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An efficient estimator using median ranked set sampling for the finite
population mean in case of nonresponse

Aysenur Akin Vargeloglu®, Yaprak Arzu Ozdemir?

*Department of Statistics, Gazi University, Ankara, Turkey

Abstract. The classical estimator for the estimation of the finite population mean in the presence of non-
response is the Hansen-Hurwitz estimator. This study first examines the use of ranked set sampling in
the Hansen-Hurwitz estimator for both response and non-response groups. Subsequently, a new estimator
is proposed by employing median ranked set sampling for the same estimator. The sample selection is
performed using the median ranked set sampling method for both response and non-response groups. A
simulation study is conducted to investigate the efficiency of the estimators under different distributions,
sample sizes, and subsample proportions, considering cases with perfect ranking and imperfect ranking.
The obtained results are compared with various estimators available in the literature. Under unimodal
symmetric distributions such as, Laplace and Normal distributions, the estimator based on the median
ranked set sampling yields more efficient results, whereas under Uniform and Exponential distributions,
the estimator based on the ranked set sampling is found to be more efficient. Moreover, the efficiency of
the proposed estimator has been evaluated using real-life data. The proposed estimator has been found to
produce more efficient results compared to other estimators in the presence of non-response.

1. Introduction

In scientific research, obtaining accurate and reliable results requires appropriate data structures and
sampling techniques. However, non-response is frequently encountered during the implementation of field
research and large-scale surveys. Non-response is defined as the failure to collect data from selected sample
units. This situation arises for various reasons, such as the inaccessibility of sample units, reluctance to
respond, and limitations in resources, time, and personnel. Non-response is considered one of the major
problems in sampling theory, as it complicates the accurate and reliable estimation of population parameters
and hinders the proper representation of the population. Researchers aim to minimize non-response
by increasing the number of respondents or by developing better estimators through different methods.
Hansen and Hurwitz [13] introduced the subsampling method to increase the number of respondents. In this
approach, a subsample is selected from the non-response units to reduce the impact of non-response Hansen
and Hurwitz [13]. Simple random sampling (SRS) is one of the commonly used sampling methods, even
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in the presence of non-response. However, when non-response occurs within a highly diverse population,
SRS negatively affects the population parameter estimates Rehman and Shabbir [19]. For studies addressing
non-response under the SRS method, the works of Metin and Ozdemir [15], Shahzad et al. [20], Yaqub and
Shabbir [24], Unal and Kadilar [21], and Ahmad et al. [1] can be examined. Ranked set sampling (RSS) was
introduced into the literature by McIntyre [14] as an alternative to the SRS method due to its higher efficiency
in estimating the population mean. This method consists of two steps. In the first step, m sample units of
size m are selected from the population using SRS, where each selected sample represents a separate set.
Each set is then ranked in ascending order based on a low-precision measurement of the variable of interest.
In the second step, the first unit is selected from the first set, the second unit from the second set, and the m-th
unit from the m-th set. These selected units are then measured with the desired level of precision, forming
a ranked set sample. In recent years, various studies have been conducted in the field of RSS. For example,
Dong et al. [10] proposed a nonparametric estimator based on RSS for a two-component parallel system,
while Yanglem and Khongji [23] explored the use of RSS in the second stage of a two-stage sampling design
to improve regression estimators. Cetin and Koyuncu [8] , proposed a new calibration estimator for the
estimation of the population mean under stratified extreme RSS. Ebegil et al. [11] proposed some shrinkage
estimators using a median ranked set sample in the presence of multicollinearity. Cetin and Koyuncu [9]
proposed a new robust estimator class under SRS, RSS, and median ranked set sampling (MRSS) designs.
RSS has also established a significant place in the literature for addressing non-response situations. Bouza
[5] proposed a new estimator for the difference in means by selecting a subsample using the RSS method
under non-response. The proposed estimator was found to be more efficient than the one based on the
SRS method. Bouza [6] estimated the population mean by employing RSS, Extreme RSS (ERSS), and MRSS
for subsample selection under non-response. Simulation results indicated that the confidence interval
values were most favorable when using RSS. Bouza-Herrera [7] conducted a comprehensive analysis of
missing data and non-response using the RSS method. Additionally, the study examined the methods
used to address non-response and evaluated the findings of studies conducted using the RSS approach.
Al-Omari and Bouza [4] utilized the RSS method in ratio estimators to estimate the population mean in
the presence of missing observations, achieving more efficient estimates. Ahmed and Shabbir [2] proposed
estimators under RSS, ERSS, and MRSS methods for non-response in randomized response models. These
proposed estimators were found to be more efficient than the classical estimators available in the literature.
Rather et al. [18] applied the RSS method to the estimator proposed by Unal and Kadilar [21] under
non-response to estimate the population mean, obtaining highly efficient estimates. Fatima et al. [12]
proposed a new regression-cum-ratio estimator using RSS in the presence of non-response. The estimator
uses information from two auxiliary variables. The simulation study demonstrated that the proposed
estimator provides more efficient estimates compared to Mohanty’s estimator. Rehman and Shabbir [19]
introduced Generalized Rao-Regression type estimators using the RSS method in the presence of non-
response. The proposed estimators were examined under two situations. In the first situation, subsample
selection using RSS was performed exclusively on the non-response group. In the second situation, sample
selection was conducted using RSS from both the response and non-response groups. As a result, under
the RSS method, a class of Generalized Rao-Regression type estimators was proposed to estimate of the
population means in two different situations, and it was stated that more efficient estimators were obtained
compared to the SRS method. Akin Vargeloglu and Ozdemir [22] adapted the RSS and MRSS methods
to regression estimators in the presence of non-response. The findings from the simulation studies and
real data applications demonstrated that the adapted regression estimator based on two auxiliary variables
under the MRSS method exhibited higher efficiency compared to the ratio and single auxiliary variable
regression estimators. Alamri and Aloraini [3] proposed a new median-based estimator using the MRSS
to address the problem of non-response by incorporating information from two auxiliary variables. The
findings from real data applications revealed that the proposed two auxiliary variable regression type
estimator under the MRSS achieved higher efficiency than the conventional ratio, regression, and product
type estimators.

