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In this article, we offer simple random sampling (SRS) based efficient class of estimators of population mean 𝑌
utilizing additional information. The expression of the mean square error of the proposed class of estimators 
is deduced up to first degree approximation. The efficiency conditions are established which are enhanced 
numerically utilizing a simulation study consummated over symmetrical and asymmetrical populations. Real 
data sets are also utilized to exemplify the suggested estimators. The numerical findings are appeared rather 
acceptable demonstrating better advancement over the ordinary estimators.
1. Introduction

In the survey research, over the last few decades, the utilization 
of supplementary informations associated with supplementary vari-

able becomes a remarkable evolutions for improving the efficiency of 
the estimators. When such supplementary informations are correlated 
strongly with the main variable, the ratio methods of estimation is the 
most widely used method. However, the product methods of estima-

tion are found to be most efficient when main variable is negatively 
correlated with the supplementary variable. Adapting these supplemen-

tary informations, various estimators had been suggested for evaluating 
the population mean/total. Ref. [1] suggested a power ratio estimator 
using auxiliary information. Ref. [2] build up an alternative ratio esti-

mator utilizing the variation coefficient (𝐶𝑥) of supplementary variable. 
Ref. [3] suggested ratio category of exponential estimator for comput-

ing the population mean. Ref. [4] analyzed two ratio kinds of estima-

tors such that the skewness coefficient (𝛽1(𝑥)) and kurtosis coefficient 
(𝛽2(𝑥)) of the supplementary variable are in working order. Ref. [5] in-

vestigated a rectified ratio estimator by utilizing the available amount 

* Corresponding author.

of correlation coefficient. Ref. [6] advocated a new ratio estimators of 
population mean under SRS and ranked set sampling (RSS). Ref. [7]

constructed an improved regression classes of population mean estima-

tors. [8] utilized supplementary data and developed an improved Searls 
category of logarithmic estimators. Ref. [9] envoked a ratio cum expo-

nential ratio estimator of population mean. Ref. [10] employed various 
available parameters of supplementary variable and constructed a class 
of ratio estimator for population mean. For mean estimation utilizing 
SRS, [11] designed an efficacious population mean based generalized 
class of estimators. Ref. [12] considered supplementary information 
and designed a modified class of logarithmic estimators, while, [13] de-

veloped an improved class of estimators. Ref. [14] suggested modified 
regression classes of exponential estimators. Ref. [15] developed a ratio 
type estimator utilizing supplementary information. Ref. [16] utilized 
some robust parameters to draw an optimized inference for population 
mean. This manuscript deals with an efficient class of estimators of pop-

ulation mean utilizing various supplementary information under SRS.

The preeminent contribution of the current manuscript is pointed out 
below:
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∙ To investigate an efficient class of population mean estimators in SRS 
utilizing supplementary information,

∙ To mathematically liken the efficiency of the suggested estimators 
against the existing estimators utilizing the MSE/variance criteria,

∙ To empirically liken the efficacy of the investigated estimators with 
the ordinary estimators through the use of simulation study and real 
data application.

A few sections make up the remainder of the article. Section 2 delineates 
the notation, methodology, and existing works, while the proposed 
estimators are presented in Section 3. The efficiency conditions are gen-

erated in Section 4 that are numerically enhanced utilizing a simulation 
study in Section 5. An application of the proposed methods is demon-

strated in Section 6. In Section 7, the manuscript is finally concluded.

2. Existing estimators

Let a survey population 𝑄 = (𝑄1, 𝑄2, ..., 𝑄𝑁 ) be based on 𝑁 iden-

tifiable units from that a size 𝑛 sample is selected utilizing simple 
random sampling without replacement (SRSWOR). Let (𝑦𝑖, 𝑥𝑖) be the 
𝑖𝑡ℎ unit of the main and supplementary variables. The population 
and sample means of the main variable 𝑦 are (𝑌 =

∑𝑁

𝑖=1 𝑦𝑖∕𝑁 , 𝑦̄ =∑𝑛

𝑖=1 𝑦𝑖∕𝑛), while the population and sample means of the variable 𝑥
are (𝑋̄ =

∑𝑁

𝑖=1 𝑥𝑖∕𝑁 , 𝑥̄ =
∑𝑛

𝑖=1 𝑥𝑖∕𝑛). The sample and population stan-

dard deviation of variable 𝑦 are 𝑠𝑦 =
√∑𝑛

𝑖=1(𝑦𝑖 − 𝑦̄)2∕(𝑛− 1) and 𝑆𝑦 =√∑𝑁

𝑖=1(𝑦𝑖 − 𝑌 )2∕(𝑁 − 1), respectively, while the sample and popula-

tion standard deviation of variable 𝑥 are 𝑠𝑥 =
√∑𝑛

𝑖=1(𝑥𝑖 − 𝑥̄)2∕(𝑛− 1)

and 𝑆𝑥 =
√∑𝑁

𝑖=1(𝑥𝑖 − 𝑋̄)2∕(𝑁 − 1), respectively. The population vari-

ation coefficient for variables (𝑦, 𝑥) are (𝐶𝑦 = 𝑆𝑦∕𝑌 , 𝐶𝑥 = 𝑆𝑥∕𝑋̄). Let 
𝑀𝑥 be the median of variable 𝑥. The population correlation coefficient 
between variables (𝑥, 𝑦) is given by 𝜌𝑥𝑦.

The mean square error (MSE) of the existing and proposed estimators 
can be determined utilizing the notation: 𝑦̄ = (1 + 𝑒0)𝑌 and 𝑥̄ = (1 +
𝑒1)𝑋̄. It is obvious that 𝐸(𝑒0) = 𝐸(𝑒1) = 0, 𝐸(𝑒20) = 𝑓𝐶2

𝑦
, 𝐸(𝑒21) = 𝑓𝐶2

𝑥
, 

and 𝐸(𝑒0𝑒1) = 𝑓𝜌𝑥𝑦𝐶𝑦𝐶𝑥, where 𝑓 = (𝑁 − 𝑛)∕𝑁𝑛.

Further, we will consider the well-established existing estimators for the 
estimation of population mean utilizing SRS.

The basic mean estimator is given in (2.1) as

𝑡𝑚 = 𝑦̄ (2.1)

The variance of 𝑡𝑚 is given in (2.2) as

𝑉 (𝑡𝑚) = 𝑓𝑌 2𝐶2
𝑦

(2.2)

The basic ratio estimator is given in (2.3) as

𝑡𝑟 = 𝑦̄
𝑋̄

𝑥̄
(2.3)

The MSE of 𝑡𝑟 is given in (2.4) as

𝑀𝑆𝐸(𝑡𝑟) = 𝑓𝑌 2(𝐶2
𝑥
+𝐶2

𝑦
− 2𝜌𝑥𝑦𝐶𝑥𝐶𝑦) (2.4)

The basic regression estimator is given in (2.5) as

𝑡𝑙𝑟 = 𝑦̄+ 𝑏(𝑋̄ − 𝑥̄) (2.5)

where the regression coefficient of 𝑦 on 𝑥 is 𝑏.

