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Abstract

In this paper, we have discussed the problem of estimation of population mean in
stratified random sampling. An Improved ratio-cum-product estimator of population mean by
using information on known coefficient of kurtosis of auxiliary variate has been suggested. The
suggested estimator has been compared with usual unbiased estimator, combined ratio and
product estimators, Kadilar and Cingi (2003) ratio and product type estimators and Tailor et al.
(2012) ratio-cum-product estimator. The conditions under which the suggested estimator is more
efficient have been obtained. An empirical study has been carried out to demonstrate the
performance of the suggested estimator.

Key Words: Finite Population Mean, Stratified Random Sampling, Auxiliary Variate, Bias,
Mean Squared Error.

1. Introduction

Hansen et al. (1946) defined combined ratio estimator for estimating the
population mean. Kadilar and Cingi (2003) defined a ratio-type estimator for population
mean using coefficient of variation and coefficient of kurtosis of auxiliary variate.
Singh et al. (2008) suggested a class of estimators of population mean using power
transformation in stratified random sampling. Singh (1967) utilized information on
population mean of two auxiliary variates and envisaged ratio-cum-product estimator
for population mean. Tailor et al. (2012) studied Singh (1967) estimator in stratified
random sampling. Tailor et al. (2013) discussed dual to ratio and product type
exponential estimators of population mean in stratified random sampling. Parmar
(2013) studied a ratio-cum-product estimator of population mean in stratified random
sampling using coefficient of variation of auxiliary variates. Parmar (2013) motivated
us to study an alternative estimator of population mean using coefficient of kurtosis of
auxiliary variates in stratified random sampling.
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Let us consider a finite population U:{UI,UZ,...,UN} of size N . This
population is divided into L homogenous strata of sizes N, (h =1,2,...,L). Let y
be the study variate and X and z are auxiliary variates taking values y,., X,;, and

z,,(h=12,..,L;i=12,.,N,) on i™ unit of the 4™ stratum. A sample of size

L
n, is drawn from each stratum which constitutes a sample of size n = Zn , - Then

h=1
we define
_ 1 N, "
Y, =— Z Vi : h"™ Population mean of the study variate y in h™ stratum,
N, =
. 1 N, "
X, = N_ Z X, h"™ Population mean of the auxiliary variate X in h™ stratum,
hoi=l
_ 1 Y "
n =T ) Zu h™ stratum mean for the auxiliary variate z
hoi=l
_ 1 & N, 1 & _ L _
Y =— z z Yy =— z N,Y, = z WY, : Population mean of the study variate
NS NI h=1
Y
_ 1 &4 1 <& _
X=— Z Z X, =— Z W, X, : Population mean of the auxiliary variate X,
N33 NS
_ 1 &Y 1 <& _
Z =— z ZZ w =— ) W,Z, : Population mean of the auxiliary variate z,
Niaa N3
| & )
Yy =— ) ¥, : Sample mean of the study variate y for h" stratum,
nh i=1
1 ) "
X, =— ) X, : Sample mean of the auxiliary variate X for h™ stratum,
nh i=1
| & \
zZ, =— ) z, : Sample mean of the auxiliary variate z for h™ stratum,
nh i=1
N

W, = Wh : Stratum weight of 4" stratum,

Cochran (1940) envisaged ratio estimator for estimating the population mean of the
study variate y as

< _(X
Y =Yy (T] (1L.1)

X
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In the line of Cochran (1940), in stratified random sampling, Hansen et.al (1946)
envisaged combined ratio estimator for estimating the population mean Y as

= _ (X
Yee =Yy EE_J (1.2)

st

In case of negative correlation coefficient between the study variate ) and auxiliary
variate z, combined product estimator is defined as

~ _ ZY
Ype =yst[‘—’j, (1.3)

Z
L L L
where y = ZWh)_/h , X, = ZWh)_Ch and Z, = ZWhZh are unbiased
h=1 h=1 =
estimators of population mean Y , X and Z respectively.

Using the information on population mean of two auxiliary variates, Singh (1967)

suggested a ratio-cum-product estimator for population mean Y as

-~ _ X 7z
Yip = 3{;}(%) (1.4)

I ¢ 1
where ?:—Zyi , X = X; and Ez—Zzi are unbiased estimators of

i=1 i=l n iz

n
= 1 & = 1< = 1
population means Y = EZYi , X = szi and Z = szi respectively.

i=1 i=1 i=1

Singh et al. (2004) suggested modified ratio and product estimators, using coefficient of
kurtosis of auxiliary variates as

5 = X+ B,(x)
Yorp = Y( z +—B2(X) J (1.5)

and

5 = Z+ B,(z)
Yorp = Y(z +—B2(Z)j (1.6)

where 3,(X) and B, (z) are coefficient of kurtosis of the auxiliary variates x and z
respectively.