In this study, inspired by the works of Bouza [6] and Rehman and Shabbir [19], a new estimator based
on the MRSS method is proposed for estimating the population mean in the presence of non-response.
Sample selection was performed from both the response and non-response groups using the MRSS method
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and adapted to the Hansen-Hurwitz estimator. Furthermore, no study in the literature has been found
that evaluates the performance of the Hansen-Hurwitz estimator when adapted using the RSS method for
both groups. This study investigates the efficiency of estimators obtained through sample selection from
non-response groups and both response and non-response groups in estimating the population mean under
different distributions. A simulation study was conducted to obtain the Mean Squared Error (MSE) and
Relative Efficiency (RE) values of the estimators. In the second section of the study, SRS, RSS, and MRSS
methods are theoretically discussed under non-response. The third section provides a detailed explanation
of the simulation study. The fourth section analyzes the real dataset, while the final section presents the
results and recommendations.

2. Methodology

Let U = (u1,up, u3, ..., uy) denote a finite population of size N. A sample of size n is selected from this
population using the SRS method. Among the selected n units, responses are obtained from only 77 units
in the first visit, while non-response is received from the remaining #, units. The population is divided into
two groups: the response group (N1), and the non-response group (N,) where N = Ny + N,. The proportion
of respondents in the population is defined as W; = N; /N, while the proportion of non-respondents is given
by W, = N,/N. The idea of dividing the population into two groups was first introduced by Hansen and
Hurwitz [13]. Non-response complicates the accurate and reliable estimation of population parameters.
Therefore, the sub-sampling method was introduced in the literature Hansen and Hurwitz [13]. In this
method, a sub-sample of size 1} is re-visited from the non-response sample units, where n}, = ny/k, k > 1,
and k is defined as the sub-sampling ratio. With the sub-sampling selection method, the new sample size
is givenby n =ny +n). Let (Yj;, Xji); j=1,2,i=1,2,. s N be the study variable and auxiliary variable for
the response and non-response groups, respectively. Y is defined as the population mean to be estimated,
Y1 as the population mean of the response group, and Y, as the population mean of the non-response
group. Under non-response, the unbiased estimator proposed by Hansen and Hurwitz [13] for estimating
the population mean is given in equation (1).

Psrs = wif1 + W, (1)

Here, w; = =} and w, = 22 are defined as the sampling proportions of the response and non-response

. . . = 2:1:1 Yii .
units, respectively. The sample mean of /the response units is j1 = =5-—, while the sample mean computed

n,
L [:21 Y2i

from the non-response units is 7, = ==—.

The estimator sgrs is an unbiased estimator as proposed by
Hansen and Hurwitz [13]. The variance of this estimator is expressed in equation (2).

