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Replication Target Selection in Clinical Psychology: A Bayesian and

Qualitative Reevaluation

Merle-Marie Pittelkow, Rink Hoekstra, Julie Karsten, and Don van Ravenzwaaij

Faculty of Behavioral and Social Sciences, University of Groningen

Low replication rates and ill-informed selection of replication targets can harm clinical practice. We
take a pragmatic approach to suggest which studies to replicate in clinical psychology. We propose a 2-
step process entailing a quantitative assessment of evidence strength using Bayes factors, and a qualita-
tive assessment concerning theory and methodology. We provide proof of concept on a series of pub-
lished clinical studies. We included 75 studies with 94 individual effects. Step 1 yielded 42 effects
(45%) with Bayes Factors suggesting ambiguous evidence or absence of an effect. These 42 effects

were qualitatively assessed by 2 raters. We illustrate their decision process and discuss advantages and

disadvantages of the proposed steps.

Public Health Significance Statement

This study provides a pioneering constructive approach to dealing with the replication crisis in clini-
cal psychology. We propose and discuss selection criteria for studies in need of replication.

Keywords: replication crisis, replication target selection, clinical psychology, Bayesian statistics,

transparency

For the past decade, there has been growing concern that a sub-
stantial proportion of the published literature reports spurious find-
ings: a phenomenon coined the replication crisis.

The replication crisis has been the topic of debate in both peer-
reviewed (e.g., loannidis, 2005; Nosek et al., 2015) and non-peer-
reviewed outlets (e.g., Mullarkey, 2019). Yet, clinical psychology
has only recently become subject to the replication crisis conversa-
tion (Hengartner, 2018; Tackett, Brandes, King, et al., 2019; Tack-
ett, Brandes, & Reardon, 2019; Tackett et al., 2017). The long
absence of clinical psychology in the replication crisis debate is
surprising, given the implications of low replicability in clinical
research. Basing treatment recommendations and clinical practice
on clinical trials that might fail to replicate may lead to sub-opti-
mal clinical outcomes, misinformed decisions regarding reim-
bursement, policy making, and further funding (Leichsenring et
al., 2017).

Until recently, evidence regarding the presence of a replication
crisis primarily stemmed from discussion and inspection of either
broad-themed journals or social and personality psychology
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outlets (Tackett et al., 2017). During the past couple of years,
efforts increased to expand the discussion on the replication crisis
to issues specific to clinical psychology (see for example Tackett
& Miller, 2019). Some of this budding literature focuses on
increasing reproducability of future studies by advocating the use
of open science practices (e.g., Nutu et al., 2019), and methodo-
logical rigor (e.g., Reardon et al., 2019), and some studies question
the reliability of previously published studies (e.g., Cuijpers, 2016;
Reardon et al., 2019; Sakaluk et al., 2019; Tackett & Miller,
2019). Clearly, there is a question of which published findings we
can trust in clinical psychology, and which studies require addi-
tional corroboration through replication studies (Hengartner,
2018).

This paper presents a practical approach to selecting replication
targets in clinical psychology by combining a quantitative Bayes-
ian re-analysis with qualitative and theoretical considerations. We
illustrate the application of our suggested approach by using a
sample of studies from the Journal of Consulting and Clinical
Psychology. This journal was chosen as it is prominent in clinical
psychology and publishes studies concerned with the diagnosis
and treatment of mental disorders. We will demonstrate how our
suggestions can be used to create a shortlist of studies for which
replication might be most useful.

Replication Crisis in Clinical Psychology

One indicator of the replication crisis in clinical psychology is
the systematic overestimation of the average efficacy of psycho-
therapy in the published literature due to publication bias (Dries-
sen et al., 2015). For instance, 24% of trials evaluating the efficacy
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of a variety psychological treatments for major depressive disorder
funded by the National Institutes of Health were not published, all
of which yielded statistically nonsignificant results. This resulted
in an overestimation of the efficacy of psychotherapy of approxi-
mately 25% (Driessen et al., 2015). Similar overestimation of effi-
cacy due to unpublished trials has been reported for cognitive
behavioral therapy for major depressive disorder in adults
(Cuijpers et al., 2010).

Another reason why published effects in clinical psychology
may not reflect true underlying effects is that treatments are often-
times directly compared without an adequate placebo condition. In
addition to the publication bias, these comparisons might be influ-
enced by allegiance bias (bias in favor of the main author’s psy-
cho-therapeutic allegiance; Luborsky, 1999), sponsorship bias
(bias in favor of results expected by a sponsor; Cristea et al.,
2017), and various other sources of biases including unblinded
outcome assessors (Khan et al., 2012) or small sample sizes
(Cuijpers et al., 2010). Taken together, a variety of biases appear
to distort findings in the clinical literature - with a detailed discus-
sion given by (Hengartner, 2018). Overall, it appears that prob-
lems inherent to the replication crisis distort clinical psychological
science too.

Replication

One way to improve trust in previously published findings is
through conducting replications. There are two types of replica-
tions: direct and conceptual. A direct replication refers to a study
utilizing the exact methodology as a previous study, whereas a
conceptual replication allows for adjustments of methodological
aspects with the aim to expand the knowledge regarding the
reported effect. Academia is not only challenged by low replicabil-
ity, but also by low rates of attempted replications, regardless of
their outcome, and clinical psychology is no exception. Though
clearly needed, replication studies are scarce in psychology. A pre-
vious investigation estimated an overall replication rate of only
1.07% (Makel et al., 2012). Potential reasons for these low rates of
replications include limited funding and increased difficulty to
publish. Combined, low replicability and a low rate of replications
can have profound implications on clinical practice (Hengartner,
2018; Tackett et al., 2017).

The replication crisis undermines the quest for evidence-based
treatments, as research findings might overestimate effects. None-
theless, replication in clinical research involving patient samples
appears even more challenging than laboratory or online studies in
terms of costs, hidden variables, and ethical considerations (Gel-
man & Geurts, 2017). Furthermore, treatment approaches and
treatment studies are plentiful. Currently, replication of every
study is not feasible, meaning that only a subset of studies can be
selected for replication, assuming limited means.

