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ESTIMATION OF POPULATION MEAN UNDER DIFFERENT
STRATIFIED RANKED SET SAMPLING DESIGNS WITH
SIMULATION STUDY APPLICATION TO BMI DATA

ARZU ECE CETIN AND NURSEL KOYUNCU

ABSTRACT. In this article, we have compared the performance of ratio-type
estimators in some stratified ranked set sampling methods. These sampling
methods are stratified random sampling, stratified ranked set sampling, strati-
fied double ranked set sampling and stratified median ranked set sampling. In
these methods, the ratio type estimators using auxiliary variable information
such as coefficient of variation and kurtosis are examined. We have used a real
data set to see the performance of estimators. We use the data concerning
body mass index (BMI) as a study variable and the age and the weight as
auxiliary variables for 800 people in Turkey in 2014. We stratified the data
set using gender. A simulation study is carried out to see performance of
the proposed ratio type estimators in these stratified ranked set sampling de-
signs. The performances of these estimators are compared in terms of mean
squared error (MSE) and percent relative efficiency (PRE). The importance
of this study is to compare these stratified sampling designs with those in the
sampling literature by performing a detailed simulation using a real data set.

1. INTRODUCTION

Ranked set sampling (RSS) technique was first introduced by Mclntyre [I1]], and
Dell and Clutter [3] showed that the mean of the RSS is an unbiased estimator
of the population mean, whether or not there are errors in ranking. Following,
stratified ranked set sampling (SRSS) was suggested by Samawi and Muttlak [13]
to obtain a more efficient estimator for a population mean. Samawi [I4] proposed
an efficient estimator in stratified ranked set sampling. Al- Saleh and Al-Kaddiri
[1] introduced the concept of double-ranked set sampling (DRSS) and showed that
the DRSS estimator is more efficient than the usual RSS estimator in estimating
the finite population mean. Using SRSS, the performances of the combined and
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separate ratio estimates were obtained by Samawi and Siam [I5]. Muttlak [12]
has suggested the median ranked set sampling (MRSS) method for estimating the
population mean. Ibrahim at al. [5] suggested estimating the population mean
using stratified median ranked set sampling (SMRSS). Al-Omari [2] suggested ratio
estimation of the population mean using auxiliary information in simple random
sampling (SRS) and median ranked set sampling (MRSS). Following Kadilar and
Cingi [6], Mandowara and Mehta [I0] used the idea of SRSS instead of stratified
simple random sampling (SSRS) and obtained more efficient ratio type estimators.
Koyuncu [7] has proposed ratio and exponential type estimators in MRSS. Khan et
al. [9] improved ratio-type estimators using stratified double-ranked set sampling
(SDRSS). Khan et al. [§] introduced efficient classes of ratio-type estimators of
population mean under stratified median ranked set sampling. In this article we
compares the performance ratio-type estimators given by Mandowara and Mehta
[10], ratio-type estimators using stratified double-ranked set sampling (SDRSS)
given by Khan et al. [9] and efficient classes of ratio-type estimators of population
mean under stratified median ranked set sampling given by Khan et al [§]. The
aim of this study is to make a performance comparison of the proposed ratio-type
estimators in these stratified sampling designs as a result of a simulation study using
areal data set. The remainder of the paper is organized as follows. In Section[2] the
designs of stratified sampling methods are explained and their ratio-type estimators
are given and MSE equations are offered. The results of simulation are reported in
Section 3. Finally, we arrive at a conclusion from these results in the last section.

2. STRATIFIED SAMPLING METHODS

2.1. Stratified Simple Random Sampling. In stratified sampling the popula-
tion of N units is first divided into L subpopulations of Ny, No, ..., N, units. These
subpopulations, or also known as strata, are not overlapping and when combined
together they form the whole population, i.e. Ny + Ny 4+ ...+ Ny = N To ob-
tain the full benefit from stratification, the values of the Ny, h = 1,2,..., L must
be known. After the strata have been determined, a sample is drawn from each
stratum. The sample sizes within the strata are denoted by ni,ne,...,ny respec-
tively and n = Zi:l ny, simple random sample is taken in each stratum, the whole
procedure is described as stratified simple random sampling (SSRS). Let x; and
Yn; show the observed values of the variable of interest and the auxiliary variable
for ht" stratum, respectively. When the relationship between the X and Y vari-
ables is positive, Hansen et al. [4] proposed compound and separate proportional
predictors, respectively,

Jne = LK (1)
xst

_ Uh o
YRS = Ih Xn (2)
T,
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where §g = Zi:l Wiy, Tst = Zﬁ:l W),T, are the unbiased estimators of pop-
ulation means of the variable of interest and the auxiliary variable in SSRS and
W}, = Np/N is the stratum weight.To the first degree of approximation the mean
square errors (MSE) of the estimators §p~ and § ¢ respectively are given as follows

L
_ —2
MSE(Yrs) = Z Wi, Y 1, (Chy, + Coy, — 2Cyan) 3)
h=1
1 1 : th
where ¢, = | — — — | correction term for h** stratum, C,, and Cy, are the
Ny h

population coefficients of variation of auxiliary and study variables for h** stra-
tum, respectively. Cyyn = pCynCyp and p is the population correlation coefficient
between the auxiliary and the study variables.

