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ABSTRACT. In this research article, a class of ratio-type estimators has been proposed for the estimation of finite population
mean under simple random sampling scheme when there is maximum and minimum values. We have also found the
approximate bias and mean squared error up to first order of approximation. Also some theoretical conditions are carry out
under which the suggested class of ratio-type estimators have always been efficient than the usual unbiased, Sarndal [3], the
classical ratio, Singh and Tailor [4], Sisodia and Dwivedi [5] and Kadilar and Cingi [1] estimators. Numerical study has also
been carried out with the help of natural population, that the proposed class of estimators is more efficient than the previous

work.
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1 INTRODUCTION

The information on auxiliary variable plays a major role for
the estimation of finite population mean in the field of
survey sampling and have greatly increase the efficiency of
the estimators. Auxiliary information is efficiently used in
ratio, product and regression estimators, for the estimation
of finite population mean of the variable of interest. Using
auxiliary information Singh and Tailor [4] suggested a ratio
estimator using the known knowledge of correlation
coefficient, Sisodia and Dwivedi [5] proposed ratio
estimator using the known knowledge coefficient of
variation of an auxiliary variable. Kadilar and Cingi [1]
propose a class of ratio estimators for finite population
mean using the knowledge of the auxiliary variable. In this
study we have proposed a class of ratio-type estimators for
the estimation of finite population mean of the study
variable.

Let us consider a finite population of size N of different

unitsU = {U,,U,,U,..., U }. Lety and x be the study
and the auxiliary variable with corresponding values Y,

and X; respectively for the i" unit i={1,2,3..., N}
defined on a finite population U.

N -
Let V:(]/N)EN:yi and X = (1/N)_x be the population
i=1 i=1

means of the study and the auxiliary variable, respectively.
And

N N
S2=(UN-1)Y(y,-Y)" S=(UN-1)Y(x-X)’ be the
=1 i-1
corresponding population mean square error of the study

Sjy and

and the auxiliary variable, respectively and let ¢ _
y

C :S__x be the coefficient of variation of the study as well
X

as auxiliary variable respectively, and , _ Sy be the
S,S,

population correlation coefficient between x and y.

In order to estimate the unknown population parameters we

take a random sample of size n units from the finite

population U by using simple random sample without

Py

replacement. Let Y = (],/n)zn: y, and X = (],/n)zn: X
i=1 i=1

be the corresponding sample means of the study and the
auxiliary variable, respectively and their corresponding

. A n — 2
sample variances are 55 :(1/'1—1)2(% _y) and
i=1
§2= (]/n_l)Z(xi _y)z respectively.
i=1
The usual unbiased estimator for population mean Y of the
study variable is, given by
Z Yi
Vo = |:1n '
The variance of the estimator Y up to first order of

approximation is, given by

(1.1)

Var(Y,)=6S7, (1.2)
Where @ = l—i
n N

In many real data sets, when we want to estimate the
unknown characteristic of the population there exists some

large (Y.« ) Or small values (Y,;,) and to estimate the

population quantities without considering these information
is very sensitive in either the case the result will be either
over estimated or under estimated. In order to tackle this
situation Sarndal [3], proposed the following unbiased
estimator for finite population mean

Y, +c if sample contains y,,, butnot y,__,
y, —c if sample contains y,.. butnot y, ;. .
y, forall other samples,

75 =

(1.3)

where ¢ is a constant, whose values is to be find for minimum
variance.

The minimum variance of the estimator Y up to first order
of approximation is, given as

March-April



1136

O(Yivax = Yinin )2
2(N-1)

var(ys) . =var(y)- , (14)

_ (ymax - ymin)

ot 2n
When the populations mean of the auxiliary variable is
known the usual classical ratio estimator for finite population
mean of the study variable is, given by
_ X
Yo=Y

X

where the optimum value of C, is

(1.5)

The bias and mean square error of the estimator Y, up to
first order of approximation are, given by

. (7
Blas(yr)zi(RSf—Syx), (1.6)
MSE (,)=0(S +R*S; —2RS,, ), (1.7)
where R—Y:
X
Singh and Tailor [4], suggested the following ratio

estimator Y, for finite population mean of the study variable
using the knowledge of the auxiliary variable

[ X+p,
ySt:y(_ y].
X+ Py

The bias and mean square error of the estimator Y up to
first order of approximation are, given by

(1.8)

Bias(7, ) = ejst (,52-5,,). 19)
MSE (¥, ) =0(S; +a’S} —2a,S,,). (1.10)
Y
where ast = W .
yX

When the population coefficient of variation of the auxiliary
variable is known Sisodia and Dwivedi [5], suggested the

following ratio estimator Y, for the study variable y and is
given by

_ [ X+cC,
ysd - y[ T+C ]v

X

(1.8)

where C, is the known value of the population coefficient
variation of the auxiliary variable.

