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a b s t r a c t

Recently, Koyuncu (2012) [3] proposed an efficient family of estimators for estimation of
finite population mean using information on the auxiliary attribute. In this paper, we pro-
pose two improved estimators of finite population mean. The biases and mean squared
errors of the proposed estimators are derived up to the first order of approximation. It is
observed that the first proposed estimator is always better than the first family of estima-
tors adapted by Koyuncu (2012) [3]. An empirical study is carried out to demonstrate the
performance of the proposed estimators.

� 2013 Elsevier Inc. All rights reserved.

1. Introduction

The auxiliary information is frequently used to increase precision of the estimates by taking advantage of correlation be-
tween the study variable and the auxiliary variable. Another way to increase the efficiency of the ratio estimator is to use the
information on the auxiliary attributes. Several authors, including Koyuncu [3], Shabbir and Gupta [6], [7] Naik and Gupta
[5], Abd-Elfattah et al. [1], have proposed improved estimators of finite population mean using information on an auxiliary
attribute.

Consider X ¼ fX1;X2; :::;Xi:::;XNg be a finite population of size N. A sample of size n is selected from X by using simple
random sampling without replacement. Let yi and ui denote the values of the study variable and the binary auxiliary attri-
bute for the ith unit of the population, respectively. Here it is assumed that ui can take only two possible values, depending
on the presence of an attribute, say u, i.e.,

ui ¼ 1; if the ith unit of the population possesses attribute u;
ui ¼ 0; otherwise:

Let P ¼
PN

i¼1ui and p ¼
Pn

i¼1ui denote the total number of units in the population and in the sample, respectively,
possessing an auxiliary attribute u. The corresponding population and sample proportions are P ¼ P

N and p ¼ p
n, respectively.

Similarly, let Y ¼ 1
N

PN
i¼1yi and y ¼ 1

n

Pn
i¼1yi be the population and the sample means of the study variable y, respectively. In

order to estimate the population mean Y , we assume that P is known. Let s2
y ¼ 1

n�1

Pn
i¼1ðyi � yÞ2 and s2

u ¼
npð1�pÞ

n�1 be the sample

variances corresponding to the population variances S2
y ¼ 1

N�1

PN
i¼1ðyi � YÞ2 and S2

u ¼
NPð1�PÞ

N�1 , respectively. Let qpb be the cor-

relation coefficient between the study variable y and the auxiliary attribute u. Let Cy ¼ Sy

Y
and Cu ¼ Su

P be the coefficients of

variation of y and u, respectively. In order to find the biases and mean squared errors (MSEs) of the estimators, we define the
following relative error terms.
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Let n0 ¼ y
Y
� 1 and n1 ¼ p

P � 1, such that E(ni) = 0, for i = 0, 1, where E( � ) represents the mathematical expectation. Let
Eðn2

0Þ ¼ hC2
y ¼ V20;Eðn2

1Þ ¼ hC2
u ¼ V02 and Eðn0n1Þ ¼ hqpbCyCu ¼ V11, where Vrs ¼ Efðy�YÞ

r
ðp�PÞsg

Yr Ps , for r; s ¼ 0;1;2; h ¼ 1�f
n ; f ¼ n

N.
In this paper, we have proposed two improved estimators of finite population mean by modifying the estimators sug-

gested by Koyuncu [3]. The biases and MSEs of the proposed estimators are derived up to the first order of approximation.
Two real data sets are used for numerical comparisons. It is worth mentioning that the proposed estimators are more effi-
cient than the estimators suggested by Koyuncu [3].

The rest of the paper is as follows: Section 2 includes several estimators of finite population mean based on an auxiliary
attribute. In Section 3, we find the biases and MSEs of the proposed estimators. Section 4 contains numerical comparisons of
the proposed and the existing estimators. Section 5 finally summarizes the main findings.

2. Estimators available in literature

In this section, we review the estimators of finite population mean.

2.1. Unbiased estimator

The traditional unbiased estimator of finite population mean is

ŶU ¼ y: ð1Þ

The variance of ŶU is given by

VarðŶUÞ ¼ Y2V20: ð2Þ

2.2. Difference estimator

The difference estimator of finite population mean based on an auxiliary attribute is

ŶD ¼ yþ kðP � pÞ; ð3Þ

where k is an unknown constant, and its value is determined such that it minimizes the variance of ŶD.
The variance of ŶD is given by

VarðŶDÞ ¼ Y2V20 þ k2P2V02 � 2kYPV11: ð4Þ

The minimum variance of ŶD, at optimum value of k, i.e., kðoptÞ ¼ YV11
PV02

, is given by

VarminðŶDÞ ¼ Y2V20ð1� q2
pbÞ; ð5Þ

where qpb ¼
V11ffiffiffiffiffiffiffiffiffiffiffi
V20V02

p is the point bi-serial correlation coefficient.

2.3. Koyuncu [3] adapted family of estimators

Gupta and Shabbir [2] proposed a family of estimators for the population mean by using information on an auxiliary var-
iable in simple random sampling. Koyuncu and Kadilar [4] considered the same family of estimators under stratified random
sampling. On similar lines, Koyuncu [3] proposed a family of estimators by using information on an auxiliary attribute in
simple random sampling, given by

ŶN ¼ ft1yþ t2ðP � pÞg gP þ k
gpþ k

� �
; ð6Þ

where t1 and t2 are two unknown constants, whose values are to be determined such that the MSE of ŶN is minimum. Here g
and k are either real numbers or functions of the known parameters of the auxiliary attribute. Some members of ŶN are given
in Table 1.

Table 1
Some members of the existing and proposed family of estimators.

ŶN ŶP1
g k

ŶNð1Þ ŶP1ð1Þ
Cp b2ðuÞ

ŶNð2Þ ŶP1ð2Þ
b2ðuÞ Cp

ŶNð3Þ ŶP1ð3Þ
1 Cp

ŶNð4Þ ŶP1ð4Þ
1 b2ðuÞ
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