But which studies to select as replication targets? At present,
the selection process appears biased (for a comprehensive over-
view see Laws, 2016). Laws suggests that researchers might
choose to replicate a “cheap and easy” study, as they are quick to
set up and execute. Others might opt to replicate a surprising,
unexpected, or curious findings. This might go as far as deciding
to replicate a study, because the hypothesis was thought to be
improbable. While these reasons are understandable and might

sometimes even be justifiable, they are prone to bias and are nei-
ther systematic nor transparent.

With increasing awareness regarding the need to replicate in
psychology (e.g., Zwaan et al., 2018), more and more authors
argue the need to clearly justify selection of replication targets (for
an overview of recent developments please refer to Isager et al.,
2020). Some authors suggest the use of cost-benefit analysis
(Coles et al., 2018) or Bayesian decision-making (Hardwicke et
al., 2018), while others suggest random selection to be most appro-
priate (Kuehberger & Schulte-Mecklenbeck, 2018).

Whatever the reasoning behind selecting a replication target
might be, we believe that the selection should be systematic and
transparent. For example, Field and colleagues (2019) developed a
clearly formulated set of criteria to allow authors to illustrate and
justify their decision. However, we are not aware of a set of crite-
ria tailored to clinical psychological studies specifically. We
believe that providing a framework (i.e., a set of criteria) to sys-
tematically and transparently assess the need for replication in
clinical psychology would inform researchers as to the necessity
and benefits of replicating a certain study, aid the process of estab-
lishing evidence-based treatments, and make replications easier
and more frequent.

Statistical Considerations

But how does one decide which studies are most in need of rep-
lication? One practical way to do this is by evaluating the strength
of the statistical evidence in published clinical studies. Published
studies for which strength of evidence is low may be in need of
replication. In a first attempt to analyze evidence regarding pub-
lished studies, Sakaluk et al. (2019) conducted a meta-scientific
review of selected empirically supported treatments (ESTs). To
this end, they used rates of misreporting, estimates of statistical
power, R-Index values, and Bayes Factors (BF). Their results indi-
cate low evidential support for some, but not all, ESTs under scru-
tiny. More than half of the ESTs classified as strong by the
American Psychological Association (52%) performed poorly
across most or even all of the considered metrics of evidential
value. This is worrying. Given the existence of gold-standard ther-
apeutic interventions for which the available evidence is relatively
low, one may wonder what the state of affairs is for the evidential
load of more fundamental clinical psychological intervention
research. Identifying studies with weak evidential support for
treatment effects and recommending their replication at an early
stage might prevent recommendation of weakly supported thera-
peutic interventions.

At present, Null-Hypothesis Significance Testing (NHST) is most
commonly employed to formally test whether an effect of interest
exists. In NHST, p-values quantify the probability of obtaining the
observed data x or more extreme data X under the assumption that
the null hypothesis (typically, Hy: no effect) is true:'

p=pr(X=|x| [Ho) )

! This formula concerns one-sided tests. For two sided test: p=2XPr(X
= |x| |Hp) holds
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Overreliance on the p-value is problematic. In the clinical litera-
ture, p-values are used for establishing evidential value. For exam-
ple, the threshold of p < 0.05 (in two studies) served as one of the
original Division 12 criteria for identifying empirically supported
treatments (Chambless & Hollon, 1998). Similarly, the Food and
Drug Administration, in charge of endorsing medical treatments in
the U.S., defines substantial evidence for efficacy as given by “at
least two adequate and well-controlled studies, each convincing on
their own” (U.S. Food and Drug Administration, 1998, p. 3). A
recent simulation study, however, demonstrated how the endorse-
ment criterion of two p-values below .05 can be misleading, sug-
gesting efficacy in the absence of an effect (van Ravenzwaaij &
Ioannidis, 2017). This was especially true when the true effect size
and sample size were small and the number of trials large (van
Ravenzwaaij & loannidis, 2017), a scenario we oftentimes see in
the clinical literature. This in turn might lead to incorrect endorse-
ment decisions.

An additional shortcoming of p-values is that they are fre-
quently misinterpreted by students and academic psychologists
alike (Haller & Krauss, 2002; Oakes, 1986). Common misconcep-
tions include the illusion that the probability of making a wrong
decision is known when rejecting the null hypothesis and that the
p-value indicates reliability of the obtained effects (Gigerenzer,
2004). These assumptions wrongfully overestimate the confidence
in results supported by a significant p-value and undermine the
actual need for replication.

For over half a century, NHST and the reliance on p-values has
been criticized heavily (for an overview, see Kline, 2013; Morey
et al., 2016; van Ravenzwaaij & loannidis, 2017; Wagenmakers,
2007). One major criticism is that p-values fail to quantify evi-
dence in favor of the null hypothesis (Hoekstra et al., 2018). The
p-value disregards the probability of an event under the alternative
hypothesis (Rouder et al., 2009). To obtain evidence in favor or
against the null hypothesis one needs to determine under which
hypothesis an observed event would be most likely. In other
words, one needs to compare the likelihood of the observed effect
under the null hypothesis to the likelihood of the observed effect
under the alternative hypothesis.

The Bayesian framework offers a practical alternative to NHST
(Wagenmakers, 2007). In contrast to p-values, BFs allow research-
ers to quantify evidence in favor of either hypothesis (Gronau et
al., 2019; Jeffreys, 1961; Rouder et al., 2009; Van Ravenzwaaij et
al., 2019). In the Bayesian framework, the predictive evidence of
two competing hypotheses is compared (for an elaborate discus-
sion of Bayesian statistics we refer the interested reader to Etz et
al., 2018) and the resulting ratio is referred to as the BF. In other
words, the BF represents the ratio of the probability of the
observed data D under the assumption that the alternative hypothe-
sis is true compared to the probability of an observed data D under
the assumption that the null hypothesis is true:

_ Pr(D|H,)

BF = ————=
Pr(D|Ho)

(@)

A BF of 10 indicates that the data is 10 times more likely to
have occurred under the alternative than under the null hypothesis.
When the BF is 1, the data is equally likely under the two hypothe-
ses, that is, the data does not favor one hypothesis over the other.