The bias and mean square error of the estimator Y, up to
first order of approximation are, given by

Bias(V, ) =—=2 (asdsf —Syx),

MSE (V) =0(S} + oS! —2a,S,,. ).

sd “~yx

(1.9)

(1.10)

ISSN 1013-5316; CODEN: SINTE 8

Sci.Int.(Lahore),27(2),1135-1138,2015
Y
CX+C,
Kadilar and Cingi [1], propose the following class of ratio
estimators Y,; for finite population mean of the study
variable using the knowledge of the auxiliary variable,

where o

_ _ )ZCX+,0yX
=y| ——X |, 1.11
Yia y[icx-’_pyx} (1.11)
_ [ Xp +C,
Vi = V| ———— ] (1.12)
Xy +C,
X By + Py
Vs = V| ———2 |, (1.13)
Xczﬁ2x+pyx
[ Xpy+ By
Viea = V| —2—2 |, (1.14)
Xpyx+ﬂ2x

where 3, is the known value of the population coefficient of
kurtosis of the auxiliary variable.

The bias and mean square error of the estimators Y,; up to
first order of approximation are, given by

o O
Bias (¥, )= ch' (@S =S,). (1.15)
MSE (Vi) = 0| (S} + S —204S,,) | (L16)
for =123 4.
Y( Y
where ¢, = L Ay = P
XCy + Py Xpy+C,
Y Y
Oyes = L and o, == P
Xﬂ2x+pyx Xpyx+ﬂ2x

2. The Proposed Class of Ratio-Type Estimators

On the lines of Sarndal [3], we proposed a class of ratio-type
estimators for the estimation of finite population mean of the
study variable y, using the known knowledge of an auxiliary
variable say x. Usually when the relationship between the
study and the auxiliary variable is positive then the selection
of the larger value of the auxiliary variable the larger the
value of the study variable is to be expected, and the selection
of the smaller value of the auxiliary variable the smaller the
value of the study variable is to be expected. Using the above
information we proposed the following class of ratio-type
estimators

A @)
Po’a X, +M, )’ '
. . )Zpyx+MX

—y | 2 Tx ) 2.2
ypZ yCl £7c2pyx + MX J ( )
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_ [ XC,+M, 23
Yo = e, %,C M, ) '
v V2 >ZﬂZX + Mx

= —_—, 2.4
yp4 yCl [YCZﬁZX + M ) ] ( )

where M, and f3,, are the known values of the population
median and population coefficient of kurtosis of the auxiliary
variable respectively and ()7Cl =y+C, X, =X+C, )

where C; and C, are unknown constants whose values are to
be find for optimality conditions.
To obtain the properties of Y, in terms of bias and Mean

square error, we define the following relative error terms and
their expectations.

yq -Y

Co = Y . 6=

such that E(¢,)=E(¢,)=0.
Also E(é’oz) =£(55 —zn—cl(ymax = Yimin —nCl)j,

X. —X
Xczf , such that
X

Y? N -1
o 2nc
E(é/lz):? Sf - N _zl(xmax — Xinin _nCZ)j’
and

0 n
E(QVOGVI) :W[Syx 7m(cz(ymax - ymin)+c1(xmax 7Xmin)72nclcz)]'

The biases and mean square errors of the estimators Ypi up to
first order of approximation are, given by

