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Regression Estimates in Stratified Sampling:

Under the set up of stratified sampling, let the population of N

sampling units be divided into k strata.
k
The strata sizes are N, N,,..., N, such that > N, =N.
i=1
A sample of size n; on(X;,Y;), J=1,2,..,n;,is drawn from it" strata

(i =1,2,..,k) by SRSWOR where x; and y; denote the j" unit

from ith strata on auxiliary and study variables, respectively.



Regression Estimates in Stratified Sampling:



Regression Estimates in Stratified Sampling:

In order to estimate the population mean, there are two
approaches:
1. Separate regression estimator

2. Combined regression estimator



1. Separate Regression Estimator:

* Estimate regression estimator

[ =T+ B (X =X)

from each stratum separately, i.e., the regression estimate in the

N

reg(l) y| +ﬂ(x _X)

* Find the stratified mean as the weighted mean of egiiy 1=1,2,..,K

jth stratum is

ds ) L
Vi N reg(i)
sreg Z N

1

Z (WY, + B, (X; = %)}]
where [ = S'Xzy , W N
S, N




1. Separate Regression Estimator:

In this approach, the regression estimator is separately obtained in
each of the stratum and then combined using the philosophy of

stratified sample.

So Y., istermed as separate regression estimator.



2. Combined Regression Estimator:

Another strategy is to estimate X and y in the \ﬁeg as respective

stratified mean.
. k K
Replacing X by X, = Zwiii and ¥ by Yq=) WY, we have
i i=1
In this case, all the sample information is combined first and then

implemented in regression estimator, so Y__ is termed as combined

regression estimator.



Properties of Separate and Combined Regression
Estimators:

In order to derive the mean and variance of \ireg and ﬁreg, there are
two cases

* when S is pre-assigned as /.

* when / is estimated from the sample.

We consider here the case that 5 is pre-assigned as f,.

A0S
Other case when f is estimated as f =—- can be dealt with the
S

X
same approach based on defining various ¢'S and using

the approximation theory as in the case of Y_reg .



1. Separate Regression Estimator:

Assume /£ is known, say f5,. Then

Asreg ZW| +ﬁ0i(>zi _YI)]

E(Vyreg) = 2 W [ E(T)+ By (X, ~E(X)) ]



1. Separate Regression Estimator:

2 2 2 :
Var(Ysreg) =E |:Ysreg o Ewsreg ):|

=E _Zk:Wiyi +Zk:wiﬂ0i()zi _Yi)_Y_:|

=E Z_:WI(VI _Y—)_Zwiﬂm(yi - Xl)}

2 WET, =Y+ LW AR = X)) =20 Wi A, E(X = X)(F, V)

k

S wVar(y)+ Y w AVar (%) - 23w £,Cov(R,. 7))

i=1

N.

<ow? f
(Si%( + :Bozl Si?( B 2IBOiSiXY )]
=1
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1. Separate Regression Estimator:

Varo(Sre ) is minimum when g, = S”;Y and so substituting 5, we
iIX
have
mm(Ysreg) Z|: - (S ﬂ()zlsé( ):|
where f = N =, :

Since SRSWOR is followed in drawing the samples from each

stratum, so
E(s})=S

E(s) S,

E(Syy) = Sixv

ixy
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1. Separate Regression Estimator:

Thus an unbiased estimator of variance can be obtained by

replacing S’ and S’ by their respective unbiased estimators

s’ and s,y,respectively as

2

(Yireg :Z|: | I(S|y+ 0i |x 2ﬂOISIX}/):|

and

Varmm sreg Z|: I I(Sly_ 0i |x):|
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2. Combined Regression Estimator:

Assume [ is known, say S,. Then

£ (Vo) = S WEG) + ALK Y WER)]

Thus \ireg is an unbiased estimator of Y .
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2. Combined Regression Estimator:
Var(YLcreg) = E[Y_creg o E(Y_creg ]2

=E _Zk:WiVi +ﬁo(>z—iwi7i)—\7}

| i=1 =1

=E ZWI(YI —Y_)_,BOZWi(Yi - K)}

k

S wVar(y,) + A3 wiVar(x) - 23w A,Cov(X, )

1=1

K w2 f.
;] I |:Si%( + 5 Six _ZIBOSiXY] -
=1 i
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2. Combined Regression Estimator:

Var(Ycreg) is minimum when

and the minimum variance is given by

oS K ow’f f
Varmln creg ) — n. IBO SIX )
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2. Combined Regression Estimator:

Since SRSWOR is followed to draw the sample from strata, so

using

E(Sii): Si%(: E( |y) S%( and E( |xy) SIXY’

we get the estimate of variance as

Var(Ycreg) Z|: | I(S|y+ 0 Six 2IBOISIX)/):|

and

Varmm(Ycreg) Z|: | I(S|y_ 0i |x):|
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Comparison of Separate and Combined Regression

Estimator:
The variance of Y.

sreg

is minimum when £,; = 5, for all i.

Cov(X,V,)

Var(x,) =Fo-

The variance of Y, is minimum when g, =

17



Comparison of Separate and Combined Regression

Estimator:
The minimum variance is

Var( creg )min :Var(yst )(1 o p*z)

where p, = COV_(XS“ySt)_ .
JVar(x, Var(¥,)

WI fl 2

Var( creg) Var( sreg) Z(ﬂm 180 Sux

~ k. f
Var( creg)min _Var(Ysreg)ﬂoi:ﬂ Z I IBO| IBO) Sé( >0

i=1 n

18



Comparison of Separate and Combined Regression

Estimator:

We observe that
fi

A~ A~ K
Vachreg )min _Var(Ysreg )Igmzﬂo — Zn_(IBOI _:Bo )2W|ZS§( >0
i=1 '

which is always true.
So if the regression line of y on x is approximately linear and the
regression coefficients do not vary much among the strata, then

separate regression estimate is more efficient than combined

regression estimator.
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