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One of the main challenges in microarray data analysis is to develop sta-
tistical procedures which can, based upon a small number of observations per
gene but a large number of genes, be powerful enough to detect effects of in-
terest. To compare gene expression levels from two groups, such as treated
and untreated, several approaches have been proposed: some suggest handling
the problem using permutation tests (Efron et al. , 2001, Tusher et al. , 2001),
whilst others do so via hierarchical models (Baldi & Long, 2001, Lonnsted &
Speed, 2002). Merits of these approaches have been illustrated using empirical
arguments, which allow for comparisons between approaches, but not much is
learnt about the approach’s optimality or power.

We propose a more structured approach: construct a likelihood-ratio test
statistic which makes use of a hierarchical structure in a way similar to Baldi
& Long’s approach, but purely frequentist, so that estimation is easily imple-
mented. This test statistic can then be re-written as a generalized Student’s t
statistic which, under the null hypothesis of no treatment effect, has a Student
t distribution with augmented degrees of freedom.

Sets of genes appointed as affected by the new test showed agreement with
sets appointed by Significance Analysis of Microarrays (Tusher et al. , 2001),
with the new test showing more power in situations where the proportion of
affected genes was small, and the sample size in each group was small, while
false discovery rates yielded by the new test and SAM were of comparable sizes.

Extensions to other statistical tests and methods to improve their power in
microarray data analysis, such as the F -test and ANOVA, will be discussed.
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