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SUMMARY

A simple procedure for multiple tests of significance based on individual p-values is derived.
This simple procedure is sharper than Holm’s (1979) sequentially rejective procedure. Both:
procedures contrast the ordered p-values with the same set of critical values. Holm’s procedure
rejects an hypothesis only if its p-value and each of the smaller p-values are less than their
corresponding critical-values. The new procedure rejects all hypotheses with smaller or equal
p-values to that of any one found less than its critical value.
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The Bonferroni inequality is often used when conducting multiple tests of significance to set
an upper bound on the familywise error rate; see, for example, Hochberg & Tamhane (1987, pp.
3,363).Let Py, ..., P, be p-values corresponding to m statistics for testing hypotheses H,, . .., H,,.
If a specific hypothesis H; is rejected when P; < a/m, then the Bonferroni inequality,

pr{g(ﬂsa/m)}sa O<a<1), (1)

ensures that the probability of rejecting at least one hypothesis when all are true is no greater
than a. This procedure actually guarantees the following stronger property. Let H ={H,, ..., H,,}
and let H' be a subset of H. Denote by H, and by Hj the intersection of the hypotheses in H
and in H', respectively. The probability of rejecting H; when it is true is not greater than « for
any subset H'. The first mentioned property is referred to as weak control of the familywise error
rate, i.e.

pry, (rejecting any H;) <a, (2)
where ‘rejecting any H,;’ is equivalent to ‘rejecting H,’. The second property is referred to as
strong control of the familywise error rate and can be expressed as

pru, (rejecting Hy) < a, (3)

for all H'c H.

Holm (1979) gave the following improved Bonferroni procedure. Let P,..., P, be the
ordered p-values and H,), ..., H,) be the corresponding hypotheses. Reject H;, when, for all
j=1,...,1i

Ph<a/(m—j+1). (4)

Holm’s procedure controls the familywise error-rate in the strong sense. It is described in the

following section as a procedure for testing all subset intersection hypotheses.

Simes (1986) discussed another ‘improved Bonferroni procedure’. His procedure, however,
provides a test only for H,. According to this procedure H, is rejected when, forany j=1,...,m,

Simes proved that this procedure has level @ under H, when the p-values are independent. He
also showed by simulation that the level under H, does not exceed a for a variety of multivariate
normal and gamma test statistics.