The MSE of 𝑡𝑙𝑟 is given in (2.6) as

𝑀𝑆𝐸(𝑡𝑙𝑟) = 𝑓𝑌 2(𝐶2
𝑦
+ 𝑏2𝐶2

𝑥
− 2𝑏𝜌𝑥𝑦𝐶𝑥𝐶𝑦) (2.6)

The minimum MSE of 𝑡𝑙𝑟 at optimizing scalar 𝑏 = 𝜌𝑥𝑦𝑆𝑦∕𝑆𝑥 is given in 
(2.7) as

𝑚𝑖𝑛.𝑀𝑆𝐸(𝑡𝑙𝑟) = 𝑓𝑌 2𝐶2
𝑦
(1 − 𝜌2

𝑥𝑦
) (2.7)

Ref. [2] utilized the supplementary information and developed the es-
198

timator given in (2.8) as
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𝑡𝑠𝑑 = 𝑦̄

(
𝑋̄ +𝐶𝑥

𝑥̄+𝐶𝑥

)
(2.8)

The MSE of 𝑡𝑠𝑑 is given in (2.9) as

𝑀𝑆𝐸(𝑡𝑠𝑑 ) = 𝑓𝑌 2
(
𝐶2
𝑦
+ 𝛿21𝐶

2
𝑥
− 2𝛿1𝜌𝑥𝑦𝐶𝑥𝐶𝑦

)
(2.9)

where 𝛿1 = 𝑋̄∕(𝑋̄ +𝐶𝑥).
The exponential ratio estimator shown in (2.10) was suggested by [3]

as

𝑡𝑏𝑡 = 𝑦̄ exp
(
𝑋̄ − 𝑥̄

𝑋̄ + 𝑥̄

)
(2.10)

The MSE of 𝑡𝑏𝑡 is given in (2.11) as

𝑀𝑆𝐸(𝑡𝑏𝑡) = 𝑓𝑌 2

(
𝐶2
𝑦
+

𝐶2
𝑥

4
− 𝜌𝑥𝑦𝐶𝑥𝐶𝑦

)
(2.11)

Ref. [4] considered different supplementary information and con-

structed the estimators given in (2.12) and (2.13) as

𝑡𝑢𝑠1
= 𝑦̄

(
𝐶𝑥𝑋̄ + 𝛽2(𝑥)
𝐶𝑥𝑥̄+ 𝛽2(𝑥)

)
(2.12)

𝑡𝑢𝑠2
= 𝑦̄

(
𝛽2(𝑥)𝑋̄ +𝐶𝑥

𝛽2(𝑥)𝑥̄+𝐶𝑥

)
(2.13)

The MSEs of 𝑡𝑢𝑠1 and 𝑡𝑢𝑠2 are given in (2.14) and (2.15), respectively, as

𝑀𝑆𝐸(𝑡𝑢𝑠1 ) = 𝑓𝑌 2
(
𝐶2
𝑦
+ 𝛿22𝐶

2
𝑥
− 2𝛿2𝜌𝑥𝑦𝐶𝑥𝐶𝑦

)
(2.14)

𝑀𝑆𝐸(𝑡𝑢𝑠2 ) = 𝑓𝑌 2
(
𝐶2
𝑦
+ 𝛿23𝐶

2
𝑥
− 2𝛿3𝜌𝑥𝑦𝐶𝑥𝐶𝑦

)
(2.15)

where 𝛿2 = 𝑋̄𝐶𝑥∕(𝐶𝑥𝑋̄ + 𝛽2(𝑥)) and 𝛿3 = 𝑋̄𝛽2(𝑥)∕(𝛽2(𝑥)𝑋̄ +𝐶𝑥).
Ref. [5] considered the correlation coefficient between supplementary 
and main variables and designed the estimator given in (2.16) as

𝑡𝑠𝑡 = 𝑦̄

(
𝑋̄ + 𝜌𝑥𝑦

𝑥̄+ 𝜌𝑥𝑦

)
(2.16)

The MSE of 𝑡𝑠𝑡 is given in (2.17) as

𝑀𝑆𝐸(𝑡𝑠𝑡) = 𝑓𝑌 2
(
𝐶2
𝑦
+ 𝛿24𝐶

2
𝑥
− 2𝛿4𝜌𝑥𝑦𝐶𝑥𝐶𝑦

)
(2.17)

where 𝛿4 = 𝑋̄∕(𝑋̄ + 𝜌𝑥𝑦).
[17] adopted coefficient of kurtosis as supplementary information and 
suggested the estimator given in (2.18) as

𝑡𝑠 = 𝑦̄

(
𝑋̄ + 𝛽2(𝑥)
𝑥̄+ 𝛽2(𝑥)

)
(2.18)

The MSE of 𝑡𝑠 is given in (2.19) as

𝑀𝑆𝐸(𝑡𝑠) = 𝑓𝑌 2
(
𝐶2
𝑦
+ 𝛿25𝐶

2
𝑥
− 2𝛿5𝜌𝑥𝑦𝐶𝑥𝐶𝑦

)
(2.19)

where 𝛿5 = 𝑋̄∕(𝑋̄ + 𝛽2(𝑥)).
[18] suggested the generalized exponential ratio estimator given in 
(2.20) as

𝑡𝑠𝑛 = 𝑦̄ exp
{

(𝑚𝑋̄ + 𝑛) − (𝑚𝑥̄+ 𝑛)
(𝑚𝑋̄ + 𝑛) + (𝑚𝑥̄+ 𝑛)

}
(2.20)

where 𝑚 and 𝑛 are either available parameters of the supplementary 
variable or the real values.

The MSE of 𝑡𝑠𝑛 is given in (2.21) as

𝑀𝑆𝐸(𝑡𝑠𝑛) = 𝑓𝑌 2
(
𝐶2
𝑦
+ 𝛿26𝐶

2
𝑥
− 𝛿6𝜌𝑥𝑦𝐶𝑥𝐶𝑦

)
(2.21)

where 𝛿6 =𝑚𝑋̄∕2(𝑚𝑋̄ + 𝑛).
[9] examined the ratio cum exponential ratio estimator given in (2.22)

as (
𝑋̄
)𝛼 (

𝑋̄ − 𝑥̄
)

𝑡𝑘 = 𝑦̄
𝑥̄

exp
𝑋̄ + 𝑥̄

(2.22)
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where 𝛼 is an optimizing scalar. The minimum MSE of 𝑡𝑘 at optimizing 
scalar 𝛼(𝑜𝑝𝑡) = (2𝜌𝑥𝑦𝐶𝑦 −𝐶𝑥)∕2𝐶𝑥 is given in (2.23) as

𝑀𝑆𝐸(𝑡𝑘) = 𝑓𝑌 2𝐶2
𝑦

(
1 − 𝜌2

𝑥𝑦

)
(2.23)

