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1 INTRODUCTION

Pervaiz (1995) obtained asymptotically robust homogeneity
tests under complex surveys. The finite populations were supposed to
consist on separate clusters. Therefore the samples were considered
independent. But the finite populations may cut across the clusters, That
is the clusters consist of elements from both finite populations. Under
this situation one has to select a cluster sample from the union of finite
populations and separate each cluster of sample according to the
respective -finite population. Consequently the cluster samples achieved
from the finite populations are not independent. Therefore the
homogeneity tests, obtained by Pervaiz (1995) cannot be applied. So it
becomes necessary to modify these tests accordingly and this is the
object of this paper,
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2 TESTS UNDER CLUSTER SAMPLING DESIGN

We omit the finite population corrections from the estimators of
the variance of sample variances, (e.g. Cochran, 1977 p.39).

Asymptotically Robust Homogeneity TestsUnder Complex Surveys-J J
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Notation

The suffix i denotes the finite population, i=l,2.

, 1 ~~ -,
Si =N L...L(x,,, -Xi)

01 c=l e=J

1 n ~ _
s:= _. LL(xi" - Xi)'

no; c=1 e=1 •

~

Variance of fmite population:

Sample variance.

27

u

N

n

Union of finite populations.

(It is assumed that each cluster of
U contains more than one element
of the i-th finite population).

Number of clusters in.the union of
finite populations.

Number of clusters in sample.

2.2 Sampling design

The n clusters are selected form N clusters of U by simple

random sampling. The each cluster of n is separated for the respective
finite population to obtain the sample form the finite populations. Within
each selected cluster all subunits are included in a sample.

Fuller (1975) and .Skinner (1986) give central limit law for
complex samples with large sample sizes; i.e.

The superpopulation approach with unrestrictive assumptions is

adopted; e.g. Pervaiz (1989). The X ice are random variables which

implies that S;'s are also random variables. It is alsp assumed that S;'s

coverge to crl 's as Noi becomes larger. Then the finite populations

with variances S," s may be viewed as samples from superpopulations

with variance crl 's. The hypothesis of interest is:

miC

N

No; = Lm;c
"I

n

nol = Lm;c
<=1

X;ce

NtX __ I
I .. - NoJ L Xice

(':1 e=!

. n t,;,-'".-.. - I

XI .. = 11,,1L xjce
c=! e=1

c=1,2, n.

Number of observations in .c-th
cluster.

Finite population size.

Sample size.

e-th observation of c-th cluster.

e = 1,2, ..... , m;c

Mean of fmite population.

Sample mean.

2.3

2.4

Problem under study

H." H'"01.°\ =0'2 VS AI'O) *0'2'

Properties of sample variance
'.
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I
n2 (s; -cr,') disl, ~ N (O,f,) as n -+ 00 (2.4.1)

But here s~and si are not independent. Instead (2.4.1)

~f [s~] rcr;] J di", [[0] [fl fI2]]n L si -Lcri ~NO' f
21

f2 (2.4,2)

where

Theorem 1

The Taylor expansion estimate of V is:

'2 2 I ~- -2
VeSt -Sz) = ( -I) L.,,(Z, -z) ,n n c=l

. ~'.

'-;', -
- ~ .:,c, .:

'.!f~ '~\~"";'

'.

",: t~. r>~<

,

mill' "

-2 -2
S, -S2

~VV ' (S;',",S~)

GROUPING TEST

XG

~2 I'~ 2
S ,= "-7L."S, ••
I 'n gal

• I'rn"+" , '.' .' ,'2 -'2 2r, -= -".-, -, (s,- s,.) .,n -I.gel I.'
,. -If '2 '2 - 2 '-2'
r,;=-'-~(SI,g-8, }(Sz,g "'"'82:),n ,...1 gel ' ,

&. I ,

A +

(b)

n t 'n ~ ' ' , "'(m"" 'm' , j"-' .- 2' . '.- 2 .l ~ fc''':'':'i:''' .2c -2':Z =- (x ~x,) -,- (x -X2) '-en--'-x '---x,
C Ice. "2ee ',", . . .L ". 2..'

nOI ••• 1 nO'i "",I .nOl . .'!02 : .

