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ABSTRACT
Hoijtink, van Kooten, andHulsker (2016) outline a research agenda for Bayesianpsychologists: evaluate
and use the frequency properties of Bayes factors. Morey, Wagenmakers, and Rouder (2016) respond
that Bayes factors calibrated using frequency properties should not be used. This paper contains the
response of Hoijtink, van Kooten, and Hulsker to the criticism of Morey, Wagenmakers, and Rouder
(2016).

Introduction

The experiments by Bem (2011) resulted in discussions
concerning the statistical approaches used for data analy-
sis. The hypotheses Bem evaluated in his first experiment
were H0 : δ = 0 versusH1 : δ �= 0, where positive values
of the effect size δ indicate the existence of psi. Wagen-
makers, Wetzels, Borsboom, and van der Maas (2011)
present an argument in favor of Bayes factors over p values
to evaluate the hypotheses of interest. Specifically they use
the Jeffreys, Zellner, and Siow (JZF) Bayes factor, which
is closely related to the the scaled information Bayes fac-
tor as elaborated in Rouder, Speckman, Sun, Morey, and
Iverson (2009). Hoijtink, vanKooten, andHulsker (2016),
subsequently denoted by HKH, determine the frequency
properties of the scaled information Bayes factor and con-
clude (1) that the scale τ of the N(0, τ ) prior distribution
of δ under H1 influences these frequency properties and
that research avenues that determine the scale using these
frequency properties should be explored, (2) that the size
of the Bayes factor can be interpreted via a translation into
frequency-based conditional error probabilities, and (3)
that subjective prior distributions may be a viable alter-
native for the default prior distributions used by Rouder
et al. and Wagenmakers et al. Morey, Wagenmakers, and
Rouder (2016), subsequently denoted by MWR, respond
to HKH and argue that the prior distribution they use is
subjective instead of default and that the calibrated Bayes
factors proposed by HKH should not be used. In this
response to MWR counterarguments will be given.

CONTACT Herbert Hoijtink H.Hoijtink@uu.nl Department of Methods and Statistics, Utrecht University, P.O. Box ,  TC, Utrecht, The Netherlands.
Note that τ is used to denote the prior standard deviation or scale—this in contrast to the use of τ in software like WinBugs and OpenBugs where it denotes the
prior precision.

The prior used byMWR is more default than
subjective

In this section the focus will be on the effect size δ that
is central in the hypotheses H0 : δ = 0 and H1 : δ �= 0.
An important requirement for a subjective prior distribu-
tion for δ under H1 is that it enables researchers to repre-
sent their prior knowledge. One option is aN(δ0, τ ) prior
with prior mean δ0 and standard deviation τ .1 More gen-
eral distributions (for example, a skewed normal) are con-
ceivable but at least the mean (representing a researcher’s
best guess) and the standard deviation (representing a
researcher’s certainty about his best guess) should be
specifiable.

Bem (2011) states that “The main psi hypothesis was
that participants would be able to identify the position
of the hidden erotic picture significantly more often than
chance” (p. 409), that is, δ is larger than zero. An elici-
tation procedure supporting the translation of this prior
knowledge into a value for δ0 and τ should clarifywhat the
meanings are of “best guess” and “certainty about the best
guess,” respectively. In Bem’s experiments a small posi-
tive effect size is expected; this could be translated into
δ0 = .1. Bem seems to be rather certain about his expec-
tation this could be translated into τ = .05 resulting in
a normal prior for δ that places about 95% of the weight
on the area 0 to .2. Note that this is only one translation
of Bem’s hypothesis into a prior distribution. Others may
very well propose different vales for δ0 and τ . One way
to deal with these “subjective” differences in opinion is by
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means of consensus priors as advocated byMWR towards
the end of their paper.

Rouder et al. (2009) and Wagenmakers et al. (2011)
use a N(0, τ ) prior distribution for δ under H1 if the the
scaled information Bayes factor is used (for the JZF Bayes
factor a Cauchy prior centered around zero with scale τ is
used). Due to a fixed prior mean of zero, this prior can-
not represent Bem’s main hypothesis, which states that δ

is larger than zero. This is a nonsubjective, that is, default
characteristic of this prior.

The prior standard deviation τ can be specified and
can be used to represent a researcher’s prior knowledge
about the effect sizes that are expected. Often τ = 1 has
been used (see, for example, Wagenmakers et al., 2011).
As noted by MWR for the Cauchy prior this implies that
there is a 50% prior probability that |δ| > 1. For the nor-
mal prior there is a 95% probability that the effect size is
in the range –1.96 to +1.96, that is, there is a 32% prior
probability that |δ| > 1. Effect sizes larger than 1 are rarely
observed in the behavioral sciences. Cohen (1992) in his
“power primer” does not even consider effect sizes larger
than .80. Especially in the Bem experiments where at best
small effect sizes (say .1) are expected, a prior scale value
of 1 is an unrealistic representation of the prior knowl-
edge. It has to be concluded that the subjective nature of
a N(0, 1) prior distribution for δ under H1 is virtually
nonexistent and that the nature of this prior is essentially
default.

Evaluating this prior from a frequentist perspective
by computing the probabilities of correctly preferring
H0/H1 if the Bayes factor is larger/smaller than 1 high-
lights serious problems with the use of this prior. As can
be seen in Figure 1 in HKH for a sample size N = 100,
using τ = 1 implies for smaller effect sizes like .20 (as are
expected in Bem’s experiments) that it is almost certain
that H0 is preferred if it is true, but that there is only a
probability of about 45% of correctly concluding that H1
is true. As can be seen in Figure 2 of HKH, for N = 36
the probability of correctly preferring H1 drops to about
25%. There is no denying—if the prior distribution spec-
ifies unrealistic ranges of effect sizes, the resulting Bayes
factor is biased against H1 and has a rather small proba-
bility of correctly identifying H1.