A BF of % indicates that the data is 10 times more likely to have
occurred under the null hypothesis than under the alternative
hypothesis.

While lower p-values might correspond to larger BFs, the rela-
tionship is not one-on-one. Consider for instance the following
examples:

1(10) =4.59, p = .001, BF =32.5

#(1000000) = 3.29, p = .001, BF = 0.25

In both examples, the p-value is exactly .001, but evidential
strength differs due to different sample sizes. In the first instance,
the BF shows strong relative evidence for the alternative hypothe-
sis, whereas in the second instance, the BF points toward the null
hypothesis.

For purposes of the present study, the BF allows us to identify
studies for which the statistical evidence in favor of an effect is
ambiguous (our criterion is BF << 3) or for which the statistical
evidence even favors the absence of an effect (BF < %; Jeffreys,
1961). As such, the BF can not only quantify evidence in favor or
against the null hypothesis but also serve as a gradual decision cri-
terion. With the typical practice of comparing p-values to a fixed
threshold of 0.05, such a such a distinction between evidence for
either hypothesis would not be possible.

Qualitative Considerations

The quality of published clinical studies should not be judged by
the available statistical evidence alone. Some studies with strong sta-
tistical evidence might have used a participant sample that does not
generalize well to the population or might have conducted a study in
the lab that does not properly answer the underlying research ques-
tion. Alternatively, some studies with comparatively weaker statisti-
cal evidence might be methodologically sound and theoretically
important studies on a rare population for which it is simply difficult
to obtain the requisite number of participants for adequate statistical
power. In this article, we will follow the general approach put for-
ward by Field et al. (2019) and argue that studies most in need of rep-
lication are those for which the statistical evidence is ambiguous, but
for which the original methodology and theoretical relevance is
sound. Original studies with strong evidence are less likely to need
additional corroboration. Replication studies for which the original
methodology may not have been optimal or for which the theoretical
relevance was comparatively low may not have as much merit as rep-
lication studies for which the methodology and theoretical relevance
was comparatively high. Such considerations are important in times
where limited funding means replicating every single study may not
be feasible.

The Present Study

We combine a Bayesian re-analysis with a qualitative reevalua-
tion (cf. Field et al., 2019). We chose to focus on the Journal of
Consulting and Clinical Psychology because of its prominence in
the field of clinical psychology and its focus on treatment and pre-
vention of psychological disorders. While there is consensus
regarding the need to replicate, there is still criticism regarding the
selection of studies to be replicated (Tackett et al., 2017). In order
to combat this, we aim to ease the decision process regarding repli-
cation by proposing a two-step hierarchical approach. First, evi-
dence load of a selection of articles is quantified using BFs.
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Second, we propose qualitative criteria to assess need for replica-
tion and make recommendations based on these criteria. Following
an implementation of the scoring system, we illustrate the use and
feasibility of these criteria by illustrating how two independent
raters would apply them.

Method

Literature Search and Sample

The online database PsycInfo was used to extract a total of 533
articles published in the Journal of Consulting and Clinical Psychol-
ogy between 2012 and 2016 2. Subsequently, four independent investi-
gators selected articles for inclusion. Studies were included if their
main finding was supported by a z-statistic, as it is comparatively easy
to calculate BF's when one has the test statistic and degrees of freedom
available. This comprised one-sided and two-sided paired- and inde-
pendent-samples #-tests, as well as #-tests for slopes in linear regression
models. We also included F-test results with a degree of freedom of 1,
as they are conceptually equivalent to r-tests. F-values were trans-
formed into r-values using = /F. We identified main findings as
those findings that were presented as most important in the abstract, or
those presented as primary finding in the Results section. If there was
(a) more than one main effect supported by a -test, or (b) more than
one #-statistic supporting a main effect, all #-statistics were considered.
For each analysis that was included, we extracted sample size, #-value,
p-value, and degrees of freedom. In total, 78 articles comprising 97 #-
statistics were included in the re-analysis. Upon closer inspection we
noted that one study reported a chi-square test. Therefore, this study
was excluded from the subsequent analysis. For two studies the #-sta-
tistic supported secondary and not the main finding. Consequently,
these studies were excluded from subsequent analysis. Thus, the final
sample included 75 studies comprising 94 effects. An overview of the
studies is available in the online supplementary material on OSF.

Bayes Factor Reanalysis

Analysis was conducted in R, which can freely be downloaded
from https://cran.r-project.org/, using the “BayesFactor” package
version 0.9.12-4.2 (Morey et al., 2018).

We calculated degrees of freedom for 27 studies (36%) that did
not report them (following Eisenhauer, 2008). We also calculated
exact p-values using the reported z-statistics and degrees of free-
dom. For the majority of the studies the discrepancy between
reported and calculated p-values was minor and did not influence
the decision. For five studies however (6.67%), our calculations
indicated p-values larger than .05 while the authors reported statis-
tically significant results (i.e., S15, S24, S33, S47, and S67).
Finally, we calculated BFs using the reported -statistics and sam-
ple size. If more than one 7-statistic was reported, multiple BF's
were calculated corresponding to one #-statistic each. Calculation
was customized depending on the type of test. If not otherwise
specified, r-tests were considered to be two-sided. The BFs
reported here either (1) compared the hypothesis that the standar-
dized effect size (for one-sample #-tests) or mean difference (for
two-sample 7-tests) is O to the alternative that they are not 0; or (2)
compared the hypothesis that a regression coefficient did not differ
significantly from O to the alternative that they did. By default, a

non-informative Jeffreys prior is used on the variance of the nor-

mal population and a Cauchy prior with scale parameter of r = ‘/75
is used on the standardized effect size (Morey et al., 2018). For
our purpose, we preferred this default prior over a more informed
prior, as these default priors are widely used in psychology (e.g.,
Morey et al., 2018; The JASP Team, 2018). The resulting BFs
served as an indication for the strength of evidence. Though we
acknowledge that clear cutoffs are arbitrary, we follow Jeffreys
classification of evidential strength lower than 3 “not worth more
than a bare mention” (e.g., Jeffreys, 1961) and as such selected all
studies with a BF below 3 for further analysis.

