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Abstract

A major weakness of the classical Monte Carlo test is that it is biased when the
null hypothesis is composite. This problem persists even when the number of
simulations tends to infinity. A standard remedy is to perform a double bootstrap
test involving two stages of Monte Carlo simulation: under suitable conditions,
this test is asymptotically exact for any fixed significance level. However, the two-
stage test is shown to perform poorly in some common applications: for a given
number of simulations, the test with the smallest achievable significance level can
be strongly biased. A ‘balanced’ version of the two-stage test is proposed, which
is exact, for all achievable significance levels, when the null hypothesis is simple,
and which performs well for composite null hypotheses.
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1. Introduction1

The classical Monte Carlo test is widely used in science, because it requires2

only the ability to simulate from the null hypothesis; it needs only a few simula-3

tions; and its rationale is easy to grasp. However, important subtleties are often4

overlooked in practice. Monte Carlo tests are strictly invalid when the null hy-5

pothesis is composite, i.e., when parameters must be estimated (Ripley, 1977, p.6

181; Davison & Hinkley, 1997, p. 140; Conover, 1999, pp. 443, 448; Armitage7

et al., 2001, p. 373; Diggle, 2003, p. 89).8
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