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Abstract

Emotional information pervades experiences in daily life. Numerous studies have estab-
lished that emotional materials and information are easier to remember than neutral ones,
a phenomenon known as the emotional salience effect on memory. In recent years, an
emerging body of research has begun to explore the effect of emotion on metamemory.
Preliminary findings show that participants offer higher judgments of learning (JOLs) to
emotional than to neutral stimuli, a phenomenon termed the emotional salience effect on
JOLs. The present meta-analysis integrated data from 1,887 participants, extracted from
17 qualifying studies, to examine the effects of emotion on JOLs and memory and to ex-
plore potential moderators of these effects. The results showed a medium-sized (g=0.53
[0.41, 0.64]) emotional salience effect on JOLs, which was moderated by age and mate-
rial type, as well as a small to medium (g=0.38 [0.25, 0.51) emotional salience effect on
memory, which was moderated by test format. These findings establish that emotionality is
a salient cue in the theoretical framework of metamemory, and also provide some practical
implications (e.g., in eyewitness testimony). However, more research is needed, especially
employing high-powered pre-registered experiments, to address the signals of publication
bias detected in this meta-analysis.
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Emotional information pervades experiences in daily life, such as when children read
emotionally-charged fairy tales or adults witness frightening crimes. The mnemonic con-
sequences of variations in emotion have attracted substantial research interest over the last
century, and numerous studies have established that emotional materials and events tend to
be better remembered than neutral ones, a phenomenon referred to as the emotional salience
effect on memory (Murphy & Isaacowitz, 2008). Besides investigating the effect of emo-
tion on memory, an emerging body of studies has begun to explore the effect of emotion on
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metamemory — people’s insight into their own memory status — but the results are somewhat
fragmented and inconsistent (e.g., Efklides 2016; Witherby et al., 2021). As emotion plays a
key role in metamemory (Efklides, 2006, 2016; Fairfield et al., 2015), research on this topic
is not only fundamental to assist the development of theoretical frameworks for metamem-
ory, but also has the potential to address important practical implications (e.g., confidence
and accuracy in eyewitness testimony). The current review conducts the first meta-analysis
to clarify the effect of emotion on metamemory.

Metamemory can be defined as “knowledge about memory” (Flavell & Wellman, 1977),
involving a complex set of cognitive processes including monitoring and control compo-
nents (Nelson & Narens, 1990). Judgments of learning (JOLs; metacognitive estimates
about the likelihood that a given item will be successfully recalled or recognized on a later
test) are a widely-studied measure of metamemory monitoring (Rhodes, 2016). Accurately
monitoring one’s ongoing learning is critical for being a successful learner because indi-
viduals typically regulate their study activities (e.g., how to allocate limited study time,
which learning strategy to select) according to their JOLs (Metcalfe & Finn, 2008; Yang
et al., 2017). Inaccurate JOLs generally lead to inefficient regulation of learning strategies
and poor learning outcomes. For instance, students might stop learning course material pre-
maturely if they are overconfident about their learning progress. In contrast, if a person is
underconfident about the durability of their learning, they might unnecessarily expend extra
efforts toward re-studying well-mastered material. Given the importance of JOLs in self-
regulated learning, the current review seeks to explore whether (and if so, how) emotion, a
prevailing factor experienced in daily life, affects JOL formation.

It is well-established that emotional materials differ from neutral ones on two fundamen-
tal dimensions, namely valence and arousal (Lang et al., 1990; Bliss-Moreau et al., 2020).
Valence is defined as subjective positive-to-negative evaluations of the inherent emotional
quality of information (Lang et al., 1993). Arousal refers to low-to-high activation of the
sympathetic nervous system, which is associated with emotionally-laden items (Fairfield et
al., 2015). Previous studies have suggested that both dimensions (valence and arousal) may
contribute to JOL formation, but previous findings about their contributions are inconsistent
(Hourihan et al., 2017; Zimmerman & Kelley, 2010). From a theoretical perspective, explor-
ing whether these two dimensions of emotion contribute to JOL formation can sharpen our
understanding about the mechanisms underlying the effect of emotionality on metamemory
(see below for details). The current meta-analysis attempts to further explore this critical
question through integrating the inconsistent results observed in previous studies.