[10] advocated the modified ratio estimators based on different supple-

mentary information given from (2.24)-(2.32) as

𝑡𝑦1
= 𝑦̄

(
𝛽2(𝑥)𝑀𝑥𝑋̄ + 𝜌𝑥𝑦

𝛽2(𝑥)𝑀𝑥𝑥̄+ 𝜌𝑥𝑦

)
(2.24)

𝑡𝑦2
= 𝑦̄

(
𝛽2(𝑥)𝑀𝑥𝑋̄ + 𝜌𝑥𝑦𝐶𝑥

𝛽2(𝑥)𝑀𝑥𝑥̄+ 𝜌𝑥𝑦𝐶𝑥

)
(2.25)

𝑡𝑦3
= 𝑦̄

(
𝛽1(𝑥)𝑀𝑥𝑋̄ + 𝜌𝑥𝑦

𝛽1(𝑥)𝑀𝑥𝑥̄+ 𝜌𝑥𝑦

)
(2.26)

𝑡𝑦4
= 𝑦̄

(
𝛽1(𝑥)𝑀𝑥𝑋̄ + 𝜌𝑥𝑦𝐶𝑥

𝛽1(𝑥)𝑀𝑥𝑥̄+ 𝜌𝑥𝑦𝐶𝑥

)
(2.27)

𝑡𝑦5
= 𝑦̄

(
𝑛𝑋̄ + 𝜌𝑥𝑦

𝑛𝑥̄+ 𝜌𝑥𝑦

)
(2.28)

𝑡𝑦6
= 𝑦̄

(
𝑛𝑋̄ +𝐶𝑥

𝑛𝑥̄+𝐶𝑥

)
(2.29)

𝑡𝑦7
= 𝑦̄

(
𝑛𝑋̄ + 𝜌𝑥𝑦𝐶𝑥

𝑛𝑥̄+ 𝜌𝑥𝑦𝐶𝑥

)
(2.30)

𝑡𝑦8
= 𝑦̄

(
𝑛𝜌𝑥𝑦𝑋̄ +𝐶𝑥

𝑛𝜌𝑥𝑦𝑥̄+𝐶𝑥

)
(2.31)

𝑡𝑦9
= 𝑦̄

(
𝑛𝐶𝑥𝑋̄ + 𝜌𝑥𝑦

𝑛𝐶𝑥𝑥̄+ 𝜌𝑥𝑦

)
(2.32)

The MSE of 𝑡𝑦𝑖 , 𝑖 = 1, 2, ..., 9 is given in (2.33) as

𝑀𝑆𝐸(𝑡𝑦𝑖 ) = 𝑓𝑌 2
(
𝐶2
𝑦
+Δ2

𝑖
𝐶2
𝑥
− 2Δ𝑖𝜌𝑥𝑦𝐶𝑥𝐶𝑦

)
(2.33)

where Δ1 = 𝛽2(𝑥)𝑀𝑥𝑋̄∕(𝛽2(𝑥)𝑀𝑥𝑋̄+𝜌𝑥𝑦), Δ2 = 𝛽2(𝑥)𝑀𝑥𝑋̄∕(𝛽2(𝑥)𝑀𝑥𝑋̄

+ 𝜌𝑥𝑦𝐶𝑥), Δ3 = 𝛽1(𝑥)𝑀𝑥𝑋̄∕(𝛽1(𝑥)𝑀𝑥𝑋̄ + 𝜌𝑥𝑦), Δ4 = 𝛽1(𝑥)𝑀𝑥𝑋̄∕
(𝛽1(𝑥)𝑀𝑥𝑋̄ + 𝜌𝑥𝑦𝐶𝑥), Δ5 = 𝑛𝑋̄∕(𝑛𝑋̄ + 𝜌𝑥𝑦), Δ6 = 𝑛𝑋̄∕(𝑛𝑋̄ + 𝐶𝑥), Δ7 =
𝑛𝑋̄∕(𝑛𝑋̄+𝜌𝑥𝑦𝐶𝑥), Δ8 = 𝑛𝜌𝑥𝑦𝑋̄∕(𝑛𝜌𝑥𝑦𝑋̄+𝐶𝑥), and Δ9 = 𝑛𝐶𝑥𝑋̄∕(𝑛𝐶𝑥𝑋̄+
𝜌𝑥𝑦).
[19] suggested the estimator given in (2.34) as

𝑡𝑏𝑦 = 𝛾𝑦̄+ (1 − 𝛾)𝑦̄
(
𝑎𝑏𝑋̄ + 𝑐𝑑

𝑎𝑏𝑥̄+ 𝑐𝑑

)
(2.34)

where 𝛾 is an optimizing scalar. The minimum MSE of 𝑡𝑏𝑦 at optimizing 
scalar 𝛾(𝑜𝑝𝑡) = 1 − 𝜌𝑥𝑦(𝐶𝑦∕𝜃𝐶𝑥), 𝜃 = 𝑎𝑏𝑋̄∕(𝑎𝑏𝑋̄ + 𝑐𝑑) is given in (2.35)

as

𝑚𝑖𝑛.𝑀𝑆𝐸(𝑡𝑏𝑦) = 𝑓𝑌 2𝐶2
𝑦

(
1 − 𝜌2

𝑥𝑦

)
(2.35)

3. Suggested class of estimators

To find out the best possible method of estimation over the various 
entrants, we propose an efficient class of estimators for the population 
mean utilizing SRS and studied its characteristics. In (3.1), the sug-

gested estimators is shown as

𝑡𝑎 =
{
𝑤1𝑦̄+𝑤2𝑦̄

(
𝑎𝑋̄ + 𝑏

𝑎𝑥̄+ 𝑏

)𝑔}
exp

{
(𝑎𝑋̄ + 𝑏) − (𝑎𝑥̄+ 𝑏)
(𝑎𝑋̄ + 𝑏) + (𝑎𝑥̄+ 𝑏)

}
, (3.1)

where 𝑤1 and 𝑤2 are scalars, whereas the constant 𝑔 assumes real val-

ues to generate various estimators. Also, (𝑎, 𝑏) are either real values or 
function of available parameters of supplementary variable 𝑥, namely, 
variation coefficient (𝐶𝑥), skewness coefficient (𝛽1(𝑥)), kurtosis coeffi-
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cient (𝛽2(𝑥)), mean (𝑋̄), standard deviation (𝑆𝑥), median (𝑀𝑥), etc.
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It is possible to describe the suggested estimator 𝑡𝑎 as a function of 𝑒′𝑠
as

𝑡𝑎 − 𝑌 = 𝑌

⎡⎢⎢⎢⎣
𝑤1

{
1 + 𝑒0 −

𝜈

2 𝑒1 −
𝜈

2 𝑒0𝑒1 +
3
8 𝜈

2𝑒21

}
+𝑤2

{
1 + 𝑒0 − 𝜈𝑔𝑒1 −

𝜈

2 𝑒1 +
𝑔(𝑔+1)

2 𝜈2𝑒21
− 𝑔𝜈2

2 𝑒21 +
3
8 𝜈

2𝑒21 − 𝜈𝑔𝑒0𝑒1 −
𝜈

2 𝑒0𝑒1

}
− 1

⎤⎥⎥⎥⎦ , (3.2)

where 𝜈 = 𝑎𝑋̄(𝑎𝑋̄ + 𝑏)−1.

