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ABSTRACT

uxiliary variable is commonly used in survey sampling to improve the precision of estimates. Whenever there is auxiliary

information available, the researchers want to utilize it in the method of estimation to obtain the most efficient estimator.
Stratified simple random sampling (SSRS) is used in certain types of surveys because it combines the conceptual simplicity of
simple random sampling (SRS) with potentially significant gains in efficiency. It is a convenient technique to use whenever
we wish to ensure that our sample is representative of the, population and also to obtain separate estimates for parameters of
each sub domain of the population. Stratified Ranked Set Sampling combines the advantages of Stratification and Ranked set
sampling (RSS) to obtain an unbiased estimator for the population mean, with potentially significant gains in efficiency. Under
Stratified ranked set sampling scheme, we have suggested two general estimators using power transformation to estimate the
population mean of the study variable. These methods are highly beneficial to the estimation based on Stratified Simple Random
Sampling (SSRS). The first order approximation to the bias and mean square error (MSE) of the proposed estimators are
obtained. Theoretically, it is shown that these suggested estimators are more efficient than the estimators in Stratified simple
random sampling. A numerical illustration is also included to demonstrate the merits of the proposed estimator using SRSS
over the corresponding estimators in SSRS.
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1. INTRODUCTION

uxiliary variable is commonly used in survey sampling

to improve the precision of estimates. In some cases,
in addition to mean of auxiliary variable, various parameters
related to auxiliary variable such as standard deviation,
coefficient of variation, skewness, kurtosis, correlation
coefficient, etc. may also be known. For these cases, many
authors such as Upadhyaya and Singh (1999), Sisodia
and Dwivedi (1981), Singh and Tailor (2003) developed
various estimators to improve the ratio estimators in the
simple random sampling. Mehta and Mandowara (2020,
2022) modified Some Efficient Methods to Remove Bias
in Ratio and Product Types Estimators in Ranked Set
Sampling. Kadilar and Cingi (2003) adapted the estimators
in Upadhyaya and Singh (1999) to the stratified random
sampling. Singh et al. (2008) suggested two modified
estimators of population mean using power transformation
in Stratified random sampling. Ranked set sampling
(RSS) was first suggested by Mclntyre (1952) and its use
in Stratified Sampling was introduced by Samawi (1996)
to increase the efficiency of estimator of population mean.
Mandowaraand Mehta (2014a, 2014b) Suggested Modified
ratio estimators using stratified ranked set sampling and
Efficient ratio-cum-product estimator using stratified
ranked set sampling. The performance of the combined and
the separate ratio estimates using the stratified ranked set
sample (SRSS) was given by Samawi and Siam (2003). Here
we shall propose two generalized estimators of population
mean using power transformation using SRSS based on
auxiliary variable.

In Ranked set sampling (RSS), 7 independent random sets,
each of size 7 and each unit in the set being selected with
equal probability and without replacement, are selected
from the population. The members of each random set
are ranked with respect to the characteristic of the study
variable or auxiliary variable. Then, the smallest unit is
selected from the first ordered set and the second smallest
unit is selected from the second ordered set. By this way,
this procedure is continued until the unit with the largest
rank is chosen from the 7" set. This cycle may be repeated
m times, so mr (=n) units have been measured during
this process. From the 4™ stratum of the population, first
choose 7, independent samples each of size r, 5 =1, 2,
..., L. Rank each sample, and use RSS scheme to obtain
L independent RSS samples of size r,, one from each
stratum. Letr, +7, +........ +r, =r.This complete one
cycle of stratified ranked set sample. The cycle may be
repeated 7 times until # = mr elements have been obtained.
A modification of the above procedure is suggested here to
be used for the estimation of the ratio using stratified ranked
set sample. For the 4™ stratum, first choose #;, independent
samples, each of size 7, of bivariate elements from the 4™
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subpopulation (stratum), 5 =1, 2, ..., L. Rank each sample
with respect to one of the variables, say Yor X. Then use the
RSS sampling scheme to obtain L independent RSS samples
of size 7, one from each stratum. This complete one cycle
of stratified ranked set sample. The cycle may be repeated
m times until z = mr bivariate elements have been obtained.
We will use the following notation for the stratified ranked
set sample when the ranking is on the variable X. For
the £t cvcle and the 4™ stratum. the SRSS is denoted bv.
LGS G0 D, S N Grpnges Xnoow £ = L2k =12, L]

where V), is the i Judgment ordering in the 7" set for the
study variable and y, = is the /™ order statistic in the 7" set
for the auxiliary variable. We should note that E(%,, )= 4,
andE(XhmA )= Moo