_ o'i (k - 1)G§y
V(Jsrs) = P WZT 2)
Here,
1 N, 1 N
2 _ V)2 2 _ V)2
%= N1 ;(Yzl V) and o) =< ;m Y) ©)

2.1. Ranked Set Sampling Under Non-response

The selection of a subsample using the RSS method under non-response was addressed by Bouza [6]. In
Bouza’s [6] study, a subsample was selected using the RSS method solely from the non-response group to
estimate the population mean. Under the RSS framework, the ranking of sampling units can be performed
either through visual judgment based on the researcher’s expertise or by using an auxiliary variable X that
is strongly related to the study variable Y and is easier or less costly to measure.In the present study, the
ranking of sampling units is carried out based on the auxiliary variable X. Under non-response, sample
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selection based on the RSS method is examined under two different situations. Situation I considers the
selection of a subsample using the RSS method only from the non-response group, whereas Situation 11
considers the selection of a sample using the RSS method from both the response and non-response groups.
The detailed steps of subsample selection based on the RSS method are described below.

Situation I: Sample selection using the RSS method only from the non-response group

Step 1. A sample of size n is selected using SRS. Among these units, n1; constitute the respondent group,
from which information is collected on the study variable Y and the closely related auxiliary variable X.
Furthermore, it is assumed that measuring the variable Y is more costly and difficult than measuring X.

Step 2. Among the 1, units that did not respond during the first visit, sample units are selected using
RSS and revisited. For this selection, m sets, each consisting of m units, are first obtained.

Step 3. In each set, the m sample units are ranked from smallest to largest according to the auxiliary
variable X.

Step 4. The first unit from the first set, the second unit from the second set, and the mth unit from the
mth set are selected and measured with respect to the variable Y.

By repeating the selection of subsamples from non-response sample units via the RSS method r;, times,
a ranked set sample of size n;, = r,m is obtained, , denoted by yo1;; i=1,2,...,m, j=1,2,...,7,. The
estimator obtained under RSS is defined as follows:

Frss(y = w1F1 + W2y gss) @

where the mean of the subsample selected from the non-response units is given by:

TIYR v
+1 (5)

2

Parss) = 7

The estimator frssq) is an unbiased estimator Bouza-Herrera [7]. The variance of this estimator is
expressed as:

o Walk— Y
- _ Yy ak=1) , _ Wak[1 2
V(¥rss) = ot 7 T | m ;‘ Ayt ©)
where
Ay = (H2ytn = Y2) 7

Here, oy is the mean of the i-th judgement order statistic in the non-response group, while Y, is
defined as the population mean of the non-response group.

Situation-11: Sample selection using the RSS method from both the response and non-response groups

This method differs from Situation-I in that it involves selecting samples using the RSS method from
both the response and non-response groups.

Step 1. A sample of size n; is selected from the response group using the RSS method, and this procedure
is carried out in a manner similar to the RSS scheme described in Situation-I.
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Step 2. The n, sample units that did not respond in the first visit are revisited. By following Steps 2,
3, and 4 defined under Situation I, a subsample of size 1) is selected using the RSS method. The obtained
estimator is given by:

Urss@) = W1l1(rss) + W2V rss) ®

where 71rss) is the sample mean of the 11 units selected using the RSS method, and yé(Rss) is the sample
mean obtained from the 7/, units. The estimator yrss(1) is an unbiased estimator. The variance of the
estimator is given by:

01 Wa(k — 1) Walk — 1) x&
= Y 2 2 2 2( ) 2
V(yrss(z)) = o Z; Ay + % T T m Z; Aoyt ©)
1= 1=
where
Adpy = (g = V)2 (10)

Here, (1,77 is the mean of the i-th judgement order statistic, while Y is defined as the population mean.

2.2. Median Ranked Set Sampling under Non-Response

The MRSS method was first introduced to the literature for estimating the population mean by Muttlak
[16] in 1977. In his study, Muttlak obtained more efficient results using the MRSS method under unimodal
symmetric distributions. There is limited research on the application of MRSS under non-response. Some
of the important studies in this area have been conducted by Bouza [6] and Ahmed and Shabbir [2]. In these
studies, only the case in which subsample selection is carried out from the non-responding group under
the MRSS method is considered. In this study, two different situations are considered. Under Situation-I,
subsample selection is performed solely from the non-responding group using the MRSS method, whereas
under Situation-II, samples are selected from both the responding and non-responding groups using the
MRSS method.