The suggested estimator’s MSE up to first degree approximation may be 
obtained by squaring both sides of (3.2).

𝑀𝑆𝐸(𝑡𝑎) =

𝑌 2

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎣

1 +𝑤2
1

{
1 + 𝑓𝐶2

𝑦
+ 5

4
𝜈2𝑓𝐶2

𝑥
− 2𝜈𝑓𝜌𝑥𝑦𝐶𝑦𝐶𝑥

}
+𝑤2

2

{
1 + 𝑓𝐶2

𝑦
+ (2𝜈2𝑔2 + 𝜈2𝑔 + 𝜈2)𝑓𝐶2

𝑥
− (2𝜈 + 4𝜈𝑔)𝑓𝜌𝑥𝑦𝐶𝑦𝐶𝑥

}
+2𝑤1𝑤2

{
1 + 𝑓𝐶2

𝑦
+
{

𝑔(𝑔+1)
2

𝜈2 + 𝜈2
}
𝑓𝐶2

𝑥
− 2𝜈(1 + 𝑔)𝑓𝜌𝑥𝑦𝐶𝑦𝐶𝑥

}
−2𝑤1

(
1 + 3

8
𝜈2𝑓𝐶2

𝑥
− 𝜈

2
𝑓𝜌𝑥𝑦𝐶𝑦𝐶𝑥

)
−2𝑤2

{
1 +

{
𝑔(𝑔+1)

2
𝜈2 + 3

8
𝜈2 − 1

2
𝑔𝜈2

}
𝑓𝐶2

𝑥
−
(

𝜈

2
+ 𝜈𝑔

)
𝑓𝜌𝑥𝑦𝐶𝑦𝐶𝑥

}

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦
,

= 𝑌 2 [1 +𝑤2
1𝐿1 +𝑤2

2𝐿2 + 2𝑤1𝑤2𝐿3 − 2𝑤1𝐿4 − 2𝑤2𝐿5
]
, (3.3)

where

𝐿1 = 1 + 𝑓𝐶2
𝑦
+ 5

4
𝜈2𝑓𝐶2

𝑥
− 2𝜈𝑓𝜌𝑥𝑦𝐶𝑦𝐶𝑥,

𝐿2 = 1 + 𝑓𝐶2
𝑦
+ (2𝜈2𝑔2 + 𝜈2𝑔 + 𝜈2)𝑓𝐶2

𝑥
− (2𝜈 + 4𝜈𝑔)𝑓𝜌𝑥𝑦𝐶𝑦𝐶𝑥,

𝐿3 = 1 + 𝑓𝐶2
𝑦
+
{

𝑔(𝑔+1)
2 𝜈2 + 𝜈2

}
𝑓𝐶2

𝑥
− 2𝜈(1 + 𝑔)𝑓𝜌𝑥𝑦𝐶𝑦𝐶𝑥 ,

𝐿4 = 1 + 3
8
𝜈2𝑓𝐶2

𝑥
− 𝜈

2
𝑓𝜌𝑥𝑦𝐶𝑦𝐶𝑥,

𝐿5 = 1 +
{

𝑔(𝑔 + 1)
2

𝜈2 + 3
8
𝜈2 − 1

2
𝑔𝜈2

}
𝑓𝐶2

𝑥
−
(
𝜈

2
+ 𝜈𝑔

)
𝑓𝜌𝑥𝑦𝐶𝑦𝐶𝑥.

One may minimize (3.3) to get the optimal values of 𝑤1 and 𝑤2 as

𝑤1(𝑜𝑝𝑡) =
(𝐿2𝐿4 −𝐿3𝐿5)
(𝐿1𝐿2 −𝐿2

3)
,

𝑤2(𝑜𝑝𝑡) =
(𝐿1𝐿5 −𝐿3𝐿4)
(𝐿1𝐿2 −𝐿2

3)
.

The minimum MSE may be obtained by putting optimizing scalars 
𝑤1(𝑜𝑝𝑡) and 𝑤2(𝑜𝑝𝑡) in (3.3) as

𝑚𝑖𝑛.𝑀𝑆𝐸(𝑡𝑎) = 𝑌 2

[
1 −

(𝐿1𝐿
2
5 +𝐿2𝐿

2
4 − 2𝐿3𝐿4𝐿5)

(𝐿1𝐿2 −𝐿2
3)

]
. (3.4)

3.1. Few individuals of the estimators 𝑡𝑎

It is important to note that the class of estimators are generalized 
form of class of estimators for several values of 𝑎 and 𝑏 which are either 
actual numbers or the function of the available values of variable 𝑥. 
Utilizing these values, a wide range of estimators can be rendered. Few 
estimators of them are enlisted in Table 1.

4. Efficiency conditions

The efficiency conditions are determined by likening the MSE of the 
suggested estimators with the MSE of the existing estimators.

𝑀𝑆𝐸(𝑡𝑎) < 𝑉 (𝑡𝑚) ⟹
(𝐿1𝐿

2
5 +𝐿2𝐿

2
4 − 2𝐿3𝐿4𝐿5)

(𝐿1𝐿2 −𝐿2
3)

> 1 − 𝑓𝐶2
𝑦

𝑀𝑆𝐸(𝑡𝑎) <𝑀𝑆𝐸(𝑡𝑟) ⟹
(𝐿1𝐿

2
5 +𝐿2𝐿

2
4 − 2𝐿3𝐿4𝐿5)

(𝐿1𝐿2 −𝐿2
3)
> 1 − 𝑓 (𝐶2
𝑦
+𝐶2

𝑥
− 2𝜌𝑥𝑦𝐶𝑥𝐶𝑦)
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Table 1

Few individuals of the estimators 𝑡𝑎 .

Members of 𝑡𝑎 a b

𝑡𝑎1 =
[
𝑤1𝑦̄+𝑤2𝑦̄

(
𝑋̄

𝑥̄

)𝑔]
exp

(
𝑋̄−𝑥̄
𝑋̄+𝑥̄

)
1 0

𝑡𝑎2 =
[
𝑤1𝑦̄+𝑤2𝑦̄

(
𝑋̄+𝛽2(𝑥)
𝑥̄+𝛽2 (𝑥)

)𝑔]
exp

(
𝑋̄−𝑥̄

𝑋̄+𝑥̄+2𝛽2 (𝑥)

)
1 𝛽2(𝑥)

𝑡𝑎3 =
[
𝑤1𝑦̄+𝑤2𝑦̄

(
𝑋̄+𝐶𝑥

𝑥̄+𝐶𝑥

)𝑔]
exp

(
𝑋̄−𝑥̄

𝑋̄+𝑥̄+2𝐶𝑥

)
1 𝐶𝑥

𝑡𝑎4 =
[
𝑤1𝑦̄+𝑤2𝑦̄

(
𝐶𝑥𝑋̄+𝛽2(𝑥)
𝐶𝑥𝑥̄+𝛽2(𝑥)

