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It is still debated whether suppressing the retrieval of unwanted memories causes forgetting and whether
this constitutes a beneficial mechanism. To shed light on these 2 questions, we scrutinize the evidence
for such suppression-induced forgetting (SIF) and examine whether it is deficient in psychological
disorders characterized by intrusive thoughts. Specifically, we performed a focused meta-analysis of
studies that have used the think/no-think procedure to test SIF in individuals either affected by
psychological disorders or exhibiting high scores on related traits. Overall, across 96 effects from 25
studies, we found that avoiding retrieval leads to significant forgetting in healthy individuals, with a small
to moderate effect size (0.28, 95% CI [0.14, 0.43]). Importantly, this effect was indeed larger than for
more anxious (�0.21, 95% CI [�0.41, �0.02]) or depressed individuals (0.05, 95% CI [�0.19,
0.29])—though estimates for the healthy may be inflated by publication bias. In contrast, individuals with
a stronger repressive coping style showed greater SIF (0.42, 95% CI [0.32, 0.52]). Furthermore,
moderator analyses revealed that SIF varied with the exact suppression mechanism that participants were
instructed to engage. For healthy individuals, the effect sizes were considerably larger when instructions
induced specific mechanisms of direct retrieval suppression or thought substitution than when they were
unspecific. These results suggest that intact suppression-induced forgetting is a hallmark of psychological
well-being, and that inducing more specific suppression mechanisms fosters voluntary forgetting.
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Forgetting is often regarded as a deficiency of our memory
systems, where attempts to retain or retrieve information are met

with failure. In particular, it has been argued to arise passively
from either the temporal decay of the memory trace (Thorndike,
1913), interference from other memories that compete for retrieval
(McGeoch, 1932; Underwood, 1957), or a change in context from
initial encoding (Tulving, 1974).

However, under many circumstances forgetting can also be
characterized as an adaptive force that shapes our memory, for
instance by updating or discarding information that has become
irrelevant—or even outright unwanted (Bjork, 1989; Bjork &
Bjork, 1996; for reviews, see Fawcett & Hulbert, 2020; Nørby,
2015). Accumulating evidence suggests that such forgetting can be
under intentional control: concerted attempts at preventing mem-
ories from entering awareness can subsequently make it more
difficult to voluntarily retrieve these suppressed memories and
eventually cause forgetting (Anderson & Green, 2001; Hertel &
Calcaterra, 2005; see Anderson & Hanslmayr, 2014, for review).
In essence, such suppression-induced forgetting (SIF; Anderson &
Huddleston, 2012; Hertel & McDaniel, 2010) may serve the pur-
pose of preventing our minds from being at the mercy of invol-
untary retrieval. The discarding of unwanted information may also
more generally facilitate efficient cognition. For example, it sup-
ports response selection (Payne & Sekuler, 2014) and prevents
excessive information intake that may otherwise increase uncer-
tainty (Hertwig & Engel, 2016).
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We here conducted a focused meta-analysis to scrutinize
whether it is possible to foster forgetting intentionally. We were
particularly interested in gauging whether such intentional forget-
ting may be a hallmark of psychological well-being (Benoit, Da-
vies, & Anderson, 2016; Depue, Curran, & Banich, 2007; Engen &
Anderson, 2018; Joormann, Hertel, LeMoult, & Gotlib, 2009;
Visser, Lau-Zhu, Henson, & Holmes, 2018) and thus be deficient
in people with disorders characterized by intrusive thoughts.

Intentional forgetting has been suggested to regulate our affec-
tive experience by preventing unwanted, affectively loaded mem-
ories from entering awareness. Moreover, unlike mere avoidance,
it may reduce their accessibility—and possibly availability—in the
long run and thus exert a persisting effect (Engen & Anderson,
2018). Intentional forgetting may also contribute to the reappraisal
of experienced events and their emotional impact by overriding, or
substituting, maladaptive responses with more favorable alterna-
tives (Engen & Anderson, 2018; Hertel & Calcaterra, 2005).

Conversely, a deficiency in controlling one’s memories and
thoughts may be at the heart of several psychological disorders
(e.g., Goschke, 2014; Hertel, 1997, 1998, 2007; McTeague, Good-
kind, & Etkin, 2016). Perhaps most prominently, posttraumatic
stress disorder (PTSD) is characterized by intrusive memories and
unintentional reexperiencing (Brewin, 2014; Ehlers, Hackmann, &
Michael, 2004; Hackmann, Ehlers, Speckens, & Clark, 2004).
Indeed, this feature of PTSD has been recognized as one of its
defining aspects in both the Diagnostic and Statistical Manual of
Mental Disorders (5th ed.; DSM–5; American Psychiatric Associ-
ation, 2013) and the International Statistical Classification of
Diseases and Related Health Problems (11th ed.; ICD; World
Health Organization, 2018).

The intrusiveness of memories in PTSD may result from an
impaired ability to keep unwanted memories at bay (Ehlers et al.,
2004; Hackmann et al., 2004). Patients with this condition tend to
seek help after intrusive memories are already strongly consoli-
dated, thus highlighting the importance of understanding the re-
trieval processes that support the intrusions (Marks, Franklin, &
Zoellner, 2018). Similarly, intrusive negative thoughts constitute
central symptoms of other affective disorders such as anxiety
(Kircanski, Johnson, Mateen, Bjork, & Gotlib, 2016) and depres-
sion (Kircanski, Joormann, & Gotlib, 2012). These intrusive
thoughts have also been suggested to arise from the involuntary
retrieval of previously experienced or imagined episodes (Iyadurai,
Visser, et al., 2018; Visser et al., 2018).