Qualitative Considerations

Studies selected based on their BF were further inspected by two
of the authors independently to judge the need for replication.
Articles were judged subjectively among their clinical and scientific
relevance as well as their quality. This process was hierarchical in
nature. First, need of replication based on the clinical and scientific
relevance was judged. If a study was considered to be relevant,
quality was assessed to determine which studies to select. An over-
view of the selection criteria was listed in Table 1. We would like
to stress that the aim of this article was not to judge the quality of
the raters’ judgements or to reach consensus regarding replication
targets but to illustrate how two people would independently use
the proposed criteria and how this would allow for more transpar-
ency in the process of selecting replication targets.

Relevance

The Journal of Consulting and Clinical Psychology publishes
articles with various foci, including the treatment and prevention of
psychological disorders. Consequently, the journal’s scope includes
theory-based intervention studies, studies aimed at understanding the
mechanism underlying development and maintenance of psychological
disorders, and studies regarding the effectiveness of psychological
interventions. Ultimately, all these studies should serve to benefit
patients and practitioners and advance knowledge about psychological
diseases.

To assess the clinical and scientific relevance we therefore con-
sidered several criteria. First, we distinguished studies with an inter-
vention from those which did not implement an intervention. We
assumed that intervention studies would have more wide-reaching
real life consequences, as they can be translated into clinical advice,
and policies are based on them. Second, we inspected whether the
study considered a clinical sample. If so, we further considered the
severity of the condition under investigation by judging the associ-
ated level of impairment and whether the condition under investiga-
tion was not yet well-researched. A study investigating a clinical
sample could make stronger implications regarding the processes
and outcomes in pathological samples. Thus, we considered studies
with clinical samples to be more clinically relevant. Further, we
argued that research regarding conditions which are not yet well
understood is more scientifically relevant as compared to studies
regarding well researched psychopathology.

2 Data collection was performed in early 2017 and spanned the previous
five years of publications.


https://cran.r-project.org/

This document is copyrighted by the American Psychological Association or one of its allied publishers.

ychological Association.

go through the American Ps

Content may be shared at no cost, but any requests to reuse this content in part or whole must

214 PITTELKOW, HOEKSTRA, KARSTEN, AND VAN RAVENZWAAIJ

Table 1
Overview of the Selection Criteria

Label Criteria

Relevance .
Clinical relevance Intervention study (yes/no)

Clinical sample (yes/no)

Severity of condition (low/medium/severe)

Scientific relevance  Evidence base (small/substantial/ large)

Quality
Theory Scientific Background sound (yes/no)
Clear rational (yes/no)
Methodology CONSORT criteria met (yes/no)
Statistical method appropriate (yes/no)
Interpretation Interpretation and conclusion follow logically (yes/no)
Generalizability (limited/good)
Robustness (limited/good)
Quality

The CONSORT (CONsolidated Standards of Reporting Trials;
Schulz et al., 2010) statement was used to guide the assessment of
the studies’ quality. Originally, the CONSORT statement refers to
a set of guidelines for reporting parallel group randomized trials.
At present, a variety of extensions exist making the CONSORT
guidelines applicable for a variety of research designs. Though the
guidelines are not intended to assess studies’ quality (Schulz et al.,
2010), they have been previously proven useful in assessing qual-
ity of studies (Falci & Marques, 2015). The CONSORT checklist
includes items concerned with the theoretical background of the
study, methodology, statistical analysis, and interpretation. For an
overview see online supplementary material on OSF. Here, the pri-
mary focus was on three areas: (1) theoretical background, (2)
methodology, (3) interpretation.

Theory

We adopted item 2a from the CONSORT checklist focusing on
scientific background and rationale. We labeled a study in need of
replication if it had a strong theoretical framework but failed to
find substantial evidence in favor of the alternative hypothesis. A
strong theoretical base points toward high clinical and scientific
relevance and replication could add substantially to the existing lit-
erature. Studies for which the underlying theory was “shaky” and
rationales were unclear were not considered for replication. In
sum, we considered studies where replication could lead to a
refinement of the theory and strengthen trust in the claimed effect,
or result in a refutation of the proposed effect and serve as evi-
dence against the theory.

Methodology

We adopted a selection of CONSORT checklist items to guide
judgment of methodology. These included: description of the trial and
study design (item 3a), changes in method (item 3b), sample selection
(item 4a), setting and location (item 4b), operationalization (item 6a/
b), randomization (item 8a/b), blinding (item 11a/b), and methods for
statistical analysis (item 12a/b, 15, 17a). Additionally, sample hetero-
geneity and missing data were considered. If studies were limited in
their methodology and/or the operationalization was inappropriate, we
classified the study as in potential need of replication.

Interpretation

Lastly, we considered the interpretation of results. Special atten-
tion was paid to limitations (item 20), consistency with results
(item 22), generalizability (item 21), and robustness of the finding.
Studies for which the conclusions reach beyond the scope of the
empirical evidence should not serve as a base for future research
but should require conceptual replication to justify the claims in
the conclusion. Such conclusions could be overstatements of
effects or interpretation beyond the scope of the obtained results.
In both cases it remains to be established whether the true effect
equals the claimed effect. Conceptual replication could help to
clarify the nature of the “true” effect. Studies low in generalizabil-
ity might benefit from varied replication to increase knowledge
regarding the context specificity of effects. Robustness was con-
sidered as an additional measure of confidence in the claimed
effect.