)𝑔]
exp

{
𝐶𝑥 (𝑋̄−𝑥̄)

𝐶𝑥 (𝑋̄+𝑥̄)+2𝛽2 (𝑥)

}
𝐶𝑥 𝛽2(𝑥)

𝑡𝑎5 =
[
𝑤1𝑦̄+𝑤2𝑦̄

(
𝛽2 (𝑥)𝑋̄+𝐶𝑥

𝛽2(𝑥)𝑥̄+𝐶𝑥

)𝑔]
exp

{
𝛽2(𝑥)(𝑋̄−𝑥̄)

𝛽2(𝑥)(𝑋̄+𝑥̄)+2𝐶𝑥

}
𝛽2(𝑥) 𝐶𝑥

𝑡𝑎6 =
[
𝑤1𝑦̄+𝑤2𝑦̄

(
𝑋̄+𝐶𝑥

𝑥̄+𝜌𝑥𝑦

)𝑔]
exp

(
𝑋̄−𝑥̄

𝑋̄+𝑥̄+2𝜌𝑥𝑦

)
1 𝜌𝑥𝑦

𝑡𝑎7 =
[
𝑤1𝑦̄+𝑤2𝑦̄

(
𝐶𝑥𝑋̄+𝜌𝑥𝑦
𝐶𝑥𝑥̄+𝜌𝑥𝑦

)𝑔]
exp

{
𝐶𝑥 (𝑋̄−𝑥̄)

𝐶𝑥 (𝑋̄+𝑥̄)+2𝜌𝑥𝑦

}
𝐶𝑥 𝜌𝑥𝑦

𝑡𝑎8 =
[
𝑤1𝑦̄+𝑤2𝑦̄

(
𝜌𝑥𝑦𝑋̄+𝐶𝑥

𝜌𝑥𝑦 𝑥̄+𝐶𝑥

)𝑔]
exp

{
𝜌𝑥𝑦 (𝑋̄−𝑥̄)

𝜌𝑥𝑦 (𝑋̄+𝑥̄)+2𝐶𝑥

}
𝜌𝑥𝑦 𝐶𝑥

𝑡𝑎9 =
[
𝑤1𝑦̄+𝑤2𝑦̄

(
𝛽2 (𝑥)𝑋̄+𝜌𝑥𝑦
𝛽2(𝑥)𝑥̄+𝜌𝑥𝑦

)𝑔]
exp

{
𝛽2(𝑥)(𝑋̄−𝑥̄)

𝛽2(𝑥)(𝑋̄+𝑥̄)+2𝜌𝑥𝑦

}
𝛽2(𝑥) 𝜌𝑥𝑦

𝑡𝑎10 =
[
𝑤1𝑦̄+𝑤2𝑦̄

(
𝜌𝑥𝑦𝑋̄+𝛽2(𝑥)
𝜌𝑥𝑦 𝑥̄+𝛽2(𝑥)

)𝑔]
exp

{
𝜌𝑥𝑦 (𝑋̄−𝑥̄)

𝜌𝑥𝑦 (𝑋̄+𝑥̄)+2𝛽2(𝑥)

}
𝜌𝑥𝑦 𝛽2(𝑥)

𝑀𝑆𝐸(𝑡𝑎) <𝑀𝑆𝐸(𝑡𝑙𝑟) ⟹
(𝐿1𝐿

2
5 +𝐿2𝐿

2
4 − 2𝐿3𝐿4𝐿5)

(𝐿1𝐿2 −𝐿2
3)

> 1 − 𝑓𝐶2
𝑦
(1 − 𝜌2

𝑥𝑦
)

𝑀𝑆𝐸(𝑡𝑎) <𝑀𝑆𝐸(𝑡𝑠𝑑 ) ⟹
(𝐿1𝐿

2
5 +𝐿2𝐿

2
4 − 2𝐿3𝐿4𝐿5)

(𝐿1𝐿2 −𝐿2
3)

> 1 − 𝑓 (𝐶2
𝑦
+ 𝛿21𝐶

2
𝑥
− 2𝛿1𝜌𝑥𝑦𝐶𝑥𝐶𝑦)

𝑀𝑆𝐸(𝑡𝑎) <𝑀𝑆𝐸(𝑡𝑏𝑡) ⟹
(𝐿1𝐿

2
5 +𝐿2𝐿

2
4 − 2𝐿3𝐿4𝐿5)

(𝐿1𝐿2 −𝐿2
3)

> 1 − 𝑓

(
𝐶2
𝑦
+ 1

4
𝐶2
𝑥
− 𝜌𝑥𝑦𝐶𝑥𝐶𝑦

)
𝑀𝑆𝐸(𝑡𝑎) <𝑀𝑆𝐸(𝑡𝑢𝑠1 ) ⟹

(𝐿1𝐿
2
5 +𝐿2𝐿

2
4 − 2𝐿3𝐿4𝐿5)

(𝐿1𝐿2 −𝐿2
3)

> 1 − 𝑓 (𝐶2
𝑦
+ 𝛿22𝐶

2
𝑥
− 2𝛿2𝜌𝑥𝑦𝐶𝑥𝐶𝑦)

𝑀𝑆𝐸(𝑡𝑎) <𝑀𝑆𝐸(𝑡𝑢𝑠2 ) ⟹
(𝐿1𝐿

2
5 +𝐿2𝐿

2
4 − 2𝐿3𝐿4𝐿5)

(𝐿1𝐿2 −𝐿2
3)

> 1 − 𝑓 (𝐶2
𝑦
+ 𝛿23𝐶

2
𝑥
− 2𝛿3𝜌𝑥𝑦𝐶𝑥𝐶𝑦)

𝑀𝑆𝐸(𝑡𝑎) <𝑀𝑆𝐸(𝑡𝑠𝑡) ⟹
(𝐿1𝐿

2
5 +𝐿2𝐿

2
4 − 2𝐿3𝐿4𝐿5)

(𝐿1𝐿2 −𝐿2
3)

> 1 − 𝑓 (𝐶2
𝑦
+ 𝛿24𝐶

2
𝑥
− 2𝛿4𝜌𝑥𝑦𝐶𝑥𝐶𝑦)

𝑀𝑆𝐸(𝑡𝑎) <𝑀𝑆𝐸(𝑡𝑠) ⟹
(𝐿1𝐿

2
5 +𝐿2𝐿

2
4 − 2𝐿3𝐿4𝐿5)

(𝐿1𝐿2 −𝐿2
3)

> 1 − 𝑓 (𝐶2
𝑦
+ 𝛿25𝐶

2
𝑥
− 2𝛿5𝜌𝑥𝑦𝐶𝑥𝐶𝑦)

𝑀𝑆𝐸(𝑡𝑎) <𝑀𝑆𝐸(𝑡𝑠𝑛) ⟹
(𝐿1𝐿

2
5 +𝐿2𝐿

2
4 − 2𝐿3𝐿4𝐿5)