2.ESTIMATORS IN STRATIFIED RANDOM
SAMPLING AND STRATIFIED RANKED
SET SAMPLING

he usual ratio estimator given by Cochran (1977) for
the population mean Y in stratified random sampling

is defined by

NS
Yssrs = V| =
X st

L
A R
Where =277 and l“’;””“

estimators of population mean

o))

are the unbiased
y and X respectively.
When the population coefficient of variation C, is known,
Motivated by Sisodia and Dwivedi (1981), Kadilar and
Cingi (2003) suggested a modified ratio estimator for ¥
in stratified random sampling as

~ ~ iwh()?h +c¥h)
Yssp = Vst Ti

- )
HZ;VIH (xh +C, )

Motivated by Kadilar and Cingi (2003) developed ratio-type

estimator for Y as

L —
_ ZPVR(X;" +ﬁ2h(x))
ysISK = ysz H:;

>+, )

©)
Kadilar and Cingi (2003) considered ratio type estimators
based on Upadhyaya and Singh (1999), using both
coefficient of variation and kurtosis in stratified random
sampling as

L .
CywEsec,)
Yavst = Vs H:;

> c,)

(4)
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ZW( XiC, + ()

Yss2 = y st L —

Z w, (xthk + B (1))
©)
By applying power transformation on Upadhyaya and Singh
(1999) estimators, Singh (2008) suggested the modified
estimators given as

7, (XiB00+ €,

L
(gm
=Y.l 7
s

Y susia) ( )
xn By, () +C,
(6)
L . o
) e, + By )
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Z:: h o T P () )
Where ¢, and ,, are suitably chosen scalars such that
the mean squared errors of Vi and Ve, are

minimum.

To the first degree of approx1mat1on the mean squared error
(MSE) of the estimators ), 3 p

Y Vasp? Vask? Vauvst ? Vaus2? Y siusie)

and , = respectively are
= ~ 2 2 o2
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The combined ratio estimator of population mean y given
by Samawi and Siam (2003), using stratified ranked set
sampling is defined as

- = X
Ysrss = Viswss)| =
X (SRSS)

L
where — _ -
Yisrss) = 2 W, Yitn
=

(15)
_ L _
X(SRSS) = ZWh Xh(r,)

h=1

and

The Bias and MSE of the estimator } g o the first degree
of approximation are respectively given by

_ |z er S2 S . L W: m (& 5 "
B ygu)= 1| S it 2s Do Lol M gy
( Ysass) {; " {yz XY} ; n, {”h (; %) ; mmm}H (16)
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MSE( p g5 )= Z
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where n, =M, > Dy, =270 = Dfm

_Bontn
Yx

7’
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Here we would also like to remind that ¢, -u,

=M -y, and ¢ =ty —X1) (u,,-¥) Where
U, o =E[x, o =Eie), % and 7y, are the means of the
" stratum for variables x and Y, respectively.

Motivated by Kadilar and Cingi (2003), Mandowara
and Mehta (2014a) proposed ratio-type estimator for ¥
using stratified ranked set sampling, when the population
coefficient of variation of auxiliary variable C is known

iWk()_(h +C,)

o—Xn

X (D) yyli]

Ysmnnr = Yiszss f= _
> Wh(xa[r,.,} +Cx,.,)
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L _
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where YIsRss] = z W, Vi) and  Xmss) = z Wixne
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The bias and MSE’s of the estimators y

are as

strMM 1 and yslrMMZ
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Motivated by Kadilar and Cingi (2003), Mandowara and
Mehta (2014b) suggested ratio —type estimators based
on Upadhyaya and Singh (1999) in stratified ranked set
sampling as

zL‘,Wh (}hﬁZh (x)+ th )

Ytz = Visrss) f:l (_ )
%Wh Xiry) By (X) + th (24)
L _
_ th (thxh + 5 (x))
Ystrmmaa = Visrss) Lh_l —
; W, (xh (r)C,, + B (x)) (25)
ol

Again, bias and MSE’s of the estimators Y uans and ¥ g4
are as
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4. MATERIAL AND METHODS

We propose generalized power transformation estimators
are respectively given by

ZW (x4, x)+C, ) |
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To obtain bias and MSE of¥ ), We put yu =7a+6) and
xess) = X(1+6,) so that E(,) = E(5,) =0.
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Further to validate first degree of approximation, we assume
that the sample size is large enough to get |6, and |5 as small
so that the terms involving 6, and or &, in a degree greater
than two will be negligible.