To examine SIF in healthy and clinical populations, we meta-
analyzed studies that have employed the think/no-think procedure
(Anderson & Green, 2001).1 In this procedure (see Figure 1),
participants first learn to associate pairs of cues and targets (e.g.,
TOMATO—VEST), so that they can retrieve the target (VEST)
upon presentation of its cue (e.g., TOMATO). Participants then
enter the critical think/no-think phase, where they are shown a
subset of the cues. For some of these cues, participants have to
covertly rehearse the associated target (i.e., recall items). For other
cues, participants need to actively prevent the associated target
from coming to mind (i.e., suppress items). Each of those cues are
presented several times, so to provide multiple opportunities for
memory-control mechanisms to be deployed. A number of cues are
not shown at all during this phase (i.e., baseline items), and serve
to assess baseline memory performance in a following test phase.
On that test, participants are instructed to recall each response

(e.g., VEST) upon presentation of its specific cue (e.g., TOMATO),
irrespective of previous instructions. Typically, participants are
impaired at retrieving previously suppressed memories as indi-
cated by worse memory accuracy for suppress than for baseline
items. This finding of below-baseline memory accuracy is consid-
ered an index of SIF.

Though there has been accumulating evidence for SIF over the
last 20 years (for review, see Anderson & Hanslmayr, 2014;
Anderson & Huddleston, 2012; Wessel, Albers, Zandstra, & Hei-
ninga, 2020), including SIF-like effects in implicit/indirect mem-
ory tests (Gagnepain, Henson, & Anderson, 2014; Hertel, Large,
Stück, & Levy, 2012; Hertel, Maydon, Ogilvie, & Mor, 2018;
Wang, Luppi, Fawcett, & Anderson, 2019), this phenomenon has
not universally been replicated (e.g., Algarabel, Luciano, & Mar-
tínez, 2006; Bergström, Velmans, de Fockert, & Richardson-
Klavehn, 2007; Bulevich, Roediger, Balota, & Butler, 2006;
Mecklinger, Parra, & Waldhauser, 2009; Wessel, Wetzels, Jelicic,
& Merckelbach, 2005). A major goal of this analysis is thus to
determine the statistical significance and magnitude of the SIF
effect in healthy individuals. This is particularly important to also
evaluate related deficits in clinical populations.

Some of the inconsistencies in the literature may reflect impor-
tant study differences with respect to the exact mechanisms that
people engaged to prevent unwanted retrieval. While initial studies
were somewhat agnostic regarding the employed processes (e.g.,
Anderson & Green, 2001), there is now evidence for two specific
suppression mechanisms. On one hand, people can prevent recall
by stopping the retrieval process altogether (Benoit & Anderson,
2012; Bergström, de Fockert, & Richardson-Klavehn, 2009; Gag-
nepain et al., 2014). This mechanism, direct retrieval suppression,
has been associated with an inhibitory top-down modulation of the
hippocampus that originates from the right dorsolateral prefrontal
cortex (Benoit & Anderson, 2012; Gagnepain et al., 2014). The
other mechanism, thought substitution, requires participants to
retrieve an alternative memory when faced with a cue to an
unwanted memory. This substitute memory then occupies the
limited focus of awareness and thus prevents the unwanted mem-
ory from coming to mind (Benoit & Anderson, 2012; Bergström et
al., 2009; Hertel & Calcaterra, 2005). Thought substitution has
been associated with memory selection processes supported by the
left ventrolateral prefrontal cortex (Benoit & Anderson, 2012).
Critically, both of these mechanisms have been shown to cause
forgetting (Benoit & Anderson, 2012; Bergström et al., 2009;
Hertel & Calcaterra, 2005). We will thus examine whether SIF in
healthy individuals varies according to the induced suppression
mechanism.

Turning to clinical populations, there is indeed evidence for
impaired SIF, for example in PTSD (Catarino, Küpper, Werner-
Seidler, Dalgleish, & Anderson, 2015; Sullivan et al., 2019; Wald-

1 Note that there are also other experimental procedures that examine
intentional forgetting. These include the list-method directed forgetting
procedure (Bjork, 1970), which has also been linked to putative inhibitory
mechanisms akin to those thought to cause SIF (Anderson & Hanslmayr,
2014; Bjork & Bjork, 1996; Bjork, 1989; cf. Sahakyan, Waldum, Benja-
min, & Bickett, 2009). However, we focused on the think/no-think proce-
dure because our aim was to assess motivated forgetting (a) at the stage of
memory retrieval rather than encoding, and (b) directed at specific items in
memory rather than lists (Anderson & Hanslmayr, 2014).
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hauser et al., 2018). However, the reliability of such a deficiency
in clinical populations is still uncertain, because several studies did
not directly observe impaired SIF (as compared with the respective
healthy control group). Instead, these studies inferred memory
control impairments from other between-groups differences that
are less stringent indices of impaired intentional forgetting. These
include better recall of suppress items (e.g., Hertel & Gerstle,
2003), impaired recall of baseline items (e.g., Hertel & Mahan,
2008), and different patterns of neural activation during the think/
no-think phase as revealed by functional MRI (Sacchet et al.,
2017).

To shed light on these issues, we meta-analyzed studies that
compared clinical samples and subclinical samples (i.e., individu-
als displaying high scores on relevant clinical dimensions; see
Search Strategy and Inclusion Criteria for details) with healthy
controls on SIF as elicited by the think/no-think procedure. Spe-
cifically, we predicted a significant SIF effect for healthy control
groups, as well as a significant difference between healthy control
groups versus clinical and subclinical samples.