(𝐿1𝐿2 −𝐿2
3)

> 1 − 𝑓 (𝐶2
𝑦
+ 𝛿26𝐶

2
𝑥
− 2𝛿6𝜌𝑥𝑦𝐶𝑥𝐶𝑦)

𝑀𝑆𝐸(𝑡𝑎) <𝑀𝑆𝐸(𝑡𝑘) ⟹
(𝐿1𝐿

2
5 +𝐿2𝐿

2
4 − 2𝐿3𝐿4𝐿5)

(𝐿1𝐿2 −𝐿2
3)

> 1 − 𝑓𝐶2
𝑦
(1 − 𝜌2

𝑥𝑦
)

𝑀𝑆𝐸(𝑡𝑎) <𝑀𝑆𝐸(𝑡𝑦𝑖 ) ⟹
(𝐿1𝐿

2
5 +𝐿2𝐿

2
4 − 2𝐿3𝐿4𝐿5)

(𝐿1𝐿2 −𝐿2
3)
200

> 1 − 𝑓 (𝐶2
𝑦
+Δ2

𝑖
𝐶2
𝑥
− 2Δ𝑖𝜌𝑥𝑦𝐶𝑥𝐶𝑦)
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𝑀𝑆𝐸(𝑡𝑎) <𝑀𝑆𝐸(𝑡𝑏𝑦) ⟹
(𝐿1𝐿

2
5 +𝐿2𝐿

2
4 − 2𝐿3𝐿4𝐿5)

(𝐿1𝐿2 −𝐿2
3)

> 1 − 𝑓𝐶2
𝑦
(1 − 𝜌2

𝑥𝑦
)

The suggested estimators will be efficient likened to the ordinary esti-

mators under these conditions.

5. Simulation study

To enhance the mathematical results, a simulation study is per-

formed over the artificially generated symmetric and asymmetric pop-

ulations. Following [20], we considered the models given in (5.1) and 
(5.2) as:

𝑦 = 3.3 +
√

(1 − 𝜌2
𝑥𝑦
) 𝑦∗ + 𝜌𝑥𝑦

(
𝑆𝑦

𝑆𝑥

)
𝑥∗, (5.1)

𝑥 = 3.1 + 𝑥∗, (5.2)

where, for the appropriate distributions, 𝑥∗ and 𝑦∗ are independent 
variables. Adapting these models, we have generated the below men-

tioned populations:

(1). Assuming 𝑥∗ ∼𝑁(10, 85) and 𝑦∗ ∼𝑁(15, 74), a normal population 
of 𝑁=1000 units is generated with a fluctuating correlation coef-

ficient 𝜌𝑥𝑦=0.3, 0.5, 0.7, 0.9.

(2). Assuming 𝑥∗ ∼ 𝐺(0.04, 0.005) and 𝑦∗ ∼ 𝐺(0.09, 0.007), a gamma 
population of 𝑁=1000 units is generated with a fluctuating corre-

lation coefficient 𝜌𝑥𝑦=0.3, 0.5, 0.7, 0.9.

We have drawn 𝑛=100 units utilizing SRSWOR from both of these pop-

ulations. With 10,000 iterations, MSE and PRE have been calculated 
utilizing the expressions given in (5.3) and (5.4), respectively:

𝑀𝑆𝐸(𝑇𝑖) =
1

10,000

10,000∑
𝑖=1

(𝑇𝑖 − 𝑌 )2, (5.3)

𝑃𝑅𝐸 =
𝑉 (𝑡𝑚)

𝑀𝑆𝐸(𝑇𝑖)
× 100, (5.4)

where 𝑇𝑖 represents both the suggested and current estimators. The out-

comes of the simulated normal and gamma populations are reported, 
respectively, in Table 2 and Table 3.

5.1. Key results of simulation study

The key results are interpreted in the following points:

∙ Table 2 contains the results obtained from simulated normal popu-

lation. These results show that the members 𝑡𝑎𝑖 , 𝑖 = 1, 2, ..., 10 of the 
suggested estimators 𝑡𝑎 are more efficient than the basic mean estima-

tor 𝑡𝑚, basic ratio estimator 𝑡𝑟, basic regression estimator 𝑡𝑙𝑟, and the 
estimators 𝑡𝑠𝑑 , 𝑡𝑏𝑡, 𝑡𝑢𝑝1 , 𝑡𝑢𝑝2 , 𝑡𝑠, 𝑡𝑠, 𝑡𝑠𝑛, 𝑡𝑘, 𝑡𝑦𝑖 , 𝑖 = 1, 2, ..., 9, and 𝑡𝑏𝑦 sug-

gested by the references [2], [3], [4], [5], [17], [18], [9], [10], and 
[19], respectively, with least MSE and highest PRE.

∙ Additionally, according to the findings of Table 2, when 𝜌𝑥𝑦 grows, 
the MSE and PRE of the individuals 𝑡𝑎𝑖 , 𝑖 = 1, 2, ..., 10 of the suggested 
estimators 𝑡𝑎 decrease and increase.

∙ Table 3 contains the results calculated from simulated gamma pop-

ulation. These results show that the members 𝑡𝑎𝑖 , 𝑖 = 1, 2, ..., 10 of the 
suggested estimators 𝑡𝑎 are more efficient than the basic mean estima-

tor 𝑡𝑚, basic ratio estimator 𝑡𝑟, basic regression estimator 𝑡𝑙𝑟, and the 
estimators 𝑡𝑠𝑑 , 𝑡𝑏𝑡, 𝑡𝑢𝑝1 , 𝑡𝑢𝑝2 , 𝑡𝑠, 𝑡𝑠, 𝑡𝑠𝑛, 𝑡𝑘, 𝑡𝑦𝑖 , 𝑖 = 1, 2, ..., 9, and 𝑡𝑏𝑦 sug-

gested by the references [2], [3], [4], [5], [17], [18], [9], [10], and 
[19], respectively, with least MSE and highest PRE.

∙ Additionally, according to the results of Table 3, when 𝜌𝑥𝑦 grows, the 
MSE and PRE of the individuals 𝑡𝑎𝑖 , 𝑖 = 1, 2, ..., 10 of the suggested esti-
mators 𝑡𝑎 decrease and increase.
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Table 2

MSE and PRE of estimators for simulated normal population.