Results

All information necessary to reproduce our analysis can be
found on OSF (osf.io/xd2fk/).

Bayes Factors

Among the 94 effects studied, p-values ranged from 1.88 X 10~*
to .086. In total, six studies reported statistically nonsignificant p-val-
ues. In one study the main findings was the absence of a difference
supported by a statistically nonsignificant effect (i.e., S66). BFs
ranged from 0.40 to 5.33 X 10*°. The relationship between p-values
and BFs is illustrated in Figure 1. Overall, there were 40 effects
(42.55%), for which the BFs indicated weak or no evidence for the
claimed effect. Seven effects (7.45%) had a BF lower than 1 (range
0.40-0.98) indicating support for the null hypothesis and 33 effects
(35.11%) had a BF between 1 and 3 (range 1.13-3.00) indicating
inconclusive evidence for either hypothesis. The other 54 effects
(57.45%) had BFs greater than 3, indicating at least substantial evi-
dence for the alternative hypothesis.

Qualitative Consideration

Based on their BF being lower than three, 36 studies corre-
sponding to the 40 effects were included in the qualitative re-anal-
ysis. As one of the studies (i.e., S34) was a meta-analytic review
and the the criteria were designed to evaluate primary studies, this
particular study was excluded from the qualitative reevaluation
leaving a total of 35 studies.

Figure 2 provides an overview of the decision process regard-
ing the need for replication for both raters. Rater 1 [R1] sug-
gested replication of 16 studies (21.33% of the original data
set), while rater 2 [R2] suggested replication of 23 studies
(30.67% of the original data set). Overall, the raters agreed in
their decision as to whether to suggest replication or not in 25
cases (71.43%).

Regarding the suggestions, there are four types of (dis)agree-
ment between the two raters: (a) agreement on the suggestion
whether or not to replicate and the decisive criterion (k = 10),
(b) agreement on the suggestion whether or not to replicate but
not the decisive criterion (k = 15), (c¢) disagreement on the
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Figure 1
Relationship Between p-Values and BFs
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Note. BF's below 1/3 indicate evidence in favor of the null hypothesis. BFs between 1/3 and 3 indicate ambiguous
evidence. BFs above 3 indicate evidence in favor of the alternative hypothesis. Two meta-analytic studies are
highlighted in red. Histograms of BFs (blue) and p-values (green) are displayed next to the plot. See the online

article for the color version of this figure.

suggestion whether or not to replicate and the decisive criterion
(k=9), and (d) disagreement on the suggestion whether or not
to replicate but not the decisive criterion (k = 1). See also Table
2. In the following section, we discuss an example of each type
of (dis)agreement. We do so with the aim to illustrate how the
criteria can be applied. We would like to stress that these stud-
ies were chosen at random if possible (i.e., through a random
number generator in R) and our aim is neither to criticize the
authors nor their work, but to illustrate a decision process
regarding the need to replicate (rather than, say, selecting the
study that is easiest to execute instead). For more detailed in-
formation about the decision process regarding all 35 studies
we refer the interested reader to the Excel table provided in the
online supplementary material on OSF.

Agreement on the Suggestion Whether or Not to Replicate
as Well as the Decisive Criterion (Example: S1)

Both raters suggested replication of a two-arm cluster random-
ized controlled trial (RCT) comparing low-income patients with
newly diagnosed Major Depressive Disorder (MDD) receiving ei-
ther motivational interviewing (MI) in addition to standard treat-
ment or standard treatment only. The authors hypothesized that
patients receiving MI would on average show greater improve-
ment of depressive symptoms and higher remission rates. Both
raters judged the study to be clinically relevant as it included an
intervention administered to a clinical sample with a medium

disease burden. R1 argued that” Though the field of depression is
widely researched, the authors make a convincing point that out-
comes of primary care show room for improvement,” which is mir-
rored in R2’s conclusion that” Implications for treatment [are]
substantial.” Moreover, the two raters independently judged the
study to have sound underlying theory, a clear rational, and no
methodological flaws. However, both raters reached the conclu-
sion that the interpretation was overstated given the findings of the
present study. The results suggested only a modest benefit of MI
over no MI at 36 weeks follow up with greater improvement in
depressive symptoms and a higher remission rate for the MI group.
The authors subsequently conclude that this interaction was indic-
ative of MI to result in substantial, significant, and clinically
meaningful changes, which both raters judged to be an over-inter-
pretation. Consequently, both raters independently reached the de-
cision to suggest a conceptual replication.

Agreement on the Suggestion Whether or Not to Replicate
but Not the Decisive Criterion(Example: S72)

Both raters suggested replication of a RCT concerned with the
effectiveness of sleep-directed hypnosis (hypCPT) as an addition to
cognitive processing theory (CPT) in improving sleep impairments
in patients with Post Traumatic Stress Disorder (PTSD). The raters
agreed on clinical relevance based on the study including an inter-
vention and a clinical sample with severe disease burden. More-
over, both raters judged the study to have a clear rational and
theoretical underpinning: The authors acknowledged a lack of a
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Figure 2
Flow Chart Providing an Overview of the Qualitative Revaluation Process
(a) Rater 1
Full sample
Neffects =94
Nstudies =75
A
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Nstudies =39 Nstudies =36
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interpretation Excluded Included
P Nstudies = 1 Nstudies = 6
(b) Rater 2
Full sample
Neffects =94
Nstudies =75
Excluded Further analyzed
Re-Analysis BE = 3 BF = 3
Y Neffects =54 Nefrects =40
Nstudies =39 Nstudies =36
e Excluded Further analyzed
elevance Nstudies =7* Nstudies =29
Excluded Further analyzed
Thedsy Nstudies = O Ntudies =29
Excluded Further analyzed Included
Methodology Nistudies = 2 Nstudies =20 Nstudies = 7
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B Netudies = 4 Nstudies =16

