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ABSTRACT

Diana (1993) introduced a family of estimators in the stratified random sampling to
estimate the population mean. Following the articles of Diana (1993) and Kadilar and
Cingi (2003), we propose a new family of estimators in the stratified random sampling
that includes the estimators suggested by Kadilar and Cingi (2003), Shabbir and Gupta
(2005), Singh et al. (2008). Up to the first and second order of approximations, we obtain
the mean square error (MSE) and the optimum case is discussed. Also an empirical study
is carried out to show the properties of the proposed estimators.
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1. INTRODUCTION

The use of the auxiliary information in sample surveys results in considerable
improvement in the precision of estimators of the population mean. Whenever there is
auxiliary information available, the researchers want to utilize it in the method of
estimation to obtain the most efficient estimator. Ratio method is used to obtain more
efficient estimates for the population mean by taking the advantage of the correlation
between an auxiliary variable and study variable. In the stratified random sampling
scheme, Hansen et al. (1946) and Kaur (1985) proposed ratio estimators using the
population mean of the auxiliary variable. In simple random sampling, Srivastava (1971)
suggested general classes of estimators which contain many estimators in the literature.
They prove that the best estimator in their proposed classes is always a regression-type
estimator and for the estimators belonging to this general class, no further improvement
for their performances is possible. Because of this reason, Diana (1992) calculated the
MSE of the estimators using the k-th order approximation for the Taylor series to find the
most efficient estimator. Diana (1993) extended this class of estimators of the population
mean which includes some other estimators proposed in the literature in the stratified
sampling and examined the MSE equation of these estimators up to the k-th order
approximation. Kadilar and Cingi (2005) extended Prasad (1989) estimator, Singh and
Vishwakarma (2006) extended Sahai (1979) estimator for the stratified random sampling.
Shabbir and Gupta (2006) suggested a new estimator using Bedi (1996) transformation.
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Singh and Vishwakarma (2008) suggested a family of estimators using transformation in
the stratified random sampling. Moreover, Kadilar and Cingi (2003), Shabbir and Gupta
(2005), Singh et al. (2008), Koyuncu and Kadilar (2009) suggested various estimators
using knowledge of population parameters of the auxiliary information in the stratified
random sampling. In this study, motivated by Diana (1993) and Kadilar and Cingi (2003),
we propose a new family of estimators in the stratified random sampling which includes
some new estimators and some others proposed in literature such as Kadilar and Cingi
(2003), Shabbir and Gupta (2005), Singh et al. (2008).

Consider a finite population U = (ul,uz,...,u N) of size NV and let y and x, respectively,
be the study and auxiliary variables associated with each unit u; ( j=L2,..,N ) of the

population. Let the population of size, N, is stratified into L strata with A-th stratum

L
containing N, units, where 4 =1,2,...,L such that > N, = N . A simple random sample
h=1

L
of size n;, is drawn without replacement from the A-th stratum such that ) n, =n. Let
h=1

(¥pi»Xp; ) denote the observed values of y and x on the i-th unit of the /-th stratum, where

n, . L
i=12,.,N, and h=12,.,L. Moreover, let Y, = Zh‘, Vhi s Vy=2W,y,, and
i=1 ny, =1

Ny v, - L _

Y, = Z’f&, Y=Y,=>W,Y, be the sample and population means of y, respectively,
N, . . . .

where W, = Y is the stratum weight. Similar expressions for x can also be defined.

To obtain the bias and the MSE, let us define e, :()_/St—? ) / Y and

e = ()_cst -X ) / X . Using these notations,

E(eo):E(el)zo,

(1.1)

W, YhSJ%h 2 WS
E(eg = —Voz’E(el2 = =V20>
v )
hZ WhZYhSX}h
E(eye) == —= =V

where
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N,

Z(J’m Yh) Z(xhi )_(h) Z(yhi_?h)(xhi_)?h)
SZ _ =l S2 _ i=l S _ =l
v N,-1 7 N,-1 N, -1 ’
Yp=—",and f =—I-
ny h

In the stratified random sampling, when information on an auxiliary variable is
available, a well known estimator for the population mean is the combined ratio estimator
defined as

Vre =[ZS’))‘(. (1.2)

st

Using the notation (1.1), the bias and the MSE of this estimator, to the first-order of
approximation, are respectively given by

Bias(ypc ) =Y (Voo =), (1.3)
MSE (Fre ) =Y (Voo +Va0 =20, (1.4)

Diana (1993) suggested a family of estimators for the population mean in the
stratified random sampling as

— 3 — e N
Yesr = Vsr (x%j [W+(1—W)(x%j ] (1.5)

where &, €, m, and w can take finite values. When these four parameters are

conveniently chosen, many estimators are obtainable. Also, when one parameter is
considered as “free parameter”, it is possible to obtain some subclasses of estimators.
Here, free parameter means that one of the four parameters is such a scalar that the mean
square error of y.g¢r gets the minimum value. In other words, we minimize the MSE

equation according to the free parameter. Some estimators, which are generated from
(1.5) for different combinations of &, €, 1, and w, are given in Table 1. Rewriting

(1.5) in terms of e’s, we have
— — 3 g "
Fesr = Vor (141 [w+(1—w)(l+el)] . (1.6)
To obtain the bias and the MSE, the term (1 +e )6 is expandable as

8
(1+el) =ay +aje, +a,ef +aye +ael +... 1.7

where
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8(8-1)...(5-i+1)
i!
a; = (1.8)
1 i=0

i=12,3,..