Furthermore, we explored the effects of a few important features
that might influence the magnitude of SIF. First, we assessed the
impact of providing different instructions that are either targeted at
inducing specified mechanisms (i.e., direct retrieval suppression
or thought substitution) or that leave it to the participants to
prevent retrieval anyway they see fit (i.e., unspecified instruc-
tions). We hypothesized that participants would benefit from in-
structions that induce a specific mechanism. Intriguingly, it has
been suggested that depressed individuals, whose cognitive control
may be deficient, could particularly benefit from a mechanism like
thought substitution that aids in avoiding unwanted retrieval by
providing substitute memories (Hertel & Calcaterra, 2005).

Second, we examined whether the valence of the memories
influences SIF, and whether this is especially the case for partic-
ipants affected by (sub)clinical conditions. This is based on the

idea that mood-congruent recall effects might modulate the effec-
tiveness of memory control (Gaddy & Ingram, 2014; Matt,
Vázquez, & Campbell, 1992). For instance, individuals with de-
pression may be more prone to recall negative information, and
therefore may also have a harder time suppressing it. Third, we
tested whether more repetitions of a given suppress cue are asso-
ciated with stronger SIF, as more repetitions provide more oppor-
tunities for successful suppression (as suggested by, e.g., Anderson
& Green, 2001; Joormann et al., 2009). Fourth, we assessed the
effects of presentation time for suppress cues. With longer pre-
sentation times, the suppression effort has to be sustained for a
more extended period. This has recently been shown to cause more
memory intrusions (van Schie & Anderson, 2017). We examine
whether it also reduces SIF. Fifth, to inform future developments,
we explored whether the effect size of SIF is sensitive to the type
of material that had to be suppressed (i.e., words or pictorial
material).

Method

Search Strategy and Inclusion Criteria

We sought to identify all studies that had used the think/no-think
procedure to compare healthy groups with clinical or subclinical
samples typically associated with cognitive control difficulties. We
conducted our search in PubMed, Web of Science, and Google
Scholar (on September 15, 2017),2 using combinations of the
following search terms: think-no think and/or motivated forgetting,

2 In addition, as recommended by a reviewer, we also performed
searches of the ERIC and Scopus databases with the “think/no-think” or
“motivated forgetting” search terms in July 2019. However, these searches
did not yield any additional paper that compared healthy with clinical or
subclinical samples on SIF.

Figure 1. Panel A. Overview of the think/no-think procedure. In the initial study phase, participants encode
associations of cues (e.g., RADIO) and targets (e.g., SNOW). They then enter the critical think/no-think phase,
in which they repeatedly encounter most of the cues. For some of the cues (here for those presented in green),
participants attempt to recall the associated targets (recall items). For other cues (here for those presented in red),
their task is to prevent the associated target memory from coming to mind (suppress items). A third of the targets
that they had also initially learned are not cued during this phase (baseline items). On a final test, participants
are asked to remember all targets given their respective cues, irrespective of the previous instructions. Panel B.
Typical retrieval accuracy on the final test. Participants are generally better or similarly capable at remembering
recall than baseline targets. Critically, they are typically worse at retrieving previously suppressed than baseline
targets. We refer to this finding as suppression-induced forgetting. See the online article for the color version of
this figure.
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and disorders-related keywords: such as thought control ability,
impulsivity, anxiety, depression, dysphoria, ADHD (attention-def-
icit/hyperactivity disorder), OCD (obsessive–compulsive disor-
der), PTSD, schizophrenia, rumination, addiction, substance
abuse, borderline, repressive coping. (The term suppression-
induced forgetting produced consistently redundant results and
was dropped from the search strategy). Our literature search also
included key terms related to questionnaires and tasks commonly
associated with the broader literature on anxiety, depression, and
thought control deficits. Specifically, these were the STAI (State–
Trait Anxiety Inventory), PANAS (Positive and Negative Affect
Schedule), Beck Anxiety Inventory, Beck Depression Inventory,
White Bear Suppression Inventory, and the Thought Control Abil-
ity questionnaire (TCAQ; Luciano, Algarabel, Tomás, & Martínez,
2005). For exploratory purposes, we also included terms related to
control and control deficits more broadly, that is, stop-signal task,
N-back, OSPAN (Operation Span), BIS-11 (Barratt Impulsiveness
Scale), Rumination Response Scale, go/no-go, Stroop, and flanker.
In addition, we consulted two recent review articles for additional
references (Hulbert, Hirschstein, Brontë, & Broughton, 2018;
Nørby, 2018), and included two studies that were published after
the initial literature search had been completed (Noreen, Cooke, &
Ridout, 2019; Waldhauser et al., 2018).

Finally, we attempted to identify pertinent studies that had not
been published in peer-reviewed journals. Including such studies
helps providing an overall SIF effect size estimate that is less
influenced by publication bias (Thornton & Lee, 2000). In August,
2019, we therefore searched the ProQuest database for otherwise
unpublished dissertation projects using the terms “think/no-think”
and “motivated forgetting.” In addition, in August, 2019, we
e-mailed the corresponding authors of relevant publications. These
included the authors of the clinical think/no-think studies that we
had identified in the literature search described above.

We further extended this call to corresponding authors of other
articles on SIF (i.e., those not studying SIF in clinical populations)
and of other articles on the related topics of retrieval-induced
forgetting and list-method directed forgetting (as identified
through PubMed and Web of Science; N � 56). This procedure led
to the inclusion of a doctoral dissertation that contained otherwise
unpublished think/no-think data that matched our inclusion criteria
(see below; Ryckman, 2015).