Emotionality and JOLs

Much research confirms that emotion affects various aspects of cognition, such as attention
and memory (Hamann, 2001; Murphy & Isaacowitz, 2008; Kensinger & Corkin, 2003;
Palombo et al., 2021; Talmi & Moscovitch, 2004). Furthermore, recent studies have found
that emotion also tends to affect JOLs by showing that participants provide higher JOLs to
emotional than to neutral stimuli (Caplan et al., 2019; Nomi et al., 2013; Schmoeger et al.,
2020; Tauber & Dunlosky, 2012; Witherby & Tauber, 2018; Zimmerman & Kelley, 2010),
in other words an emotional salience effect on JOLs (Tauber et al., 2017).
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According to the cue-utilization framework of metamemory (Koriat, 1997), people con-
struct JOLs based on a range of cues, and emotionality can be well situated within this
framework (Hourihan & Bursey, 2017; Zimmerman & Kelley, 2010). Emotion can affect
JOLs through two modes: (1) theory-based (analytic) inference, and (2) experience-based
(non-analytic) heuristics. Emotionality may influence JOLs in a theory-based way (Tauber
etal.,, 2019; Zimmerman & Kelley, 2010). That is, people may believe that emotional stim-
uli are easier to remember than neutral ones, and therefore offer higher JOLs to emotional
stimuli. Alternatively, emotionality may influence JOLs in an experience-based way (Houri-
han & Bursey, 2017; Mitton, 2020). Compared with neutral stimuli, emotional ones capture
greater levels of attention (Hamann, 2001), provoke physiological arousal (Mitton, 2020),
or induce stronger subjective feelings (Hourihan et al., 2017), hence leading to higher JOLs
to emotional than to neutral stimuli.

Some researchers have connected the two dimensions of emotion (valence and arousal)
with these two theoretical explanations (beliefs and experiences) to account for the emo-
tional salience effect on JOLs (Hourihan et al., 2017; Tauber et al., 2017; Witherby & Tau-
ber, 2018; Witherby et al., 2021). Specifically, if emotion affects JOLs mainly via beliefs
(i.e., a conscious strategy), valence should be the most salient cue contributing to the emo-
tional salience effect on JOLs, because valence is a categorical descriptor (e.g., negative,
positive, or neutral) involving subjective interpretations of individual items (for detailed
discussion, see Witherby et al., 2021). Participants explicitly notice the categorical differ-
ence in valence among the stimuli and then provide higher JOLs for the emotional items
based on the belief that emotional items are easier to remember than neutral ones. Con-
versely, if emotion affects JOLs primarily through processing experience (i.e., an implicit
strategy), then arousal is expected be the main contributor to the emotional salience effect
on JOLs, because arousal-provoking stimuli usually lead to greater physiological responses
(a kind of processing experience; Hourihan et al., 2017; Tauber et al., 2017). Participants
implicitly interpret feelings of arousal as being predictive of later memory performance and
then assign higher JOLs to emotional items. Testing the contributions of valence and arousal
to the emotional salience effect on JOLs can refine our understanding about how emotion
affects JOLs.

Although previous studies have emphasized the important role of valence in the emo-
tional salience effect on JOLs (Hourihan et al., 2017; Tauber et al., 2017), it remains unclear
whether positive and negative emotions have different effects on JOLs. To investigate this
question, Hourihan (2020) instructed undergraduates to study a mixed list of positive, nega-
tive, and neutral images, and make item-by-item JOLs. The results showed that participants
provided higher JOLs to negative than to positive images. The same pattern was detected by
Tauber and Dunlosky (2012), who employed word lists as learning materials. These findings
suggest that negative emotion can produce a larger emotional salience effect on JOLs than
positive emotion.

However, it must be highlighted that many other studies observed no difference between
the effects of positive and negative emotion on JOLs. For instance, Nomi et al. (2013) found
no difference in JOLs for faces with positive or negative expressions. Consistent with Nomi
et al.’s (2013) findings, other studies found no statistically detectable difference using other
types of learning materials, such as word lists (Gallant et al., 2019), word pairs (Zimmerman
& Kelley, 2010) and images (Witherby, 2019).
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Overall, previous results about whether positive and negative emotion have different
effects on JOLs are rather inconsistent. Hence, a meta-analysis, integrating existing results
to increase statistical power, is necessary to provide an answer to this question.

Besides valence, arousal is considered as another important cue to inform JOLs. For
instance, Hourihan et al. (2017) found that participants provided higher JOLs to high-
arousal than to low-arousal words. However, only a few studies have explored the effect of
arousal on JOLs (e.g., Hourihan et al., 2017; Tauber et al., 2017). Hence, it is premature to
draw any firm conclusion about its role in JOL formation.