Sharma (2012) defined a ratio-cum-product estimator of population mean
using coefficient of kurtosis of two auxiliary variates X and z i.e. B2 (x) and B2 (2)
respectively as

= X+B,(x)\ Z+B,(2) (1.7)
Ret X+B,(x) \ Z+B,(2) |
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A

Singh et al. (2008) defined a combined ratio type estimator Yy in stratified random

sampling using coefficient of kurtosis in each stratum as

z W, (Xh +B,, (X))

A

VST _ =

Yoer = Yo 1 (1.8)
z W, (ih +B,, (X))
h=1

Combined product type estimator using coefficient of kurtosis is defined as
L

. zwh(zh +B,, (Z))
VST < h=1
Yser =Y (1.9)

th (zh +B,n (Z))

Tailor et al. (2012) defined Singh (1967) estimator ?RP in stratified random sampling
as

2 X Yz
Y3 = — | = 1.10
RP [ist ]( Z j ( )

In this paper the work of Tailor et al. (2012) has been extended and a ratio-cum-product
estimator has been suggested in stratified random sampling using information on
coefficient of kurtosis in each stratum.

2. Suggested Estimator

An improved ratio-cum-product estimator of population mean Y using
coefficient of kurtosis of auxiliary variates, in each stratum is suggested as

z W, (Xh +Bo (X)) Z W, (zh +B, (Z))

h=1

A

S
Yo = Y

L @.1)

L f—
th (ih + B (X)) th (Zh +B, (Z))
h=1 h=1
where 3, (X) and B, (z) are coefficients of kurtosis of auxiliary variates X and z

in ™ stratum respectively.

To obtain the bias and mean squared error of the suggested estimator ?ISDTI , We write
y,=Y,(+e,), X, =X,(1+e,) and z, = Z,(1+e,,) such that
E(e,; )= Ele,,) = Ele,, )= 0
E(egh ) = 7hcy2h > E(elzh ) = Vthh > E(ezzh ): 7hCz2h

7 S

7S o
E(eOhelh): VhPthCthxh = )?h?h > E(eOhezh): 7hpyzhcyhczh = Efyh
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VS 11
E(elheZh): yhpxzthhCzh :%aﬂd Vi = [___j
X n

e
Now, suggested estimator Y5 can be expressed as
, sugg RPI p

ST vl v 2
(YRP1 - Y)— Y(e0 —e +e, +te —ee,—eye +eoez)

where

63

2.2)

L _ L o L o
thYheOh ZWhXhelh Z h Y3 Cop
_ _h=l1 _ h=1 _h=t
€ -, & =————,¢€, = 5
Y Xse Ly
2 1 & 2 2 2
E(eo):—_zth 7/hSyh» Eel) Y S s
) SE h-l
2 I w2 o2 S 2
E(ez): 2 th YiSo E(e ¢ ) ZWthSyxh’
ZSE h=1 SE h=l
1
E(eoez)_ thzyh yzh» E(ele2) X 7 thzyh xzh »
SE h=l SEZLSE h=1

Xy = Y WX, + oy (). and Zeg = X W, (Z, +B,,(2)).

Using standard procedure, the bias and mean squared error of suggested estimator, up

to the first degree of approximation are obtained, as

S{ ST | _ S) E ‘N] 2 xh th xzh yZh
B( 1)_ th[Xz CYX, X.Z +YZ j
h=1 SE SE SE “~'SE SE

2

Sih Sih _ 2Syxh 28

(2.3)

yzh 28

xzh

- S
MSE(Ysgl) Y Zthyh NeL

Y2 xX: 7% YX +?z +X Z
SE SE SE SE SE “~SE

which can also be written as

(2.4)

MSE(YRPJ th Th (Syh JrRlSES xh +R§SES§h —=2R 155 Syxn + 2R 25gSy _2R1SERZSEszh)

where

3. Efficiency Comparisons

2.5)

The variance of usual unbiased estimator ), of population mean Y in

stratified random sampling is defined as
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L
:ZWhZVhSyzh G.D
h=1
Mean squared errors of I7RC, 7PC, YSSETR, ?SSETP and 7;{ are expressed as
MSE( ) ZW,, 7, (5%, +R?S? —2R 'S, (32)
MSE( ) ZW,, 7,(S3, + R2S% +2R,S ), (3.3)
(n L
MSE(Y ) > Wiy, (82, + R%:S2 — 2R S 0 ). (3.4)
h=1
(n L
MSE(YSSETP ): Z WhZYh (Sih + R;SEsih +2R S )’ (3.5)
h=1
n L
MSE(YRf,T ): S Wy, (83 + RS2 + R2S: +2(RS,, - R,S,, + RR,S,., )
=
(3.6)
where B _
Y Y
R =— and R, ==
X V4
L o L .
Xep = th (X, +Byy (X)) and Zg, = Z W, (Z, +B,,(2).
h=1 h=1

Comparison of (2.5), (3.1), (3.2), (3.3), (3.4), (3.5) and (3.6) shows that the suggested
estimator )715?1 would be more efficient than

(i) usual unbiased estimator ), i.e.