Moreover, if necessary, we further asked the authors of the
included think/no-think studies for all the information required to
compute effect sizes or, alternatively, for the respective data sets
so that we could extract them ourselves. We thus received addi-
tional information for six studies (Depue, Burgess, Willcutt, Ruzic,
& Banich, 2010; Hertel & Gerstle, 2003; Hertel & Mahan, 2008;
Hertel & McDaniel, 2010; Stephens, Braid, & Hertel, 2013; Wes-
sel et al., 2005).

For all data that we had received directly from the respective
authors, we used the newly obtained descriptive statistics instead
of those extracted from the articles (many of which required direct
extraction from the figures as described below). This procedure
also provided the necessary information that allowed us to include
the article by Stephens, Braid, and Hertel (2013) into the study
pool.

The inclusion procedure for the retrieved studies is summarized
in Figure 2, following the recommendation of Moher, Liberati,
Tetzlaff, and Altman (2009). We included all studies that com-
pared at least one clinical sample to a healthy control group. We
also included, as subclinical samples, studies with groups of par-
ticipants that scored high on questionnaires of clinical relevance
(i.e., BDI, STAI, and RRS), or studies that split their participants
into subclinical and control groups based on such questionnaires.
We included only studies that used the think/no-think procedure;
that reported at least one test outcome pertaining to episodic

Figure 2. Schematic overview of the literature search and inclusion process.
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memory performance; that reported sufficient data for the meta-
analysis either in text, figures, supplementary material; or that
were made available in response to our request.

Data Extraction

In total, the search yielded 214 unique entries, of which 25
entered our quantitative analysis (see Table 1). These were coded
by three of the authors (DFS, KR, and AK-M). DFS and A-KM
had extensive knowledge of the SIF literature and practical exper-
tise with the think/no-think procedure; KR had previous experience
with literature search for meta-analyses.

In a first step, DFS and KR jointly recorded recall performance
(for “same probe” tests as opposed to “independent probe” tests;
see section Significant Suppression-Induced Forgetting in Healthy
Adults) for baseline and suppress items of each group, as well as
five potential moderators of the effect (see below). They also
coded the nature of the clinical or subclinical condition.

In a second step, to ensure the reliability of the data extraction,
a third author (A-KM) independently coded all of the information.
A-KM and DSF then examined their interrater agreement and
reached full consensus with respect to the moderators and clinical
condition. For many of the included studies, the critical mean
values and measures of dispersion were only provided in plots (see
Table 1). In these cases, they manually extracted these values
using WebPlotDigitizer (Rohatgi, 2017), which has been shown to
yield high intercoder reliability (Drevon, Fursa, & Malcolm,
2017).

Indeed, our two sets of coding also only yielded minor differ-
ences. We thus obtained high interrater reliability on those mea-
sure, in terms of high criterion-referenced reliability, a case of
intraclass correlation coefficient (ICC; McGraw & Wong, 1996)
suitable for comparing our coding. Indeed, the lowest ICC was
0.98, and all coefficients were significantly different from 0 (all
p � .001). We thus deemed it appropriate to reach a consensus by
averaging the two respective sets of values.

Several studies reported multiple, nonindependent measures of
SIF. These included retrieval accuracy on different test formats
and multiple ways of rating the quality of the retrieved memories.
Similarly, some studies employed within-subject manipulations of,
for example, the number of repetitions during the think/no-think
phase or the valence of the suppress items. They therefore pro-
vided multiple estimates of SIF (i.e., one for each level of the
within-subject manipulation). In general, we included all the non-
independent SIF measures. This was always the case for effects
related to moderators of interest (e.g., SIF from different sets of
suppress items each characterized by a different emotional va-
lence). For studies that employed experimental manipulations
other than those identified as moderators of interest (e.g., homo-
graph or nonhomograph stimuli in Hertel & McDaniel, 2010), we
coded all the nonindependent SIF measures unless the authors had
only provided aggregate data across levels of the manipulation.3

Similarly, whenever task features were manipulated between-
groups, we included all independent SIF effects, as long as it was
possible to distinguish performance of healthy from that of clinical
and subclinical participants. For example, when different samples
of participants suppressed either positive or negative items, we
included both of the resulting independent effect sizes. For two
studies (Kim, Oh, Kim, Sim, & Lee, 2013; Kim, Yi, Yang, & Lee,

2007), we could not obtain any dispersion measures for memory
performance. We estimated the missing standard deviations (see
Higgins & Green, 2011, p. 485) by calculating the respective
means of the standard deviations of the other included studies,
weighted by their respective sample sizes (for this procedure, we
excluded the few instances where outcomes were not reported in
percentage form; Catarino et al., 2015; Küpper, Benoit, Dalgleish,
& Anderson, 2014).

In addition, we coded for the five potential moderators of SIF.
First, we coded the nature of the instructions given to participants
to prevent retrieval (direct retrieval suppression, thought substi-
tution, or unspecified). One study had different participants as-
signed to either unspecified or thought substitution instructions
(Noreen & Ridout, 2016b), but did not provide separated SIF
results as a function of both, instructions and group. For each
group, we therefore took the SIF effects combined across the two
instruction conditions and marked them as unspecified.

Second, we coded the valence of the stimulus material (for the
suppress targets only) as either neutral, positive, negative, or
mixed (i.e., when the only reported effect sizes were combined
across different valence levels). When studies comprehensively
reported SIF for different valence categories assigned to the same
participants (e.g., for neutral, negative, and positive memories in
Marzi, Regina, & Righi, 2014; neutral and negative in Sacchet et
al., 2017; Zhang, Xie, Liu, & Luo, 2016), we generally included
the effect size related to each condition, where available. Finally,
for one study (Dieler, Herrmann, & Fallgatter, 2014) we coded SIF
for negative items only, because its analysis of group differences
(low vs. high anxiety) did not include neutral items.

