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Introduction

Several articles have argued that the calculation of post hoc power (also called observed,
realized, or achieved power) when presenting the results of a study is unhelpful at best
(e.g., Hoenig and Heisey, 2001; Colegrave and Ruxton, 2003; O’Keefe, 2007). However, such
calculations can still be found in modern research articles, and the recent study of Lutermann
etal. (2022) provides a particularly clear example. We use this example to critique post hoc power
as it is commonly used but offer a simple and more useful alternate analysis.

The original power analysis

Luttermann et al. compared 15 healthy male mole-rats with 15 infected with a parasite. They
compare testosterone and cortisol levels between these groups, and both cases use post hoc power
analysis as part of the interpretation of the results. Since their approach is the same for both, for
brevity, we discuss only testosterone. Levels of testosterone (nmol/nmol creatinine) are reported
as 139.8 & 21.5 for healthy individuals and 105.6 £ 19.92 for infected ones. These values are
compared using a t-test—the results being f,3 = —1.22 and p = 0.234. “The effect size for this
comparison was moderate (Cohen’s d = 0.44, and the power low at 8 = —0.282)”. This is referred
to in the Discussion as follows: “Our power analysis suggests that due to the large variance in
testosterone levels larger sample sizes (n = 78) would be required to identify such differences”.

Our critique

It is well known that post hoc power offers no new information—if you know
the experimental design and the form of the analysis, then there is a one-to-
one relationship between the p-value and observed power
2001). If the result of your analysis is non-significant, then your power to detect
an effect of the size that you observed is low, by definition. Thus, the B value is
redundant. It is also of very limited informational value, since the p-value shows a
strong sample-to-sample variation (Halsey et al, 2015)—p will show strong variation

(Hoenig and Heisey,
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in replicate experiments. Quoting Cohen’s d also offers no new
information—for this design, it is simply the difference between the
means divided by the pooled standard deviation (which can be easily
obtained from the two SEs given). This too will show strong sample-
to-sample variation. Finally, “such differences” in the Discussion
section are undefined, and it appears from our simulations that n
= 78 is the sample size required to detect an effect size the same
as the observed one with 75% power. First, a reader could not have
surmised this without recourse to their own investigations like our
simulations, and second, there is no good reason for focusing on the
power to detect this effect size just because it is the one calculated
from the samples in this experiment. Overall, the presented post hoc
power analyses add no useful information to the reader and risk
confusing them.

Our recommended alternative

If the authors want to describe how between-individual variation
leads to uncertainty in the effect size, then the most natural way to
do this would be to quote a 95% confidence interval for the effect
size (the mean testosterone level in healthy individuals minus that in
infected ones). This can be done on the basis of the information given
earlier and is (—1.5, 70). Thus, if the null hypothesis was anything
from increasing testosterone by 1.5 units to decreasing it by up to

10.3389/fevo.2022.1108008

70 units, the observed sample in this study would cause that null
hypothesis not to be rejected based on a test statistic calculated from
that sample using the p < 0.05 criterion. This interval includes zero,
thus, we would not reject the null hypothesis of no difference, but the
range of other values for the predicted effect size that would similarly
not be rejected is now available to the reader. We chose to work
with a very simple effect size (difference between the means) because
we think this facilitates easy interpretation of effect sizes. However,
sometimes—especially when comparing studies—it may be useful to
use a standardized measure of effect size (most obviously Cohen’s d
here), and this can be done using the same approach as taken here
without difficulty.

If the authors want to explore the power of the experiment
to detect effect sizes of different magnitudes, this can be done
easily by simulation for any experiment, and such simulations
can easily explore the consequences of replicating the experiment
with a larger sample size (as we elaborate in Colegrave and
Ruxton, 2020). The key difference to this approach over post hoc
power analysis is that the effect sizes explored should be driven
by consideration of what would constitute an interesting effect
rather than simply the observed effect size in this experiment.
Such simulations are conceptually simple, and their coding should
be possible for scientists who perform statistical analyses in
software like R. Although simple, they allow valuable exploration
of understanding of the experiment. Most importantly, they can be

o
< Il.l.- =
_ _ .-
¢ d=15 .
am
A d=30 -
® 5 d=60 "
o 0
pE
A
2 o Au Ad
g © AM
o o [ Apy
[0 X - u‘
© . A A A
o4 A
= A A
2 < | ] A “a
(0] o A
y
o . AL A
Aad
A o
o~ AAAA ® o0 ©
- - P _0® O
o AAA ° e 9 o0 ®e®
o OOOOOO OOOOO ° ®
90900090
000000
o
o ! I T T
sample size in each group {n)
FIGURE 1
Estimated power of an experiment of the type described in the study to detect a difference in testosterone levels of d, if each group has a sample size of
n. Three different effect sizes are explored d = 15, 30, and 60 (nmol/nmol creatinine), which are equivalent to infection reducing testosterone levels by
approximately 12, 25, and 50%. For none of these effect sizes, does the actual size of the experiment carried out (n = 15) offer substantial power. An
experiment two times as big (n = 30) offers a power of 0.8 to detect a 50% decrease, but even an experiment six times as big (n = 90) offers relatively little
power to detect the two smaller considered effect sizes.
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used in planning a subsequent experiment that is adequately powered
for the desired purpose, rather than interpreting the results of the
current study.

Here, we can safely assume from the author’s use of a t-test that
testosterone levels in male rats of each type can be well described
by two normal distributions. In fact, given that the pooled standard
deviation is over 80, this assumption is questionable, but we can
ignore this for our illustrative purposes. From the quoted SEs, we
can calculate the common SD of these distributions. We can set
the mean for the healthy male rats to be the pooled mean from
this experiment (122.7), and the equivalent mean for the infected
male rats to this value minus the effect size. We simply repeatedly
sample 7 individuals from each of these distributions and submit
each set of two samples to a t-test. The statistical power (for that
combination of sample size and effect size) is simply the fraction
of such p-values that are <0.05. Such an analysis can be seen in
Figure 1.

Discussion

We have shown with reference to this recent study that post hoc
power analysis is of little value. However, the aims of such a power
analysis can often be met by considering a confidence interval for
the effect size and by exploring power for effect sizes determined
drawing on information other than the observed magnitude in the

focal study.
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