€ n . .
and similarly the term [w+ (1-w)(1+¢) ] in (1.6) is expandable as

[W+(1—W)(1+e1 )ST by by + by +by6 +byel 4. (1.9)
where
1.9 .[W+(1—w)(1+e1)ﬂ"€=0 i=1,2,3,...
1o(e, ) !
b = . (1.10)

Up to the first order of approximation, the bias and the MSE of the estimator y., are
respectively given by

Bias; (yesr ) =Y (alhy + Vo) (1.11)

MSE; (Vesr) = V7 (Voo +6iVa0 +200, ) (1.12)

i
where ¢; = 3 a;b;_;
Jj=0

Note that the optimum value of ¢, is obtained as ey ):_Vl,l [Va - Using this

opt
optimal value, the minimum MSE of the estimator y ¢, is

L
= S WS {102} = MSE(3,.)  (1.13)

_ V2
MSE[min (J_/CST) = Y2 (Vo,z _;’1] =

2,0

which is equal to the MSE of the combined regression estimator. This means that
members of this family of estimators, which are generated by considering one parameter
free, have the same MSE with the combined regression estimator. To find the most
efficient estimator among y.qy , it is useful to find their MSE equations up to the second
order of approximation. Up to the second order of approximation, the bias and the MSE
of the estimator y.¢, are respectively given by
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Biasy; (Fesy ) = Biasy (Vesr )+ Y (CZVZ,1 ey (Vag+Vay )+ c4V4,0) , (1.14)

MSEy (Fesr) = MSE (Fesr )+ 72 [ (¢ +26163 Vg + 206030 +2(2a63 63 ) iy

12(ef ey Wy (e +26 Pap + 200, | - (1L19)

The optimum value of “free parameter” is obtained by minimizing the MSE; (fcsr) .

Solution for the determination of this value is obtained by using the “fminbnd” function
in Matlab. To obtain the MSE equations for the second order expressions, we have used
some results given in Sukhatme ef al. (1984).

2. SUGGESTED FAMILY OF ESTIMATORS

Following Diana (1993) and using some known population parameters, we can define
a general family of estimators for the population mean as

— ) _ e N
- — (X Xy, A, + B
Yy = Vsr [7’] W+(1—w){#j , 2.1

L L

where A, => W,4,, B, =>W,B,. Here 4, and B, may be the population
h=1 h=1

information of the auxiliary variable for the A-th stratum such as S, coefficient of

xy
Koyuncu and Kadilar (2009) use these definitions in their family of estimators. 5, €, 7,

variation C,,, skewness Bl(x)h , kurtosis BZ(x)h , correlation coefficient Ph() - Note that

and w can be defined as in Diana (1993). Many new estimators, which are generated
from (2.1) for different combinations of &, €, 1, and w, are given in Table 2.

Expressing the estimator, y, , in terms of e; (i =0, 1), we can write (16 ) as

Ty =T (1+¢)(1+¢) [er(l—w)(lﬂs,el )ET : 2.2)

where ¢, = =——%—.
XA, +B,,

Up to the first order of approximation, the bias and the MSE of the estimator y, are
respectively given by

Bias, () =7 (Vi +e3Va0) 23)
MSE; (7y)=Y? (szVz,o Vo +20 7, ), 24
where ¢; = X ab_; (¢, )H and optimum value of ¢, is obtained as cf(o o) = Vi1 Vg -
=0

j=
Then, substituting this value in (2.4), we can get the minimum MSE as



432 On the family of estimators of population mean in stratified random sampling

- L2 Q2 2 -
MSE}(1min) (Fw)= El Wik Sy {1 - Pc} = MSE (). ) (2.5)

which is equal to (1.13). This means that subclasses of this family have the same MSE
with the combined regression estimator up to the first order of approximation, whereas up
to the second order approximation, we can give MSE as

MSEy (3y) =V (V0 + Vo, H 2V 266l +2 (e +e3 )V + 267,
+(c;k2 +2(:;)V2’2 +(c;2 +20;kc;)V4’0 +2(c; +20;C§)V3’1) . (2.6)

To have efficient estimates, we decide to use the Kadilar and Cingi (2003) definition
in (2.1) and by this way we define a new family as

X, ° a. +B d
J_/K:J_/ST(%j W+(1—W)[—*;Z ”J , (2.7)

Ast + Bst

L _ L . L _
where A, =Y W,X,4,, B, =Y W,B,, a, =3 W,X,4, . Some new estimators and
h=1 h=1 h=1

suggested estimators in the stratified random sampling literature, which are generated
from (2.7) for different combinations of &, €, n, w, 4, , and B, , are given in Table 3.

To obtain the MSE, we can define a new e term as

L _ —
o =t~ Lnt o h=1 = ) (2.8)

st

Expressing the estimator, y , in terms of ¢; (i =0, 1) and ef , we can rewrite (2.7) as

— v 8 « #\8 |
Te =T (1+¢)(1+¢) [W+(1—w)(l+tstel) } : 2.9)
where 7, = *AS’ .
Ast+Bst

Expanding terms (1+ el) and [w+ (1-w) 1+ tvte1 } in (2.9), we can get
Vg = 17(1+e0)(a0 +aje, +ayel +azel +agel + )( +bt.e
whyte” +bitler +hylt et ., (2.10)

where the terms a; and b, are defined as (1.8) and (1.10), respectively. Up to the first
order of approximation, we can write
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N .
(yK —Y) =y? (alzel2 +el +bite? +2a1ee, + 2a\bt. e +2bit. e,e, ) (2.11)

Considering the following equations,

E((EI ) (e;‘ )t @ )’j i El Wi (4,) E[(fh -X, )SH (J_/h -7, )r} ’ 01

(4;) X7

S (4) E| (5~ %) (5T |

)?s+t?r

v

s,tr

: (2.13)

we obtain the MSE of the estimator, Yy, , up to the first order of approximation, by

— So( 2% * 2,2,* x * *
MSE, (J/K ) =Y (“1 Vaoo + Voo 01 kstVio +2a1 V101 + 2a1bik o Vigg + 2Bk, Vo )’

(2.14)
where &k, =— . Optimum values of a; and b, are also obtained as
st + st
a _ ViolVo20 + V0117110 _ Vo0 = V0117200 (2.15)
1(0[,1) = V* V* —V*z ’ 1(0pt) - B B ) ' :
2007020 7110 kg, (Vozonoo _Vno)

Substituting these optimum values in (2.14), we can get the minimum MSE of y, as

S * *) * * *
_ Y101 020 + V200 Yor1 =2Vi01 Vou1 o ] _ (2.16)

MSE] min (J_/K) =y’ [Vo*oz PR ¥
(min) V200 020 _V1120

From (2.16), we can say that various usages of 4, can affect the MSE 1 (min) (}K).