Third, we coded the repetitions of suppress items, that is, the
number of times that participants encountered each cue in the
think/no-think phase. One study reported a SIF effect averaged
across two conditions with two and eight repetitions (Noreen &
Ridout, 2016b). We here coded the average (five) as the number of
repetitions associated with that effect size, as we could not obtain
the data set to disentangle the two.

Fourth, we coded the duration for which cues remained on the
screen during the think/no-think phase, and, fifth, the material of
stimuli that participants had to suppress (i.e., words or pictorial
material). One study (Stephens et al., 2013) that had examined the
recall of autobiographical memories was also coded as words.

Statistical Analysis

Our main focus was twofold: assessing the statistical signif-
icance and magnitude of SIF in healthy individuals and deter-
mining whether SIF is indeed reduced in (sub)clinical samples
characterized by intrusive thoughts and deficits of cognitive

3 With this approach, we assess the robustness of SIF across many
different manipulations and means of quantifying SIF. In Appendix A, we
provide two complementary random-effects models (one for the healthy
and one for the (sub)clinical samples) that only include the single inde-
pendent effect size of each study that constitutes the condition or measure-
ment most typically used to assess SIF in the extant literature (for justifi-
cations of this approach, see Card, 2015, pp. 192–193; Cooper et al., 2019,
p. 282; Higgins and Green, 2011, Chapter 3; Lipsey and Wilson, 2001, p.
125). These models thus provide an estimate of the presumably strongest
manipulations (e.g., the greatest rather than fewer suppression repetitions).
(These models further allow for a comparison with our initial preprint
available at PsyArXiv doi: 10.31234/osf.io/5wynm).
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control. We therefore computed a series of meta-analyses in
R 3.6.1 (R Development Core Team, 2008) with the package
metafor 2.1.0 (Viechtbauer, 2010).

We first clustered studies based on clinical and subclinical
conditions. Specifically, we grouped the clinical samples with
respect to the psychiatric taxonomy of the DSM (5th ed., American
Psychiatric Association, 2013; i.e., anxiety, depression; note that
we grouped PTSD with anxiety, given that this is an often co-
occurring feature of this disorder) or the similarity of their defining
characteristic (i.e., high repressive coping style). We added the
subclinical samples according to their relatedness along the psy-
chopathological continuum (e.g., we combined depressed mood
with major depressive disorder; Table 1).

We thus identified a depression cluster (20 effect sizes from 11
studies, including major depressive disorder, dysphoria, and rumi-
nation, N � 324 (sub)clinical participants), an anxiety cluster (nine
effect sizes from five studies, including high trait anxiety, gener-
alized anxiety disorder [GAD] and PTSD, N � 90 (sub)clinical
participants), and a repression cluster (nine effect sizes from three
studies, including high repressive coping, N � 78 (sub)clinical
participants). Repression, unlike the other (sub)clinical clusters,
has previously been linked to a stronger ability to prevent retrieval,
and we thus expected greater SIF for this cluster (Hertel & Mc-
Daniel, 2010).

We assigned the remaining effect sizes to a mixed cluster (10
effect sizes from six studies, with N � 243 (sub)clinical partici-
pants). This cluster included one study each on alcohol abuse,
ADHD, schizophrenia, low thought control ability (as measured by
the TCAQ; Luciano et al., 2005; greater scores on the TCAQ are
negatively associated with both anxiety and depression as well as
obsessive–compulsive disorder; Williams et al., 2010), dissocia-
tive disorders (as measured by the Dissociative Experiences Scale,
DES; Bernstein & Putnam, 1986), and high neuroticism (as mea-
sured by the neuroticism subscale of the Eysenck Personality
Questionnaire—Revised, EPQ-R; Eysenck, Eysenck, & Barrett,
1985). The high heterogeneity of samples included in the mixed
cluster hinders meaningful comparisons with the other, more clin-
ically defined clusters. We therefore only examine it on its own
and refrain from any comparison. Finally, the effect sizes of all
control groups were combined in one healthy cluster (48 effect
sizes, N � 687 healthy participants).

We computed all the effect sizes as the standardized mean
change score between baseline and suppress items (as imple-
mented in the escalc function; measure set to SMCC), using the
extracted means and standard deviations. However, this method
requires an estimate of the correlation between baseline and sup-
press items, which was not reported in the surveyed literature. We
thus estimated the Spearman correlation as r � .3, based on data
from our group and on the studies for which we were able to obtain
the respective data sets (Hertel & Gerstle, 2003; Hertel & Mahan,
2008; Hertel & McDaniel, 2010; Stephens et al., 2013; Wessel et
al., 2005). The original correlation coefficient was retained for
these data sets. (Note that additional sensitivity analyses, using
alternative correlation coefficients of r � .1 and .6, yielded the
same conclusions with respect to our main hypothesis.) Accord-
ingly, only results obtained with an assumed correlation of .3 will
be reported. Two studies (Catarino et al., 2015; Küpper et al.,
2014) had employed three fairly different measures of SIF. For

these, we used correlation coefficients of three unpublished data
sets from our group for which we had used the same measures.

We then performed a random-effects meta-regression (Hedges
& Olkin, 1985) of the SIF effect sizes, grouped by cluster (N �
1,588 participants; 96 effect sizes from 25 studies). To account for
the correlation between some of the effect sizes, we used a mul-
tilevel random-effects (MLRE) model (Konstantopoulos, 2011),
with random effects (intercepts) for both the sample (i.e., sam-
pleID) and study (i.e., studyID) from which the data were derived,
with the former nested within the latter. In an earlier iteration of
the analysis, we had fitted four-level models including an addi-
tional random effect for each of the individual effect sizes. How-
ever, there was no advantage in this approach because that variable
explained little to no variance, and ultimately did not yield any
difference. We therefore removed it in favor of a simpler model
structure.

