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                    Abstract
The p value is the probability under the null hypothesis of obtaining an experimental result that is at least as extreme as the one that we have actually obtained. That probability plays a crucial role in frequentist statistical inferences. But if we take the word ‘extreme’ to mean ‘improbable’, then we can show that this type of inference can be very problematic. In this paper, I argue that it is a mistake to make such an interpretation. Under minimal assumptions about the alternative hypothesis, I explain why ‘extreme’ means ‘outside the most precise predicted range of experimental outcomes for a given upper bound probability of error’. Doing so, I rebut recent formulations of recurrent criticisms against the frequentist approach in statistics and underscore the importance of random variables.
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                    Notes
	There are two main schools of thought in frequentist testing: the Fisherian and the Neyman–Pearson. The decision rule presented here is more adequate for a Neyman–Pearson framework. According to the latter, the rejection of H0 implies the acceptance of an alternative hypothesis (H1). The Neyman–Pearson approach accordingly aims to minimise the probability of rejecting H0 when H0 is true (the type-I error) and to minimise the probability of rejecting H1 when H1 is true (the type-II error). Fisher, on the other hand, was against a formal treatment of the type-II error. He also criticised the ‘accept/reject’ procedure and preferred to interpret the p value as providing degrees of evidence against H0. I will alert the reader when the differences can matter.


	The null hypothesis is the default hypothesis. It is the one that we accept unless the evidence suggests that we should reject it.


	What I mean by ‘entrenched’ is that they are recurrent and appear in high-profile publications.


	Elliott Sober coined the expression ‘probabilistic modus tollens’. I shall also explain why he claims that it is invalid.


	Ian Hacking traces back the origin of that fallacy to John Arbuthnot (1710) (Hacking 1965, p. 75).


	Sober actually discusses an experiment involving a coin. But the point is essentially the same.


	Wagenmakers’ article also provides references to other scientific work in which we can find the same argument.


	The significance level of a test (\(\alpha \) for short) is the threshold that determines if a p value is low enough to reject H0.


	A critical region is a set of extreme outcomes such that we would reject H0 if our test statistic belonged to it. If every possible outcome is as extreme as any other, then the critical region includes (or excludes) all of them, which is unreasonable.


	When we are dealing with discrete variables, we talk about the distribution of mass and when we are working with continuous variables, we talk about the distribution of density.


	That definition is more precise since there might be more than one variable involved in a statistical test.


	I would like to point out that the puzzle is not very convincing. The only difference between the two distributions in Fig. 1 should be a difference of parameters. It is not obvious to see what kind of parameter would create both distributions when we change its value.


	Here I make 50 rolls instead of ten because it validates the following chi-square test and it makes every possible vectors very improbable.


	A computer simulation of a fair die generated the latter (see Appendix).


	We define the distribution with 5 degrees of freedom because once we have counted the observed frequencies for 5 dimensions of our random vector, we can simply deduce the frequency associated with the remaining dimension.
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Appendix
Appendix
Here is the program that I used to obtain S with R:

                  library(TeachingDemos)
                

                           dice(rolls=50, ndice=1, sides=6, plot.it=TRUE)
Here is the program that I used to perform a ‘Goodness of Fit’ test with R:

                  vect=c(9,7,7,7,13,7)
                

                  vectprob=c(1/6,1/6,1/6,1/6,1/6,1/6)
                

                  chisq.test(vect, p=vectprob)
                
Here is the program that I used to maximise the multinomial mass funtion with R:

                  a=factorial(50)
                

                  b=factorial(8)
                

                  c=factorial(9)
                

                  \(denom=(c^{\hat{}}2)^{*}(b^{\hat{}}4)\)
                

                  d=(a/denom)
                

                  \(frac=1/(6^{\hat{}}50)\)
                

                  \( d*frac\)
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