Up to the second order of approximation, the MSE equation is given by

MSEy (vx )= y? {‘112 Vaoo +Voor + B ke Voo +2a Vg1 + 2k Vg + 20k, Vo,
2018, V500 +6a b Vi + 2 by Vg + 2 +ay ) Vaoy +2(alby +asby )y Vg
2@y +ab )G Vi +2a Vo + 2k, Vory +2 by + B ) K2V,
+(a +2a, ) Vany +(af B +2a7 by + 20,87 +2ab, ki Vg + (B + 26, ) Vi
+2(2ay +3ayly )y Vyy +2(3a by + 24,5 )V +4aibik,
(a3 +2aa; ) Vi +(B3 + 200y ki Vso + 4010, Vsor +2 (20050, + ashy )y Vi

+2(ayby +2a,bby )k Vizg +2a3Vs0, +2(by +2byb, )kftVo*ﬂ} (2.17)
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We find the efficiency condition for the proposed family of estimators, y,, as
follows:

MSE (i) (P ) < MSE pin (Vesr ) = MSE (v (V) = MSE (3 )

®) % * *) * % * 2
v2 *o VlOl V020 + VZOO VOll _2VlOl VOll VllO V2 _&
Y=\ Voo PR ) <Y Vs V.

VZOOVOZO - VllO 2,0

2 *) * * *) * * *
Vl,l < VlOl VOZO +V200 VOll _2V101 VOll VllO

* * *)
VZ,O VZOOVOZO - Vl 10

(2.18)

If the condition (33) is satisfied, y; is more efficient than y.¢r, ¥y ,and y;,..

3. NUMERICAL EXAMPLE

In this section, we use the data concerning the number of teachers as study variable
and the number of students as auxiliary variable in both primary and secondary schools
for 923 districts at 6 regions (as 1: Marmara 2: Agean 3: Mediterranean 4: Central
Anatolia 5: Black Sea 6: East and Southeast Anatolia) in Turkey in 2007 (Source:
Ministry of Education, Republic of Turkey). The summary statistics of the data are given
in Table 4. We used the Neyman allocation for allocating the samples to different strata
(Cochran, 1977).

Up to the first order of approximation, we compute the minimum MSEs of Diana
(1993) and suggested family of estimators, y,, Yg, using (1.13), (2.5), and (2.16),
respectively. By this way, we get the minimum MSE of Diana (1993) and suggested
family of estimators, y,, as 194.283 which is equal to the MSE of the combined
regression estimator, whereas we get the minimum MSE of the suggested estimator, yj ,
different from the combined regression estimator. When we use 4, as Kkurtosis,
coefficient of variation, skewness and correlation coefficient we get the minimum MSE

values as 190.421, 182.742, and 188.445, 131.7843 respectively. From these results, we
can say that the suggested family of estimators, y, , is more efficient than the estimators

of Diana (1993), suggested family of estimators, y,, and the traditional combined

regression estimator when we define A4, as correlation coefficient.

As mentioned in the previous sections, when a parameter is defined as a “free
parameter” for the family of estimators in Diana (1993) and suggested family of
estimators, y,, the minimum MSE of these estimators is equal to the MSE of the

combined regression estimator. Therefore, to investigate the efficiency among subclasses
of these families, we decide to compute the MSE up to the second order of
approximation. Using (1.15), we obtain the second order MSE values of members of
Diana (1993) estimators, given in Table 1, and these MSE values are shown in Table 5.

From Table 5, we observe that qu(St) is the most efficient estimator for this data set.
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Similarly, using (2.6), we obtain the second order MSE values of members of
estimators, given in Table 2, with various known population parameters and these MSE
values are shown in Table 6. From Table 6, we observe that y,, is the most efficient

estimator for this data set and also we note that using different known population
parameters of the auxiliary information has approximately no effect on the MSE values.

Up to the first order of approximation, the estimators f:t(SD), f:t(SK), f;(SD),

)_/:I(SD), and f:t(SK) have the same minimum MSE which is equal to the combined

regression estimator. Note that J_’:z(usz) and fR( 5,) are the most efficient estimators.

As seen in Table 7, up to the first order of approximation, some estimators have the
same MSE. For this reason, to find the most efficient estimator among y , we decide to

find their MSE equations up to the second order of approximation by (2.17). Up to the
second order of approximation we find that )7:;( Us2) is the most efficient estimator.

4. CONCLUSION

In this paper, the properties of estimators in Diana (1993) are discussed in the
stratified random sampling and we propose two new families of estimators using some
known population parameters of the auxiliary variable. Firstly, we use Koyuncu and
Kadilar (2009) definition in Diana (1993) family of estimators and we find that up to the
first order of approximation we get the minimum MSE equal to the MSE of the combined
regression estimator and using auxiliary information does not affect the MSE much,
whereas up to the second order of approximation it affects the MSE slightly. Secondly,
we suggest one more family using the definition in Kadilar and Cingi (2003) and finally,
we find that up to the first order of approximation using the auxiliary information affects
the MSE enormously as seen in Table 7. When we define 4, as a correlation coefficient

in yg, we get the minimum MSE as 131.784 which is quite smaller than MSE of the

combined regression that is 194.283. Second family of estimators also includes some
other estimators proposed by many authors in literature such as Kadilar and Cingi (2003),
Shabbir and Gupta (2005), Singh et al. (2008). Moreover, from this family many new
estimators can also be obtained. We examine the effect of various transformations of the
auxiliary information on the families of estimators. We also study the second order of
approximation on the proposed families of estimators and we see that the minimum MSE
values of the ), can change according to definition of 4, . We show that the proposed

family of estimators, )y , can be more efficient than the combined regression estimator.
However, the MSE of the proposed family of estimators, y, , is equal to the MSE of the
combined regression estimator such as family of estimators in Diana (1993).
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Table 1
Some members of Diana (1993) estimator

) € n w G (izl, ,k)
Vrw(st) 1 -1 1 (-w)
You(st) IS (1) [i(1-w)+1]
Vs (st 1o 1 (~1)'w
— —1)...(e—i+1
Ysr(st) 0 1 2 8(8 ()_1(;! : )

_ w (izl)
R oot 0 (i=2..)
J_}sr(st) 0 -1 1 (_l)i (1 — W)
_ 1-w (1:1)
V(s o 1 ! 0 (i=2.)
_ 1-2w  (i=1)
Vol 1 2 1 .