We then estimated robust confidence intervals for the effect
sizes with the robust.rma.mv function, with study identifier
(studyID) as the clustering variable used for constructing the
sandwich estimator (see Hedges, Tipton, & Johnson, 2010). This
approach allowed us to account for violations in the independence
assumptions due to multiple effect sizes arising from the same
participants, which were frequent in our data set; and, more gen-
erally, for the correlation between effects within each study. We
used this approach for all of the following analyses.

To assess whether this analysis was more informative than a
simpler random-effects meta-analysis of all effect sizes irrespec-
tive of any distinction by cluster, we used Akaike’s information
criterion (AIC; Akaike, 1998) with small-sample correction
(AICc), transformed to conditional probabilities for each model
(Wagenmakers & Farrell, 2004). The resulting AIC weights
(AICw) thus provide evidence for the relative fit of the two
compared models to the data (note that all AICw for a set of models
sum up to 1).

We computed AICc and AICw using the fitstats (from the
metafor package) and akaike.weights (from the qpcR package;
Spiess, 2018) functions in R. In general, we fitted our models using
restricted maximum likelihood (REML) as opposed to the maxi-
mum likelihood (ML) method due to ML’s bias in variance com-
ponents’ estimates. However, AIC is not suitable for comparing
sets of models that have been fitted with REML and differ in their
fixed effects structures. The model comparisons were thus based
on models that were refitted using ML. We report the best fitting
model.

We complemented the meta-analyses of the healthy versus
(sub)clinical samples with a series of further moderator analyses.
We performed separate analyses for each of the five moderators
(instructions, valence, repetitions, duration, and material). These
analyses were carried out on a reduced sample of studies, com-
bining the anxiety and depression clusters in a single emotional
disorders group (e.g., Goodwin, 2015). These choices were due to
the relatively small pool of studies that contributed to each level of
the moderators and to achieve a reasonable homogeneity of the
included clinical samples. The moderator analyses thus do not
include the repression cluster, due to its—expected—opposite
effect on intentional forgetting (Hertel & McDaniel, 2010), and the
mixed cluster, due to the diversity of the samples’ (sub)clinical
characteristics. Overall, this approach, with group (healthy vs.
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emotional disorders) rather than cluster, thus served to increase the
power of the analyses while maintaining theoretical consistency.

For each moderator analysis, we compared the AICw of a model
that included a moderator�group interaction with that of a
moderator�group model that only included main effects. We
report only the best fitting model, or, in cases where models
performed similarly, the simpler one. We had planned to carry out
these five moderator analyses for theoretical reasons, and they
were further motivated by the high heterogeneity consistently
observed in our models. Therefore, we expected that the chosen
moderators might explain part of this heterogeneity.

For all the reported models, we evaluated heterogeneity
across samples by calculating the 95% prediction interval (PI;
IntHout, Ioannidis, Rovers, & Goeman, 2016). The PI indexes
the range of effects expected from new samples similar to those
included in the analysis. Heterogeneity was also tested with
Cochran’s Q (Cochran, 1954), where a significant outcome
rejects the null hypothesis that all the included studies evaluated
the same effect (QE was used for models that included moder-
ators). We further examined I2, which indicates how much of
the overall variation across studies is due to heterogeneity as
opposed to mere chance (Higgins, Thompson, Deeks, & Alt-
man, 2003). Specifically, we used a generalized form (Naka-
gawa & Santos, 2012) that allowed us to quantify such propor-
tions separately for higher-level (IstudyID

2 , for studyID) and nested
(IsampleID

2 , for sampleID) random factors.
Meta-analyses are susceptible to publication bias, that is, the

inflation or otherwise distortion of effect size estimates due to
selective reporting of favorable study outcomes (Thornton & Lee,
2000) and other forms of questionable research practices (Renke-
witz & Keiner, 2019). In particular, in the context of the present
meta-analyses, there could be a bias for reporting experiments that
yielded a significant SIF effect for the healthy individuals. Alter-
natively, there could be a bias for publishing studies that did not
find significant SIF in the (sub)clinical groups.

Ideally, this problem would be mitigated by including all un-
published studies, assuming that they were not published for
exactly these biases. However, we only retrieved three such ex-
periments (Ryckman, 2015).

Therefore, to further gauge these biases, we used contour-
enhanced funnel plots to display each study’s effect size against its
precision as indexed by the standard error (Peters, Sutton, Jones,
Abrams, & Rushton, 2008). These plots are centered at zero, and
display areas of statistical significance. This, in turn, allows for
easier visual detection of publication bias due to exclusion of
studies that yielded nonsignificant results. We plotted effect sizes
separately for healthy individuals and (sub)clinical groups.

We then used Egger’s regression test (e.g., Egger, Davey Smith,
Schneider, & Minder, 1997; Peters, Sutton, Jones, Abrams, &
Rushton, 2006) to formally assess funnel plot asymmetry as an
indicator of publication bias (with p � .1 as the critical value,
following the recommendation of Egger et al., 1997). Because this
test is not yet implemented for MLRE models,4 we performed it by
reestimating each model (healthy individuals or (sub)clinical
groups) with the inclusion of a moderator coding for the standard
error of the effect sizes. A significant deviation from zero in the
intercept of this meta-regression would indicate that the relation-
ship between precision and size of the studies is asymmetrical, and
thus biased (Sterne & Egger, 2005).

