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Abstract. A new estimator for population mean has been proposed in two phase
sampling by using information of multiple auxiliary attributes. The minimum
variance of the proposed estimator has been obtained.

1. Introduction

The auxiliary information has always been a source of improvement in
estimation of certain population characteristics. Several estimators have been
developed in single and two phase sampling which utilizes information on
auxiliary variables as well as auxiliary attributes. The classical estimators
which use information on auxiliary variables are the ratio and regression
estimators as given in Hansen, Hurwitz, & Madow (1953). The classical
regression estimator of population mean is given as:
Vi =7+ B(X %) (1.1)
The value of £ for which the mean square error of (1.1) is minimum
S
isﬂ:—xg
S

X

. The minimum mean square error of (1.1) is given as

MSE(5,) =05} (1- Py ) (12)

Where 0=n"'-N"! and P 1s the correlation coefficient between X and Y.

The estimator (1.1) in case of auxiliary attribute is discussed by Naik & Gupta
(1996), and the estimator in this case is given as:

tiy =Y +b(p;—Pp) (1.3)
where A is sample proportion for auxiliary variables. The mean square error of
(1.3) 1s:

2 2
MSE(tl(l))z9(1—prl )sy (1.4)
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where p}%b is the squared point bi-serial correlation coefficient. Jhajj, Sharma,
1

& Grover (2006) has proposed a family of estimators in single and two phase
sampling using information on a single auxiliary attributes. The proposed
family is based upon a general function and is given as:
ta1) = 2o (¥:V1) (1.5)

where v, =% and g, (?, Vl) is a parametric function of y and v, such that

1
gm(?,l) =Y ,forall Y.
The mean square error of each estimator; to the terms of order 1/n ; of this
family is,

2 2
MSE Ty ) = 0(1 -0, |53 (1.6)

The mean square error of the proposed family depends upon the point bi-serial
correlation coefficient.

Shabbir & Gupta (2007) have also proposed an estimator for population mean
in single phase sampling using information of single auxiliary attribute. The
estimator is given as:

t301) :[d1?+d2(P1—p1)]%, for p; >0 (1.7)
where djand djare unknown constants. The mean square error of (1.7) is:
0 (1 B p12>b1 )Sg
1+9(1—p12,b1 )cf,

In this paper we have proposed a modified regression type estimator using
information on several auxiliary attributes.

MSE(ty) ) = (1.8)

2. Notations

In this section we define the notations used for the development of the
estimator and its variance. Let & be a vector of auxiliary attributes with
covariance matrix Sg, 7 be another auxiliary attribute and Y be the variable of
interest.

Let s,5be the vector of covariances between 7 and & ,s,5 be the vector of

covariances between Y and & . Using these notations we define y = Sglsﬁ, as
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vector of regression coefficients between 7 and 8, and y= Sgls o as vector

of regression coefficients between Y and & . We also define
Byrs :Sry.6 /52, 38 partial regression coefficient between Y and r keeping

the & at constant level. Also S, 5=3S5 T—s/Tf,Sa_lsTﬁ is partial covariance

Y
between Y and 7 after removing the effect of 3, Si.6 = SJZ, —Séﬁsglsrﬁ is the

partial variance of Y, and Srzﬁ = ST2 —s/ﬂgsglsﬁ is the partial variance of 7 .

We also define pﬁr.f‘):Sir/ (ST%S%@) as partial correlation coefficient

between Y and 7 after removing the effect of 8, pJZ,T.a as squared multiple
bi-serial correlation coefficient between Y and combined effects of 7 and &,
p)z,ﬁ as squared multiple correlation coefficient between Y and combined

effects of & .
Using the above notations we proposed the new estimators in the section 3.

3. The Proposed Estimator

We propose following unbiased estimator of population mean in two phase
sampling using information of several auxiliary attributes:

Lyss(ay = Y2 +k[pq +7' (po‘ -Ps )_ {prz +n (pa “Ps, )}} (3.1)

Using

y,=Y+e, ,p =p +e,.p, =p +e.p, =ps+¢€ and p; =p;+€, in (3.1)
we have:

tnss(A) - }7 = Eyz + k |:(Er] - Erz ) - 7/551 + n/aéz :|
Squaring and applying expectation, the mean square error of (3.1) is given as:

S =MSE(t,,)=0,s, +k*[(6,-6,)s] +Oy'S;y +On'S;n+2(6,-6,)n's

) / ) (3.2)
20y Sﬁn] +2k [(91 —0,)s,. —07's 5 +6, sys]
The optimum values of ¥, n and £ are obtained by minimizing (3.2). These

values are obtained by solving following three equations, obtained by partially
differentiating (3.2) and setting the derivative to zero
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2k[(02 o el)srz + 917/857 + 9211/Sa'l+ 2(‘91 a Qz)ﬂ/sr:, - 2‘917/85'1:'
+2[(91 -0,)s,, —t91y/sy6 +9211/Sy5] =0
kSy(y-m)-s,;=0

(D)

(2)
kS; (Om—06,y)—k(6, —Hl)srﬁ +0,8,,=0

3)

Solving the above equations simultaneously, the optimum values of a,p and £
are:

S
y=8;'s , n=y—k'yand k=m _, ="

yrd

Using the optimum values in (3.2) and simplifying, the mean square error of
proposed estimator is:

MSE (tnss ) = szz.ﬁ |:02 (1 - przy.ﬁ ) + elprzyﬁ:| (33)
Further, by using the fact that s7; =S} (1 — pfy_ﬁ) and utilizing the relationship

that 1-p} , =(1-p;,; )(1- pyzr_s), the mean square error of proposed estimator

can be written as:
MSE (tn,s's ) = S)zz {02 (1 - p)z).rﬁ ) + elprzy.ﬁ (1 - p)zuS )} (34)
From (3.4) we can see that the mean square error of (3.1) depends upon the

squared multiple and partial correlation coefficients. The estimator and its
mean square error for multiphase sampling can be analogously written from

(3.1) and (3.4). Specifically if a sample of size nj, is taken at W phase and a

sample of n, is taken at q" h phase with n, <n;, , the estimator of the
population mean is:

Lisscty = V2 +k[prh +7' (p5 “Ps, )_ {prq +1 (pg “Ps, )}} (3.5)
The mean square error of (3.5) can be written from (3.4) as:

MSE (1) =52{0, (1= £1.s ) + 6,025 (1= 02 )} (3.6)
For practical applicability, the proposed estimator can be easily modified by

using the sample estimates in place of population parameters. The consistent
estimate of population mean can be straight-away written as:

) +byr.6 (pz'l ~Pr, )+byr.6bz'6 (pé'z —Py, )+b§/6 (pé' —Ps, ) (3.7)
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The estimated standard error of (3.1) is given as:

S'E(tnss)zsy\/92 (l_r)%rﬁ)"'glrfr.ﬁ (l_r)gﬁ)

(3.8)
Using (3.7) and (3.8), the confidence interval for true population mean can be
constructed.
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