) (-1 w (i=2...)
Vs (st) 1 1 1 w(w—l)l_1
Vsu(st) 1 1 1 (-1y {1+ il(l —w)’

iz

437
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Table 2:
Some members of suggested family of estimators y,
d e M w ¢
Y -1 -1 -1 Clyﬁ:(l_w)tst_l

c; :—w(l—w)tszt —(l—w)txt +1

& =|=(1=w) 2% (1=w) +(1-w)} 2}
+w(1—w)tS2[+(l—w)tst—l

S B B §=(1W) -1

2 (1 w)t +(l w)t +1

¢ =—(1-w)t) —(1-w)el —(1-w)t, -1

Ins 101 1 o =(1-w)t, ~1

c;:—(l—w)tst+l

¢ :(l—w)tst -1
VN4 0 1 2 ¢ ="t
o =—g(e-1)i2 2

;= —a(s—l)(s—Z)tf,/6

|
*

Vs 1 -1 1 CT:_(I_ )tst+1

& =(1=w)rg =(1-w)e,

¢ ==(1=w)eg, +(1-w)z,
e 0 -1 1 o =—(1-w)t,

cz :(1 w)tft

c3 = ( )t3
YN7 0 1 1 o =(1-w)t, ¢3=0c;=0
Yns o1 2 1 Q—MIW%tl

2 (1 w)t —2(1 w)t +1
¢ =—(1-w)eZ +2(1-w)t,, —1
Yo 1 1 -1 01:_(1_W)tst+1

c; = (l—w)2 tszt —(l—w)tst

e =—(1-w) & +(1-w)* 2
V1o .11 -1 cf:—(l—w)tﬂ—l

e =(1=w)’ 2 +(1-w)i, +1

&= (1) (1= £ (1w, 1
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Table 3:
Some members of suggested family of estimators y,

5 w € n 4, B,

se(sp) Kadilar and Cingi(2003) 0 0 -1 1 1 C,
)751( sK) Kadilar and Cingi(2003) 0 0 -1 1 1 BZ(x)h

)7“([]51) Kadilar and Cingi(2003) 0 0 -1 1 By Cun
J_’st(Usz) Kadilar and Cingi(2003) 0 0 -1 1 Cu BZ(x)h

Vy(sp) Shabbirand Gupta (200s) 0w -l 1 Cup
Vy(sk) Shabbirand Gupta (2005) 0w -1 Baayn

Vy(usr) Shabbirand Gupta 2005) 0w -l L By, Gy,
Vy(us2) Shabbirand Gupta 2005) 0w LGy By,

Ta(a,) Singh et al.(2008) 0 0 -z 1 By, C,
VR(s,) Singh ef al.(2008) 0 0 -€ 1 C,, BZ(x)h

oo § 0 -1 1 1 c,
Vs § 0 -1 1 1 Bayn

J_/;(USI) 5 0 -1 ! BZ(x)h Cun
J_’:z(usz) o 0 1 ! Can Batyn
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Table 4:
Data Statistics
N, =127 N,=117 N;=103
N, =170 N5 =205 N, =201
n, =31 n,=21 ny =29
n, =38 ns =22 ng =39
S, =883.835 S,,=644.922 S,3=1033.467
S,4=810.585 S,5=403.654 S,6=711.723
Y, =703.74 Y, =413 Y,=573.17
Y, =424.66 Y5 =267.03 Y,=393.84
S, =30486.751 S.,=15180.769 S 3=27549.697
S.,=18218.931 S.s=8497.776 S ¢ =23094.141
X, =20804.59 X,=9211.79 X5=14309.30
X,=9478.85 X=5569.95 X=12997.59

S =25237153.52

xy
S.4=14523885.53
p, =0.936
p,=0.983
B, (x,)=4.593
B, (x4)=10.162
By (x)=2.164
By (xy)=3.121
w; =0.138
w, =0.184

S0 =9747942.85
S5 =3393591.75
p,=0.996

ps =0.989

B, (x,)=18.543
B, (x5)=21.947
By (x,)=3.867

By (xs)=4.084

w, =0.127

wy =0.222

S.y3 =28294397.04
S.6=15864573.97
p;=0.994
pe=0.965

B, (x3)=15.446

B, (xs)=23.114

By (x;)=3.748

By (xe)=4.411
wy;=0.112
ws=0.218
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Table 5:
Second Order MSE (in bold) of members of the family of estimators of
Diana (1993) and optimum values of “fiee parameter”

MSE 11
Vi) 090595
Feuto) 190.3288
1.09419
Vrsi(s) 109.367793130
or(s) 193.5475
2091757
e 202.5400
-0.88570
Fota 190.7910
0.09267
P 202.5400
1.88570
P 191.0142
0.95436
O
Four(o) 190.8243

1.09235
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Table 6:
Second Order MSE (in bold) of members of the family of estimators of y,
and optimum values of “firee parameter”
— L — L
xrwe, XX Wity X3 Wby, X3 Wby
- h=1 — h=1 - h=1 E h=1
XZ VV]ICXII XZ Wth(x)h XZ WhB](Y)h XZ Wth(Y)h
i~ " L i L " L " L
+ X WiBa(ayn +>w,C, *El WiB o *E} WiBi(yn
h=1 h=1 - -
- 190.3846 190.3842 190.3844 190.3842
IV 0.905921 0.905999 0.905963 0.905998
— 190.3293 190.3288 190.3290 190.3288
N2 1.094264 1.094186 1.094222 1.094187
- 190.7910 190.7910 190.7910 190.7910
I3 0.907251 0.907329 0.907293 0.907328
- 201.0317 201.0211 201.0260 201.0212
N4 0.885785 0.885059 0.885394 0.885068
— 202.5875 202.5405 202.5622 202.5411
YNs -0.887247 -0.885714 -0.886422 -0.885733
— 190.7858 190.7909 190.7886 190.7909
N6 0.09191 0.092662 0.092315 0.092653
— 202.5400 202.5400 202.5400 202.5400
TN 1.886446 1.885706 1.886048 1.885715
— 191.0140 191.0142 191.0141 191.0142
N 0.954316 0.954355 0.954337 0.954354
— 211.6433 211.6433 211.6433 211.6433
YNo9 -0.895334 -0.893751 -0.894482 -0.89377
— 190.8243 190.8243 190.8243 190.8243
IN10 1.092443 1.092366 1.092402 1.092367
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Table 7:
First and Second Order MSEs (in bold) of members of the family of
estimators of ), and optimum values of “fiee parameter”

