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Abstract

Testing homogeneity is a common problem in survey work. We may, for
example, want to compare results from different national surveys or different
regions in a regionally stratified survey, or perhaps to compare the agree-
ment between interviewers based on interpenetrating subsamples. Tests of
homogeneity and independence are identical in ordinary multinomial theory,
of course, but this is not true for general survey designs.

Suppose that we have an (r × c) table with the rows representing inde-
pendent samples. Let πi = (πi1, . . . , πic)> denote the vector of population
category proportions for the ith row and let p̂i be the corresponding vec-
tor of sample estimates. We assume that the p̂is are independent and that√

ni(p̂i−πi) converges in distribution to a c-variate normal with mean vector
and (singular) covariance matrix Vi . We shall also assume that

ni

n
→ wi

with 0 < wi < 1 as ni →∞ for i = 1, . . . , r.
The hypothesis of interest is H0 : πi = π for i = 1, . . . , r and the natural

analogue of the usual Pearson chi-squared statistic is

X
2

=
r∑
1

c∑
1

ni(p̂ij − p̂+j)/p̂+j .

Under product multinomial sampling this has an asymptotic χ2
(r−1)(c−1) dis-

tribution, but this is no longer the case with more general survey designs.

Instead, under H0 and the assumptions above, X
2 ∼

r−1∑
1

c−1∑
1

δijχ
2
1 where the

δijs are the non-zero eigenvalues of
(
W ⊗D−1

π

)
(⊕Vi). Here Dπ = diag(π)

and W = Ir −w.e> with w = (w1, . . . , wr) and e = (1, . . . , 1)>.
If we have estimates of the full covariance matrices, V1, . . . ,Vr, then

we can estimate the δijs and choose an appropriate critical value for X
2
. In

practice, we often only have estimates of the standard errors of the individual
sample proportions and hence of the diagonal elements of Vi for i = 1, . . . , n.
We look at approximations to the distribution of X

2
based on this limited

information and at improvements to the nave Pearson analogue.
We apply the results to the Auckland Diabetes, Heart and Health Survey,

a two frame survey with one sample being a stratified random sample based
on the electoral roll and the other a two-stage sample based on an area frame.
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