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SUMMARY

This paper proposes that results from simultaneous tests be reported as adjusted P-values such that,
if the adjusted P-value for an individual hypothesis is less than the chosen significance level of «, then
the hypothesis is rejected with an experimentwise error rate of no more than «. Examples are given
of adjusted P-values for multiple comparisons in the analysis of variance and of adjusted P-values
based on the Bonferroni procedure and modifications of that procedure by Holm (1979, Scandinavian
Journal of Statistics 6, 65-70), Hochberg (1988, Biometrika 75, 800-802), and Hommel (1988,
Biometrika 75, 383-386). The modified Bonferroni-based procedures are much more powerful than
the original Bonferroni procedure, and they deserve wider use. In addition to the above, a procedure
is outlined for obtaining adjusted P-values for any closed test procedure.

1. Introduction

Without a doubt, the P-value has become the “bottom line” for many consumers of
statistical analyses. This is not without reason. A P-value provides information about
whether a statistical hypothesis test is significant or not, and it also indicates something
about “how significant” the result is: The smaller the P-value, the stronger the evidence
against the null hypothesis. Most important, it does this without committing to a particular
level of significance as traditional hypothesis tests and confidence intervals do. The dilemma
for the consulting statistician is how to convince the client that a P-value is not necessarily
“significant” just because it is less than .05 (or any other chosen level), when that P-value
is for one of a possibly large collection of tests conducted during the course of a study. One
way out of the dilemma is to report adjusted P-values which take into account that multiple
tests are being conducted. It is the purpose of this paper to encourage the use of adjusted
P-values and to extend their use to settings where they have not been used previously.
The idea of adjusted P-values is not new. In one sense, the P-value produced by a
multivariate test statistic can be thought of as being adjusted for simultaneous testing. This
is the approach taken by O’Brien (1984) as a means of handling multiple endpoints in
clinical trials. This approach, however, does not solve the problem of reaching a conclusion
about a particular test; for this, the P-value of the individual test needs to be adjusted. The
idea of adjusting individual P-values is also not new (see Rosenthal and Rubin, 1983), but
it does not seem to have gained much favor. One reason is that most adjusted P-values
have been based on the Bonferroni inequality, leading to very conservative results in most
instances. The objective of this paper is to demonstrate how adjusted P-values can be
obtained using other, less conservative procedures. Section 2 presents methods that can be
used for multiple comparisons in an analysis of variance setting. Sections 3-5 address the
more general setting for which the Bonferroni adjustment is so often used. Special emphasis
is given to recent improvements on the Bonferroni procedure by Holm (1979), Simes
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