiliary variable which is negatively correlated with the study variable 

𝑦. Let 𝑦ℎ𝑖 be the observation on 𝑖𝑡ℎ unit of ℎ𝑡ℎ stratum for the study variable 𝑦 and 𝑥ℎ𝑖 be the 

observation on 𝑖𝑡ℎ unit of ℎ𝑡ℎ stratum for the auxiliary variable 𝑥, then 
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The usual unbiased estimator of population mean �̅� in Post-stratification is defined as 

�̅�𝑃𝑆 = ∑ 𝑊ℎ�̅�ℎ
𝐿
ℎ=1                                                                                            (1.1) 

where 𝑊ℎ =
𝑁ℎ

𝑁
 , and �̅�ℎis the mean of 𝑛ℎ sample units. 

Then                                            

       𝑉(�̅�𝑃𝑆) =
𝑁−𝑛

𝑁𝑛
∑ 𝑊ℎ𝑆𝑦ℎ

2𝐿
ℎ=1                                                                         (1.2) 

Ige and Tripathy (1989) have proposed a product-type estimator by using the information on 

population mean �̅� of auxiliary variate 𝑥 for population mean in post-stratification as, 

�̅�𝑃𝑃𝑆 = �̅�𝑃𝑆 (
�̅�𝑃𝑆

�̅�
)                                                                                (1.3) 

where �̅�𝑃𝑆 = ∑ 𝑊ℎ�̅�ℎ
𝐿
ℎ=1  and �̅�𝑃𝑆 = ∑ 𝑊ℎ�̅�ℎ

𝐿
ℎ=1  are unbiased estimators of population mean               

�̅� = ∑ 𝑊ℎ�̅�ℎ
𝐿
ℎ=1  and �̅� = ∑ 𝑊ℎ�̅�ℎ

𝐿
ℎ=1  in post-stratified random sampling, and �̅�ℎ is the mean of the 

sample size 𝑛ℎ that falls in ℎ𝑡ℎ stratum. 

The bias and mean-square error of the Ige and Tripathy (1989) estimator is, 

     𝐵(�̅�𝑃𝑃𝑆) = (
1

𝑛
−

1

𝑁
)

1

�̅�
∑ 𝑊ℎ𝑆𝑦𝑥ℎ

𝐿
ℎ=1                                                                     (1.4) 

                                         𝑀𝑆𝐸(�̅�𝑃𝑃𝑆) = (
1

𝑛
−

1

𝑁
) ∑ 𝑊ℎ(𝑆𝑦ℎ

2 + 𝑅2𝑆𝑥ℎ
2 − 2𝑅𝑆𝑦𝑥ℎ)𝐿

ℎ=1                             (1.5) 

where =
�̅�

�̅�
 , 𝑆𝑥ℎ

2 =
1

𝑁ℎ−1
∑ (𝑥ℎ𝑖 − �̅�ℎ)2𝑁ℎ

𝑖=1  and 𝑆𝑦𝑥ℎ =
1

𝑁ℎ−1
∑ (𝑦ℎ𝑖 − �̅�ℎ)(𝑥ℎ𝑖 − �̅�ℎ)𝑁ℎ

𝑖=1 . 

R. Tailor, R. Tailor and S. Chouhan (2017) suggested a new product-type exponential estimator for 

population mean in post-stratification as, 

    �̂̅�𝑃𝑒
𝑃𝑆 = �̅�𝑃𝑆𝑒𝑥𝑝 (

�̅�𝑃𝑆−�̅�ℎ

�̅�𝑃𝑆+�̅�ℎ
) = �̅�𝑃𝑆𝑒𝑥𝑝 [

∑ 𝑊ℎ(�̅�ℎ−�̅�ℎ)𝐿
ℎ=1

∑ 𝑊ℎ(�̅�ℎ+�̅�ℎ)𝐿
ℎ=1

]                                      (1.6) 

Bias and mean-square error of the R. Tailor etal. (2017) estimator is expressed as, 

𝐵( �̂̅�𝑃𝑒
𝑃𝑆) = (

1

𝑛
−

1

𝑁
)

𝑅(4𝐾−1)

8�̅�
∑ 𝑊ℎ

𝐿
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2                                             (1.7) 

𝑀𝑆𝐸( �̂̅�𝑃𝑒
𝑃𝑆) = (

1

𝑛
−

1

𝑁
) [∑ 𝑊ℎ

𝐿
ℎ=1 𝑆𝑦ℎ

2 +
1

4
(1 + 4𝐾)𝑅2 ∑ 𝑊ℎ𝑆𝑥ℎ

2𝐿
ℎ=1 ]                 (1.8) 

where =
∑ 𝑊ℎ𝑆𝑦𝑥ℎ

𝐿
ℎ=1

𝑅 ∑ 𝑊ℎ𝑆𝑥ℎ
2𝐿

ℎ=1
 . 

