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Abstract

A class of regression type estimators using the auxiliary information on population mean and
population coefficient of variation is proposed under stratified random sampling. The
expressions of its bias and mean square error under are obtained Further the expression of
minimum mean square error under the optimum value of the characterizing scalar is also given in
this section. An optimum allocation with the proposed class is obtained and its efficiency is
compared with that of Neyman optimum allocation.

1. Introduction of The Proposed Estimator

Let a population of size 'N'be stratified in to 'L’ non- overlapping strata, the h" stratum size
being N, (h=1,2,..,L) and Xk _, N, = N. Suppose 'y’ be characteristic under study and "x’
be the auxiliary variable. We denote by Y,;: The observation on the jt unit of the population for
the characteristic "y’ under study (j = 1,2, ..., Nj,). Xp,;: The observation on the jt unit of the
population for the characteristic 'x’ under study (j = 1,2, ..., Nj,).
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where py, is the population correlation coefficient between 'x’ and 'y’ for the ht" stratum

(h=1,2,...,L)
Uz1n

Ay = =———
Y, 82,

X
Rh = —_h

Y,
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Y Y, Y,
CZ _& Hozn
A

L
1 Z \P = \4
Upgh = N—hZ(th —X,) (Yo —V,)" : the (p, @)™
j=1
Product moment about mean between 'x’ and 'y’ for the ht" stratum (h = 1,2, ..., L).

2
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1h — 2
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be the population regression coefficient of y on x for the ht" stratum (h = 1,2,...,L). Let a
simple random sample of size n;, be selected from the A" stratum without replacement and we

denote by:
Yrj: The observation on the jt unit of the sample for the characteristic 'y’ under study (j =

1,2,..,mp). x4;: The observation on the j** unit of the sample for the characteristic 'x" under

study (j = 1,2, ...,n).
For the sake of simplicity we assume that N, is so large that 1 — f, = 1. We define

nh
)
Yn = nh Yhj s
j=1
nh
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Xp=—) Xpj;
h n, hj
j=1
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Assuming that X, is known Vh = 1.2 ....,L. In order to estimate the population mean of the

study variable, an estimator ?95 Is given by
L

= 6 (6—2 - 0—2 ) —
Yos = Z Wy {yh ll I by (R — E)
h=1 Oxh
= Xh-1 W {fh + OpVn (
where 6, are the characterizing scalars to be chosen suitably, strata means X, and strata

variances a2, of the auxiliary variable 'x" are assumed to be known. We propose to use the
following separate regression type estimator

L .

= C - C —

Yos = Z Wy {yh ll + wy %} + b, (X, — fh)}
h=1 *

= Sk Wi (7 + wnn (E2 = 1) + by (i - %)} (1.2)
where w,, are the characterizing scalars to be chosen suitably, strata means X, and strata
coefficient of variations C,; of the auxiliary variable ‘x" are assumed to be known. It should be
noted that for w, = 0; Vh = 1.2 ...., L, the proposed separate regression type estimator reduces
to the separate linear regression estimator given by

Yips = Xjoy Wa (B + b (X — %)} (1.3)

&2 -
J’EZ - 1) + by (X, — xh)} (1.1)
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2. Bias of The Proposed Estimator ?ws
Let

Vi =Y, (1+ egp)

X =X (14 ep)

Sxyh = Sxyn (1 + €31)

sen = Sen (1 + e3p)

E(eon) = E(e1p) = E(ezn) = E(e3,) =0

Vh=1,2,..,L (2.1)

Now from (1.2), we have

= = = (1+e3;) /2 (+ezr) , &
Vs = =1 Wh [Yh(l +eon) + wp¥n (1 + egp) {ﬁ - 1} + Br e (_Xhelh)]

Zilel Wh [Yh(l + e()h) + {1 — Wp + (I)h(l + e3h)1/2 (1 + elh)_l} + ,Bh(l + eZh)(l +
e3h—1—Xel

= 1 1
=YL W, [Yh(l + egp) [1 — wp, + wy {(1 +3esn — §e32h + ) (1—eq + el —
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12el1he3hn+..) +LhXh—ellh—elhelli+elhe3n+... (2.2)

Let the sample size be so large that |e;,|,i = 0,1,2,3; Vh=1.2....,L ; become so small that
terms of e; s having power greater than two may be neglected.