., 2Nnc
eam api (Sx - 2 (Xmax - Xmin - nCZ) _Syx I}

Bias(y, )=—" N-1
+ﬁ(cz(ymax_len)+c1(xma><_Xmin)_znclcz)
(2.5)
(S +ajs; -2a,S,)
MSE(y,) =6 1 2 |
P! min _Z(N_1)((ymax_ymin)_api(xmax_xmin))
(2.6)
where the optimum values of C and C, are given by
Cl _ (ymax - ymin) and Cz _ (Xmax _Xmin) .
2n 2n
Y Y
Alsoapl :_—,ap2 :_¢,
X+M, Xpx+M,
YﬂZX

(04 :_—Xanda = —= .
PP XC,+M, X B M,

3. Comparison of Estimators
In this section, we have found some efficiency comparison
conditions under which the proposed class of ratio-type
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estimators have perform better than the other existing

estimators discussed in the literature.
(M By (1.2) and (2.6), we have

| MSE(Y, )~ MSE(Y, )mm]z 0, if
1

Z(N—_l){(ymax Yo ) ~ Opi (Xmax ~ Xinin )}
__agisf +20p,S,,

(if) By (1.4) and (2.6), we find

| MSE(Y,)-MSE(y,)_, |=0.if

- |

2080 e )= (50}

__SXZ (aéi B R)+ 25, (@s —R)

(i) By (1.10) and (2.6), we see that
MSE (Y, )~ MSE (¥, ) [>0.if

ﬁ{( Ymax = Yiin) = @i (Xuax = X )}

-S; (o —ad )+2S,, (e —atyy)

() By (1.16) and (2.6), we also see that
MSE ()~ MSE (), [>0.if

1 2

20003 O Y= =)

-S; (QSi — )"‘ 28, (e — 1)

2

2

>0,

>0,

fori=1, 2, 3, 4.
4. Empirical Study

To analyze the performance of the proposed class of ratio-
type estimators with some of the existing estimators
discussed in the literature of survey sampling, we have
considered a real data set. The description and the necessary

data statistics of the population are given below.
For the percent relative efficiencies (PRE’s) of the existing
and the proposed class of ratio-type estimators, we have used
the following expression for efficiency comparison
MSE (Y,
PRE(Y,.%,) =W(XO)
(%)

where g=0,s, r, st, sd, kc1, kc2, ke3, kc4, pl, p2, p3 and p4.

=100,

Population-1:[Source: Agricultural Statistics (1999), [2]
Washington, US]
Y: Amount (in $000) of real estate farm loans in different

states during 1997;
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X: Amount (in $000) of non-real estate farm loans in different

states during 1997.
N=50, n=12, X=878.16 Y =55543 S’=3420215,

sz =1176526, S,, =509910.4, Yirax = 2327.025,

Yo =L6LL X =3928.732, X, =0233 p,=0804
My =322.305, M, =452.517, Cy =1.0529, C, =1.2352,
By, =4.5247.

The mean squared errors and the percent relative efficiencies
of the existing and the proposed class of ratio-type mean

estimators are shown in Table-1.

Table 1.MSE and PRE of the competing and the proposed class
of ratio-type estimators
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5 CONCLUSION

In this study, we have suggested an improved class of ratio-
type estimators for finite population mean, under maximum
and minimum values using the knowledge of the of the
auxiliary variable and have discussed their properties in
simple random sampling. We have also found some
theoretical conditions under which the suggested class of
ratio-type estimators have always efficient than the usual
unbiased, Sarndal [3], the classical ratio estimator, Singh and
Tailor [4], Sisodia and Dwivedi [5] and Kadilar and Cingi [1]
estimators. Theoretical results are also verified with the help
of real data set which clearly indicates that the proposed class
of ratio-type estimators has smaller mean squared error and
higher percent relative efficiency from others the other
estimators discussed in the literature. Thus the proposed
strategy under maximum and minimum values may be
preferred over the existing estimators for the use of practical
applications.
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Population 1
Estimator — —
MSE (Y ) PRE (¥g . Yo) (2006), 103-109.

Yo 21649.9610 100.00 9/index.asp
Ys [2 18157.1249 119.2367
Yy, 10612.3030 204.0081
Yy [4 10596.5563 204.3113
Existing Ysa 18] 10586.7659 204.5002
Vi [ 10598.1592 204.2804
Vieo [ 10582.9727 204.5735
Yies [1] 10606.7051 204.1158
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Proposed —

Y 3 Proposed 7463.0311 290.0961
Y p4 Proposed 9002.3826 240.4915
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