Both figures also show that for each true effect size both
the probabilities of correctly preferringH0 andH1 can be
high. For example, if in the population the effect size is
.20, for N = 100 choosing τ equal to .125 renders prob-
abilities of about .78 of correctly preferring both H0 and
H1. This led to the idea to choose τ such that the result-
ing Bayes factors have nice frequency properties. Lines
along which such a default approach could be developed
have been sketched in HKH. In the next section it will be
argued that the criticism of MWR of such an approach is
unjustified.

Calibrated Bayes factors

Thefirst criticismofMWR is that “the calibration imposes
an arbitrary quantification of the evidence on the data” (p.
13). This statement is unjustified. HKH complete three
steps to obtain a clearly defined quantification of evi-
dence:

(1) In the first step researchers have to specify which
frequency properties they want their decision pro-
cedure to have, that is, what is required of the prob-
abilities of correctly choosing H0 if the Bayes fac-
tor is larger than 1 and choosing H1 if the Bayes
factor is smaller than 1. Many choices are conceiv-
able. One choice is specified in Definition 1 from
HKH: require both probabilities to be equal.

(2) In the second step the scale τ of the prior distribu-
tion has to be chosen such that the resulting Bayes
factor has the desired frequency properties. MWR
show that such calibrated Bayes factors are incon-
sistent and that it is not possible for all combina-
tions of sample and effect sizes to find a τ value in
agreement withDefinition 1. Both their claimswill
be discussed below.

(3) In the third step frequentist conditional probabil-
ities are computed, that is, what are the probabil-
ities of making the correct decision given the size
of the Bayes factor that is observed (see Figure 3 in
HKH). This is a nonarbitrary quantification of the
evidence in the data that has a very clear interpre-
tation.

The second criticism of MWR is that calibrated Bayes
factors are inconsistent. MWR are correct that using a
procedure straightforwardly based on Figures 1 and 2
from HKH renders inconsistent Bayes factors. However,
Figures 1 and 2 only present the frequentist information
uponwhich calibrated Bayes factors could be based. HKH
sketch three options to use this frequentist information
to choose the prior scale τ : the subjective option, the
rational option, and data-based procedures. HKH write,
“We want to provide a research agenda …not execute [it]
and “providing less add hoc choices … should be added
to the research agenda of Bayesian psychologists” (p. 6).
Researchers having a more positive attitude than MWR
with respect to calibrated Bayes factors would have asked
themselves “how can consistent calibrated Bayes factors
be obtained?” As is implied by Figure 4 from MWR a
quick answer to this question is: limit the range of allowed
values for τ to the interval (0, 1]. For smaller sample or
effect sizes this would render a τ value still aiming at equal
probabilities of correctly choosing H0 and H1. For larger
sample or effect sizes the probabilities of correctly choos-
ing H0 and H1 will be so high that it is no longer neces-
sary to aim for equal probabilities. However, note that it
is not claimed that this is the answer to obtain consistent
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calibrated Bayes factors. More refined calibrated Bayes
factors have to be developed. Furthermore, not only
the consistency of the Bayes factor itself has to be
considered, but the probabilities of correctly deciding
that H0/H1 is true should go to 1 as the sample size
increases.

The third criticism of MWR is that a τ value that will
yield equal error probabilities can not be obtained for
all combinations of effect sizes and sample sizes. As can
be seen in Figure 2, for example, as τ goes to zero for
δ = .20 andN = 36 the probabilities of correctly deciding
that H0 and H1 are true go to about .70 and .55, respec-
tively, which is as equal as can be obtained for the chosen
effect and sample size. The same situation occurs when a
power analysis is executed for a t test for two independent
means. If the interest is in δ = .2, a Type I error of .05, and
the sample size is N = 36 per group, the required power
of .80 cannot be obtained (Cohen, 1992). In both situa-
tions (aiming for equal error probabilities and aiming for
a power of .80) larger sample sizes are needed to obtain
a procedure with the required frequency properties. The
third criticism of MWR is not a criticism but a fact of life:
“You can’t always get what you want” (Jagger & Richards,
1969). MWR comment that in this situation “the only τ

that meets HKH’s calibration definition (Definition 1) is
τ = 0” (p. 15). However, this would render H1 identical
to H0, which does not make sense and is nowhere sug-
gested by HKH. It is clear that τ should always be strictly
larger than zero.

Conclusion

In the last decade there has been a lot of attention on
the evaluation of p values from a Bayesian perspective
(see, for example, Wagenmakers, 2007). This has clari-
fied properties of p values, increased attention on Bayes
factors, and in general, increased understanding of what
can be achieved using p values. HKH provide the start of
an evaluation of Bayes factors from a frequentist perspec-
tive. This has clarified that the frequency properties of the
scaled information Bayes factor depend on the prior scale
τ and that “common” choices of τ result in questionable
frequency properties. Stated otherwise, looking at Bayes
factors through frequentist glasses may increase under-
standing of what can be achieved with Bayes factors and
identify areas where matters have to be reconsidered and
further research is needed.

Note that evaluation of Bayes factors from a fre-
quentist perspective should not be limited to the scaled
information Bayes factor as was done by HKH when out-
lining a research agenda for Bayesian psychologists. Itmay

increase understanding and lead to changes in each situa-
tion (different statisticalmodels, different sets of hypothe-
ses) for which Bayes factors are developed and applied.
And then maybe “You can’t always get what you want, but
if you try sometime, you just might find, you get what you
need,” (Jagger & Richards, 1969) both from a frequentist
and a Bayesian perspective.
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