In some previous studies which examined the effect of emotion on JOLs, the arousal
levels between emotional and neutral stimuli were explicitly matched (e.g., Gallant et al.,
2019; Tauber et al., 2017). By contrast, in other studies, arousal levels were unmatched.
Specifically, in these unmatched studies, emotional stimuli were more arousal-provoking
than neutral ones (e.g., Schmoeger et al., 2020; Tauber & Dunlosky, 2012; Zimmerman
& Kelley, 2010). The current meta-analysis seeks to further explore the potential role of
arousal in the emotional salience effect on JOLs by investigating whether arousal match
between emotional and neutral stimuli moderates the emotional salience effect on JOLs. If
arousal contributes to the construction of JOLs, a stronger emotional salience effect on JOLs
would be observed in arousal-unmatched than in arousal-matched studies, since in arousal-
unmatched studies the emotional stimuli are more arousing than the neutral ones.

Numerous studies have investigated the influence of aging on metacognition (Connor et
al., 1997; Serra et al., 2008; Price et al., 2016), but it remains unclear whether metamem-
ory monitoring varies as a function of age across adulthood (Hines et al., 2015; Kelley &
Sahakyan, 2003). To further explore age differences in metamemory monitoring, several
studies have investigated whether young and older adults exhibit different patterns of emo-
tion effects on JOLs, but the results are again inconsistant, with some studies observing age
differences (e.g., Sanders & Berry, 2021; Tauber & Dunlosky, 2012) and others not (e.g.,
Flurry, 2016; Gallant et al., 2019). In order to shed new light on our understanding of meta-
cognitive aging, the current meta-analysis investigates if there is any age difference in the
emotional salience effect on JOLs. Because prior findings on this question are conflicting,
we claim that we had no a priori prediction regarding age differences.

To our knowledge, the question of whether material type (i.e., images vs. verbal stim-
uli) moderates the emotional salience effect on JOLs has never been explored. Given that
images tend to be more provocative and contain richer emotional details than verbal stimuli
(Palombo et al., 2021; Schlochtermeier et al., 2013; Tauber et al., 2017), it is reasonable to
assume that the emotional salience effect on JOLs would be stronger for images than for
verbal stimuli. Another way for categorizing stimuli is based on whether the study stimuli
were single items (e.g., single words or single images) or paired-associates (e.g., word pairs
or image pairs). To avoid confusion with the category name “material type” discussed above
(i.e., images vs. verbal stimuli), we define the category of “single items vs. paired associ-
ates” as stimulus type. Because JOLs for single items and for paired associates are formed
based on different cues (e.g., cue-target relations are typically used as a cue to inform JOLs
for paired associates, whereas item distinctiveness is generally used as a cue to inform JOLs
for single items), it is important to explore whether emotion exerts differential effects on
JOLs for single items and paired associates. To our knowledge, the question of whether
stimulus type moderates the emotional salience effect on JOLs has also not been investi-
gated. Hence, we had no a priori prediction about the moderating effect of stimulus type.
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Additionally, although previous studies found that test format (for instance, recall versus
recognition) reliably moderates the emotional salience effect on memory (Murphy & Isaa-
cowitz, 2008), little research has been conducted to explore whether test format moderates
the effect of emotion on JOLs (Zimmerman & Kelly, 2010). For exploratory purposes, the
current meta-analysis also assesses the moderating effect of test format.

Emotionality and memory

Several meta-analyses observed a reliable emotional salience effect on memory (e.g., Mur-
phy & Isaacowitz 2008; Murty et al., 2010). However, among previous JOL studies, there
is no consensus about whether emotion has an enhancing effect on memory. For instance,
some JOL studies observed superior memory for emotional than for neutral stimuli (Tauber
& Dunlosky, 2012; Tauber et al., 2017; West, 2021; Zimmerman & Kelley, 2010), whereas
others found no difference (Flurry, 2016; Witherby & Tauber, 2018). Furthermore, some
studies even observed poorer memory for emotional than for neutral stimuli (Caplan et al.,
2019; Hourihan, 2020; Nomi et al., 2013).

Considering that existing results about the effect of emotionality on memory were sub-
stantially inconsistent among previous JOL studies, another aim of the current meta-analy-
sis is to integrate existing results to determine whether emotionality produces a detectable
effect on memory, as it does in studies not restricted to include measurement of JOLs (Mur-
phy & Isaacowitz, 2008; Murty et al., 2010). It is critical to address this issue because if
emotion has no influence on memory, then the emotional salience effect on JOLs would
necessarily constitute a metacognitive illusion. Put differently, if emotional materials evoke
higher JOLs but are no more memorable than neutral materials, then this must be indicative
of misalignment between memory and metamemory. Finally, it is also important to deter-
mine whether the effect of emotionality on JOLs is different (i.e., larger or smaller) from the
effect on memory, a key question that has little been explored in previous research.