2 - 1 1
E(Yus) = Zh=1 Wi Ty [1 + wp {E(efh) — 5 E(ef) — E(egnern) + 5 E(eonesn) —
12Fel/e3)i+...+ 64X hViEele3/i—Ftellhel/

Using the following results
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E(elhe3h) = E ﬁlxthh ) Vh = 1, 2, vy L (23)
We have
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LYV B IxhCxh—u2 11 X0 Syl (2.4)

Showing that Z,S is a biased estimator of population mean Y and its bias is given by
B(Vus) = E(Yus) = 7
S 1 1 1
= 2%121 Wh Yh :_:{szh T8 (.Bth - 1) - pxthxh Cyh + Elyxh ) .lehcxh +
v TOAXNV G I CX =12 11 X152y

Therefore, mean square error of Y, s is given by

MSE(Y,s) = E (Vs - 17)2
2
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Using (2.2) upto first order of approximation
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Using the results given in (2.3), we have
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(2.6) is minimum when
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whopt = :
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And the minimum mean square error of ?ws is given by

BhRp 2
{— BixnCxn— Zlyxh}
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2
{ﬁh% B1xhCxn _%Ayx h}
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iVR=1,2,..,L (2.7)

MSE(?wS)min = 2%1:1 Wy Yh [(1 - pxyh) {

= Zh:l Wy Yh [(1 - pxyh) (28)

3. Optimum Allocation with The Proposed Class
Considering the cost function C = C, + Xk _, c,n;, , where C, and c;, are the cost per unit within
hth stratum respectively minimizing the approximate minimum variance.

2
{ﬁh% BixnCxh _%Ayx h}
(ﬁth —Bixn —1)+( Bixn _th)z}

5 72
MSE(YwS)min = 2%121 2 — [(1 - pxyh)

By Lagrange’s method of multipliers subject to the cost restriction C — Cy = Xk _, c,ny , on the
lines of Cochran (1977), n;, and the multiplies A are found so as to minimize
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72
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co
differentiating (3.2) with respect to n;, and equating to zero, we get
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Summing over all strata we have
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1
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Taking ratio of (3.3) and (3.4) we obtain
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As a particular case for ¢, = ¢; ;Vh = 1,2, ..., L i.e., the given cost function ¢; Xk _; nj, + Cy =
C=C0+cln
The optimum allocation (3.5) reduces to

BpRp 1 2 2
Wth{(l—Pﬁyh)Cyzh {1 { Piantan yxh} 2}}

7B2xn=B1xn=1)+(B1xh—Cxpn)
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2:%1=1Wh}7h{(1 pxyh)cz {1 { 7 VB1xhCxh Zlyxh} }

n,=n Vh=1,2,..,L (3.6)

z
7(B2xh=B1xn—D+(/B1xn—"Cxh) }

Substituting the value from (3.6) in (3.1) we have

B LR, 1 2
-~ 1 — {_ ﬁlxhcxh__/1 xh}
MSE(Y =iyt (w7, 1(1-p2,)C2 — 2 —
( oS )opr w 2=t | W h{( Piyn) i (3 Baxn—Bren—1+( ﬁlxh—cxh)z}}

= Mopr (say) (3.7)

4. Concluding Remarks
The mean square error of the separate linear regression estimator is given by

— 1 1
MSEGirs) = Zhoy Wi (- = 5-) A = DSy (4.1)

np
Also the minimum mean square error of the proposed generalized regression type estimator 12/0,5
is given by

{ﬁh% .lehcxh_%)‘yxh}z
{ (Bth_ﬁlxh_l)‘i'( leh_cxh)z}

= Y
MSE (Vs )min = 2h—q W2 2= (1—pxyh) (4.2)

Therefore the proposed generalized class of estimators ?ws may be preferred to the separate
linear regression estimator, separate ratio estimator, separate product estimator and the usual
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stratified sample mean in the sense of smaller mean square error. Further the parameter involved
wy, may be estimated by the corresponding sample value in order to get a class of estimators
depending upon estimated optimum value. Also the variance of stratified sample mean y,, under
Wy Syn
Tk WhSyn
VGney = = (Shos WaSyn)” (4.3)
Also from (4.3) and (3.6), we have

Neyman optimum allocation n, = n IS

1

2 2
BpR 1
_ 2 2 { hz 4 lehcxh_ilyxh}
wiPhi (1-p2 ) Coa—7 z
{E(ﬁth_ﬁlxh_l)*'(w/ﬁ1xh_th) }

BnRn 1 2
Eﬁzlthh{@—pgyh)Cyzh { { 2 VP 1xnCxn Zflyxh} }

n,=n Vh=1,2,..,L (4.4)

2
%(ﬁZXh_ﬁ lxh_1)+( ﬁlxh_cxh) }

1
2

2
{ﬁh% B1xhCxn _%Ayx h}
- > (4.5)
{Z(ﬁth —Bixn _1)+( Bixh _th) }

MSE(Z)S) AT i(l —pZ,p)CE -

OPT n

From (4.3) and (4.5), Mypr is always smaller than V (¥, )y., except for the case when p, = 0

and ﬁhZRh BronCan = %)lyxh Vh = 1,2, ..., L simultaneously.
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