Because the sensitivity of meta-analytic estimates is also vul-
nerable to outliers in the study pool, we also evaluated the included
studies for influential cases, based on Cook’s distance (cooks.dis-
tance.rma.mv, clustered by studyID). This is a leave-one-out di-
agnostic measure (available in metafor) that is suitable for data sets
with a multilevel structure and for the robust estimation of confi-
dence intervals (Cook & Weisberg, 1982; Viechtbauer & Cheung,
2010). We thus compared the model that was most informative in
respect to our hypotheses—the MLRE meta-regression with stud-
ies grouped by cluster—fitted with and without studies that ap-
peared to be highly influential as indicated by a Cook’s distance
greater than 1 (Hair, Black, Babin, Anderson, & Tatham, 1998).

Results

Suppression-Induced Forgetting in Healthy Versus
(Sub)Clinical Samples

First, we assessed whether a model using the cluster moderator
(i.e., healthy, anxiety, depression, repression, and mixed) would
provide a better fit to the data than a simpler model with effect
sizes classified as just healthy or (sub)clinical, or than the basic
null model without any moderator. Indeed, this was the case, with
the cluster model (AICwcluster � .72) being approximately 2.8
times more plausible than the simple model (AICwsimple � .26) and
36 times more plausible than the null model (AICwnull � .02). The
cluster model also displayed the lowest overall heterogeneity, I2 �
67.85%. Overall, these results support using the cluster model as
the benchmark for testing our two main hypotheses.

Importantly, the overall effect of the moderator cluster was
significant, F(4, 20) � 18.93, p � .001. There was a significant
small-to-moderate SIF effect of 0.28, 95% CI [0.14, 0.43], 95% PI
[�.38, .95], p � .001 for the cluster of all healthy samples. By
comparison, the anxiety cluster displayed a small significant effect
in the opposite direction (indicating significantly higher recall of
suppress than baseline items), with an estimate of �0.21, 95% CI
[�0.41, �0.02], 95% PI [�0.89, 0.47], p � .036. The depression
cluster did not show evidence in support of any effect, with an
estimate of 0.05, 95% CI [�0.19, 0.29], 95% PI [�0.64, 0.74],
p � .662. The effect for the mixed cluster was in the direction of
SIF, but failed to reach significance, with an estimate of 0.17, 95%
CI [�0.09, 0.43], 95% PI [�0.53, 0.87], p � .188. However, the
repression cluster yielded a significant effect, with an estimate of
0.42, 95% CI [0.32, 0.52], 95% PI [�0.23, 1.08], p � .001. As
shown in the preceding paragraph, there was a high amount of
heterogeneity, which was also significant, QE(91) � 251.92, p �
.001.

Comparisons of the individual clusters displayed a signifi-
cant difference for the healthy compared to the anxiety clus-

4 For the same reason, we could not adjust for publication bias using the
trim-and-fill procedure (Duval & Tweedie, 2000). However, in Appendix
A, we additionally perform this procedure for the simpler random-effects
models that are based on only the single effect sizes from each study that
are derived from the most typical measures and manipulations. Appendix
B provides further simple random-effects models using fill-and-trim cor-
rection based on the average effect sizes from each study. Note that we
apply these methods irrespective of the non-significant Egger’s test of the
main analysis.
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ter, �0.50, 95% CI [�0.65, �0.34], p � .001, and the depres-
sion cluster, �0.23, 95% CI [�0.45, �0.01], p � .039.
Therefore, the results corroborate our hypothesis of significant
SIF in healthy individuals and of impaired SIF in clinical
samples associated with emotional disorders (see Figure 3).
Finally, there was significantly greater SIF for the small sample
of effect sizes arising from the repression cluster, compared
with the healthy cluster, with a difference of 0.14, 95% CI
[0.05, 0.22], p � .003.

Because the cluster model still exhibited high heterogeneity, we
next investigated whether influential studies or our choice of
correlation coefficients might have driven the results. We thus
followed an identical approach to the one described in the previous
section. Here, Cook’s distance indicated one particularly influen-
tial study (Marzi et al., 2014) that exceeded the set threshold of 1.
Refitting the cluster model without these effect sizes (90 effect
sizes rather than 96) yielded comparable results. Furthermore,
heterogeneity was still significant, QE(83) � 219.09, p � .001, and
not lower than before, I2 � 65.06%, although more evenly spread
between the random factors (I2

studyID � 37.70%, I2
sampleID �

27.36%). In light of these results, we chose to keep this study in the
pool for the subsequent analyses.

Moderators Analysis

Though the meta-analysis provided evidence for significant SIF
in the general population, the included studies varied widely in the
mechanism that individuals were instructed to adopt to prevent
unwanted retrieval, as well as with respect to the material, valence,
repetitions, and duration of the suppress items. For each moderator
model, we first checked whether a model including group (healthy
vs. emotional disorders) and the respective moderator provided a
better fit to the data with the interaction of these factors or, more
simply, with their linear combination only. Because the emotional
disorders group combined the depression and anxiety clusters, we
first verified that it also showed lower SIF than the healthy group.
This was the case, with a significant difference of �0.29, 95% CI
[�0.48, �0.10], F(1, 14) � 10.9781, p � .005.

Instructed mechanism. There was a slight advantage for the
instructions�group compared with the instructions � group model,
with the former (AICwinstructions�group � 0.76) being approximately
3.2 times more plausible than the latter (AICwinstructions � group � 0.24).
Therefore, we reported the instructions�group model (see Table 2).

The instructions moderator significantly differentiated between
memory control mechanisms, though only in healthy individuals.