𝜌𝑥𝑦 0.3 0.5 0.7 0.9

Estimators MSE PRE MSE PRE MSE PRE MSE PRE

𝑡𝑚 0.0079 100.00 0.0079 100.00 0.0079 100.00 0.0079 100.00

𝑡𝑟 0.0077 102.19 0.0060 130.77 0.0043 182.60 0.0021 364.38

𝑡𝑙𝑟 0.0073 108.02 0.0060 130.78 0.0040 194.31 0.0014 537.55

𝑡𝑠𝑑 0.0075 104.73 0.0060 130.40 0.0045 174.03 0.0027 293.00

𝑡𝑏𝑡 0.0073 107.97 0.0065 121.77 0.0056 141.34 0.0043 183.23

𝑡𝑢𝑠1 0.0074 106.41 0.0069 114.39 0.0064 123.62 0.0059 134.18

𝑡𝑢𝑠2 0.0074 106.44 0.0069 114.39 0.0063 124.92 0.0055 144.22

𝑡𝑠𝑡 0.0075 104.71 0.0060 130.40 0.0045 174.46 0.0026 304.85

𝑡𝑠 0.0075 104.71 0.0060 130.40 0.0045 174.46 0.0026 304.85

𝑡𝑠𝑛 0.0073 107.97 0.0065 121.77 0.0056 141.34 0.0043 183.23

𝑡𝑘 0.0073 108.02 0.0060 130.78 0.0040 194.31 0.0014 537.55

𝑡𝑦1 0.0077 102.20 0.0060 130.77 0.0043 182.57 0.0021 364.07

𝑡𝑦2 0.0077 102.21 0.0060 130.77 0.0043 182.51 0.0021 363.23

𝑡𝑦3 0.0077 101.99 0.0060 130.74 0.0043 184.08 0.0021 377.65

𝑡𝑦4 0.0078 101.52 0.0060 130.60 0.0043 187.26 0.0018 419.08

𝑡𝑦5 0.0077 102.20 0.0060 130.77 0.0043 182.59 0.0021 364.16

𝑡𝑦6 0.0077 102.23 0.0060 130.77 0.0043 182.52 0.0021 363.47

𝑡𝑦7 0.0077 102.20 0.0060 130.77 0.0043 182.54 0.0021 363.56

𝑡𝑦8 0.0077 102.31 0.0060 130.77 0.0043 182.48 0.0021 363.38

𝑡𝑦9 0.0077 102.19 0.0060 130.77 0.0043 182.60 0.0021 364.32

𝑡𝑏𝑦 0.0073 108.02 0.0060 130.78 0.0040 194.31 0.0014 537.55

𝑡𝑎1 0.0055 143.57 0.0049 158.94 0.0039 203.10 0.0009 823.88

𝑡𝑎2 0.0055 143.88 0.0049 158.72 0.0039 202.11 0.0008 947.30

𝑡𝑎3 0.0055 143.88 0.0049 158.72 0.0039 202.04 0.0008 970.31

𝑡𝑎4 0.0055 143.69 0.0049 158.89 0.0039 202.86 0.0009 861.64

𝑡𝑎5 0.0055 143.69 0.0049 158.89 0.0039 202.83 0.0008 882.05

𝑡𝑎6 0.0055 143.60 0.0049 158.92 0.0039 202.94 0.0009 866.47

𝑡𝑎7 0.0055 143.58 0.0049 158.93 0.0039 203.06 0.0009 835.60

𝑡𝑎8 0.0055 144.11 0.0050 158.34 0.0039 201.42 0.0008 980.99

𝑡𝑎9 0.0055 143.58 0.0049 158.93 0.0040 197.95 0.0009 838.57

𝑡𝑎10 0.0055 144.11 0.0050 158.34 0.0039 201.53 0.0008 957.43

Table 3

MSE and PRE of estimators for simulated normal population.

𝜌𝑥𝑦 0.3 0.5 0.7 0.9

Estimators MSE PRE MSE PRE MSE PRE MSE PRE

𝑡𝑚 0.0021 100.00 0.0021 100.00 0.0021 100.00 0.0021 100.00

𝑡𝑟 0.0021 99.36 0.0018 119.54 0.0013 155.25 0.0007 276.01

𝑡𝑙𝑟 0.0020 105.27 0.0018 119.89 0.0013 160.44 0.0006 304.80

𝑡𝑠𝑑 0.0021 101.25 0.0018 119.88 0.0014 151.36 0.0009 239.64

𝑡𝑏𝑡 0.0021 105.27 0.0018 119.44 0.0016 130.38 0.0013 164.72

𝑡𝑢𝑠1 0.0021 103.04 0.0020 107.09 0.0019 111.89 0.0019 112.49

𝑡𝑢𝑠2 0.0021 100.26 0.0021 100.63 0.0021 101.07 0.0021 101.07

𝑡𝑠𝑡 0.0020 103.71 0.0019 109.33 0.0018 116.42 0.0018 116.23

𝑡𝑠 0.0020 103.71 0.0019 109.33 0.0018 116.42 0.0018 116.23

𝑡𝑠𝑛 0.0020 105.27 0.0018 115.44 0.0016 130.38 0.0013 164.72

𝑡𝑘 0.0020 105.27 0.0018 119.89 0.0013 160.44 0.0006 304.80

𝑡𝑦1 0.0021 99.36 0.0018 119.54 0.0013 155.24 0.0007 275.96

𝑡𝑦2 0.0021 99.36 0.0018 119.55 0.0013 155.23 0.0007 275.88

𝑡𝑦3 0.0021 99.37 0.0018 119.55 0.0013 155.20 0.0007 275.50

𝑡𝑦4 0.0021 99.38 0.0018 119.56 0.0013 155.13 0.0007 274.61

𝑡𝑦5 0.0021 99.36 0.0018 119.55 0.0013 155.24 0.0007 275.87

𝑡𝑦6 0.0021 99.38 0.0018 119.55 0.0013 155.21 0.0007 275.58

𝑡𝑦7 0.0021 99.36 0.0018 119.55 0.0013 155.22 0.0007 275.64

𝑡𝑦8 0.0021 99.46 0.0018 119.56 0.0013 155.18 0.0007 275.50

𝑡𝑦9 0.0021 99.36 0.0018 119.54 0.0013 155.24 0.0007 275.96

𝑡𝑏𝑦 0.0020 105.27 0.0018 119.89 0.0013 160.44 0.0006 304.80

𝑡𝑎1 0.0017 127.14 0.0015 139.68 0.0012 171.49 0.0005 397.21

𝑡𝑎2 0.0016 128.56 0.0015 137.27 0.0012 173.55 0.0006 350.45

𝑡𝑎3 0.0016 127.72 0.0015 139.92 0.0012 171.12 0.0005 395.68

𝑡𝑎4 0.0016 128.96 0.0015 138.83 0.0012 172.12 0.0006 320.37

𝑡𝑎5 0.0017 127.15 0.0015 139.69 0.0012 171.48 0.0005 397.26

𝑡𝑎6 0.0016 127.21 0.0015 139.74 0.0012 171.43 0.0005 397.78

𝑡𝑎7 0.0017 127.17 0.0015 139.71 0.0012 171.46 0.0005 397.56

𝑡𝑎8 0.0016 128.68 0.0015 139.99 0.0012 170.75 0.0005 394.70

𝑡𝑎9 0.0017 127.14 0.0015 139.68 0.0012 171.49 0.0005 397.23

𝑡𝑎 0.0016 127.79 0.0015 135.71 0.0012 175.06 0.0005 381.42
201

10
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Table 4

MSE and PRE of estimators for real data sets.

