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Abstract: A general family of estimators has been proposed and general expression of mean square error
of these estimators has been derived by [1]. In this paper we have proposed a generalized family of
estimators based on the information of “4” auxiliary attributes. Three different cases have been discussed
that include the full, partial and no information cases. The family has been proposed for single-phase
sampling in case of full information and for two-phase sampling in case of partial and no information cases.
The expression for mean square error has been derived in all three cases. It is found that the proposed
family has smaller mean square error than given in [1].
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INTRODUCTION

A family of estimators using single auxiliary
attribute has been introduced by [1]. In this paper, we
have proposed a new class of estimator by using
information on “k” auxiliary attributes. The new class
of estimators is a general extension of the class of
estimators proposed by [1]. For this let (y;, Ti1, Ti2,- . -»Tik)
be the ith sample point from a population of size
N, where t; (=1,2,...,k) is the value of jth auxiliary
attribute. We suppose that the complete dichotomy
is recorded for each attribute so thatt; =1 if ith unit
of population possesses jth attribute and tj 4nq O
otherwise. Let

N

AJ = Z‘EU
i=l
and

be the total number of units in the population and
sample respectively, possessing attribute 1. Let B =
N_IAJ- and p; = n_laj be the corresponding proportion of
units possessing attributes 7. Let us define ¢, =y - Y

and ETJ =p; - P; with following properties:

E(e;)=6S;

E@:)=0S

E(e, g )= GSySTJppbi

E[ e,:j eT‘V j = OSTjSTWQjW&J Y
E(E,)=0=E(. )

where 8 =n"'-N"! and
=AY
Syr. =—— . —Y]||t..—P.
yt] N-1 le(yl ) Tl_] ]

Suppose further that p,p; = Sy:i/(SyS;;) be the point bi-
serial correlation coefficient and Qj, (-1<Qj,<+1) is
coefficient of association. Let n; and n, be the size of
firstphase and second-phase sample respectively, so
that n,< n; and pjqy, pje) are proportion of units
possessing attribute t; in firstphase and second-phase
sample respectively. The mean of main variable of
interest at second phase is denoted by y, .

NOTATIONS

We define following notations for use in deriving
the mean square error:
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(j:1,2...k), 93 = 62 - 61.

We also define following expectations:

E(ey2 ) - 0,82
-2,
E( eTJ(l) B eTJ(z) ) = 93Sri
E{Eyz (E‘EJ(Z) _61_1(1) )} = BSSySrijbj ,

E[( Sy ") )(efwz) ~ S ﬂ

/ am
= 63S’EJ Sl:\V QJ“V’ S y:srls w = (pfm:l Ty Ty )S}zf

/ -1 (A2 2
Sy‘tls o Syy = (py.‘rl‘rzu.‘rm )Sy

/ —1 _[~2 2
Sy‘tzs‘t2 Sy‘rz - (pyfmﬂrmumtk )Sy

where squared multiple  bi-serial

2 .
Pyrr,..1, 18
correlation coefficient. These notation will be used in
developing the MSE of the new family of estimators.

SOME PREVIOUS ESTIMATORS BASED
ON AUXILIARY ATTRIBUTES

Single-phase sampling (Full information case): (i) If
information on a single auxiliary attribute t; is known
then a family of estimator suggested by [1] is given as

Ti(1)= go(¥.v1) (3.1

where v; = pi/P; and g, (y.v]) is a parametric function

of ¥ and v; such that gm(?,l)= Y and satisfy certain

regularity conditions. The mean square error of (2.1) is:

(3.2)

MSE(TI(I)]zes?y (1 —pgbl)

where pﬁbl is squared point bi-serial correlation

coefficient.

Two-phase sampling (No information case): A family
of estimator for two phase sampling by [1] is given as

where Vid :pl(Z)/Pl(l)a such that gm(?,l) = ? .
The mean square error of (3.3) is:
2 2
MSE(T3(2) j ~ sy(e2 - @ppbl) (3.4)

In the following section we develop the general
family of estimators by using information on “k”
auxiliary attributes.

NEW FAMILY OF ESTIMATORS.