L
MSEre) = Z Wiy, (Spy + RS%), — 2RSy.n) (4)
h=1
1 1
(Nn—1) (Nn—1)
the population variances of the auxiliary and the study variables for A*" stratum,

1 — _
m vazhl (Y — Y1) (Xni — Xp) is the population covari-

where 52, = vazhl (Xpi — X1)? and S;h = Zi\f:"l(Yhi —Y)? are

respectively. Syzn =

is

>~

ance between auxiliary variate and variate of interest in stratum h, and R =

the population ratio.

2.2. Stratified Ranked Set Sampling. In ranked set sampling, r independent
random sets, each of size r and each unit in the set being selected with equal proba-
bility 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
rt" set. This cycle may be repeated m times, so n = mr units have been mea-
sured during this process. In stratified ranked set sampling, for the h'" stratum of
the population, first choose r; independent samples each of size r,, h = 1,2, ..., L.
Rank each sample, and use RSS scheme to obtain L independent RSS samples of
size rp, one from each stratum. Let ry +7r2+...+ 77, = r. This complete one cycle
of stratified ranked set sample. The cycle may be repeated m times until n = 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 ht" stratum, first choose 7}, independent samples each of size rj, of indepen-
dent bivariate elements from the h** subpopulation (stratum) h = 1,2, ..., L. Rank
each sample with respect to one of the variables say Y or X. Then use the RSS
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sampling scheme to obtain L independent RSS samples of size r;, one from each
stratum. This complete one cycle of stratified ranked set sample. Sampling units
for stratified ranked set sample can be ranking is on the variable X or Y. When
the ranking is on the variable Y, for the k** cycle and the stratum h'", the SRSS
is denoted by {(Ya(1)k, Xn[1ik)s -+ Ya(rn ks Xa Th]k) k =1,2,..m:h=1,2,..,L}
, where Y}, (35, is the it" judgement ordering in the i*" set for the study variable and
Xk 1s the it" order statistic in the i*" set for the auxiliary variable. When ranking
in terms of Y and X variables, the formulas are the same, but the variable ordered
is represented by the index () and the other variable is represented by the index
[]. The compound and separate ratio estimators of population mean respectively
given by Samawi and Siam [I5], using stratified ranked set sampling is defined as

Y(SRSS

Yss(c) = ( )X (5)
Z[SRSS]

_ Y(SRSS)

Uss(s) = a L X, (6)
T[SRSS]

where §(srss) = Zh A Wi,y and Z(srss) = 25:1 Wi, are the unbiased
estimators of population means Y and X in SRSS.

The MSE of the estimator §gg(.) and ygs(s) to the first degree of approximation
are respectively given by

EWE oo (82, SE
MSE(Fsse) =) TT:Y <X2 yy; Ihyh - Z whli] — yh(i))2>
- ")
where D) = Byh@) = Hyn 4 Dappiy = Hahli] — Han

X

Y
L w32 m =
MSE(Ygs(s)) = Z —h <Syh RS2, — 2Ry Sanyn — o Z(Mach[i] - Myh(i))2>

h=1 =1
( )? ( )? ®
_ Byn@) = Hyn Hanfi] = Han
where My2h(’t) = Y—hz Ma?h[z] = X—}% and
M _ (/J‘zh[z] - /’La:h)(/j‘yh(z) /J‘yh)
xhlilyh(i) = Y X :

Following Samawi and Slam[15], Mandowara and Mehta[10] suggested a modified
ratio-type estimator for population mean (Y) using SRSS, when the population
coefficient of variation of the auxiliary variable for the h" stratum C,, and Ban(x)
the coefficient of kurtosis of the auxiliary variable X in the h*" stratum, are known
as -

X+ Cy

Tsrss) + Cst

9)

YMM1 = Y(SRSS)
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_ _ X + /Bst
Y =Yy - 10
MM?2 (SRSS) o —— I (10)
_ XBgy + Cs
= 11
Ynins = YsR -T[SRSS]/Bst + Cst (11)
_ XCSt + Bst