MSE I MSE 11
Yst(sD) 216.349 217.4261
Futs) 215.650 216.7719
Fuus) 757.561 1058.2967
Fous2) 209.118 209.9047
5 194.283 186.3173
st(SP) 0.0943 0.0915
5 194.283 186.3095
st(SK) 0.0931 0.0904
5 520.254 637.5303
st(Us1) 02715 0.3088
Vo 184.507 180.7664
st(US2) 0.0990 0.0968
YR(ay) 520.254 528.8485
0.7285 0.7032
Va(o,) 184.507 193.2540
0.9010 0.8784
5 194.283 190.5817
st(SP) 0.0943 0.0934
Pt 194.283 190.5780
st(5K) 0.0930 0.0921
5 723.930 918.6896
o1(US1) 0.1164 0.1186
7 186.126 158.3103
st(USZ) 00964 01337

MSE (yy ), =131.7842939

mil

(when 4, correlation coefficient
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ABSTRACT



Diana (1993) introduced a family of estimators in the stratified random sampling to estimate the population mean. Following the articles of Diana (1993) and Kadilar and Cingi (2003), we propose a new family of estimators in the stratified random sampling that includes the estimators suggested by Kadilar and Cingi (2003), Shabbir and Gupta (2005), Singh et al. (2008). Up to the first and second order of approximations, we obtain the mean square error (MSE) and the optimum case is discussed. Also an empirical study is carried out to show the properties of the proposed estimators.
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1. Introduction



The use of the auxiliary information in sample surveys results in considerable improvement in the precision of estimators of the population mean. Whenever there is auxiliary information available, the researchers want to utilize it in the method of estimation to obtain the most efficient estimator. Ratio method is used to obtain more efficient estimates for the population mean by taking the advantage of the correlation between an auxiliary variable and study variable. In the stratified random sampling scheme, Hansen et al. (1946) and Kaur (1985) proposed ratio estimators using the population mean of the auxiliary variable. In simple random sampling, Srivastava (1971) suggested general classes of estimators which contain many estimators in the literature. They prove that the best estimator in their proposed classes is always a regression-type estimator and for the estimators belonging to this general class, no further improvement for their performances is possible. Because of this reason, Diana (1992) calculated the MSE of the estimators using the k-th order approximation for the Taylor series to find the most efficient estimator. Diana (1993) extended this class of estimators of the population mean which includes some other estimators proposed in the literature in the stratified sampling and examined the MSE equation of these estimators up to the k-th order approximation. Kadilar and Cingi (2005) extended Prasad (1989) estimator, Singh and Vishwakarma (2006) extended Sahai (1979) estimator for the stratified random sampling. Shabbir and Gupta (2006) suggested a new estimator using Bedi (1996) transformation. Singh and Vishwakarma (2008) suggested a family of estimators using transformation in the stratified random sampling. Moreover, Kadilar and Cingi (2003), Shabbir and Gupta (2005), Singh et al. (2008), Koyuncu and Kadilar (2009) suggested various estimators using knowledge of population parameters of the auxiliary information in the stratified random sampling. In this study, motivated by Diana (1993) and Kadilar and Cingi (2003), we propose a new family of estimators in the stratified random sampling which includes some new estimators and some others proposed in literature such as Kadilar and Cingi (2003), Shabbir and Gupta (2005), Singh et al. (2008). 
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To obtain the bias and the MSE, let us define 
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From (1.1), we can write
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In the stratified random sampling, when information on an auxiliary variable is available, a well known estimator for the population mean is the combined ratio estimator defined as 
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Using the notation (1.1), the bias and the MSE of this estimator, to the first-order of approximation, are respectively given by
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Diana (1993) suggested a family of estimators for the population mean in the stratified random sampling as
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where 
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 can take finite values. When these four parameters are conveniently chosen, many estimators are obtainable. Also, when one parameter is considered as “free parameter”, it is possible to obtain some subclasses of estimators. Here, free parameter means that one of the four parameters is such a scalar that the mean square error of 
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To obtain the bias and the MSE, the term 
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where
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and similarly the term 
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Up to the first order of approximation, the bias and the MSE of the estimator 
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Note that the optimum value of 
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which is equal to the MSE of the combined regression estimator. This means that members of this family of estimators, which are generated by considering one parameter free, have the same MSE with the combined regression estimator. To find the most efficient estimator among 
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The optimum value of “free parameter” is obtained by minimizing the 
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2. Suggested Family of Estimators



Following Diana (1993) and using some known population parameters, we can define a general family of estimators for the population mean as 
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Expressing the estimator, 
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Up to the first order of approximation, the bias and the MSE of the estimator 
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which is equal to (1.13). This means that subclasses of this family have the same MSE with the combined regression estimator up to the first order of approximation, whereas up to the second order approximation, we can give MSE as
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To have efficient estimates, we decide to use the Kadilar and Cingi (2003) definition in (2.1) and by this way we define a new family as
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Expressing the estimator, 
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Expanding terms 
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where the terms 
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 are defined as (1.8) and (1.10), respectively. Up to the first order of approximation, we can write
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Considering the following equations,
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we obtain the MSE of the estimator, 
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, up to the first order of approximation, by
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where 
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Substituting these optimum values in (2.14), we can get the minimum MSE of 
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From (2.16), we can say that various usages of 
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Up to the second order of approximation, the MSE equation is given by 
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We find the efficiency condition for the proposed family of estimators, 
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, as follows:
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If the condition (33) is satisfied, 
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3. Numerical Example



In this section, we use the data concerning the number of teachers as study variable and the number of students as auxiliary variable in both primary and secondary schools for 923 districts at 6 regions (as 1: Marmara 2: Agean 3: Mediterranean 4: Central Anatolia 5: Black Sea 6: East and Southeast Anatolia) in Turkey in 2007 (Source: Ministry of Education, Republic of Turkey). The summary statistics of the data are given in Table 4. We used the Neyman allocation for allocating the samples to different strata (Cochran, 1977).