𝜌𝑥𝑦 Data set 1 Data set 2 Data set 3 Data set 4

Estimators MSE PRE MSE PRE MSE PRE MSE PRE

𝑡𝑚 285549 100.00 1376058 100.00 272 100.00 2523 100.00

𝑡𝑟 140440 203.32 613176 224.41 319 85.47 156 1612.72

𝑡𝑙𝑟 140345 203.46 460606 298.74 259 105.20 58 4358.36

𝑡𝑠𝑑 140441 203.32 613212 224.40 319 85.48 157 1607.32

𝑡𝑏𝑡 178535 159.93 914474 150.47 263 103.56 945 266.91

𝑡𝑢𝑠1 167563 170.41 918088 149.88 261 104.2 67 3742.37

𝑡𝑢𝑠2 276202 103.38 1337022 102.91 268 101.52 1339 188.39

𝑡𝑠𝑡 140441 203.32 613191 224.40 319 85.48 157 1605.61

𝑡𝑠 140449 203.31 613674 224.23 318 85.54 158 1592.25

𝑡𝑠𝑛 178535 159.93 914474 150.47 263 103.56 945 266.91

𝑡𝑦1 140440 203.32 613176 224.41 319 85.47 156 1612.72

𝑡𝑦2 140440 203.32 613176 224.41 319 85.47 156 1612.72

𝑡𝑦3 140440 203.32 613176 224.41 319 85.47 156 1612.71

𝑡𝑦4 140440 203.32 613176 224.41 319 85.47 156 1612.72

𝑡𝑦5 140440 203.32 613176 224.41 319 85.47 156 1612.48

𝑡𝑦6 140440 203.32 613177 224.41 319 85.47 156 1612.54

𝑡𝑦7 140440 203.32 613177 224.41 319 85.47 156 1612.54

𝑡𝑦8 140440 203.32 613177 224.41 319 85.48 156 1612.53

𝑡𝑦9 140440 203.32 613176 224.41 319 85.47 156 1612.40

𝑡𝑎1 139167 205.18 450309 305.58 233 116.97 57 4415.97

𝑡𝑎2 139147 205.21 450299 305.58 233 117.00 56 4471.19

𝑡𝑎3 139166 205.18 450308 305.58 233 116.98 56 4430.39

𝑡𝑎4 139155 205.20 450304 305.58 233 116.98 56 4489.61

𝑡𝑎5 139167 205.18 450309 305.58 233 116.97 57 4421.00

𝑡𝑎6 139167 205.18 450308 305.58 233 116.97 56 4434.97

𝑡𝑎7 139167 205.18 450309 305.58 233 116.97 56 4441.29

𝑡𝑎8 139166 205.18 450308 305.58 233 116.99 56 4430.56

𝑡𝑎9 139167 205.18 450309 305.58 233 116.97 57 4422.59

𝑡𝑎10 139138 205.22 450296 305.58 233 117.08 56 4471.84
6. Applications

Some real data sets are delineated below that are utilized to exem-

plify the uses of the suggested estimators.

(1). The data set 1 is obtained from ref. [21], which includes the 
quantity of apples produced (𝑦) and apple trees (𝑥) in Turkey’s 
Black Sea region. The necessary summary statistics are as fol-

lows: 𝑁 = 204, 𝑛 = 20, 𝑋̄ = 26441.72, 𝑌 = 966.95, 𝑀𝑥 = 13650, 
𝐶𝑥 = 1.71, 𝐶𝑦 = 2.47, and 𝜌𝑥𝑦 = 0.71.

(2). The data set 2 is obtained from ref. [21], which includes the quan-

tity of apples produced (𝑦) and apple trees (𝑥) in Turkey’s Marmara 
area. The necessary summary statistics are as follows: 𝑁 = 106, 𝑛 =
30, 𝑋̄ = 24375.59, 𝑌 = 1536.77, 𝑀𝑥 = 8600, 𝐶𝑥 = 2.01, 𝐶𝑦 = 4.18, 
and 𝜌𝑥𝑦 = 0.81.

(3). The data set 3 is chosen from ref. [22], page number 663-665, 
which is consisting of the population (in million) of 1983 (𝑦) and 
import (in millions of U.S. dollars) during 1983 (𝑥) of the CO124 
population of 124 countries. The necessary summary statistics are 
as follows: 𝑁 = 124, 𝑛 = 50, 𝑋̄ = 14276.03, 𝑌 = 36.65, 𝑀𝑥 = 2291, 
𝐶𝑥 = 2.20, 𝐶𝑦 = 3.18, and 𝜌𝑥𝑦 = 0.22.

(4). The data set 4 is selected from ref. [23], page number 228, which 
is consisting of the number of workers (𝑦) and fixed capital (𝑥) for 
eighty factories in an area. The necessary summary statistics are 
as follows: 𝑁 = 80, 𝑛 = 29, 𝑋̄ = 1126.46, 𝑌 = 285, 𝑀𝑥 = 757.50, 
𝐶𝑥 = 0.75, 𝐶𝑦 = 0.94, and 𝜌𝑥𝑦 = 0.98.

For these data sets, the results are calculated in terms of MSE and PRE. 
The PRE of the estimators is calculated against the basic mean estimator 
𝑡𝑚 utilizing the expression given in (6.1).

𝑀𝑆𝐸(𝑡𝑚)
202

𝑃𝑅𝐸 =
𝑀𝑆𝐸(𝑇 )

× 100. (6.1)
The findings for each data set are shown in Table 4, which indicates 
how the member specified in Table 1 of the suggested estimators 𝑡𝑎
outperforms the current estimators.

7. Conclusion

We have suggested an efficient class of population mean estima-

tors utilizing SRS in the current study. We have determined the MSE of 
the suggested class of estimators. The efficiency conditions are gener-

ated by likening the MSEs of the suggested and the ordinary estimators. 
The efficiency conditions are further examined with a comprehensive 
simulation study. Certain popular real data sets are also analyzed to 
demonstrate the execution of the suggested estimators. The numerical 
results obtained from simulation study and real data illustration con-

firmed that the suggested estimators dominates the existing estimators 
with least MSE and highest PRE. Therefore, survey experts may take 
into consideration the suggested estimators for mean estimate for real-

world issues.

The best possible future extensions of the suggested estimators are as 
follows:

∙ The suggested estimators may be examined for the mean estimation 
utilizing stratified random sampling, for more details, see [24], [25], 
[26], [27], [28], [29], and [30].

∙ The suggested estimators may be examined for the mean estimation 
utilizing ranked set sampling (RSS), for more details, see [31], [32], 
[33].

∙ The suggested estimators may be examined for the mean estimation 
utilizing stratified RSS, for more details, see [34].

∙ The suggested estimators may be examined for the mean estimation 
utilizing median RSS and double median RSS, for more details, see [35], 
[36], [37], and [38].

∙ The proposed estimators may be examined for the mean estimation 

utilizing adaptive cluster sampling, for more details, see [39] and [40].
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