YMM4 = Y(SRSS) =
( )w[SRSS] Cst + B
where Cy; = 25:1 Wi, Cyp and B, = 25:1 WhBan(a)
The MSE of the estimators §asar1,90 02 sUmms and §arara to the first degree of
approximation are respectively given by

i=1

W? o TN
MSE(yMM] = Z —n {Szh + RZ)\ S 2R)\jSmhyh — Yza Z(Dyh(z) — )\_]Dzh[z])z}

_ _ (13)

X X Xﬁst Xcst

where \{ = =——— g = —— , N3 = —— 5 st
YTXACy T X 48, XBy+Cu XCu + Bay

2.3. Stratified Double Ranked Set Sampling. In stratified double-ranked set
sampling, for the h*" stratum of the population, first choose 73 independent random
samples (h=1,2,...,L). Arrange these selected units randomly into 7}, sets, each
of size r7 . The procedure of RSS is then applied on each of the sets to obtain the 7y,
sets of ranked set samples each of size r, . These ranked set samples are collected
together to form 7} sets of observations each of size r, . The RSS procedure is
then applied again on this set to obtain L independent DRSS samples each of size
Th, to get 1 + o + ... + rp = r observations. This completes one cycle of SDRSS
. The whole process is repeated m times to get the desired sample size n = mr.
Following Samawi and Siam [I5], Khan and et al. [9] propose combined ratio-type
estimator of population mean Y using SDRSS and is defined as

_ _ X
UR(S,DRSS)SS = U(S, DRSS) (i’[SDRSS]> (14)

_ L _ - L —
where §(s,prss) = Xop—1 WhUn(prss) and T(s, prss) = 2on—1 WhTn[prss) are the
unbiased estimators of population means Y and X respectively in SDRSS .

The MSE of the estimators yr(s, prss)ss to the first degree of approximation is
given by

L
_ -~ W2
YR(S:DRSS)SS = [Z b (Co+ Coh = 20,01, CanCyn)

mr
h=1 h

(15)
—_Y?2

Z Wh i (i:rh) W[z :rh] )2]
yh(z rh) xhli:rh]
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where
(i:rh) Y, [i:rh] o
W2[i rh] ('uyh(i:rh) B Yh)2 W2[i:rh] o ('uzh[i:rh] - Xh)2
yhlizrh] — ( ) V2 ’ zhli:rh] — : | X2
i:rh < i:rh e
W[i:rh] . ’uyh(i:rh) - Yh W[i:rh] o 'u'a:h[i:rh] - Xh
yhlizrh] — }_/ ( ’ : [ | zhlizrh] — X ’
i:rh 3, i:rh -
W[i:rh] (izrh) ('uyzh?i:rh) B Yh)(ﬂz’ti:[zrh] - Xh)
zhli:rh] " yh(i:rh) — YX

Khan et al. [9] suggested efficient classes of ratio-type estimators of population
mean under stratified median ranked set sampling and is defined as

Sy Wi( Xy + Ca)

UR(S,DRSS)SD = U(S,DRSS) - (16)
Sr 1 Wi(@niprss) + Con)
. _
_ _ _ (X + Cy
YR(S.DRSS)KC = U(S,DRSS) LZh_l 7h( h 1) (17)
> he1 Wh(Zniprss) + Cun)
. _
UR(S,DRSS)US1 = Y(S, DRSS) 2=t Wil + Baany) (18)
' ' Zizl Wh(Zniprss) + Baan))
I _
. : - : > =1 Wa(XnCouh + Bap(z)) (19)
R(S,DRSS)US2 = Y(S, DRSS -
Sk Wa(Znprss)Can + Ban(a))
The MSE of the estimators §r(s, prss)SD> UR(S, DRSS)KC> UR(S, DRSS)US1>
UR(s,DRSS)Us2, to the first degree of approximation are respectively given by
[ E w2
MSE(Jr(s,prss)r) =Y? Z mi:;(cih + A/ C2 = 2Xipyen CanCyn)
h=1 (20)

[.L W}% Th (i:rh) [i:rh] 2
v Z mirﬁ Z (M/?Jh:(i:rh) o /\ier;,[i:rh]>
h=1 i=1

X X
where i = 1,2,3,4 , F = SD,KC,US1,US2, \{ = ————, Xy = ————,
] ? YT X+, T X+8y,
X0y XCy
Adg=—" _and\y=—-"-.
° T XBy+Cu YT XCu + By,

2.4. Stratified Median Ranked Set Sampling. The MRSS procedure as pro-
posed by Muttlak [I2] can be formed by selecting r random samples of size n units
from the population and rank the units within each sample with respect to a vari-
able of interest. If the sample size rj is odd, then from each sample select for the

1
Th; th smallest ranked unit,i.e., the median of the sam-

measurement the

ple. If the sample size n is even, then select for the measurement from the first
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% samples the (%) th smallest ranked unit and from the second % samples the