Generalized otimator using “k” auxiliary attributes
for full information case: Suppose that population
proportion P is known for all the auxiliary attributes.
Using this full information we propose a general family
of estimators as:

T3(1) = 2 (F-V1s Vo k) 4.1)

where v; = p;/P;, vi>0 and p; is the sample proportions of
jth attributes. Also gm(?,vl,vz, ......... ,vk) is the

significantly correlated with main variable. We
consider the following estimator of the family defined
in equation (4.1):

k
t3(1) :J_/+ Z OCJ‘(VJ‘ —1):)_/+a/(v—l):;+oc/f (42)
j=
where

(kx 1) =[]V = [ v} £ = v

and 1 is a vector of one’s. Using ?:S_{+Ey in (4.2),

squaring and applying expectation we have:

2 / /
MSE [t3(1)j = OSy +0a Sta +20a Syr (43)

where § =n"'-N!
E(ff/) -0S,
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is the covariance matrix of ¢ and E(f Ey) =0sy; is the

vector of covariance between Y and ¢. Partially
differentiating (4.3) with respect to o and equating the

derivative to zero we havea :—Sglsyr. Further, by

using the value of a in (4.3), the mean square error of
(4.2) is given as:

2
Y- 1T T

MSE(t3(1)) =Sy (1 —p 4.4

where Yty 1S defined earlier. Comparing (4.4)
with  (3.2) we can vreadily see that MSE
(t3(1))<MSE(t (1))

Generalized estimator wusing “k” auxiliary

attributes for no information case: We propose a
family of estimators for two-phase sampling when
information of auxiliary attributes is not known for
the population. We propose the following family of
estimators:

Ti2)= 80 (?’2, Vids Vad, 4.5)

where

> Vid
Via =pj(2)/pi1): Vi >0

Under the conditions; stated for (3.1); we consider the
following estimator of the family defined in (4.5):

k
ty2) =V2 + Y aj(via 1)
(2 ; (4.6)
— - /
:y2+a/(vd—1): yr+a fd
where @ = v4-1. Now, using ¥y, = \_{+Ey2 in (4.6) we

have

Squaring and applying expectation we have:
1\4s15(t4(2))=92s§+(92 ~01)a’Sa—2(0; 0 )a’s; (47)

Partially differentiating (4.7) w.r.t o and equating
to zero we have a :—Sglsw. Further, by using this

value of o is (4.7) and simplifying, the mean square
error of ty() is:
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2
VT Ty Ty

MSE(t4(2)) =s§{92(1—p )+ elp_f/wz.ﬂk} (4.8)

where p2 is defined earlier.

YTT2.. Tk

Generalized estimator for “k” auxiliary attributes
(With “m” known and “m<k”) for partial
information case: Suppose that population proportion
P; are known for j= (1,2...m) auxiliary attributes and
the population proportion B is unknown for j= (m+1
m+2...K) attributes. Using such partial information we
propose following general family of estimators:

Y25V V2 VmsV(m+1)d>

T5(2)=8w Y+ 2)ds 4.9)

where

Vi =pj1)[Pj (j=12..m):v 4 =pj(2) [pj(1).
(j=m+1,m+2..k),v;&V;4>0 '

Under the conditions as of (4.1) we consider
the following estimator of the family defined in
equation (4.6),

= y: +a{f1+32f2 (410)
Squaring and applying expectation we have:
MSE (ts(5) | = 0,52 + 61a]S ~0;)a)
5(2) | =028y +01a] a1 +(6 —01)arS, as 41D

/ /
+ Zelalsytl + 2(62 - 91)82S T,
Partially differentiating (3.11) w.rt. o; and o;

equating the derivatives to zero and solving we have the
following optimum values of a; and o,:

4.12)

4.13)

_ ¢l
ap = STZSYT2

Using (4.12) and (4.13) in (4.11), the minimum
mean square error of t5) is given as:
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|

py.Tsz.A.Tm )

92(1—p

MSE(tS(z) . (
91

s

2 (4.14)

p2 -

Y Tm+1Tme2- Tk

where p2 2
Y-Tm+1Tm+2- Tk YU Tm

multiple bi-serial correlation coefficient.

nd p is the squared

RESULTS AND DISCUSSION

The information on k auxiliary attributes has been
utilized to develop the generalized family of estimators
for single and two phase sampling. There could be
number of estimators of families proposed in (4.1),
(4.5) and (4.9), the special members have been given in
(4.2), (4.7) and (4.13). The expression for mean square
error of the resulting estimators has been given in (4.5),
(4.11) and (4.15). It can be easily seen that the mean
square errors given in (4.5), (4.11) and (4.15) are
smaller as compared with the expression given by [1].

1422

The optimum value of ¢; involve some population
parameters, which are assumed to be known for
the efficient use of proposed families T3y, Ta)
and Ts(). In case these parameters are unknown, these
can be estimated from the sample. If we follow
approach of [2], the estimator of proposed families
T3y, Tay and Ts(y will have the same minimum mean
square, if we replace the unknown value of parameters
involved in optimum value of oy with their consistent
estimators.
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