Up to the first order of approximation, we compute the minimum MSEs of Diana (1993) and suggested family of estimators, 
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, using (1.13), (2.5), and (2.16), respectively. By this way, we get the minimum MSE of Diana (1993) and suggested family of estimators, 
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, as 194.283 which is equal to the MSE of the combined regression estimator, whereas we get the minimum MSE of the suggested estimator, 
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 as kurtosis, coefficient of variation, skewness and correlation coefficient we get the minimum MSE values as 190.421, 182.742, and 188.445, 131.7843 respectively. From these results, we can say that the suggested family of estimators, 
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[image: image145.wmf]h


A


 as correlation coefficient.


As mentioned in the previous sections, when a parameter is defined as a “free parameter” for the family of estimators in Diana (1993) and suggested family of estimators, 
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, the minimum MSE of these estimators is equal to the MSE of the combined regression estimator. Therefore, to investigate the efficiency among subclasses of these families, we decide to compute the MSE up to the second order of approximation. Using (1.15), we obtain the second order MSE values of members of Diana (1993) estimators, given in Table 1, and these MSE values are shown in Table 5. From Table 5, we observe that 
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 is the most efficient estimator for this data set. Similarly, using (2.6), we obtain the second order MSE values of members of 
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 estimators, given in Table 2, with various known population parameters and these MSE values are shown in Table 6. From Table 6, we observe that 
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 is the most efficient estimator for this data set and also we note that using different known population parameters of the auxiliary information has approximately no effect on the MSE values. 



Up to the first order of approximation, the estimators 
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 have the same minimum MSE which is equal to the combined regression estimator. Note that 
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As seen in Table 7, up to the first order of approximation, some estimators have the same MSE. For this reason, to find the most efficient estimator among 
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, we decide to find their MSE equations up to the second order of approximation by (2.17). Up to the second order of approximation we find that 
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4. Conclusion



In this paper, the properties of estimators in Diana (1993) are discussed in the stratified random sampling and we propose two new families of estimators using some known population parameters of the auxiliary variable. Firstly, we use Koyuncu and Kadilar (2009) definition in Diana (1993) family of estimators and we find that up to the first order of approximation we get the minimum MSE equal to the MSE of the combined regression estimator and using auxiliary information does not affect the MSE much, whereas up to the second order of approximation it affects the MSE slightly. Secondly, we suggest one more family using the definition in Kadilar and Cingi (2003) and finally, we find that up to the first order of approximation using the auxiliary information affects the MSE enormously as seen in Table 7. When we define 
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, we get the minimum MSE as 131.784 which is quite smaller than MSE of the combined regression that is 194.283. Second family of estimators also includes some other estimators proposed by many authors in literature such as Kadilar and Cingi (2003), Shabbir and Gupta (2005), Singh et al. (2008). Moreover, from this family many new estimators can also be obtained. We examine the effect of various transformations of the auxiliary information on the families of estimators. We also study the second order of approximation on the proposed families of estimators and we see that the minimum MSE values of the 
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. We show that the proposed family of estimators, 
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, can be more efficient than the combined regression estimator. However, the MSE of the proposed family of estimators, 
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, is equal to the MSE of the combined regression estimator such as family of estimators in Diana (1993). 
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Some members of suggested family of estimators 
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Second Order MSE (in bold) of members of the family of estimators of 

Diana (1993) and optimum values of “free parameter”


		

		MSE II



		

[image: image352.wmf](


)


RWst


y




		190.3796


0.90598



		

[image: image353.wmf](


)


Gust


y




		190.3288


1.09419



		

[image: image354.wmf](


)


RSst


y




		190.7910


0.90733



		

[image: image355.wmf](


)


SRst


y




		193.5475


-0.91757



		

[image: image356.wmf]TR


y




		202.5400


-0.88570



		

[image: image357.wmf](


)


srst


y




		190.7910


0.09267



		

[image: image358.wmf](


)


spst


y




		202.5400


1.88570



		

[image: image359.wmf](


)


rpst


y




		191.0142


0.95436



		

[image: image360.wmf](


)


MSst


y




		211.6433


-0.89373



		

[image: image361.wmf](


)


SMst


y




		190.8243


1.09235





Table 6:

Second Order MSE (in bold) of members of the family of estimators of 

[image: image362.wmf]N


y


 

and optimum values of “free parameter”


		

[image: image363.wmf]st


t




		

[image: image364.wmf](


)


1


1


2


1


L


hxh


h


L


hxh


h


L


h


xh


h


XWC


XWC


W


=


=


=


+b


å


å


å




		

[image: image365.wmf](


)


(


)


2


1


2


1


1


L


h


xh


h


L


h


xh


h


L


hxh


h


XW


XW


WC


=


=


=


b


b


+


å


å


å




		

[image: image366.wmf](


)


(


)


(


)


1


1


1


1


2


1


L


h


xh


h


L


h


xh


h


L


h


xh


h


XW


XW


W


=


=


=


b


b


+b


å


å


å




		

[image: image367.wmf](


)


(


)


(


)


2


1


2


1


1


1


L


h


xh


h


L


h


xh


h


L


h


xh


h


XW


XW


W


=


=


=


b


b


+b


å


å


å






		

[image: image368.wmf]1


N


y




		190.3846


0.905921

		190.3842


0.905999

		190.3844


0.905963

		190.3842


0.905998



		

[image: image369.wmf]2


N


y




		190.3293


1.094264

		190.3288


1.094186

		190.3290


1.094222

		190.3288


1.094187



		

[image: image370.wmf]3


N


y




		190.7910


0.907251

		190.7910


0.907329

		190.7910


0.907293

		190.7910


0.907328



		

[image: image371.wmf]4


N


y




		201.0317


0.885785

		201.0211


0.885059

		201.0260


0.885394

		201.0212


0.885068



		

[image: image372.wmf]5


N


y




		202.5875


-0.887247

		202.5405


-0.885714

		202.5622


-0.886422

		202.5411


-0.885733



		

[image: image373.wmf]6


N


y




		190.7858


0.09191

		190.7909


0.092662

		190.7886


0.092315

		190.7909


0.092653



		