The bias of the estimator Yuua to the first degree of
approximation, are respectively given by

B( y:trlﬁ[l(al) )>=E( Y sranaricay) »-¥
Here Y(1+38,)(1+¢,8,)

ysﬂ’)l/[M'l(dl)
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The MSE of the estimator V., to the first degree of
approximation, are respectively given by
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Similarly, bias and mean squared error of the estimator
Yumaey €an be obtained respectively by changing the place
of coefficient of kurtosis and coefficient of variation as

B( ;,\mw.wzmz))q[ 1 2% H)/Z [*‘721) ] WZZZ: {XY n, 2 "“"“HH (34)
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The optimum values of a, and ¢, to minimize the MSE’s
of Vi ANd Y una, respectively, can easily be found as
follows

aMSE(;mMMl(m)) — O
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To compare efficiencies of various estimators of our study,
here, we take a Stratified population with 3 strata of sizes 12,
30 & 17 respectively of page 1119 (Appendix) from the book
entitled “Advanced Sampling Theory with Applications”,
Vol.2, by Sarjinder Singh published from Kluwer Academic
Publishers. The example considers the data of Tobacco for
Area and Production in specified countries during 1998,
where ¥ is production (study variable) in metric tons and
X is area (auxiliary variable) in hectares.

For the above population, the parameters are summarized
as below:

For total population, N=59, ¥ = 76485 .42, X =26942.29

Table 1: Population Parameters

Stratum-1 Stratum-2 Stratum-3

N, =12 N, =30 N, =17

n =9 n, =15 ny =12

W, =0.2034 W, =0.5085 W, =0.2881

X1 =5987.83 X2 =1168273 X3 = 6866229
Y, =11788 Y, =16862.27 Y: =22737153

S} =278428105 ST =760238523 S? =12187889050

S} =153854583 S} =2049296094 S =372428238550

S, =628461731 S, =1190767855 S =17342963562
C, =0.8812 C, =2.3601 C, =1.6079

B (x)=1.8733 By (x)=10.7527 By (x) =8.935

R, =197 R, =144 R, =331

5. RESULTS AND DISCUSSION
‘ N Je took ranked set samples of sizesr, =3, r,=5 &

r,=4 from stratum 1%, 2" and 3™ respectively.
Further each ranked set sample from each stratum was
repeated with number of cycles m =3 . So that sample sizes
of stratified ranked set samples are equivalent to stratified
simple random samples with 7, (=, ) for the h" stratum,
h=1,2,3.
On comparing (13) and (14) with (33) and (35) respectively,
we obtained

- - 2L W o mE )
1) MSE(Y 510 )= MSE( Y apgyieny =4 2 0, where |4, =1 ZTM’TZ(D;”[:]’%%DM(;)}
h=1 h h o=l

= MSE( ¥ oantiiay) ) = MSE( Y arsiga))

— — AL W m &
2y MSE( J'szzsz(m1>)"1’[SE( Yot ay )= Ay 20, where 4, =Y z ifz (D,\,[,] —P D, )2

A=l My Py

= MSE( ¥ arsga) < MSEC Y syiay)
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It is easily seen that the MSE of the suggested estimators
given in (30) and (31) are always smaller than the estimator
given in (6) and (7) respectively, because 4, and 4,
all are non-negative values. As a result, show that the
power transformed estimators for the population mean in
Stratified ranked set sampling are more efficient than the
corresponding usual estimators of stratified sampling.

The estimated relative efficiencies of various proposed
Stratified ranked set estimators in comparison with
corresponding Stratified SRS estimators are as shown in
the next table:

In the table 2, we see that the proposed Stratified ranked
set estimators with power transformation are more efficient
than corresponding Stratified SRS estimators.

Table 2: Comparison of various estimators

Variances of various stratified
SRS estimators

Y ausie,) = Y stUs2(ay)

2158910787
Variances of corresponding _ _
Stratified ranked set sampling Vstrumz(a) = Y srmracey)
-timat
esTmators 1605469167
Relative Effi-ciencies in % 134.4723

6. CONCLUSION

‘ N Je proposed two general estimators using power

transformation to estimate the population mean and
obtained its MSE equation. The MSE of proposed estimator
was compared with corresponding stratified simple random
sampling estimator and found that the proposed estimator
had smaller MSE than the corresponding estimator. This
theoretical result was supported by the above example. With
this conclusion, we hope to develop new estimators in other
sampling methods in the forthcoming studies.
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