(%h + 1) th smallest ranked. The cycle can be repeated m times if needed to get a

sample of size mr units. If the MRSS is performed in each stratum instead of SRSS
described, the method is known as stratified median ranked set sampling SM RSS
. To illustrate the method, let us consider the following two cases, if the subpopu-
lations involve odd number of elements in each set, and the second example if the
subpopulations involve even number of elements in each set. Note that the number
of subpopulations (strata) is immaterial, either odd or even. Following Ibrahim et
al. [5], Khan and et al. [§] propose two efficient classes of ratio-type estimators for
estimating the finite population mean under stratified median ranked set sampling
using the known auxiliary information . Khan and et al. [8] propose the following
class of estimators in SM RSS |, given by

: 2521 Wi (anXn + br)
S WilanZuarrss) + bn)

(21)

Y(S:MRSSk)p = Y(S; MRSSk

where §(s,mrss) = Soret Waln(vrss) and T(s,mrss) = Sopet WaTnrss] ate
the unbiased estimators of population means Y and X respectively in SMRSS.
Also, ap, and by, are known population parameters, which can be coefficient of vari-
ation, coefficient of skewness, coeflicient of kurtosis and coefficient of quartiles of the
auxiliary variable and k = O, E denote the sample size odd and even respectively.

The MSE of the estimators for odd and even sample sizes are respectively, given
by

MSE(ys,mrss0)p) =
2 2 2
. Jy (T‘h—|—1 g Th+1 Uy ’I”h—|—1
o~ W2 U2 "2 P
y? h . + A2 _ ) p— 22
; Th Yh2 X% YhXh ( )
MSE(Jr(s,MRrSSE)p) =
2 2
() ) (]
e[ (R
27"h Y? X}Q
i=1 v 4
o Thy T O Th + 2
L yrn | o gz
i (2 n(22)
_\Y2 h — 23
; Th YhXh ( )
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Sy Whan Xy

S h—1 Wi (anXn + bp)
Khan and et al. [§] proposed §gr(s,mrssk)p an and by are known population
parameters; coefficient of variation, coefficient of skewness, coeflicient of kurtosis
and coeflicient of quartiles of the auxiliary variable,

where \ =

_ _ X
ap =1,bn =0 Y(s,mrSSK)0 = U(S: MRSSK) ( ) (24)
T[S, MRSSk]

) Zﬁ:l Wh(Xh + Ca:h)
vy Wa(@niaerss) + Can)

: Z£=1 Wi (X, + Ba(an))
S r Wi(Znprrss) + Ba(an))
(26)
Zﬁ:l Wi(XnBa(zny + Cun)
Zﬁzl Wh(Znimrss)Ba(any + Cah)
(27)
2521 Wi (XnCon + Baany)
Zizl Wi Znnrss)Con + Bogany)
(28)

The MSE of §r(s, M RSSk)1> UR(S, MRSS2)ps YR(S:MRSS3)p> YR(S; MRSS4)p and
URr(s, MRSSs)p for odd and even sample sizes are respectively, given by

ap =1,bn = Caun  Y(s,mrssk)1 = Y(S:MRSSk (25)

ap =1,bn = Bozny  Y(s,MRrSSk)2 = U(S,MRSSk

an = Bawzny,bh = Cah  Y(s,MRSSk)3 = Y(S MRSSK)

an = Cohybh = Bo@n)y  Y(s,MRSSk)a = Y(S,MRSSK)

MSE(Yr(s, mrss0)p) =

. o rn, + 1 g rp,+ 1 o rp+ 1
wz | (") -5 (")
V2 'h _ _|_)\2 _ — 2\ A 29
; Th v tX; Y, Xy (29)
MSE(Yr(s,MRrssE)p) =
2
o) <Lh>+a - am [Lh]—i—a 4 2
s WE | N2 (") el 2 o5
;th V7 A X2

(30)
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X X X
=1,2,3,4,5i=0,1,2,3,4 where \g = = = 1,A\] = — Ao = =
P § 2 Vi ere Ap b 1 X—|—Cét 2 X—i—ﬁst
X XC
Mo = Bt ay = Gt
Xﬁst_kcst XCSt_FBst

Khan et al. [8] proposed an other class of ratio-type estimators in SMRSS,
given by

MSE(§s,Mrssk)G) =

_ S Wi (Xn + qum)

” : S Wi(X + q[3n))
S, MRSSk -
S Wi (@niaerss) + dun))

S Wa(Enprss) + dsn)
(31)

+(1-w)

where w is scalar quantity (15, and q[3p,) are the first and third quartiles of auxiliary
variable in the h*" stratum respectively.

