J. Statistics
1996(1), 7-14

TESTING THE EQUALITY OF TWO COVARIANCE
MATRICES UNDER COMPLEX SURVEYS' '

By

MUHAMMAD KHALID PERVAIZ
(Department of Statistics, Government College, Lahore.)

ABSTRACT b

" A test for testing the equality of two covariance matrices under complex
survey designs is developed. The proposed test is a modification of
T2-test developed by Tiku and Balakrishnan (1985).
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i.  INTRODUCTION |

Tiku and Balakrishnan (1985) have given a T2.test for testing the
equality of two covariance matrices. They empirically evaluated the test
for normal/non-normal distributions, and found that for small samples
the test is not robust; in fact, its Type I error is usually smaller than its
presumed level under normality. Pervaiz (1994) compared the size and
power properties of the T2-test with the tests given by Layard (1972) and
confirmed the findings of Tiku and Balakrishan (1985). But in some
situations its observed significance level performance is comparatively
better than the tests proposed by Layard (1972).

The object of this paper is to modify T?-test under complex survey
designs. In section 2 cluster sampling design and in section 3 stratified
cluster sampling design is considered.

2. TEST STATISTIC UNDER CLUSTER SAMPLING
DESIGN

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

-

-
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N; Number of clusters in finite population.
n; ‘Number of clusters in sample. -
m;, Number of observations in c¢-th cluster
c=1l...,m

g

Ny = o Tic Finite population size.
3
Poi = o Mic - Sample size.
- ,
T e-th vector observation of c-th cluster,
Erce = (xiccl ’xu'eZ) e= m. ’
yevans ic
N, m,

X, =2-> > x . .
e T Ny z_: Z e Mean vector of finite population.

. c=] e=| pop
_ My

. .
X, =3 X :
T T o ;”ﬂ Sample mean vector.

1 Ny oy _
=y 22— X, ) - X, )

oi c=l e=]
Covariance matrix of finite population.
= _Zz(xk‘e —X; (xlce __:
o! c=] e=]

Sample covariance matrix.
2.2 Sampling Design -

A simple random sample of n; clusters is selected from the N; clusters of
i-th finite population. The samples are independent. Within each
selected cluster all subunits are included in a sample.

23 Null hypothesis to be tested

The model/super population approach with unrestrictive assumptions is
adopted (Pervaiz, 1989). It is assumed the X, are random variables
which implies that C; are also random variables. It is also assumed that
the C; converge to I, (covariance matrix of super population) as N,
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“finite population size” go to infinity. Thus the finite populations with
covariance matrices C,’s may be assumed to be random samples from
infinite populations called super populations with covariance matrices
Z,’s. Then hypotheses of interest are:

HyX =X, vs Hyx =X,

24 Description of Test Statistic

Let
Ve = (xlcel ‘;'--')2 and Uzu = (%1 -;1..2)2 ; and
Ve (x2cel ”;2--1 )2 and V,, = (x:_.:.,g —;2‘.2)2

Where

X,

icel

= xl‘ceZ bx

icel ?

X121 and x> and usual sample means.

ZZZ( X icel x“)(xrcez x”)

=1 =1 e=Il
2 LS

ZZZ( Xicel -xi l)

i=1 c=1 £=1

is the pooled regression co-efficient.

Fuller (1975) and Skinner (1986) have given central limit laws under
complex surveys. Thus the test statistic:

- -1r—
P Le T Do 4 0 wi
T e L w1 [0 &f] [;z] (2.4.1)

is distributed approximately as Hotelling’s T2 with 2 and (n,+n2~2)
degrees of freedom under H,; Where

U_'V\ =61—?|
wy=U,-V,
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)

Z(E_jlc —51)2 +g(?lc "‘?1)2

¢'2 = n,+n, =2 ‘ and
"Zl(gzc _52)2 +nzl(l72c "1’72)2
&22 - c=1 - c=1 )
n4n, -2

The T? is asymptotically distributed as 2+ under H,,

3. TEST STATISTIC UNDER STRATIFIED CLUSTER
~ SAMPLING DESIGN '

3.1 Notation

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

- H; ' Number of strata.
Ny, Total number of clusters in h-th
stratum.
Ry Number of clusters in h-th stratum
of sample. '
M;p, QObservations in c-th cluster in h-th
stratum. ‘
H:
A{“ = hz_i Ny Total number of clusters.
>
= i 1""’ Number of clusters in a sample.
N; Number of observations in h-th
Noin= i M, stratum.
c=1 ‘
n; Number of observations in a
Hoin = ‘2 My, sample from h-th stratum.
e=1
H
Noi = No;h

— Finite population size.
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Roi Z Roin = 2 2 Mipe

h=leml Sample size.

W- - No:'h

h— N oi : ' Stratum weight.

e-th vector observation of ¢-th
cluster of h-th stratum.
e= 1,2, ..... s Mg,

r
Xince = (xihrel ’ xihceZ)

N, o aS ' Mean vector of finite population.

Z o 22 2 e

— — _ Weighted mean vector of sample.

i Nin M

1 & — =
= 2 2 e — X N — X,

i h=1 ¢=1 e=I

E

Covariance matrix of a finite population.

H, Mih  Plipe

S h ZZ(EM‘W - if )(thce - Ei...)r

a=1 Mgip c=l e=

) Weighted sample covariance matrix.
32 Sampling Design
The ny, clusters are drawn by simple random sampling from N
clusters. Within each selected cluster all subunits are included in a
sample. The samples are independent.
33 Null hypothesis to be tested
It assumed that x,  are random vectors, which implies that C, are also
random variables. Furthermore it is assumed that C, converge to X,
and N, become larger. Thus, the finite populations with covariance
matrices C, ’s may be viewed as sample from infinite populations called

superpopulation with covariance matrices X.’s. The hypotheses of

interest are:
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Hp:Z,=L%, Vs HpZ, %%,

3.4 Description of test statistic

Let
‘U]hr.'e = (xlhcel ";M)z and U 2hc-¢ = (x'lhrel '“;1...2)2 and

- 2 - 2
Vibee = (xzhr:e! - X 2---l) and V., = (xzmz —-Xx 2—2)

Where
Xineer- = Finee2 — bxihcel

Xi. and 'x; 3~ are usual sample means.

My Mipe

ZZ 'h/ZZ( X ihcel - xi, IXxmcez xi 2)

5_a=lh1 arhc=1e1

53 e £ e 5

mh =1 e=1

is the pooled regression co-efficient. The test statistic:

SOl AM|E

is distributed approximately as Hotelling’s T2 with 2 and n;+ny-2 degree
of freedom under Hg, . Where

My Mipe

T3 3Yy,

m=1 Moth cel el

Us= Z i iiuzm’

b=t Moth e=1 e=1

Moy Mya

V' Z i ZZVlm:-

h=l Mozh o=l e=i
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_ 2h Map My
Z ZZVZ}me
a=1 1 nlh - c=] e=]
2 M wrli L I -__ 2 ‘H ;p;i ."Zh _ o
i = ; ﬂ]h(nm - 1) ;(Ulhc Ulh). +hz=l nz,,(nz,, - ) e=I (V”'c _V-M)

and

~ 2 _EH: FVzi .nlﬁ (U U ) | 2 14
Ve T A=l "m("lﬁ - l) e=1 Heow +Z

b=t nZh(nZh 1) c=l
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