Note. * One study was excluded as it was not a primary study.
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Table 2
Results of the Qualitative Reevaluation
Rater 1 Rater 2
Study number Replication suggested? Criterion Replication suggested? Criterion Match?
1 Yes Interpretation Yes Interpretation Yes
3 Yes Methodology Yes Methodology Yes
7 No Theory Yes Interpretation No
9 No Methodology No Relevance Decision only
10 No Theory Yes Interpretation No
11 Yes Methodology Yes Interpretation Decision only
12 No Relevance No Relevance Yes
15 Yes Methodology Yes Interpretation Decision only
18 Yes Interpretation Yes Methodology Decision only
23 Yes Methodology Yes Interpretation Decision only
24 Yes Methodology No Methodology Reason only
25 Yes Interpretation Yes Methodology Decision only
26 No Relevance No Relevance Yes
28 No Relevance No Relevance Yes
32 No Methodology No Methodology Yes
33 Yes Methodology Yes Interpretation Decision only
37 Yes Methodology Yes Methodology Yes
38 No Relevance No Interpretation Decision only
41 No Relevance No Interpretation Decision only
42 No Relevance No Interpretation Decision only
43 Yes Interpretation Yes Interpretation Yes
45 No Relevance Yes Interpretation No
47 Yes Methodology Yes Interpretation Decision only
49 No Methodology Yes Interpretation No
51 No Relevance Yes Interpretation No
52 No Relevance No Relevance Yes
54 Yes Interpretation No Relevance No
59 No Interpretation No Relevance Decision only
62 No Relevance Yes Interpretation No
65 No Relevance Yes Interpretation No
66 No Relevance Yes Methodology No
67 Yes Methodology Yes Interpretation Decision only
69 No Relevance No Interpretation Decision only

specific evidence-based theory regarding sleep impairments in
patients with PTSD, but they provide an elaborate review of the
existing literature from which their rational follows logically. None-
theless, R1 did question as to why the specific intervention was cho-
sen. While R1 did not identify methodological flaws, R2 suggested
that the high drop-out rate (41%) resulted in a small sample (i.e.,
Niypepr = 25 vs. Nepr = 29 at posttreatment and Njy,cpr = 35 vs.
Ncpr = 30 at follow-up), decreasing power and increasing the
chance of a Type 2 error (Leppink et al., 2016). Combined with the
clinical relevance of this particular study, R2 thus suggested repli-
cation with a larger sample to ensure stability of the effect. Mean-
while, R1 suggested replication based on the interpretation of the
study. R1 was concerned with the authors suggesting hypnosis as a
clinical tool for patients despite the limited evidence base at this
point. Further investigation of the efficacy of hypCPT appears war-
ranted before making treatment recommendations.

Disagreement on the Suggestion Whether or Not to
Replicate but Not the Decisive Criterion (Example: S24)

This study utilized data from an intervention trial. In the original
trial, students, who violated campus alcohol policies, were ran-
domly assigned to one of four conditions (a) a counselor delivered
brief motivational interview (BMI), (b) a computer delivered

intervention called Alcohol Edu for Sanctions (EDU), (c) a com-
puter delivered intervention called Alcohol 101 Plus, or (d) a
delayed intervention group. This study focused on the first two
interventions. The aim was to (a) determine whether social net-
works influenced the extent to which college students initiated or
maintained reductions in drinking following the interventions, and
(b) to explore which intervention was most effective for students
with riskier social networks.

On this particular trial, the two raters disagreed regarding the sug-
gestion to replicate, while justifying their decision with the same de-
cisive criterion. R1 judged clinical relevance of the study to be
unclear, as the study did not include a clinical sample and the condi-
tion under investigation was not rated as severe. Nonetheless, R1
judged it to be scientifically relevant based on the primary focus of
this study being identification of moderators of long-term success of
these interventions. R1 felt this had clear scientific relevance as it
could inform future studies regarding the efficacy of these interven-
tions for subgroups. On the other hand, R2 concluded that the study
was clinically relevant as excessive drinking is highly prevalent in
the target group. Moreover, R2 reasoned that drinking problems dur-
ing college times could have long-lasting implications on their later
life-situation. Overall, both raters judged the study to be relevant.
Additionally, both raters thought that the theoretical background
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appeared to be sound and a rational was clearly stated: The authors
explored various potential mechanisms through which one’s social
network might impact drinking behavior and how exactly the pro-
posed intervention could intervene.

Regarding methodology, opinions varied substantially.
While R2 did not mention methodological shortcomings and
did not suggest replication, R1 criticized the methodology and
suggested replication with potential changes in the study’s
methodology and analysis strategy to increase generalizability
and robustness of the results. First, R1 suggested to reduce the
differences in time-investment between the two interventions.
The BMI was delivered in person and took approximately one
hour to complete, while the EDU was delivered by computer
and took approximately two hours to complete. While the origi-
nal study included control conditions for the difference in
modalities, R1 did not feel like the difference in time-invest-
ment was appropriately considered. R1 suggested that one
could engage patients in the BMI condition for an additional
hour, maybe with a filler task, to overcome this potential bias.
Second, R1 suggested to adapt the outcome variable (i.e., alco-
hol consumption during the past month) to remove the poten-
tially obscuring influence of recall bias (Althubaiti, 2016).

One potential adaptation would be to use ecological momentary
assessment (EMA). The use of EMA would prevent recall bias by
sampling participants’ behavior in real time and in the subject’s
natural environment. Third, R1 suggested exploration of reasons
for missing data and application of a different missing-data strat-
egy. Listwise deletion assumes that the data are missing com-
pletely at random (MCAR; Baraldi & Enders, 2010). If the
assumption of MCAR is violated, which it commonly is, case-
wise deletion leads to biased estimates.

Alternatively, multiple imputation or maximum likelihood esti-
mation are recommended (Schafer & Graham, 2002). Based on
these perceived shortcomings, R1 suggested replication based on
methodology.