Situation I: Sample selection using the MRSS method only from the non-response group

Step 1. A sample of size n is selected using the SRS method. Among these units, #; belong to the
responding group. For these 17 units, information on the study variable Y and the auxiliary variable X,
which is related to Y, is collected.

Step 2. Among the 1, units that did not respond during the first visit, sample units are selected using
MRSS and revisited. For this selection, m sets, each consisting of m units, are first obtained.

Step 3. In each set, the m sample units are ranked from smallest to largest according to the auxiliary
variable X.

Step 4. The sample selection in MRSS varies depending on whether the number of sets, m, is odd or
even.

e When m is odd, the unit corresponding to the median value, which is the ((mn + 1) /2)-th unit, is selected
from each set.

e When m is even, the (m/2)-th unit is selected from the first m/2 sets, while the ((m/2) + 1)-th unit is
selected from the remaining /2 sets.
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Depending on whether m is odd or even, the selected units are measured with respect to the study
variable Y. Steps 2, 3 and 4 are then iteratively applied r; times using the MRSS method, resulting in a
sample of size n, = rym.

The estimator obtained based on the MRSS method is defined as:

Imrss(1) = W11 + W2l prss) (1)

where )\ /s, denotes the sample mean obtained from the 7, units selected using the MRSS method.
The variance of the estimator Jamrss() is:

2
) %+W(o§ [m]) if m is odd
V(imrss)) =1 2 - L (12)
%y 4 Walk-D) (02 + g2 ) if m is even
ORI NP ) RS E)
Here, 02 and o2 denote the variances of the (1m/2)-th and ((m/2) +1)-th judgment order statistics,

2y[5] 2y[5+1]
respectively, for the non-zresponse group. In this study, the sample selection based on the MRSS method for
non-response under Situation-I has been extended to Situation-II.

Situation-11: Sample selection using the MRSS method from both the response and non-response groups

Step 1. Using the MRSS method, a sample of size 1, is selected from the response group following the
sampling procedure described under Situation-I.

Step 2. The n, sample units that did not respond in the first visit are revisited. By following Steps 2, 3,
and 4 defined under Situation I, a subsample of size 1) is selected using the MRSS method.

The new estimator based on sample selection using the MRSS method from both response and non-
response groups is defined as:

IMRrss@) = W1J1MRss) + W2Tarss) (13)

where imrss) is the sample mean of the n; units selected using the MRSS method. Additionally,
n, = mry, ny = mry, n = mr, and nj = "—k2 The estimator imrss2) is a biased estimator, and its variance is
given as follows:

o
w] Wk -1
y[nz 1. z(n ) (Giy['"—”])’ if m is odd,
) 2
V(]/MRSS(Z)) = 2 42 -
v[3] " Ty[3+1] 4 Wik — 1) ( 2 L2 ) if m is even
21 2n (5] T2w[g+])’ '

3. Simulation Study

In this section, a simulation study has been conducted to compare the efficiency of the estimator proposed
under the MRSS method with those obtained from the SRS and RSS methods. The efficiency of the estimators
derived from the SRS, RSS, and MRSS methods under Situation-I and Situation-II has been examined under
the Normal (0,1), Laplace (0,0.5), Uniform (0,1), and Exponential (1) distributions. The study variable, Y;,

hasbeen obtained in relation to the auxiliary variable X; using the formula Y; = Py Xitej 4 1- pix. Here, ¢;is

generated from the corresponding distributions, and p,, is defined as the correlation coefficient between the
variables X and Y. The cases with perfect and imperfect rankings are considered with pyx = 0.50, pyr = 0.90,
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and p,, = 1; where the perfect ranking condition is represented by p,, = 1, and the imperfect ranking
conditions are represented by py, = 0.50 and p,, = 0.90. A dataset with a sample size of N = 1000 has been
generated under different distributions. Based on the studies from the literature, the proportion of non-
response in the population has been set at W, = 0.40, meaning the last 40% of the population represents
non-response units. Additionally, in this study, the values of k = 2,4 and m = 3,4,6 are considered.
Furthermore, to enable comparisons across different non-response scenarios while maintaining the same
sample size, the cycle sizes (r;) are set as 1, : 4,6,8 for k = 2, and r; : 2,3, 4 for k = 4. Thus, the efficiency of
the estimators has been analyzed for various sample sizes, correlation values, and non-response situations.
The MSE and RE values used to evaluate the performance of the estimators were obtained through 10.000
iterations. The estimators obtained under Situation-I are defined as ¥srs, ¥/rss(1), and ¥mrss(1), while the
estimators obtained under Situation-II are defined as Jrssz) and Hmrss().
The formulas used for calculating the MSE and RE values are given in equations 15 and 16.