The MSEs of ¥(s, v rssk)a, upto first order of approximation, for odd and even
sample sizes are respectively, given by

L o2 o .
- - W2 L(rh+1) . rpF1
MSE(y(StMRSSO)G) :Y2 Z _'h y’fi; + (772 + k(nl _ 772))2 T [*22 ]
=1 Th Yh Xh
2
. g rp+ 1
. wi | " ( 2 )
—9Y2 _ h ) N &2
{ne +w(n —ma)} }; - Y, X,
(32)
MSE(Jr(s,MRSSE)G)
L . + g r 2 + 2 r.
_ W, (fat2y T Ty () on[2) T an ]
o Y2 h 2 ) _ 2 2 |
; o vz + (1 + (1 = 1)) e
o rpytoOo 2
e ) T (22)
- +w(n, — Y2 b ——
{ns (m —m2)} }; ™ Y, X5
(33)
W, X L ow,X
where n; = L=t Ik and 7, 2zt Wi X

O W (X gam)
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Estimators proposed by Khan et al. [8] using the following values for the scalar
number w in the estimator Yr(s, mrsSK)G)

Z;lel Wi(Xn + qpun)
S r Wa(Znarrss) + dun))
et Wi(Xn + qisn)

L —
> et Wh(Znivrss) + q3n)
The MSE of §r(s,mrsskye and Yr(s,mrssk)7 for odd and even sample sizes are
respectively, given by

w=1, Ys,MRSSK)6 = U(S, MRSSk) (34)

w=0, Ys,MRSSK)T = Y(S,MRSSk) (35)

0.2

2
rp,+ 1 rp+ 1 o rp,+ 1
= WE y( 2 ) 2”[ } y( 2
— ~ V2 h
MSE(Yr(s,mrss0)a)) =Y ;E 7 + ;3 e %
(36)
MSE(Jr(s,mrsSE)G)
2 2 2 2
()2 (]
~p2 5~ Wi 2 yh(2)+nz )] =[]
i=1 QTh Yh2 ’ X%
g Th +o TR+ 2
ey i =(5) m(*)
i ™ YuXn
h=1
(37)

where i =1,2 G =6,7
3. SIMULATION STUDY

In this section a simulation study is conducted to investigate the performance of
SSRS, SRSS, SDRSS and SMRSS in ratio type estimators the population mean.
To observe performances of the estimators, we use the real data concerning body
mass index (BMI) as a study variable and the age and weight as auxiliary variable
for 800 people in Turkey in 2014. We have investigated correlation quantity between
study variable Y and auxiliary variable X for odd or even sample sizes. Also, we
considered on both variable Y and X. The simulation study was performed first by
using BMI with age variables and second by using BMI with weight variables. The
correlation coefficient of BMI with age was 0.60 and the correlation coefficient with
weight was 0.86. Thus, sampling methods were compared in different correlations.
For both cases, 10000 samples of size rj, = 4,5, 6, 7 were selected from N = 800 units
using SSRS, SRSS, S; DRSS and S; M RSS methods. Also, we stratified the data
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set using gender (h = 1,2). Estimators are compared in terms of mean squared
errors (MSEs) and percent relative efficiencies (PREs). We used the following
expressions to obtain the MSEs and PREs, respectively

10000 [g(a) . }7]2

MSE(ja) = == 10000 (38)
_ MSE(g,
PRE(j(a)) = MSE((g(:))) % 100 (39)

a = st,SRSSk, SeMRSSk, R(S¢DRSS), RC,RS,5S(c), MM1, MM2, MM3,
MM4, R(StMRSS)1, R(S:M RSS)2, R(StMRSS)3, R(S:MRSS)4, R(S:M RSS)5,
R(S:MRSS)6, R(S:MRSS)7, R(StDRSS)SS, R(StDRSS)SD, R(S:DRSS)KC,
R(S;DRSS)US1, R(S¢DRSS)US2.

In this study, the PRE values of the average estimators in other sampling meth-
ods were calculated based on the classical mean estimator in the SSRS method.
In Table 1, statistical summary of population information about BMI, age and
weight variables are given. In Table 2, statistical summary of population stratified
information about BMI, age and weight variables are given. Simulation results ob-
tained when the auxiliary variable is taken as age are given in Table 3 and Table
4. The results obtained when the weight is taken as auxiliary variables are given
in Table 5 and Table 6. Since the efficiency of the estimators changes according to
the sample size being odd and even, the sample size is considered as 4, 5, 6 and 7
in the simulation study and the results are given in all tables. When ranking on
variable X and Y, the results obtained by using the MSE and PRE formulas of the
estimators calculated by using the population stratified information of the Body
Mass Index (V') and Age (X;) variables of the SSRS, SDRSS, SRSS and SMRSS
methods are given in the following Table 3 and Table 4, respectively. When ranking
on variable X and Y, the results obtained by using the MSE and PRE formulas
of the estimators calculated by using the population stratified information of the
Body Mass Index (Y') and Weight (X5) variables of the SSRS, SDRSS, SRSS and
SMRSS methods are given in the following Table 5 and Table 6, respectively.