Disagreement on the Suggestion Whether or Not to
Replicate as Well as the Decisive Criterion (Example: S7)

This example concerned a RCT comparing the effectiveness of
cognitive behavioral social skills training (CBSST) in improving
negative symptoms and defeatist attitudes with an active psycho-
social control condition, namely goal-focused supportive contact
(GFSC), in patients with schizophrenia and schizoaffective disor-
der. Here, the raters differed in both their suggestion to replicate
as well as the decisive criterion. Both raters judged the study to be
clinically relevant as it included an intervention in a clinical sam-
ple with severe disease burden. Moreover, both raters suggested
that the evidence base was large. Based on an inspection of the
theory, R1 concluded that no replication was needed as R1 per-
ceived the study itself to be a conceptual replication of previous
studies. R2 considered not only the theoretical background but
also methodology and interpretation and concluded that” results
are promising given the older population. As the available litera-
ture for this population is limited and somewhat conflicted, repli-
cation would be valuable.” In other words, R2 was not convinced
that the evidence was strong enough yet to make clinical sugges-
tions based on the presented results.

Discussion

The present article proposed a method for selecting clinical psycho-
logical studies most in need of replication based on a two-step process.
In the first step, evidence in published articles was subjected to a
Bayesian reanalysis. This Bayesian reanalysis allowed a subdivision in
(a) compelling evidence for the alternative hypothesis (i.e., there likely
is an effect), (b) ambiguous evidence (i.e., there may or may not be an
effect), and (c) evidence in favor of the null hypothesis (i.e., there
likely is no effect). As a second step, studies with ambiguous evidence
or evidence in favor of the null hypothesis were evaluated among a set
of qualitative criteria to assess potential need for replication. The need
for replication was judged by considering clinical and scientific rele-
vance and the quality of the study. Quality of the study was further
divided into concerns regarding the theory, methodology, and interpre-
tation. We recommend applying each of these sequentially, so as to
retain studies as possible candidates for replication in a step-by-step
process based on theory, methodology and interpretation. We illus-
trated the application or our proposed method by having two raters in-
dependently make recommendations based on these criteria.

We demonstrated our method on 75 articles published in the
Journal of Consulting and Clinical Psychology between 2012 and
2016. We applied a default BF analysis to these articles. Variability
in BFs [0.4 — 5.3 X 10"°] was comparable to that observed for the
more general journal Psychological Science [0.1 — 1.9 X 10']
(Field et al., 2019) but smaller than variability observed for studies
cited to support evidence-based treatments [1.0 — 1.4 X 10°%]
(Sakaluk et al., 2019). Results indicated that for almost half of the
re-analysed studies, the BFs suggested ambiguous evidence or even
evidence in favor of the null hypothesis as opposed to the alterna-
tive hypothesis. This proportion was slightly larger than what Field
and colleagues observed for general psychological studies (Field et
al., 2019). Field and colleagues reported almost half of their BFs to
lie between 1 and 5. Please note that the re-analysis here served as a
proof of concept and as such contained a convenient sample of clin-
ical psychological studies across many different topics. We believe
the method presented here is well positioned to assess need for rep-
lication for studies in a specific subfield, such as studies investigat-
ing a certain disorder or a particular treatment model.

The combination of the Bayesian reanalysis and our qualitative
assessment led R1 to select 16 and R2 to select 23 studies consid-
ered to be most suitable for replication. We hasten to say that our
assessment of a study benefiting from replication should not be
taken to imply that we believe the study itself is of poor quality.
Rather, we believe the underlying theory sound, but the present
statistical strength of evidence in need of further corroboration.

Moreover, labeling a study as not in need of replication should
not be understood as an advise against replication. Many of the
studies we scrutinized presented compelling statistical evidence
for the focal effect. In those cases further studies building on those
results, often labeled conceptual replications or follow-up studies
(e.g., Schmidt, 2009), are perhaps more valuable than more direct
replications. We stress that we believe there is always merit in rep-
licating studies, our tool is simply one that helps prioritize replica-
tion targets in conditions of sparse resources. One could make a
strong case for conducting conceptual replications of studies with
weak methodology but compelling statistical evidence. The quali-
tative criteria presented here can also be applied in such cases to
make the decision process more systematic and transparent.
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Likewise, we would like to point out that the present approach
cannot speak to the ‘truth’ value of a specific effect. While the
present approach includes operationalization and assessment of
the concept under investigation as criteria, assessment of the valid-
ity of a given measurement was not always possible. One obstacle
was a lack of transparency about measurement decisions, also
criticized by Flake and Fried (2020). While the structural validity
of measurements employed in clinical psychology is a pressing
issue, it is not one that the present method can assess. The raters
used all available information to judge whether the measure
employed was appropriate and suggested alternatives whenever
needed (see online supplementary material on OSF for more
details).

The present tool did not mandate which type of replication to
suggest. Nonetheless, the raters sometimes specified which type of
replication they perceived to be most appropriate. Generally, the
raters suggested direct replication. Whenever the methodology
was considered weak or the sample and thus generalizability of the
results limited, the rater suggested conceptual replication specifi-
cally. Overall, the tool allowed for great flexibility and varying
levels of detail regarding the specific suggestions.

During the selection process we noticed that the CONSORT
statement was well suited to guide the assessment of the qualities
of studies as many authors appeared to have employed these
guidelines themselves. The CONSORT guidelines are specifically
designed to target clinical intervention and prevention studies,
thus applying directly to our target sample.

Overall, we are satisfied with the present criteria. Nonetheless,
we noticed a few downsides: the grading process was rather time-
consuming, and we were unable to make a ranking within the stud-
ies we suggest for replication. Moreover, while the raters assessed
theory by the best of their abilities and knowledge, the raters have
a general background in clinical psychology and lack specific ex-
pertise in the scrutinized studies. This was to some extent a neces-
sary evil: the selection of study topics was very broad. The raters
took a pragmatic approach and focused on the evidence presented
by the authors to support the particular aim of the study and
whether the rational was clear and logical. This is in line with our
operationalization of the criterion (i.e., Scientific Background
sound (yes/no); Clear rational (yes/no)). For future use of this
method for assessment of what studies to replicate in a specific
clinical area, we recommend soliciting raters with in-depth exper-
tise into the relevant area. Overall, we perceive the theoretical and
methodological considerations regarding the need for replication
to be crucial. The time it takes to screen studies along our pro-
posed criteria is more than easily earned back by replicating only
those studies that most require corroborating evidence, thus spend-
ing the time it takes to conduct a study most effectively.