[image: image374.wmf]7


N


y




		202.5400


1.886446

		202.5400


1.885706

		202.5400


1.886048

		202.5400


1.885715



		

[image: image375.wmf]8


N


y




		191.0140


0.954316

		191.0142


0.954355

		191.0141


0.954337

		191.0142


0.954354



		

[image: image376.wmf]9


N


y




		211.6433


-0.895334

		211.6433


-0.893751

		211.6433


-0.894482

		211.6433


-0.89377



		

[image: image377.wmf]10


N


y




		190.8243


1.092443

		190.8243


1.092366

		190.8243


1.092402

		190.8243


1.092367





Table 7:

First and Second Order MSEs (in bold) of members of the family of 

estimators of 

[image: image378.wmf]K


y


 and optimum values of “free parameter” 

		

		MSE I

		MSE II



		

[image: image379.wmf](


)


stSD


y




		216.349

		217.4261



		

[image: image380.wmf](


)


stSK


y




		215.650

		216.7719



		

[image: image381.wmf](


)


1


stUS


y




		757.561

		1058.2967



		

[image: image382.wmf](


)


2


stUS


y




		209.118

		209.9047



		

[image: image383.wmf](


)


*


stSD


y




		194.283


0.0943

		186.3173


0.0915



		

[image: image384.wmf](


)


*


stSK


y




		194.283


0.0931

		186.3095


0.0904



		

[image: image385.wmf](


)


*


1


stUS


y




		520.254


0.2715

		637.5303


0.3088



		

[image: image386.wmf](


)


*


2


stUS


y




		184.507


0.0990

		180.7664


0.0968



		

[image: image387.wmf](


)


st


R


y


a




		520.254


0.7285

		528.8485


0.7032



		

[image: image388.wmf](


)


st


R


y


d




		184.507


0.9010

		193.2540


0.8784



		

[image: image389.wmf](


)


stSD


y


+




		194.283


0.0943

		190.5817


0.0934



		

[image: image390.wmf](


)


stSK


y


+




		194.283


0.0930

		190.5780


0.0921



		

[image: image391.wmf](


)


1


stUS


y


+




		723.930


0.1164

		918.6896


0.1186



		

[image: image392.wmf](


)


2


stUS


y


+




		186.126


0.0964

		158.3103


0.1337



		

[image: image393.wmf](


)


