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In a recent opinion article, Muff et al. [1] re-
capitulated well-known objections to the
Neyman-Pearson Null-Hypothesis Signifi-
cance Testing (NHST) framework and
called for reforming our practices in statis-
tical reporting. We agree with them on
several important points: the significance
threshold P < 0.05 is only a convention,
chosen as a compromise between type |
and Il error rates (cf. [2]); transforming the
P-value into a dichotomous statement
leads to a loss of information (cf. [3]); and
P-values should be interpreted together
with other statistical indicators, in particu-
lar effect sizes and their uncertainties [4].
In our view, a lot of progress in reporting
results can already be achieved by keep-
ing these three points in mind.

We were surprised and worried, however,
by Muff et al.’s suggestion to interpret the
P-value as a ‘gradual notion of evidence.’
Muff et al. recommend, for example, that
a P-value >0.1 be reported as ‘little or no
evidence’ and a P-value of 0.001 as
‘strong evidence’ in favor of the alternative
hypothesis H1.

We have multiple reasons for concern with
this proposal. First, for all its faults, ‘statistical
significance’ (P < a) is now a term with a
well-defined meaning for researchers with
appropriate statistical training. For example,
it is usually stressed to researchers in their
initial statistical training that neither the
P-value nor the term significance can be
translated into the probability of an effect.
The term ‘strong evidence,’ however, has

no comparably sharp definition [5], and
researchers have not been trained to avoid
possible misinterpretations. If results were
reported as recommended by Muff et al.,
we anticipate that most scientific readers
would interpret the statement ‘both studies
provide strong evidence for an effect’ as
saying that, based on each study alone, it
is equally likely that an effect exists. Unfortu-
nately, however, this intuitive interpretation
of the word ‘evidence’ does not map to
the information contained in the P-value.

To understand why, consider that, for un-
derpowered experiments, P-distributions
are approximately flat under either HO or
H1, whereas in high-powered experi-
ments, we are much more likely to observe
low P-values under H1 (Figure 1A; see also
[6]). As a consequence, the probability that
a significant P-value is a false positive (i.e.,
false discovery rate) or below any other
threshold depends on the power of the ex-
periment, a point frequently noted in dis-
cussions of the replication crisis and the
shortcomings of the NHST framework.
For these reasons and more, Wasserstein
and Lazar [7] warn, ‘Researchers should
recognize that a p-value without context
or other evidence provides limited informa-
tion,” and ‘by itself, a p-value does not pro-
vide a good measure of evidence regarding
a model or hypothesis.’

Muff et al. [8] respond to similar points
from Lakens [6] by saying that evidence la-
bels ‘should not be understood as hard
thresholds’ and that ‘most applied scien-
tists would agree that it matters a lot
whether P=0.001 or P =0.999.” Although
this may be true, it fails to address the crit-
icism that the probability of obtaining a low
P-value under H1, and thus the evidence
contained in the P-value, is inherently
power dependent.

When looking for a statistical indicator that
maps better and context-free to the intuitive
linguistic interpretation of ‘evidence,” one
would be hard-pressed not to consider the
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Bayes factor (BF), defined as Pr(DIH1)/
Pr(DIHO) [9]. The BF expresses the relative
support for the two hypotheses from the
data D, and, assuming prior odds of
50:50, we can convert the BF into the pos-
terior probability of an effect Pr(H1ID).
Under certain restrictive assumptions, it is
possible to establish a correspondence be-
tween the P-value and the BF [10], but our
simulations illustrate the well-known fact
that the relationship between evidence
expressed as Pr(H1ID) and the P-value is
sample size dependent (Figure 1B), rein-
forcing the intuition that it is not possible
to interpret the evidence contained in a
P-value without considering sample size.

All this is not saying that the P-value does
not correlate with evidence. All other
things being equal, a lower P-value
means more evidence against the null. Im-
portantly, however, the reverse is also
true: the higher the P-value, the more evi-
dence in favor of the null. In our example,
most observations of P > 0.1 would trans-
late into Pr(HOID) = 1 — Pr(H1ID) > 50%
(Figure 1B). Interpreting this as ‘no evi-
dence against the null,” as suggested by
Muff et al., also seems misleading.

In conclusion, Muff et al. propose to attach
verbal labels to the well-known star nota-
tion (ns, *, **, ***) that is already commonly
used in statistical reporting. It would be
convenient for scientists if such a direct
translation of P-values into verbal state-
ments about the evidence for an effect
existed, because those statements would
simplify the notoriously difficult interpreta-
tion of the P-value considerably. Unfortu-
nately, however, the evidence contained
in a P-value is context dependent, and
suggesting otherwise, if only verbally,
only invites further misinterpretations of
this famously misunderstood quantity [11].

We therefore advise against using the
suggested interpretation of P-values as
evidence in statistical reporting. If re-
searchers desire to avoid the significance
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Figure 1. (A) frequency distribution of P-values for a one-sample t test under the null (black line; we show the
theoretical expectation of a uniform distribution), for an underpowered study (blue; simulated, power ~10%),
and for a well-powered study (orange; simulated, power ~80%). (B) Posterior probability of H1 calculated
using the BayesFactor package with default parameter priors and even prior odds for HO/H1, for the same
scenario. For code to reproduce the figure, see https://github.com/florianhartig/Muff2021Reply. Abbreviation:

BF, Bayes factor.

cutoff, they may just report the P-value
numerically. If they want to express the
evidence in favor of H1, we recommend
calculating the BF, which has limitations
as well (in particular its dependence on
the parameter priors), but those limitations

are well understood and can be consis-
tently interpreted.
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