Some might criticize that the process of developing and apply-
ing these criteria was subjective and question the benefit of using
this particular approach. We would like to stress that our main
intention is to encourage discussion regarding how to choose stud-
ies for replication. To our knowledge, no clear criteria exist and
the ones we propose here should serve as a starting point in the de-
velopment of universal decision criteria for replication.

Revisions of and additions to the present method are imaginable.
One potential consideration, not yet (explicitly) included in the pres-
ent suggestions, is the incorporation of misreporting in the original
article. A case can be made for not suggesting replication of studies

with ambiguous evidence coupled with misreporting, as we might
suspect questionable research practices to account for the ambiguity
of evidence. However, misreporting can have many potential causes
and not all suggest questionable intent (e.g., typos). Therefore, we
refrained from including this criterion in the present approach.

Another consideration is to evaluate effect size more explicitly
when selecting a replication target. While a BF can only state that
an effect exists, it does not speak to the practical relevance of this
effect. The present approach however mirrors our belief that only
once the presence of an effect is established does it make sense to
investigate the size of that effect. We first establish presence or ab-
sence of an effect using a Bayesian re-analysis before assessing
practical relevance, which can include considerations of effect
size. Overall, we are aware that the present suggestions are the
starting point of a long and interesting discussion regarding repli-
cation target selection involving the scientific community.

The subjectivity of the process of replication target selection
inherently means that different people end up with a different
selection. In the present study we demonstrated a relatively high
level of agreement (i.e., 71.43%) given the subjective nature of
this decision process. Moreover, a clear advantage of applying this
structured approach is that we can neatly follow the decision pro-
cess of individuals and compare them, be it in cases of agreement
or disagreement. The criteria offer transparency and openness
regarding the selection of replication targets. We believe our pro-
posal for selecting studies most in need of replication presents a
clear advance over either selecting studies at random or selecting
those studies for which replication is quick and easy.

Where to go from here? To validate criteria and potentially
expand their application, the Delphi technique could be employed
to reach consensus regarding which criteria to consider when judg-
ing need for replication. The Delphi technique aims to combine
expert opinions in a systematic manner over a number of times to
produce trustworthy information or data (i.e., criteria) that can be
used for an intended purpose (Fink et al., 1984; Mbakwe et al.,
2016). Through a series of questionnaires, experts (including clini-
cal researchers and practitioners) could be asked to judge the use-
fulness of the proposed criteria. Consensus could be used to
provide useful guidelines for researchers to apply when judging
the need to replicate an individual study.

To our knowledge, we are the first ones to propose a set of crite-
ria to prioritize which clinical psychology studies to replicate in
case of sparse resources. Nonetheless, the results presented in this
study are not without caveats. First, we limited our re-analysis to
studies published in the Journal of Consulting and Clinical Psy-
chology that supported their main effect with a #-statistic. Focusing
on a single journal and statistical test only limits generalizability
of our quantitative results (i.e., distribution of Bayes Factors and
number of studies suggested in need of replication). Studies pub-
lished in other journals might have different strengths and weak-
nesses. Moreover, considering the crisis of trust in study results an
increase in more sophisticated statistical methods has been
observed over the past years. Thus, we encourage investigations at
different journals and at studies that employ more complex experi-
mental designs to see if the proposed approach lends itself to clini-
cal psychological studies in general.

Second, development of the qualitative selection criteria was
based on a combination of the CONSORT statement and our own
assessment. Use of the CONSORT statement limits applicability
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of these criteria to clinical intervention and prevention studies.
There are many merits to different kinds of study designs, but here
we chose to limit our investigation to clinical intervention and pre-
vention studies. Further, the overarching themes of the qualitative
criteria, namely relevance, theory, methodology, and interpreta-
tion, apply universally to scientific publications and we are posi-
tive that these could be applied to other areas of psychology as
well. For example, Field and colleagues (2019) applied a similar
methodology to articles published in Psychological Science.
Employing a similar combination of quantitative (i.e., %SBF <3)
and qualitative selection criteria (i.e., theoretical importance, rele-
vance, and insufficient investigation), they were able to select 3
studies out of 57 potential candidates to replicate. Overall, it
appears that a combination of both statistical, theoretical, and
methodological criteria is useful to a variety of fields in psychol-
ogy. Here, we demonstrated usefulness of a variation of these cri-
teria specifically targeting clinical, psychological intervention
studies. We would like to encourage the use and refinement of
these criteria to judge the need of replication in clinical and other
areas of psychology, and science.

Third, during the quantitative and qualitative re-analysis we
noticed that the present approach was not suited for meta-analytic
effects. Future studies employing a similar methodology might
want to limit themselves to primary studies only.

Lastly, the outcome of the present reanalysis is dependent on
the model and chosen threshold. We have chosen a default specifi-
cation of the prior probabilities used in our Bayesian reanalysis.
Our data is available on OSF and a sensitivity analysis exploring
alternative priors is provided in the online supplementary material
on OSF. We encourage additional analysis, for example using
more informed priors. Moreover, we chose a BF threshold of 3
(and 1/3) based on Jeffreys heuristics, but alternative choices are
also defensible. For example, both the Journal of Experimental Social
Psychology and Cortex consider 6 as threshold of compelling Bayes-
ian evidence.

Concluding Statement

The present article provides a concrete approach with worked
example on how to systematically and transparently justify selec-
tion of one or several replication targets. We hope that our work
inspires discussion about selection criteria for replication in clini-
cal psychology under conditions of limited resources.
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