10000

_ _ 2
MSE(H0) = 15000 Y (70— 1) (15)
=1
_ MSE(ysrs) .
RE(7.) = Wyﬁ; i=1,2 (16)

Here, * represents RSS and MRSS. The results of the simulation study conducted under Normal(0,1),
Laplace(0,0.5), Uniform(0,1), and Exponential(1) distributions are presented in Tables 1-8.
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Table 1 presents the MSE and RE values of the estimators under the Laplace distribution for k = 2. It has
been observed that as the number of sets () increases, the RE values of the estimators generally increase,
particularly when p,, = 0.90 and 1.00. The highest RE values for all estimators are obtained in the perfect
ranking (p,» = 1). Additionally, for m = 3, 4, the RE values increase as the number of repetitions within the
same set size increases. The most efficient estimation of the population mean is achieved using the #mrss)
estimator when m = 6 and r, = 6. In the case of imperfect ranking, the most efficient estimates are obtained
when p,, = 0.90. When comparing the estimators obtained under Situation-I, the #yrss(1) estimator is found
to be more efficient than the {/rss(1) estimator in terms of RE values.

Table 2 examines the case where k = 4 under the same distribution, yielding results similar to those in
Table 1. The highest RE value for estimating the population mean is achieved using the /mrss(2) estimator
when m = 6 and r, = 2. When Tables 1 and 2 are considered together, it is observed that as the value
of k increases, the MSE values increase across all situations due to the higher level of non-response. This
outcome is expected as an increase in k leads to more missing responses. Moreover, as k increases, the RE
values of the estimators generally improve. The increase in RE values is primarily due to a greater rise in
the MSE values of the jjsgs estimator compared to other estimators.

Table 3 presents the results obtained under the Normal distribution when k = 2. It is observed that as
the values of m and p,, increase, the RE values of the estimators generally improve. The highest RE value
is achieved in the perfect ranking when m = 6 and r, = 4, using the Jmrsse) estimator. The estimators
obtained under Situation-II are generally found to be more efficient than those obtained under Situation-IL.

Table 4 examines the performance of the estimators under the Normal distribution when k = 4, revealing
similar results to those in Table 3. The highest RE value is obtained in the perfect ranking case when m = 6
and r, = 2, using the jmrss(2) estimator. As the value of k increases, the MSE values of all estimators also
increase. In the imperfect ranking case, an increase in k and set size generally leads to higher RE values.

In Table 5, the results obtained under the Uniform distribution when k = 2 are examined. It is observed
that as m increases, particularly when p,, = 0.90 and 1.00, the RE values of the estimators tend to increase.
The highest RE value is obtained in the perfect ranking case when m = 6 and r, = 6, using the ¥rss)
estimator. Table 6 presents the RE values of the estimators for the same distribution when k = 4. As m and
pyx increase, a rise in the RE values of the estimators is observed. The highest RE value is obtained using
the Jrss(z) estimator when m = 6 and r, = 2, followed by the {mrss() estimator, with the second-highest RE
value. As k increases, an expected rise in the MSE values of all estimators is observed. Moreover, when the
MSE values of {/srs estimator increase relatively more, the RE values also tend to increase. For all values of
k, the estimators obtained under Situations-II are found to be more efficient than those under Situations-I
at high correlation levels.

In Table 7, the results obtained for k = 2 under the Exponential distribution have been examined. The
highest RE value is achieved using the irss(2) estimator in the perfect ranking case, with m = 6 and r, = 4.
However, the jmrss(2) estimator is not found to be efficient. When comparing the estimators obtained under
Situation-I, the {jrss(1) estimator is generally found to be more efficient than the #arss(1) estimator.

Table 8 evaluates the case k = 4 under the Exponential distribution. The highest RE value is obtained
using the #rss(z) estimator in the perfect ranking case, with m = 6 and r, = 4. For all values of k, an increase
in m and p,, leads to higher RE values for the estimators obtained under the RSS.