Overview of the current Meta-analytic review

The main purpose of the current review is to examine the effect of emotionality on JOLs. To
achieve this aim, a meta-analysis was performed to quantify the standardized difference in
JOLs between emotional (positive and negative) and neutral stimuli. Meta-regression analy-
ses were implemented to examine whether the effect of emotionality on JOLs is moderated
by valence, arousal match, age, material type, stimulus type and test format. The same
analyses were also performed to investigate the effect of emotionality on memory.

The accuracy of JOLs is often of critical importance. However, most of the included
studies did not report sufficient data to calculate absolute accuracy of JOLs (i.e., signed dif-
ference between JOLs and memory performance). Therefore, to examine the potential dif-
ference between the effects of emotionality on JOLs and memory, we directly compared the
effect size for the emotionality effect on JOLs with that for the equivalent effect on memory.
Additionally, because only 10 (out of 17) studies provided sufficient data about relative
accuracy of JOLs, the meta-analytic results regarding this aspect of JOLs are reported in the
online supplementary materials.
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Method
Literature search

Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Moher et al., 2009), the literature search was conducted by the first
author and a research assistant in May 2022 in the following electronic databases: Web
of Science, PubMed, PsycINFO, PsycARTICLES, ProQuest Dissertation & Theses Global
Database, and Google Scholar. The search terms were [(“emotion*” OR “mood*” OR “affec-
tive” OR “arousal” OR “valence”) AND (“metamemory” OR “judgment* of learning” OR
“judgement™® of learning” OR “JOL*”)]. To ensure that the meta-analysis is as comprehen-
sive as possible, we also manually screened the reference lists and Google Scholar citations
of four narrative reviews (Efklides, 2006, 2016; Fairfield et al., 2015; Witherby et al., 2021).
In addition, some researchers, who have previously explored the emotional salience effect
on JOLs, were contacted to obtain unpublished data (Witherby et al., 2022).

Inclusion and exclusion criteria
The inclusion and exclusion criteria were as follows:

a.  Only empirical studies written in English were considered.

b. Duplicates were excluded.

c. Only studies involving item-by-item JOLs were included. Studies on other forms of
metamemory monitoring (e.g., feelings of knowing, retrospective confidence ratings
about answer accuracy) or meta-comprehension were excluded (e.g., Baumeister et al.,
2015; Hoy, 2018; Saoud, 2020; Strain et al., 2013). Studies asking participants to make
JOLs for another person were excluded (Tauber et al., 2019). All studies included in
the current meta-analysis collected immediate JOLs (i.e., JOLs made immediately after
participants studied each item), and none of them collected delayed JOLs.

d. Only studies examining the differences in JOLs between emotional (either positive or
negative) and neutral stimuli were included. Studies that combined positive and nega-
tive stimuli as “emotional materials” and did not separately report the results for posi-
tive and negative materials were excluded (e.g., Undorf & Broder 2020; Undorf et al.,
2018). Studies which did not include a neutral (control) condition were excluded (e.g.,
Kelly & Metcalfe 2011).

e. Only studies reporting sufficient data for effect size calculation were included.

Coding of studies

All studies were independently coded by the first author and a research assistant. They
agreed 99% on all coding information. All divergences were checked and settled through
discussion. The coded moderators were as follows:

Valence. Based on the valence of the stimuli, the effects were divided into two sub-
categories: (a) positive emotion and (b) negative emotion.

Arousal match. The effects were divided into three sub-categories according to whether
the arousal levels between emotional and neutral stimuli were matched or not: (a) matched,
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(b) unmatched (i.e., emotional stimuli were more arousal-provoking than neutral ones),
and (c) unknown (i.e., no available information to judge whether the arousal levels were
matched or not). As an additional note, effects were coded as unmatched when the original
article explicitly reported that the arousal level of emotional stimuli was significantly higher
than that of neutral ones.

Age. The effects were coded into two sub-categories according to participants’ age: (a)
young adults (mean age ranging from 18.63 to 24.73) and (b) older adults (mean age ranging
from 67.79 to 73.95).