Figure 3. Forest plot of all effect sizes grouped by cluster. Standardized mean changes with change score
standardization and 95% confidence interval, as a function of clinical cluster. References point to the corre-
sponding Figure 3 IDs in Table 1. Symbols for individual effect sizes are sized proportionally to the respective
sample sizes. Symbols at the bottom display the meta-analytic effect sizes from the meta-regression models and
the overall effect size from the random-effects model (not sized proportionally to sample sizes). See the online
article for the color version of this figure.
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For these samples, direct retrieval suppression displayed a me-
dium SIF effect of 0.66, with 95% CI [0.42, 0.90], 95% PI [�0.02,
1.34], p � .001. The SIF effects for thought substitution was also
significant, with 0.59, 95% CI [0.40, 0.77], 95% PI [�0.08, 1.25],
p � .001. However, the SIF effect of unspecified instructions was
not significant, with �0.02, (95% CI [�0.29, 0.26], 95% PI
[�0.71, 0.68], p � .902).

In the ((sub)clinical individuals, by contrast, none of the in-
structed mechanisms were significant. Direct retrieval suppression
displayed a small nonsignificant SIF effect of 0.17, with 95% CI
[�0.17, 0.51], 95% PI [�0.55, 0.90], p � .288. SIF for thought
substitution was also not significant, with an estimate of �0.01,
95% CI [�0.85, 0.84], 95% PI [�1.06, 1.53], p � .987. Unspec-
ified instructions yielded a numerically reversed, albeit also not
significant, SIF effect of �0.13, 95% CI [�0.41, 0.16], 95% PI
[�0.83, 0.57], p � .344).

Notably, for healthy individuals, the SIF effect for direct re-
trieval suppression was significantly higher than the one for un-
specified instructions, with a difference of 0.68, (95% CI [0.31,
1.04], p � .002). This was also the case for the comparison of
thought substitution and unspecified instructions, with a difference
of 0.60, 95% CI [0.28, 0.92], p � .002. The effects for direct
retrieval suppression and thought substitution were quite similar to
each other, with a negligible nonsignificant difference of 0.08,
(95% CI [�0.23, 0.38], p � .589) in favor of the former. The
results thus corroborate the importance of instructing a specific
mechanism to elicit SIF (Figure 4A). However, none of these
comparisons were significant for the emotional disorders cluster
(all p � .165).

Material. The material � group model was very similar to the
material � group model, with the former (AICwmaterial � group � 0.46)
being about as plausible as the latter (AICwmaterial � group � 0.54). We
thus decided to focus on the simpler model for the material
moderator (see Table 3).

For the healthy group, results revealed a significant SIF for
pictorial material, with a small-to-moderate effect of 0.42, (95%
CI [0.09, 0.75], 95% PI [�0.39, 1.23], p � .016), and a trend for
words, with a small effect of 0.21, (95% CI [�0.02, 0.44], 95% PI
[�0.57, 0.99], p � .067). (The same analysis on all healthy control
samples from the study pool, i.e., not just those from the studies on
emotional disorders, yielded significant SIF of 0.17, 95% CI [0.02,

0.31], 95% PI [�0.49, 0.82], p � .026.) SIF for pictorial material
was twice as large as for words, though not significantly different,
0.21, 95% CI [�0.18, 0.61], p � .264. In addition, as expected, the
average effect was significantly smaller for the emotional disor-
ders group (see Table 3).

Valence. The valence�group model did not improve on the sim-
pler valence � group model, with the former (AICwvalence�group �
0.10) in fact being nine times less plausible than the latter
(AICw

valence � group
� 0.90). We thus decided to focus on the

model without an interaction for the valence moderator (see
Table 4).

In terms of different valences of suppress stimuli, in healthy
groups, the neutral valence condition displayed a small yet statis-
tically significant SIF effect of 0.33, with 95% CI [0.04, 0.62],
95% PI [�0.55, 1.27], p � .029. Likewise, the negative valence
condition was significant with an estimate of 0.29, 95% CI [0.18,
0.56], 95% PI [�0.48, 1.06], p � .039. The positive valence

Table 2
Instructed Mechanism Moderator Meta-Regression

Coefficients Estimate (SE) t p 95% CI [lower CI, upper CI]

Intercept 0.66 (0.11) 6.22 �.001 [0.42, 0.90]
Instructed mechanism

Thought substitution �0.08 (0.14) �0.56 .589 [�0.38, 0.23]
Unspecified �0.68 (0.16) �4.15 .002 [�1.04, �0.31]

Group
Emotional disorders �0.49 (0.14) �3.44 .006 [�0.81, �0.17]

Interaction
Thought Substitution � Emotional Disorders �0.10 (0.40) �0.26 .803 [�0.98, 0.78]
Unspecified � Emotional Disorders 0.38 (0.18) 2.11 .062 [�0.02, 0.78]

Note. Intercept Corresponds to the estimated average effect for levels direct retrieval suppression and healthy
of the instructed mechanism and group factors, respectively. The omnibus test of moderators was significant,
F(5, 10) � 8.20, p � .003, whereas the Instructed Mechanism � Group interaction was not, F(2, 10) � 2.29,
p � .152. Heterogeneity was large, I2 � 61.43 (IstudyID

2 � 49.24, IsampleID
2 � 12.19), and significant, QE(52) �

117.99, p � .001.

Figure 4. Average suppression-induced forgetting (SIF) effect size for
instructed mechanisms, separately for the healthy and emotional disorders
groups. Standardized mean changes with change score standardization and
95% confidence interval, as a function of group and instructions. Blue
circles denote values for healthy groups, whereas orange circles indicate
values for (sub)clinical samples with emotional disorders. See the online
article for the color version of this figure.
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