Following the R. Tailor etal. (2017), Tailor & Tailor (2012) and Panda & Sahoo (2020) a new 

estimator is proposed in case of post-stratification. 

2. PROPOSED ESTIMATOR 

Motivated from Tailor & Tailor (2012) and Panda & Sahoo (2020), We proposed a product- type 

exponential estimator in case of post-stratification sampling for population mean �̅�: 

                                                    �̅�𝑃𝑆
∗∗𝑃𝑒 = �̅�𝑃𝑆 [{𝑒𝑥𝑝 (

�̅�−�̅�𝑃𝑆
∗

�̅�+�̅�𝑃𝑆
∗ )} (

�̅�

�̅�𝑃𝑆
∗ )

𝛼

] ,                                                  (2.1) 
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where 𝛼 is a scalar quantity and     �̅�∗
𝑃𝑆 =

𝑁�̅�−𝑛�̅�𝑃𝑆

𝑁−𝑛
. 

To find the bias and mean square error of the proposed estimator  �̅�𝑃𝑆
∗∗𝑃𝑒 we have defined the 

following quantities: 

�̅�𝑃𝑆 = �̅�(1 + 𝑒0), �̅�𝑃𝑆 = �̅�(1 + 𝑒1) , such that   𝐸(𝑒0) = 𝐸(𝑒1) = 0, 

𝐸(𝑒0
2) = (

1

𝑛
−

1

𝑁
)

1

�̅�2
∑ 𝑊ℎ𝑆𝑦ℎ

2𝐿
ℎ=1 ,   𝐸(𝑒1
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1

𝑛
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1

𝑁
)
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𝐿
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By expressing the (2.1) in terms of e’s we find, 

            �̅�𝑃𝑆
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8
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(𝑁−𝑛)2]                            (2.2) 

 From (2.2) we rise to, 
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MSE(  �̅�𝑃𝑆
∗∗𝑃𝑒) = 

(
1

𝑛
−

1

𝑁
) [∑ 𝑊ℎ𝑆𝑦ℎ

2𝐿
ℎ=1 + (𝛼 +

1

2
)

2 𝑛2

(𝑁−𝑛)2 𝑅2 ∑ 𝑊ℎ𝑆𝑥ℎ
2 + 2 (𝛼 +

1

2
)

𝑛

𝑁−𝑛
𝑅 ∑ 𝑊ℎ𝑆𝑦𝑥ℎ

𝐿
ℎ=1

𝐿
ℎ=1 ].    (2.4)                                                                                                                                                   

Above expression of mean square error is the first order approximation i.e. to  0(𝑛−1). 

3. OPTIMUM VALUE OF 𝜶 

Differentiating (2.4) with respect to 𝛼 and equating it to zero, we get the optimum value of 𝛼 as, 

                                                   𝛼𝑜𝑝𝑡. =
𝑁−𝑛

𝑛𝑅
(

− ∑ 𝑊ℎ𝑆𝑦𝑥ℎ
𝐿
ℎ=1

∑ 𝑊ℎ𝑆𝑥ℎ
2𝐿

ℎ=1
) −

1

2
                                                     (3.1) 

By using (3.1) we can find that, the value of MSE(�̅�𝑃𝑆
∗∗𝑃𝑒  ) to the first order approximation will be, 

MSE(�̅�𝑃𝑆
∗∗𝑃𝑒)

𝑜𝑝𝑡.
= (

1

𝑛
−

1

𝑁
) [∑ 𝑊ℎ𝑆𝑦ℎ

2𝐿
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𝐿
ℎ=1 )

2
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2𝐿

ℎ=1
].                                                         (3.2) 

4. EFFICIENCY COMPARISION  

By comparing (3.2) with (1.2), (1.5) and (1.8) , we found that the proposed estimator  �̅�𝑃𝑆
∗∗𝑃𝑒 would be 

more efficient if, 

(i) 𝑀𝑆𝐸(�̅�𝑃𝑆
∗∗𝑃𝑒)

𝑜𝑝𝑡.
< 𝑀𝑆𝐸(�̅�𝑃𝑆) 

                                 ⇒
(∑ 𝑊ℎ𝑆𝑦𝑥ℎ

𝐿
ℎ=1 )

2

∑ 𝑊ℎ𝑆𝑥ℎ
2𝐿

ℎ=1
 > 0                                                                                      (4.1) 

(ii)  𝑀𝑆𝐸(�̅�𝑃𝑆
∗∗𝑃𝑒)