Material type. The effects were divided into two sub-categories according to study
materials: (a) verbal materials (including words and word pairs) and (b) images (includ-
ing images of facial expressions, individual images and image pairs of animals, inanimate
objects, landscapes and life scenes).

Stimulus type. The effects were divided into two sub-categories according to the type of
study stimuli: (a) single items and (b) paired associates.

Test format. The effects were divided into three sub-categories according to test format:
(a) free recall, (b) cued recall, and (c¢) recognition (including both old/new and forced choice
recognition).

Effect size calculation

The effects of emotionality on both JOLs and memory were quantified as standardized dif-
ferences (Cohen’s d) between emotional (either positive or negative) and neutral stimuli.
When test format in a given study was old/new recognition, Cohen’s ds for memory were
based on hit rates rather than discriminability (i.e., d’), because some studies did not report
sufficient data to calculate d’ (e.g., Gallant et al., 2019; Mitton, 2020). For the extraction
of both JOLs and memory effects, we directly extracted the reported effect size values if
Cohen’s ds were reported in the original articles. Otherwise, the formulae provided by
Borenstein et al. (2009) were employed to calculate them.

In order to reduce potential bias in effects with small sample sizes, we applied the bias
correction function provided by Hedges (1982) to transform Cohen’s ds into Hedges’ gs.
For within-subjects design effects, the correlation coefficients (rs) for dependent measures
between emotional and neutral conditions were required to transform d, to d,,,,. Thus, we
directly calculated rs for studies for which their raw data were available. In addition, for
studies which reported group means, standard deviations (or standard errors), and paired-
samples ¢ values, we calculated 7s using the formula provided by Morris and DeShon (2002).

In total, there were 28 JOL effects and 24 memory effects for which the corresponding s
could be calculated. We converted those rs into Fisher’s Z scores (Silver & Dunlap, 1987)
and then conducted three-level random-effects meta-analyses to obtain the weighted mean
of these Fisher’s Z scores. The results showed a positive correlation between dependent
measures for both JOLs, Z=1.30 [1.08, 1.52], p<.001, and memory, Z=0.36 [0.26, 0.46],
p<.001. These Z scores were then transformed back to rs, with »=.86 [0.79, 0.91] for JOLs,
and r=.35 [0.26, 0.43] for memory. For the 48 JOL effects whose rs were unknown, their
rs were set to 0.86, and for the 52 memory effects whose s were unknown, their »s were
set to 0.35.
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Data Analysis Strategy

We conducted separate meta-analyses to examine the effects of emotionality on JOLs and
memory. Since some effects were extracted from the same sample of participants in a sin-
gle study, which might violate the assumption of independence, the meta-analyses were
performed using three-level random-effects models (Cheung, 2014; Assink & Wibbelink,
2016) where the effects from the same sample of participants were coded as dependent. O
statistics were used to measure heterogeneity among effects, and significant heterogeneity
was indicated by a Q test with p<.05 (Cochran, 1954). Additionally, 72 within clusters of
dependent effects (I?m,m; the percentage of the total variability of effects attributable to
heterogeneity within clusters of dependent effects) and J2between effects based on indepen-
dent samples ([, l)2<zt11=ee'rz; the percentage of the total variability of effects attributable to het-
erogeneity between effects based on independent samples) were estimated (Cheung, 2014).
The typical within-study variance was estimated using the formula provided by Higgins and
Thompson (2002).

To explain potential sources of heterogeneity, univariate three-level random-effects meta-
regression analyses were performed. Considering that multivariate approaches can examine
each moderator’s effect while controlling for the effects of other moderators, multivariate
three-level random-effects meta-regression analyses were also conducted. All analyses were
conducted via the R metafor package (Viechtbauer, 2010; Harrer et al., 2021) recommended
using ¢ tests rather than the default z tests in multi-level meta-analysis. Accordingly, the
current meta-analysis adopted ¢ tests to determine significance of the weighted mean effect
sizes and meta-regression coefficients.

To assess the likelihood that publication bias — the preferential publishing of statistically
significant studies — leads to an inflated effect size estimate, we first examined the moderat-
ing role of publication year and publication status (published versus unpublished). Then
we visually inspected the funnel plot of effect sizes against their precision (standard error,
SE) for asymmetry. Finally, we corrected for publication bias using Robust Bayesian Meta-
Analysis (RoBMA; Bartos et al., 2022; Maier et al., in press). ROBMA — which has been
shown to be superior to other bias-correction methods via several simulation studies (Barto$
et al., 2022; Maier et al., ) — uses Bayesian model-averaging to combine estimates from
multiple models — including PET, PEESE (Stanley & Doucouliagos, 2014) and selection
models, both with and without publication bias. Each method is fit to the data and then the
estimated effect is computed by weighting each of them by its likelihood, given the data.
This method computes Bayes factors to quantify the evidence for the presence or absence
of an effect as well as of heterogeneity and publication bias. We fit ROBMA assuming equal
prior probabilities across model types. Because bias-correction methods are generally not
applicable to multilevel meta-analysis, we applied ROBMA to a dataset in which effects
from the same study were averaged so as to avoid dependencies between effects.

