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ASYMPTOTICALLY ROBUST HOMOGENEITY
TESTS UNDER COMPLEX SURVEYS-II

BY
Muhammad Khalid Pervaiz

ABSTRACT

The superpopulation approach with unrestrictive assumptions is
adopted. The asymptotically robust tests for homogeneity of variances
are obtained for dependent cluster samples from finite populations. The
test statistics are extended for stratified cluster samples as well.

Sbnw Key Words: Superpopulation, robust, complex
survey.

1 INTRODUCTION

Pervaiz (1995) obtained asymptotically robust homogeneity
tests under complex surveys. The finite poputlations 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 independént. 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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Zf(xm X.)*

N, o e Variance of finite population.
=— Zi(xme x‘

M, o1 eml Sample variance. .

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.

23 Problem under study

The superpopulation approach with unrestrictive assumptions is
adopted; e.g. Pervaiz (1989). The x,.,, are random variables which
implies that S ,2 ’s are also random variables. It is also assumed that S ,2 ’s

coverge to © ,-z’s as N, becomes larger. Then the finite populations

with variances S.2 ’s may be viewed as samples from superpopuiations

with variance 0' ’s. The hypothesis of interest is:

R el 2
H,of =0, vs H,.0 #0;.

24 Properties of sample variance

Fuller (1975) and Skinner (1986) give central limit law for
complex samples with large sample sizes; i.e.
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We omit the finite population corrections from the estimators of
the variance of sample variances, (¢.g. Cochran, 1977 p.39).

2 TESTS UNDER CLUSTER SAMPLING DESIGN

2.1 Notation

The suffix i denotes the finite population, i=1,2.

U
N
n
mic
N
No.i = Zmr'c
o=l
n
noi = zmic
o=l
X,

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.
c=1,2,....n.

Number of observations in -c-th
cluster.

Finite population size.

Sample size.

e-th observation of c-th cluster.

Mean of finite population.

Sample mean.
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-—i(x.e,-x-) ——f(xm' -2, )2 45( i xz)

Fo; =i By Mgy

For proof see Pervalz (1990). 'H: m,_=m;: then na, .nm, and ‘the
- constant term of z. is canceled out in’ thelformula of ¥ o . . R
®) GROUPING TEST - T ' |
" The. parent sample is divided:into- number of random gmummf

size m, = / under the assumption thnt A, .are. dmsnble ’by 'L and :
L >27: The ‘varianéés for each - group of clusters are nomputed and _
treated -as asymptotlcally*nonnal with ,equal means andvaridnces, Thus o
‘under Hy, *

L

YV (sh=s2)
is approximately distributed -as t(,"._l)..f‘Where

1 &
s . 2
8 . '-Zsi,g .-

¥
A+

'The‘ V' (sl-—s) canbe obta'ine_d by using

Z( an*d* . . ""‘:'l!".-"’>r*.,'.'

n —l
- ”' . ) .

r ? R TPES I YO
l_'|+2 = I.Z(’Sl,g =5 )'(-Yz,g =5).
n o=l " o '

- § N 4 . LI

The asymptotic null distribution of X2 52
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I 1

n? (st —o}) ——>N(Q)asn>» (2.4.1)

But here .5‘12 and sg are not independent. Instead (2.4.1)

! 512} {GE} dist. [{O] {ra rl2] :
,,zHSL% o —SN oMl T 2.42)

1
V=V(i-s3)= ;(I"1 +T, —20,) because T, =Ty,

2.5 Description of tests
(a)  STANDARD ERROR TEST

From (2.4.2) under H,, the test statistic:
5o s

Jﬁ(sf - s§)

is approximately distributed as 1,y provided Vs consistent estimate

Xp =

of V. The asymptotic null distribution of X 2 sy
The Theorem | provides the consistent estimate of V.
Theorem 1

The Taylor expansion estimate of V is:

Z(zc -2,

V(SI 32) = (n—l)

where

o z=-22c and

n oo
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H
N, -
Py
mmc ’ ] .
v . et »
. H
N=J.N,
h=1 .
H
n=z.ﬁ;,
hml
N .
M
c=]

e H . - . . AN
n.o = Sm B 1 T
ik the -
c=l

L] . -

o = ZN sz

©h=] ¢=l

_zM >3

. & Stratum weight,” .

fe=l o=] P
W. = Noiﬁ
ih T ‘N fa
. of
.. 1 e
X ihce - A
Ny m,
T =3 225
Xﬂl.. =¥ x'-m
c=1 e=| o
n, '
- _ L 2 . i
X, = Poie x,hu .\
t=] £=1 |
13

Number of strata in_ U

Total number of clusters in h-th‘
stratum in U, :

Number of clusters m h-th stratum
of a sample. S

P

Observations in c-th cluster of h-th

stratum. ¢ -..,s. : L
Number of clusters inU.
° . “; ) . .k 7. TR

- Number of clusters in a sample

I _:h ,-
Number of observatlons m h-th-
.1 Stratum, e s 4
Nﬁmber of observatlcus%
sample from h-th stratum3 R

-
.ot ~ e

RS PP

L D SRl

T R G
Finite Population size. ‘
sy T L

Sample size L
£ LIRRIC A F 2 :-.'1 . . “’l'
-,; ’ L
Fooamthhee L L ’ . \; )
“e=th "observation of c-th"cluster of
~h-th stratum. e = 12,0 my,