𝑜𝑝𝑡.
< 𝑀𝑆𝐸(�̅�𝑃𝑃𝑆) 

                        ⇒
(∑ 𝑊ℎ𝑆𝑦𝑥ℎ

𝐿
ℎ=1 )

2

∑ 𝑊ℎ𝑆𝑥ℎ
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> 2𝑅 ∑ 𝑊ℎ

𝐿
ℎ=1 𝑆𝑦𝑥ℎ − 𝑅2 ∑ 𝑊ℎ𝑆𝑥ℎ

2𝐿
ℎ=1                                               (4.2) 

(iii)   𝑀𝑆𝐸(�̅�𝑃𝑆
∗∗𝑃𝑒)

𝑜𝑝𝑡.
< 𝑀𝑆𝐸( �̂̅�𝑃𝑒
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                       ⇒
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𝐿
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2
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2𝐿

ℎ=1
> 𝑅 ∑ 𝑊ℎ𝑆𝑦𝑥ℎ −

1

4
𝐿
ℎ=1 𝑅2 ∑ 𝑊ℎ𝑆𝑥ℎ

2𝐿
ℎ=1                                            (4.3) 
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5. NUMERICAL ILLUSTRATION 

The proposed estimator is more efficient than the existing estimators i.e.  �̅�𝑃𝑆, �̅�𝑃𝑃𝑆 and   �̂̅�𝑃𝑒
𝑃𝑆   

with respect to the numerical data. In this section we have computed the percent relative 

efficiencies (PRE)  of �̅�𝑃𝑆, �̅�𝑃𝑃𝑆 ,  �̂̅�𝑃𝑒
𝑃𝑆 and �̅�𝑃𝑆

∗∗𝑃𝑒 with respect to  �̅�𝑃𝑆 using the respective formulae 

given below, 

𝑃𝑅𝐸(�̅�𝑃𝑆 , �̅�𝑃𝑆) =
𝑀𝑆𝐸(�̅�𝑃𝑆)

𝑀𝑆𝐸(�̅�𝑃𝑆)
× 100                                                  (5.1)           

𝑃𝑅𝐸(�̅�𝑃𝑃𝑆 , �̅�𝑃𝑆) =
𝑀𝑆𝐸(�̅�𝑃𝑆)

𝑀𝑆𝐸(�̅�𝑃𝑃𝑆)
× 100                                               (5.2) 

                                                              𝑃𝑅𝐸(  �̂̅�𝑃𝑒
𝑃𝑆, �̅�𝑃𝑆) =

𝑀𝑆𝐸(�̅�𝑃𝑆)

𝑀𝑆𝐸(�̂̅�𝑃𝑒
𝑃𝑆)

× 100                                                (5.3) 

𝑃𝑅𝐸(�̅�𝑃𝑆
∗∗𝑃𝑒 , �̅�𝑃𝑆) =

𝑀𝑆𝐸(�̅�𝑃𝑆)

𝑀𝑆𝐸(�̅�𝑃𝑆
∗∗𝑃𝑒)

× 100                                              (5.4) 

To examine the performance of the proposed estimator with respect to the other estimator , one 

population data set is considered. The details of the population are given below: 

Population [Source: Japan metrological society] 

Constants 𝑛ℎ 𝑁ℎ �̅�ℎ �̅�ℎ 𝑆𝑥ℎ
2  𝑆𝑦ℎ

2  𝑆𝑦𝑥ℎ 

Stratum I 4 10 149.7 1629.99 181.41 10439.63 -1072.8 

Stratum II 4 10 102.6 2035.96 158.84 10663.53 -655.25 

 

Table: Percent relative efficiencies of   �̅�𝑷𝑺, �̅�𝑷𝑷𝑺 ,  �̂̅�𝑃𝑒
𝑃𝑆 and �̅�𝑃𝑆

∗∗𝑃𝑒 with respect to  �̅�𝑷𝑺 

Estimator �̅�𝑷𝑺 �̅�𝑷𝑷𝑺 �̂̅�𝑷𝒆
𝑷𝑺

 �̅�𝑃𝑆
∗∗𝑃𝑒 

Population 100 49.3 151.24 171.19 

 

6. GRAPHICAL STUDY 

The percent relative efficiencies of the estimator �̅�𝑃𝑆
∗∗𝑃𝑒 is more efficient than the existing estimators  

have shown through the given bar diagram. 
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7. CONCLUSION 

From above Table and graphical study, we conclude that the proposed estimator   

�̅�𝑃𝑆
∗∗𝑃𝑒 is more efficient than the existing estimators i.e.,   �̅�𝑃𝑆, �̅�𝑃𝑃𝑆 ,  �̂̅�𝑃𝑒

𝑃𝑆. 
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