From Table 3, it can be easily seen that when the sample size was both odd
and even and ranking on age, the lowest predictive value of MSE and the highest
predictive value of PRE were found to be ¥(g, prssi)7 the estimator proposed by
Khan et al. [§].

From Table 4, it have seen that when the sample size was both odd and even
and ranking on BMI, the lowest predictive value of MSE and the highest predictive
value of PRE were found to be the y;‘st MRSSk)7 estimator proposed by Khan et
al.[§].

From Table 5, it have seen that when the sample size was both odd and even and
ranking on weight, the lowest predictive value of MSE and the highest predictive
value of PRE were found to be the ¥ (g, prpssk)e estimator proposed by Khan et al.
[8].
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From Table 6, it can be easily seen that when the sample size was both odd
and even and ranking on BMI, the lowest predictive value of MSE and the highest
predictive value of PRE were found to be the y?s,, MRSsk)7 estimator proposed by

Khan et al. [§].

According to the results of the ranking of X and Y variables, it was seen that
the PRE value was highest in the ranking on Y and the MSE value was lowest in
the ranking according to Y and the weight auxiliary variable gave the better results
in the ranking according to Y.

TABLE 1. Population Information about Body Mass Index (Y),

Age (X1) and Weight (X2) Variables

N=800 X,=30.12 X,=67.55
Y,=23.77 | S?,=121.84 | S2,=191.53
52=17.6 Batarn) = 0.78 [ Bo(uyn) = —0.58
C,=0.17 R1=0.78 R»=0.35
C.,1=0.36 | R?=0.62 R2=0.12
Cr2=0.2 Py ,=0.6 Pppy=0-86
Sy,,=28.24 | S,,,=50.36

TABLE 2. Population Stratified Information about Body Mass In-

dex (Y), Age (X1) and Weight (X3) Variables

Age Weight
Stratuml Stratum?2 Stratuml Stratum?2
N,1=4T77 Ny=323 N1=477 Ny=323
7“1:9 7“2:8 7“1:9 7“228
m1:6 m2:5 m1:6 m2:5
W1=0.59 Wsy=0.4 W1=0.59 Wsy=0.4
X1=27.68 X5=33.73 X1=59.99 Xo=T8.72
Y1=22.36 Y2=25.85 Y1=22.36 Y2=25.85
Suy1(1)=25-37 | Say12=19-96 | Spyo(1)=37-7 | Saya(2y=30.2
Cpy=0.17 | Cpu=10.16 | Cpo1)=3.99 | Cyo(2)=10.16
Boter (N =272 | Bafe, 2 =0-27 | Bofay(1))=2-72 | o, (29 =0-27
pa:yl(l):O62 pwyl(2):049 pwy2(1):09 pa:y2(2):082
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TABLE 3. MSE and PRE values of estimators according to even and odd
of sample size when ranking on variable Age (X7)

rp=4 rR=5 rRL=6 rR="1
MSE PRE MSE PRE MSE PRE MSE PRE
SSRS YRC 5.99 31.69 4.88 31.67 4.03 31.11 3.39 31.99
JRS 6.09 31.14 4.96 31.15 4.11 30.54 3.44 31.53
gR(StDRSS)SS 7.37 25.75 10.56 14.63 8.67 14.49 11.68 9.30
SDRSS | Un(s,prss)sp_| 721 | 26.33 1037 | 14.91 | 8.46 | 14.85 | 11.44 | 9.50
yR(StDRSS)KC 6.73 28.20 9.78 15.81 7.85 16.00 10.74 10.12
Ur(s,DRSS)USL | 2116 | 8.97 2477 | 6.24 2384 | 5.27 2720 | 3.99
QR(StDRSS)USZ 6.12 30.99 8.97 17.24 7.03 17.86 9.75 11.15
?jss(s) 3.76 50.43 2.72 56.67 2.07 60.45 1.66 65.24
gss(c) 3.67 51.66 2.66 57.97 2.03 61.69 1.63 66.50
SRSS EIVIYE 359 [ 52.78 261 [ 50.16 | 1.00 | 62.88 | 1.60 [ 67.72
YM M2 3.37 56.31 2.45 62.88 1.88 66.60 1.51 71.50
TMM3 767 | 24.75 717 [ 2155 | 670 | 18.74 | 6.46 | 16.80
MM 289 | 65.64 213 [ 7237 | 1.65 | 76.02 | 1.34 | 80.85
:'?R(Stl\lRSSk)l 3.92 48.36 5.07 30.47 3.96 31.66 4.94 21.98
gR(Stl\lRSSk)Q 3.81 49.80 4.93 31.36 3.84 32.67 4.79 22.66
QR(StMRSSk:)B 3.49 54.41 4.520 34.21 3.49 35.95 4.37 24.85
SMRSS | Up(s,masska | 318 | 59.67 251 [ 6069 | 1.65 | 7508 | 152 | 71.10
Un(s,mMassks | 264 | 7185 344 | 14.93 | 253 | 4956 | 3.23 | 33.60
:'?R(StIVIRSSk)G 1.14 166.00 1.57 98.32 0.95 131.71 1.32 82.24
gR(StI\lRSSk)7 0.84 223.81%% 1.21 127.81 0.63 197.09 0.94 115.02