For proof see PelVaU n990). 'If 'mlc -=;", ,then /J01 ,='nm,and 'the

constanUerrn ofzc is canceled ouHntheiforrnula,of tV .-~ .. , '

Asymptotically Rob,usi Homogeneity TesrsUnder Complex -Surveys.Jl ' ' , -29 ,;.

is approximately distributed-as t( ..'Where'
'n-I)

The parent sample is dividellintonurnber, ofcrandom'groups'llf

size n; ="j{ under the assumption that ~, .are. divisible iby}L ;aliil '
.'. ,"'. , '. ~ -.... ~" ;.,~. .' ~ , "",'i •

L ~ 2':' Thevarialices for each group of clusters are .computed ,and

treated as asymptoticallY'normai ~th .egi1'alh\eansanl:LvaiWtc~:ThJs ','
-under HOI •

The V (s;-s~) can be obtliinedby using

Muhammad Khalid Pervaiz

2 2 IV = V(SI - S2) = ~(fl +f, - 2f12) because f12 '= f21

Description of tests

STANDARD ERROR TEST

From (2.4.2) under HOI the test statistic:

2 2
SI -Sz

XTE = JV(s~ -si)

is approximately distributed as 1("_1) provided V is consistent estimate

ofV. The asymptotic null distribution of X;E is X1
2
•

The Theorem I provides the consistent estimate of V.

(a)

2.5

28

:1I' nl;l'~,-
I , il, Ii

,i
;
',I

Ii.

\

- 1~-
Z = - L."z, and

n c=1

Jhe asymptotic nulI distribution of x~[is;;x"i2
" . . - .. ~ -".

,,'
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Total number, of. clusters in h-th
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equa!.1'Ieans a11dvar\ances. That,being so,un<ier.Hor, the test sta!istic

" ,The s~_,are sample varilinces by using ",""1 clilsters withC'-th
, '

cluster omitted. The jackknife estimators are ' "
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(c) JACKKNIFE TEST
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3.1 Notation
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, U .Union offinite'populations.
(It is assumed tltat.~ach cluster of

:,: UConiains more'iliiln.' oneeleffi~~i
of i-tit finite population).
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, ltasapproximat~ly distributed as t(._I}' Wolter (1985). The. V' (s~- s;)
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is distributed approximately as t (0-1) under' Ho, if V is co~sistent

'estimate of V. The asymptotic null distribution of xi. is X I'. To
estimate Vby Taylor expansion method'applying Theorem Idefine

Sampllilg:design:. ,

Theen;.cliJsterll.are.selectedfiomthe Nh clustel'S'ofU by simple
random Sl\DIpling;The eacliclustei'of nh is separated for' the respective
finik Pop~lati~~ to'pbtain',.theSBnlplefrom theh-thstratum of the finite
populations; The, drawings are independent in different strata. The
clusters obtained' for eac~' ~. of finite populations together

compris~the;full sample:"" .
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is approximately distributed as (._1) under Ho,' Where

(b) GROUPING TEST

The parent sample from h.th stratum is randomly divided into

groups of size L, i.e.

, nih"; Ln~ for L ~ 2 (n'h are divisible by L).

It is assumed that variance for each group of clusters of It-th stratum, is

asymptotically normal with equal means and variances. Thus

and st are jackkni!,e estimators based on full sample. The siL's ani
approximately independent and, have asymptotically equal means and

variances. Thus !.... ".. ,' ,"'"
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Sih =-LSihc.nhc_} .'
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h=1

-, ,.f!-.. 1 ~, " ,
V; =L ( .-:1) L(S'h.< - S'h ) and

I h••) nh nh e=1 '

HIt '..•.+ 2 '-2 2 -2v" =L .(.-1) (Slh.' -Slh)(S'h., -S'h)
h:l nh nh g=l

The asympt?tic null distribution of X; is XI'

andV+(s~ -si) can be,obtained by using

'H 1 t'.••.+ . 2 -2 2V; =L .(.-1) (S'h.• - S'h)
Jt=l nh nh g=1

and

4.

HI'!"•..• - 2 2' 2 2'V;, =L n ( _ 1) (Slh.< - Sth )(S'h.< - S'h)
hIS] h nh e-I

CONCLUDING REMARKS

, r

These tests can be extended to obtain the confidence intervals
for two variances when finite populations cut across the clusters.

i
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where s;_<'s are variances after deleting (h,c)th cluster. The jackknife

. h f' .estimators are t e average 0 S'h.<'I.e.
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