The simulation study demonstrates that under unimodal symmetric distributions, such as the Laplace
and Normal distributions, the proposed ijmrsse) estimator exhibits higher efficiency. In contrast, for the
Uniform and Exponential distributions, the jrsse) estimator is found to be more efficient. Furthermore, it
is observed that the correlation coefficient, the value of k, and the sample sizes significantly impact the RE
values of the estimators. When different set sizes are analyzed, better results are obtained when m = 6.
The findings related to the estimators are presented in Figure 1 for unimodal symmetric distributions with
m = 6, while Figure 2 illustrates the results for the other distributions.
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Figure 1: RE Values of Estimators Under Unimodal Symmetric Distributions
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In Figure 1, it is observed that the proposed Hmrssp) estimator yields more efficient results under
symmetric distributions. In the case of perfect ranking under the Laplace distribution, the difference in
RE values between the i/rss2) and #mrss(2) estimators is found to be greater than that observed under the
Normal distribution. For both distributions, the estimators obtained under Situation-II are observed to be
more efficient. When examining the estimators obtained under Situation-I, it is noted that the difference in
RE values between the jrss(1y and #mrss(1y estimators is relatively small in the Normal distribution, whereas
this difference becomes more pronounced in the Laplace distribution. Additionally, an increase in p,, leads
to a corresponding increase in the RE values of the estimators.
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Figure 2: RE Values of Estimators Under Exponential and Uniform Distributions

In Figure 2, the i/rss(2) estimator is observed to be more efficient for the Uniform distribution and the
Exponential distribution, which is asymmetric. In the case of the Uniform distribution, the second most
efficient estimator after fjrss() is identified as #mrss2), whereas for the Exponential distribution, the frss)

estimator is found to be more efficient.

Furthermore, for all distributions, the most efficient results are obtained under Situation-II, which is
based on sample selection from both groups.
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4. Real Data

In this section, we analyze the abalone data collected by Nash et al.[17] The real data set includes
the shucked weight of the abalone (as a study variable) and the diameter of the abalone (as an auxiliary
variable). The motile nature of abalones poses challenges to the sampling process and may lead to non-
response. The objective of this study is to estimate the population mean of the shucked weight in the
presence of non-response. The calculated values are ux = 0.407, py = 0.359, (7%( = 0.0098, a%, = 0.0492, and
Pxy = 0.89. In this study, the ranking process was performed using the auxiliary variable X (the diameter of
the abalone).

Table 9: RE values of the real data set

m 4 6
) 7 8 7 8
Vsrs 1.0000 1.0000 | 1.0000 1.0000
Prssy | 1.5953  1.4730 | 1.7328 1.7655
mrssay | 1.7626  1.7573 | 2.0056 2.3230
ﬁRSS(z) 1.9069 2.1519 | 2.0592 2.2169
Pmrss2) | 2.1525 2.4820 | 3.0106 3.3886

As shown in Table 9, the RE values of the proposed estimator are significantly higher than those of
the other estimators.The estimators obtained under Situation II were found to be more efficient than those
obtained under Situation I for the valuesm = 4,7, =7,8and m = 6,1, = 7.

5. Results

Non-response is a significant issue affecting parameter estimation in scientific research. In this study,
the estimator #mrss(z), based on the MRSS method, is proposed for estimating the population mean under
non-response. This estimator is obtained using an MRSS sample selected from both response and non-
response groups. Additionally, the performance of the estimator ijrss) under different cases is examined.
This study aims to develop new estimators that can provide better estimates of the population mean under
non-response and evaluate their efficiency under different distributions while comparing them with existing
estimators in the literature.

MSE and RE values of the estimators under Laplace, Normal, Exponential, and Uniform distributions
were obtained through a simulation study. The results indicate that, for unimodal symmetric distributions
such as Laplace and Normal, the estimator {mrssp) provides the highest RE values. However, for the
Uniform distribution and the asymmetric Exponential distribution, the estimator {/rss) was found to be
more efficient. Furthermore, the estimators were evaluated based on different correlation values, set sizes,
sample sizes, and k values under perfect ranking and imperfect ranking cases. Since an increase in k
leads to higher non-response rates, an increase in MSE values was observed across all distributions, which
is an expected outcome. In cases where k increased, the estimator {jsgs obtained under SRS exhibited a
greater increase in MSE values compared to other estimators, leading to an increase in some RE values.
Additionally, the efficiency values of the estimators obtained under Situation-II were generally found to be
better than those under Situation-I.

Future studies may explore Situation-II, which involves sample selection from response and non-
response groups, under different sampling designs. Furthermore, the proposed estimators can be employed
to develop more efficient ratio, regression, and exponential-type estimators in the presence of non-response.
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