**Shows most efficient estimator.

TABLE 4. MSE and PRE values of estimators according to even and odd

of sample size when ranking on variable Y

rp=4 Th=5 rRp=6 rp="7

MSE PRE MSE PRE MSE PRE MSE PRE

SSRS 17}%0 5.99 31.69 4.88 31.67 4.03 31.11 3.39 31.99
g§~ 6.09 31.14 4.96 31.15 4.11 30.54 3.44 31.53
Un(s,DRSs)ss | 015 | 30.87 | 530 | 18.62 | 4.85 | 25.89 745 | 14.58
Vn(s,prss)sp | 001 [ 3159 | 811 [ 19.06 [ 472 [ 26.17 728 | 14.02

SDRSS gE(StDRSS)KC 5.60 33.89 7.55 20.46 4.37 28.74 6.78 16.03

Vn(s,pRss)usy | 1318 | 1440 | 1487 [ 10.40 [ 13.94 | 9.01 1549 | 7.02
Vh(s,pRss)Uss | 155 | 3912 | 650 | 23.78 [ 3.80 | 33.03 585 [ I8.15

ﬂgs(s) 6.14 30.88 4.83 31.95 4.10 30.57 3.45 31.48

@gs(c) 6. 31.61 4.72 32.73 4.01 31.29 3.37 32.21

AL 5 3243 [ 460 | 3357 [ 3.91 | 32.08 339 [ 33.01

SRSS A2 5 35.05 | 126 [ 3624 [ 3.62 | 31.62 3.05 | 35.50
T s 5. 21.13 | 5.40 | 18.40 | 7.92 | 15.85 7.48 | 14.51

/>T\JJVI4 4. 42.37 3.54 43.57 3.01 41.61 2.54 12.66

Vhis, masse1 | 3° 58.05 | 5.14 | 30.08 [ 2.47 | 50.67 3.93 | 27.58

Vn(s, MRrssk2 | 5 5074 [ 1.99 | 30.97 [ 2.40 | 52.26 382 | 28.41

Tn(s, MRrssks | 2 6581 | 456 [ 33.87 [ 213 [ 57.43 343 [ 31.22

SMRSS [ Tn(s, mrssks |0 3132 [ 504 [ 2599 | 420 | 20.87 162 | 2351
V(s mnrssks | 229 | $205 [ 358 [ 4300 [ 164 | 7692 766 [ 10,50
Tn(s, marssks | 0 30323 | 135 | T11.80 [ 0.61 | 205.75 097 [ 111,97
Tn(s, marsskr |0 98113 [ 091 | 164.36 [ 04T | 304567 [ 0.63 | 170.89