MSE(YRPI) V(y,)<0if
RISEA(RISE - 2C)+ R (stEB + D)_ 2R e R E <0, (-7

(ii) combined ratio estimator Y. i.e.

MSE(?;L) MSE(YRC)< 0 if

A(RIZSE _Rlz)_z(RlsE R )C + RZSEB + 2R§SED - 2R1$ERZSEE <0
(3.8)

A

(iii) combined product estimator ¥, i.e.

MSE(YRPI) MSE(Y,,C )< 0 if
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ARIZSE +B(R§SE _Ré)_lesEC"'ZD(stE _RZ)_ZRISERZSEE <0

(3.9)
(iv)  Kadilar and Cingi (2003) ratio type estimator ?SSETR ie.
MSE(?;II )— MSE (?SSETR )< 0if
R,:B+2D-2R E <0, (3.10)
Kadilar and Cingi (2003) product type estimator of ?SSETP ie.
MSE(?;L )— MSE(?;; )< 0if
R A —-2C—2R,E<0 (3.11)

(vi) Tailor et al. (2012) estimator ?ISDT ie.
MSE (igfl )— MSE (ﬁgf )< 0if
(Rsz — R ){A(RlSE —Rl)—2C} +(Ryse —Rz){B(RZSE + Rz)—zc}
—2E(RispRysp —RiRy) <0

(3.12)
Expressions (3.7) to (3.12) are conditions under which the suggested ratio-cum-product

estimator would be more efficient than Y., Yoo, Yore . Yor, and Y35 respectively.

4. Empirical Study

. S
To see the performance of the suggested estimator Y, , two natural

population data sets are being considered. Description of the populations are given
below:

Population I[Source: Murthy (1967)]

) : Output, x : Fixed capital and z : Number of workers.

n,= n,= N,=5 N,=5

Z1=51.80 Z1=60.60 | X,=214.40 X, =3380
N-10 | ¥,=1325.80 Y, =315.60 S, =0.75 S, =484

S =74.87 S =66.35 S, =615.32 S =340.38
n=4 ! 2 1 Y2

S, =38.08 S, =287.32 | S, =41116 S .., =1536.24

S . =33360.68 ”,

‘ =22356.52
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Population II [Source: National Horticulture Board]
¥ : Productivity (MT/ Hectare) , x : Production in ‘000 Tons and

z : Area in ‘000 Hectare

n,=4 n,=4 N, =10 N,=10
Z1=6.20 72 =80.67 X, =1041 X,=3014
N=20 Y,=1.70 Y,=67 S.=1.13 S, =1081
=8 S, =53 S, =80.54 S, =0.54 S, =141
S_. =175 S_. =68.57 S =0.02 S _=7.06
zx) X, Yz Yz
S, =1.60 S, =847
Estimator 5 > & st ST ST ST
Vst Y, RC Y, PC YSER YSEP Y, RP Y, RP1
Population] | 100.00 | 239.88 | 68.90 [240.53 [20.01 | 308.58 | 333.14
Population II | 100.00 | 184.86 | 123.06 | 185.12 | 32.50 | 343.16 | 407.27

. N = Vv v ST ST ST
Table 4.1: Percent relative efficiencies of y,, Yr, Yooy Yorrs Yorps Yzp and

Yl with respect of y,

Section 3 provides the conditions under which suggested ratio-cum-product

type estimators of population mean Y, prTl has less mean squared error than that of usual
unbiased estimator, combined ratio and product estimators, Kadilar and Cingi (2003)

estimators YSSETR and YSSETP and Tailor et al. (2012) estimators Ysg .

Table 4.1 exhibits that the suggested ratio-cum-product type estimator YR‘;Tl

has highest percent relative efficiency as compared to other considered estimators. Thus
it can be concluded that if information on coefficient of kurtosis of auxiliary variate is
available for each stratum and conditions obtained in section 3 are satisfied, suggested
estimator may be an alternative for estimation of population mean.

Conclusion

We have suggested an improved ratio-cum-product estimator of population
mean by using information on known coefficient of kurtosis of auxiliary variate for
estimation of population mean in stratified random sampling. The suggested estimator
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is more efficient than usual unbiased estimator, combined ratio and product estimators,
Kadilar and Cingi (2003) estimators and Tailor et al. (2012) estimators.
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