. - . . -; ‘.:'n'.
. Mean of h-th stratum, ,
) LI v R v DR
.]_,;-_Z,&a R R -f
Mean of h-th stratum ofa sa.mple
Iy 54 '
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2 2 2
S l' - (n ) Si—c

_ _i _The s, .. are sample variances by usmg n, =1 clusters with c-th -
. cluster omltted The jackknife estimators are . oo

.-', gthi= (n l)i 3

The s .are apprommately mdependent and have asymptotically

3

equal means and vanances That being so, under, Hgl the test statistic

X E-

has approximatély distributed as £,,_;y» Wolt_er (1985).'1116, v (87 - 53)

canbeobtamed by using e e
T = —-—-Z(sw-—_s; ‘ and "
=— =) (s~ s2).
n__ ;( 1c 1 ( 2,(: \ 2 ) -
e R
The asymptotic null d:stnbutlon of - X J s x, | *

3 'I_'ESTS UNDER STRATIFEE_D CLUS'I‘ER SAMPLING DESIGN

31 Notatmn

The sufﬁx i denotes the. ﬁmte populanon, =1y 2 P

U ' ' “Union of finite populatlons

5.0, (tis assumed that, each cluster, of .
U ‘contains more than one element_
of i-th finite populatlon) :

M
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: 512]'[012]' P |:r0-'|‘|:‘l’1 : ‘4’12]]
n’ - —N| || 34.1
H:Szz. 0'22 J |.0_| WYa Wy 34.0)
o : _ e
V=F(s _5_'2)=_ ;(\lﬁ +y, —2y,,) because of v, =y,

=+, -20y)

3.5 . Description of tests
(a) ~ STANDARD ERROR TEST
From_' (3 -4.1) the test statistic
58 S

is distributed approximately as f,, ,, under’H,, 'if V. is cor“).sistent

X

‘estimate of V. The asymptotic null distribution of X 5 ois x}. To
estimate V by Taylor expansion method-applyiitg Theorem. 1 define

_ W. n - W, - W, W,
=20 E(xlhx -x.) - Az(-"ﬂn -x.) - "h( 1n P X+ Tt flz)an
M e=l Myon o= Hom LT

12 |
de, = Zhe
nﬁ o=l

Then
H

P(st-s) =D,

) - T 42
— D (Zhe -2
w1 (= 1) cq( be = 20)
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X '.‘_ = Z S . 3 Xipcs: - . Mea‘n'-_of-f'mitz population.
m‘ hmil =1 gal. . ' ‘
H _ )
vXG = z—"—"t 2 Xipce. ‘ o Weighted mean of a sample.

a=t Ty ot e=l

aj hal c=l el

S = -—Zit(x - Jﬁi- Yalriance of finite population

"'"Z “’iz(xm—x: ~ Weighted sample variance.
‘ hul"gj.\c-le-l ‘ _ T , -

et owLoE,

. 1¥ 2 Sampling design

The m;, clusters.are. selected from the N . clustersmf U by simple
random samplmg The: each cluster of n, is separated for the respective
finite populatlon tor obtam the: sample from the:li-th stratum of the finite
populations: The drawings are independent in different strata. The -

- . clusters obtained for each: stratum: of ﬁmte populatlons together

campnsethe full sample:

a3 Problem under: study

It is-assumed:that XM are-random’ vanables, whlch 1mpl1es that

‘ S 1’5 are: also random vanablec Furthermore. it is assumed- that S 2sg converge

to: 0’, *5-(variance:of: superpopu]mon) as N_; becomes. larger The hypothesls
of-interest: 1s

Hi,:o} =5l v H,:.ol #0;
KIS PrOpemwobeample Varianeu

LI

F'rom (2 4.1) and.(2 4. 2)
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n P .
13 o n
Sn = Sitc . ,

SR . R S E
and .s~.2 are Jackkmfe estimators based on full sample The s,,c s are
approximately independent and: have asymptotlcally equal means and
variances. Thus : L LA

. . . Coge e
S[Z _s22 . s~ Al iy A

X,
-8

is approxunately dustnbuted as #,;, under Ho2 The V' (s --s,_) can .
be determined by using .
R 1" s |
v, ='i————+ sy —52) and
I! o ﬂh(ﬂ;, = 1) gl:( ihec ih ) : -
H

Vo= 2———

h=1 Ay (n,, - 1)

Z(Smc Sm)(szhc th) LI

The asymptotic null distribution of X2 is 2 r
4.  CONCLUDING REMARKS

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

The parent sample from h-th stratum is randomly divided into
groups of size L, i.e.
n, = L, for L22 (n, aredivisible by L).

It is assumed that variance for each group of clusters of h-th stratum, is
asymptotically normal with equal means and variances. Thus

-2 -2
51— 832

V(s -53)
is approximately distributed as Loy under H,. Where

= -2
5 =25

k=1

Xg =

n

and _f*(sf —52) can be obtained by using

= 2 —52)? :
Z & Sin and

"h("h 1) g=1
) H
Via= Z (n i(slhg Slh)(s2hg slh)
h=1 11\ 1y,

_The asymptotic null distribution of X é sy,

(¢) - JACKKNIFE TEST _
Following Wolter (1985) letA

s2. = {H(n,~1)+1y's? = Hn, -1} s,

where s,__’s are variances after deleting (h,c)th cluster. The jackknif

estimators are the average of s,.i,c, i.e.
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