*Shows ranking on variable Y.
**Shows most efficient estimator.
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TABLE 5. MSE and PRE values of estimators according to even
and odd of sample size when ranking on variable Weight (X5)
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rp=4 TRL=>5 Th=6
MSE PRE MSE PRE MSE PRE
SSRS YRC 0.44 429.60 0.34 452.29 0.29 432.77
YRS 0.43 434.29 0.34 453.64 0.28 434.55
Ur(s,DRSS)SSs | 058 | 325.97 3.45 | 44.71 | 0.37 | 330.87 | 3.
Ur(s,DRSs)sD_| 058 | 325.10 345 | 44.82 | 0.38 329.49 | 3.27
SDRSS [ Jr(s,DRss)kc_| 055 | 323.70 343 | 45.01 | 0.38 | 327.03 | 3.26
Un(s,DRSs)UsL | 043 | 438.72 237 | 68.07 | 0.22 556.98 | 2.11
Ur(s,DRSs)Usz | 043 | 433.80 1.98 7773 | 0.22 558.13 | 1.83
gSS(s) 0.42 446.16 0.34 451.14 0.28 446.11 0.24
YsS(c) 0.42 442.22 0.34 447.59 0.28 443.17 0.24
SRSS M M1 0.42 11238 0.34 T47.70 | 0.28 14329 | 0.24
M M2 0.42 112.65 0.34 11789 | 0.28 T13.47 | 0.24
JM M3 0.54 349.21 0.46 331.78 0.41 305.38 0.36
YMMA 0.60 316.23 0.52 294.96 0.47 266.77 0.42
TR(S; MRSSk)1 0.21 870.08 034 | 448.64 | 0.15 790.65 | 0.25
TR(5,MRSSk)2 0.21 370.72 034 | 448.65 | 0.15 790.28 | 0.25
TR(5,MRSSk)3 0.21 371.80 034 | 448.67 | 0.15 789.58 | 0.25 | 430.26
SMRSS [ Gp(s,MRsska | 042 | 45022 056 | 272.47 | 0.38 | 324.80 | 0.48 | 225.29
Tr(5,MRSSk)5 0.50 377.12 0.65 231.84 | 0.48 262.16 | 0.57 138.02
Tr(5,MRSSk) 031 604.437% | 0.45 337.81 | 0.25 19563 | 0.36 299.67
Ur(s,MRssk7 | 033 563.24 048 | 32152 | 0.27 | 463.49 | 0.38 28158
**Shows most efficient estimator.
TABLE 6. MSE and PRE values of estimators according to even
and odd of sample size when ranking on variable Y’
rh=4 Th=5 ThH=6 Th="T
MSE PRE MSE PRE MSE PRE MSE PRE
SSRS y}}c 0.44 429.60 0.34 452.29 0.29 432.77 0.25 429.82
YRS 0.43 434.29 0.34 453.64 0.28 434.55 0.25 432.36
Un(s,Drss)ss | 055 | 345.06 381 | 40.51 | 0.49 | 251.27 | 3.92 | 27.67
Un(s,pDrss)sp_| 055 | 345.05 380 | 40.63 | 0.50 | 250.76 | 3.91 | 27.74
SDRSS ﬂ;%(stDRSS)KC 0.55 345.02 3.78 40.84 0.50 249.84 3.89 27.88
Un(s,DrRsS)us1 | 039 | 48077 253 | 61.06 | 0.26 | 481.15 | 2.59 | 41.96
gj?(stDRSS)USQ 0.37 502.21 2.19 70.44 0.23 531.01 2.24 48.49
’ygs(5> 0.41 461.43 0.33 466.77 0.27 454.34 0.23 457.12
ﬂgs(c) 0.40 463.41 0.32 470.36 0.27 457.29 0.23 459.81
7?%1%1 0.40 464.69 0.32 471.78 0.27 458.77 0.23 461.35
SRSS 7?%1%2 0.40 466.98 0.32 474.31 0.27 461.41 0.23 464.09
73\(/11%3 0.51 365.59 0.44 347.36 0.39 320.71 0.35 308.85
’3/1”14 0.56 337.79 0.49 315.16 0.43 286.48 0.39 271.87
Un(s,Mpssky1 | 021 | 896.95 033 | 466.16 | 0.15 | 825.55 | 0.24 | 448..20
Un(s,MRsskyz | 021 | 898.00 033 | 167.58 | 0.15 | 826.65 | 0.24 | 449.31
Un(s, Massks | 021 | 90232 032 | 470.00 | 0.15 | 828.56 | 0.24 | 451.26
SMRSS ﬂ;%(stJWRSSk)AL 0.42 447.73 0.55 278.78 0.39 319.83 0.48 223.98
Un(s,massks | 090 | 37682 063 | 244.27 | 0.48 | 259.43 | 0.57 | 189.16
g;?(StMRSSk)G 0.26 T21.73%F 0.29 518.47 0.20 604.62 0.24 445.07
Tn(s,masskyr | 028 | 06991 031 | 194.10 | 0.20 | 562.40 | 0.25 | 122.55

*Shows ranking on variable Y.

**Shows most efficient estimator.




574 ARZU ECE CETIN AND NURSEL KOYUNCU

4. CONCLUSION

In this article, it is aimed to compare the performances of the population mean
estimators of various stratified sampling methods in the literature. These sampling
methods are SSRS, SRSS, SDRSS and SMRSS. In these methods, the ratio type
estimators using auxiliary variable information such as coefficient of variation and
kurtosis are examined. MSE and PRE values of these estimators are shown on a
numerical sample and their performance is evaluated. Firstly, general information
about these methods and estimators is given and introduced. Then, the MSE and
PRE values of these estimators were found and the results of the simulation were
interpreted. To observe performances of the estimators, we use the real data. The
simulation study was performed first by using BMI with age variables and second
by using BMI with weight variables. In the simulation study, when the sample size
is odd and even and sorted by X and Y variables and different correlations are cal-
culated by using different auxiliary variables, performance evaluation is performed.
The aim here is to compare the same sampling methods in different correlations.
According to the results obtained from the simulation, the best sampling method
was found to be the SM RSS method.
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