min


K


MSEy


=131.7842939


(when 

[image: image394.wmf]h


A


 correlation coefficient

























































































































































© 2010 Pakistan Journal of Statistics
427



_1314799261.unknown



_1314799643.unknown



_1314799781.unknown



_1314799851.unknown



_1314799894.unknown



_1314799911.unknown



_1314805403.unknown



_1314805769.unknown



_1314805784.unknown



_1314805411.unknown



_1314805414.unknown



_1314805407.unknown



_1314799920.unknown



_1314799929.unknown



_1314799933.unknown



_1314799991.unknown



_1314799935.unknown



_1314799931.unknown



_1314799924.unknown



_1314799926.unknown



_1314799922.unknown



_1314799916.unknown



_1314799918.unknown



_1314799913.unknown



_1314799903.unknown



_1314799907.unknown



_1314799909.unknown



_1314799905.unknown



_1314799898.unknown



_1314799900.unknown



_1314799896.unknown



_1314799868.unknown



_1314799885.unknown



_1314799889.unknown



_1314799892.unknown



_1314799887.unknown



_1314799881.unknown



_1314799883.unknown



_1314799879.unknown



_1314799859.unknown



_1314799863.unknown



_1314799866.unknown



_1314799861.unknown



_1314799855.unknown



_1314799857.unknown



_1314799853.unknown



_1314799816.unknown



_1314799833.unknown



_1314799842.unknown



_1314799846.unknown



_1314799849.unknown



_1314799844.unknown



_1314799838.unknown



_1314799840.unknown



_1314799835.unknown



_1314799824.unknown



_1314799829.unknown



_1314799831.unknown



_1314799827.unknown



_1314799820.unknown



_1314799822.unknown



_1314799818.unknown



_1314799798.unknown



_1314799807.unknown



_1314799811.unknown



_1314799814.unknown



_1314799809.unknown



_1314799803.unknown



_1314799805.unknown



_1314799800.unknown



_1314799789.unknown



_1314799794.unknown



_1314799796.unknown



_1314799792.unknown



_1314799785.unknown



_1314799787.unknown



_1314799783.unknown



_1314799712.unknown



_1314799746.unknown



_1314799763.unknown



_1314799772.unknown



_1314799776.unknown



_1314799779.unknown



_1314799774.unknown



_1314799768.unknown



_1314799770.unknown



_1314799766.unknown



_1314799755.unknown



_1314799759.unknown



_1314799761.unknown



_1314799757.unknown



_1314799750.unknown



_1314799753.unknown



_1314799748.unknown



_1314799729.unknown



_1314799737.unknown



_1314799742.unknown



_1314799744.unknown



_1314799740.unknown



_1314799733.unknown



_1314799735.unknown



_1314799731.unknown



_1314799720.unknown



_1314799724.unknown



_1314799727.unknown



_1314799722.unknown



_1314799716.unknown



_1314799718.unknown



_1314799714.unknown



_1314799677.unknown



_1314799694.unknown



_1314799703.unknown



_1314799707.unknown



_1314799709.unknown



_1314799705.unknown



_1314799699.unknown



_1314799701.unknown



_1314799697.unknown



_1314799686.unknown



_1314799690.unknown



_1314799692.unknown



_1314799688.unknown



_1314799681.unknown



_1314799684.unknown



_1314799679.unknown



_1314799660.unknown



_1314799668.unknown



_1314799673.unknown



_1314799675.unknown



_1314799671.unknown



_1314799664.unknown



_1314799666.unknown



_1314799662.unknown



_1314799651.unknown



_1314799655.unknown



_1314799658.unknown



_1314799653.unknown



_1314799647.unknown



_1314799649.unknown



_1314799645.unknown



_1314799398.unknown



_1314799488.unknown



_1314799608.unknown



_1314799625.unknown



_1314799634.unknown



_1314799638.unknown



_1314799640.unknown



_1314799636.unknown



_1314799630.unknown



_1314799632.unknown



_1314799627.unknown



_1314799617.unknown



_1314799621.unknown



_1314799623.unknown



_1314799619.unknown



_1314799612.unknown



_1314799615.unknown



_1314799610.unknown



_1314799547.unknown



_1314799599.unknown



_1314799604.unknown



_1314799606.unknown



_1314799602.unknown



_1314799595.unknown



_1314799597.unknown



_1314799549.unknown



_1314799497.unknown



_1314799501.unknown



_1314799544.unknown



_1314799499.unknown



_1314799492.unknown



_1314799495.unknown



_1314799490.unknown



_1314799453.unknown



_1314799471.unknown



_1314799479.unknown



_1314799484.unknown



_1314799486.unknown



_1314799482.unknown



_1314799475.unknown



_1314799477.unknown



_1314799473.unknown



_1314799462.unknown



_1314799466.unknown



_1314799469.unknown



_1314799464.unknown



_1314799458.unknown



_1314799460.unknown



_1314799456.unknown



_1314799424.unknown



_1314799445.unknown



_1314799449.unknown



_1314799451.unknown



_1314799447.unknown



_1314799440.unknown



_1314799442.unknown



_1314799426.unknown



_1314799407.unknown



_1314799419.unknown



_1314799422.unknown



_1314799409.unknown



_1314799403.unknown



_1314799405.unknown



_1314799401.unknown



_1314799329.unknown



_1314799364.unknown



_1314799381.unknown



_1314799390.unknown



_1314799394.unknown



_1314799396.unknown



_1314799392.unknown



_1314799385.unknown



_1314799388.unknown



_1314799383.unknown



_1314799372.unknown



_1314799377.unknown



_1314799379.unknown



_1314799375.unknown



_1314799368.unknown



_1314799370.unknown



_1314799366.unknown



_1314799346.unknown



_1314799355.unknown



_1314799359.unknown



_1314799362.unknown



_1314799357.unknown



_1314799351.unknown



_1314799353.unknown



_1314799349.unknown



_1314799338.unknown



_1314799342.unknown



_1314799344.unknown



_1314799340.unknown



_1314799333.unknown



_1314799336.unknown



_1314799331.unknown



_1314799295.unknown



_1314799312.unknown



_1314799321.unknown



_1314799325.unknown



_1314799327.unknown



_1314799323.unknown



_1314799316.unknown



_1314799318.unknown



_1314799314.unknown



_1314799304.unknown



_1314799308.unknown



_1314799310.unknown



_1314799306.unknown



_1314799299.unknown



_1314799301.unknown



_1314799297.unknown



_1314799278.unknown



_1314799287.unknown



_1314799291.unknown



_1314799293.unknown



_1314799289.unknown



_1314799282.unknown



_1314799284.unknown



_1314799280.unknown



_1314799270.unknown



_1314799274.unknown



_1314799276.unknown



_1314799272.unknown



_1314799265.unknown



_1314799268.unknown



_1314799263.unknown



_1314799123.unknown



_1314799191.unknown



_1314799225.unknown



_1314799242.unknown



_1314799250.unknown



_1314799255.unknown



_1314799259.unknown



_1314799253.unknown



_1314799246.unknown



_1314799248.unknown



_1314799244.unknown



_1314799233.unknown



_1314799238.unknown



_1314799240.unknown



_1314799236.unknown



_1314799229.unknown



_1314799231.unknown



_1314799227.unknown



_1314799208.unknown



_1314799216.unknown



_1314799221.unknown



_1314799223.unknown



_1314799219.unknown



_1314799212.unknown



_1314799214.unknown



_1314799210.unknown



_1314799199.unknown



_1314799204.unknown



_1314799206.unknown



_1314799202.unknown



_1314799195.unknown



_1314799197.unknown



_1314799193.unknown



_1314799157.unknown



_1314799174.unknown



_1314799183.unknown



_1314799187.unknown



_1314799189.unknown



_1314799185.unknown



_1314799178.unknown



_1314799180.unknown



_1314799176.unknown



_1314799166.unknown



_1314799170.unknown



_1314799172.unknown



_1314799168.unknown



_1314799161.unknown



_1314799163.unknown



_1314799159.unknown



_1314799140.unknown



_1314799149.unknown



_1314799153.unknown



_1314799155.unknown



_1314799151.unknown



_1314799144.unknown



_1314799146.unknown



_1314799142.unknown



_1314799132.unknown



_1314799136.unknown



_1314799138.unknown



_1314799134.unknown



_1314799127.unknown



_1314799129.unknown



_1314799125.unknown



_1314799055.unknown



_1314799089.unknown



_1314799106.unknown



_1314799115.unknown



_1314799119.unknown



_1314799121.unknown



_1314799117.unknown



_1314799110.unknown



_1314799112.unknown



_1314799108.unknown



_1314799098.unknown



_1314799102.unknown



_1314799104.unknown



_1314799100.unknown



_1314799093.unknown



_1314799096.unknown



_1314799091.unknown



_1314799072.unknown



_1314799081.unknown



_1314799085.unknown



_1314799087.unknown



_1314799083.unknown



_1314799076.unknown



_1314799078.unknown



_1314799074.unknown



_1314799064.unknown



_1314799068.unknown



_1314799070.unknown



_1314799066.unknown



_1314799059.unknown



_1314799062.unknown



_1314799057.unknown



_1314799019.unknown



_1314799036.unknown



_1314799046.unknown



_1314799051.unknown



_1314799053.unknown



_1314799048.unknown



_1314799042.unknown



_1314799044.unknown



_1314799038.unknown



_1314799027.unknown



_1314799031.unknown



_1314799034.unknown



_1314799029.unknown



_1314799023.unknown



_1314799025.unknown



_1314799021.unknown



_1314799002.unknown



_1314799010.unknown



_1314799014.unknown



_1314799017.unknown



_1314799012.unknown



_1314799006.unknown



_1314799008.unknown



_1314799004.unknown



_1314798993.unknown



_1314798997.unknown



_1314799000.unknown



_1314798995.unknown



_1314798989.unknown



_1314798991.unknown



_1314798986.unknown



