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Performing responsible research is a mandate that should guide any scientist, because we must use
research funds wisely. The research performed in this project will benefit all those interested in
performing (null) hypothesis testing optimally, in particular under the Bayesian framework.

In this project | aimed at getting a better understanding into how social
applied researchers use the Bayes factor in order to conduct hypothesis testing. The Bayes factor,
often considered the Bayesian replacement of the p-value, is still relatively new to most
practitioners. As such, it was unclear how well it has been used in the literature. In this project
I worked together with an international team of researchers. | found evidence suggesting that there
is severe misunderstanding about how Bayesian hypothesis testing should be conducted. | have
identified several issues that need to be addressed in order to improve the current state of
affairs. | am currently working on tools aiming at easing the understanding of the Bayes factor.
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1. WFERAE SO &

The most popular statistical inferential framework in use nowadays is frequentist, or
classical, statistics. Specifically for hypotheses testing, null hypothesis
significance testing (NHST) and the p-value are heavily used. Even though these tools
have been around for about 100 years, there is ample evidence in the literature showing
that practitioners do not understand NHST nor the p—value very well. This is extremely
problematic because much of the decision—making in science relies on these tools. A
poor understanding of hypothesis testing may be detrimental towards establishing solid
scientific foundations at best, and may easily mislead scientists into making egregious
errors.

This state of affairs has motivated researchers, and statisticians in particular, to
look into possible solutions and alternatives. In this regard, Bayesian statistics has
emerged as one solid viable alternative to frequentist statistics. Concerning
hypothesis testing there is the Bayes factor, which can be thought of as the Bayesian
counterpart to the p-value. The Bayes factor has been gaining popularity since the mid
1990s with the advent of MCMC algorithms. The big problem is that most researchers did
not receive a good (or any) preparation in Bayesian statistics. As such, using a new
inferential tool such as the Bayes factor is not an easy task. Knowing how often
researchers make mistakes using well-established frequentist statistical tools, I could
not help but wonder whether researchers have also been making mistakes while using the
Bayes factor in their research.

2. WHEDOHBY

We had two main purposes with this research project: To identify existing problems
related to the use of the Bayes factor in practice, and to offer solutions to improve
matters. Concerning the first purpose, 1 studied how the Bayes factor has been
(mis)understood and interpreted. Together with my research team, we also reasoned on
why the identified errors do come about. Based on these findings, we addressed our
second purpose by developing new materials aiming at improving the education and
understanding of Bayesian hypothesis testing. In particular, an interactive Shiny app
is currently entering deployment stage

3. WD Ik

(1) A large-scale literature study was conducted. I used various citation databases to
find all empirical psychology papers published since 2010 that report at least one
Bayes factor in their results. After intensive selection and screening, a final set of
167 papers was selected. The criteria for rating the adequacy of each use of the Bayes
factor in each paper was determined by my research team. This is an international team
that I coordinated and that included the following researchers: Myself, Prof. Henk
Kiers and Dr. Rink Hoekstra (University of Groningen), Dr. Richard Morey (Cardiff
University), and Tsz Keung Wong (Tilburg University). Together, we assessed potential
misconceptions in uses of the Bayes factor. We curated a list of criteria according to
which we judged each of the papers in our sample; we refer to these criteria as QRIPs
(questionable reporting and interpreting practices). Afterwards, we read all papers in
our sample and marked all QRIP occurrences. This provided us with a broad picture of
the type and severity of problems that exist. At this point, my team met several times
to discuss the results. More than just looking at the total counts for each QRIP, we
studied many text passages and tried to reason why such errors occurred. Based on this,
we speculated on various possible causes for the identified problems. Furthermore, we
elaborated on a series of suggested solutions to address the problems that we found

We created a scheme relating each cause to each proposed solution.

(2) Based on the previous project, we followed up by working on new education materials.
A Shiny app has been created for this purpose. This app is essentially a modern HTML
page which includes means to compute the Bayes factor in one very simple situation



raise awareness about the various errors that are important to avoid, and finally go
through a practice test in order to check whether the contents were well learned. We
are in the process of finalizing the app and the supporting paper, which will be
submitted to an international peer—-reviewed journal.

4. BFIERR

(1) The incidence of the various QRIP criteria in our papers sample is shown in Figure
1. It can be seen that the percentages are in some cases rather high. This is indeed
worrisome and unfortunately confirms our worse suspicions that led us to work on this
project to start with.

Criterion Count (Percentage)

#1 22 (13.2)
#3a 18 (10.8)
#3b 50 (29.9)
#3c 10 (6.0)
#4 104 (62.3)
#5 59 (35.3)
46 34 (20.4)
47 7 (4.2)
49 6 (3.6)
£10 9 (5.4)
A 59 (35.3)
B 27 (16.2)
C 30 (18.0)

Figure 1: Count (percentage) of papers displaying the corresponding criterion.

As a result of dissecting the identified problems, we offered some suggestions for
solutions. Figure 2 summarizes both the purported causes and proposed solutions

Potenti Potential
cause solution

Lack of knowledge . .
Better learning materials.

QRIPS: 1, 4, 3abc, 6,7 i 5 - Discuss both advantages and limitations of the BF.
BF versus the 'theory of inverse probability' >~ _~ // -Disambiguate the BF from the p-value.

QRIPS: 1,5, 6
Cognitive dissonance 8 e/ Use checklist (appendix).

QRIPs: 1,6 e ~ >
Principle of indiference

QRIPs: 1,6

. Resort to supplemental material if needed.
Parsimony (space, style)

QRIPs: 3abc, 4, 5, 10

Dealing with priors
QRIPs: 3abc
i Accept uncertainty.
Increase impact, reduce uncertainty / ~ \_—_ +TheBFis only anumber, after all.
~7 7 « Report BFs together with effect sizes and posterior
distribution and/or credible interval of estimates.

QRIPs: 4, 5,9, 10

Dichotomization, decision making

QRIPs: 5,7, 9, 10 ) Consider alternative inferential options.
. / « Testing using interval null hypotheses.
Desire to support Hy « Estimation.

QRIPs: 9



Figure 2: Summary of the potential causes for the problems identified in the
literature study (left) and suggestions for potential solutions (right)

The results from this project were presented at an international conference (CSP 2023
San Francisco, 03 February 2023) and we submitted a paper for publication (preprint
here: https://psyarxiv. com/dudfc/; current stage: resubmitted after revision)

(2) A Shiny app is currently in an advanced stage of development. The weblink is
currently https://statsedge. org/StatsEdgeShinyApps/LearnBF/, but this is still subject
to change. Most elements of the app are in place, I am finalizing the more educational
parts of the tool. This project suffered a small delay due to problems related to
securing my one server and website to make sure this app stays functional for years to

come. A paper supporting this app is also under development. I hope to submit the paper
to an international journal in the coming few weeks

(3) I further proceeded with my research with the Bayes Factor itself. Together with
colleagues from Europe, I co—authored two papers revolving around the Bayes factor. In
Linde, Tendeiro, Wagenmakers, and van Ravenzwaaij (2023; in press), we wrote a rebuttal
to Campbell and Gustafson on the merits of the Bayes factor in the realm of equivalence
testing. In Linde, Tendeiro, and van Ravenzwaaij (2023; under revision), we developed
new Bayes factor for use with Cox regression in a two—group design.
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