All data have been made publicly available at Open Science Framework (https://osf.
io/3wkhm/).
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Results

Our initial search returned 4,432 articles, and an additional 49 studies were identified
through correspondence or via manually screening the reference lists of relevant litera-
ture reviews. In total, 17 studies were identified as qualifying for the meta-analyses, from
which 76 JOL effects and 76 memory effects (including data from 1,887 participants) were
extracted from 32 experiments.' The screening procedure is reported in a flowchart (see Fig.
S1 in the online supplemental materials) and the characteristics of the included studies are
presented in Table S1 in the online supplemental materials.

As an aid to readers, Table 1 summaries the main research questions explored in the cur-
rent meta-analyses and the corresponding findings. Below we first report results relating to
the effect of emotionality on JOLs, and then the effect of emotionality on memory. Finally,
we compare the effect of emotionality on JOLs versus its effect on memory.

Effect of emotionality on JOLs

The weighted mean effect size, estimated by a three-level random-effects meta-analysis,
was g=0.53 [0.41, 0.64], p<.001, indicating a medium-sized emotional salience effect on
JOLs. Participants gave significantly higher JOLs to emotional than to neutral stimuli. Het-
erogeneity among the effects was substantial, Q(75)=1212.47, p<.001, ]?vithin: 7.40%,
12, een = 87.71%, indicating the need to conduct moderator analyses to identify possible
sources of heterogeneity.

Random-effects meta-regression analyses were conducted using both univariate and
multivariate models to detect potential sources of heterogeneity. The results showed similar
patterns in univariate and multivariate analyses. Because the number of included effects is
relatively small and many moderators were tested here, below we report the results from the
univariate meta-analyses. The main results are shown in Table 2.

Moderator analyses

Valence. There was no statistically detectable moderating effect of valence, F(1, 74)=0.18,
p=.673. Both positive, g=0.53 [0.41, 0.66], p<.001, and negative, g=0.52 [0.39, 0.64],
p<.001, stimuli received significantly higher JOLs than neutral ones. Overall, these results
suggest little difference in the emotional salience effects on JOLs between positive and
negative emotion.

Arousal match. Arousal match did not significantly moderate the emotional salience effect
on JOLs, F(2, 73)=2.62, p=.079. Regardless of whether arousal levels between emotional
and neutral stimuli were matched, g=0.48 [0.26, 0.70], p<.001, or unmatched, g=0.58
[0.46, 0.70], p<.001, there was a reliable emotional salience effect on JOLs. Excluding
cases where the approach to matching was unknown, there was little difference between
arousal-matched and arousal-unmatched effects, F(1, 73)=0.85, p=.359. In other words,
the effect size for the emotional salience effect on JOLs in arousal-matched studies (i.e.,
when the arousal levels between emotional and neutral stimuli were matched) was roughly
equal to that in arousal-unmatched studies (i.e., when the arousal levels were significantly

! Among the 32 experiments, 10 provided a single effect size, and the other 22 provided more than one effect
sizes.
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Table 1 Questions explored in the meta-analysis and the corresponding findings

Questions

Answers (research findings)

QI. Does (and if so, to what
extent) emotion affect JOLs?

Q2. Does (and if so, to what ex-
tent) emotion enhance memory?

Q3. Does emotion have different
effects on JOLs and memory?

Q4. Do positive and negative
emotion have different effects
on JOLs?

Q5. Do positive and negative
emotion have different effects on
memory?

Q6. Does arousal contribute to
the emotional salience effect on
JOLs?

Q7. Does arousal affect
memory?

Q8. Does emotionality affect
JOLs to different extents for
young and older adults?

Q9. Does emotionality affect
memory to different extents for
young and older adults?

Q10. Does material type moder-
ate the emotional salience effect
on JOLs?

Q11. Does material type moder-
ate the emotional salience effect
on memory?

Q12. Does stimulus type moder-
ate the emotional salience effect
on JOLs?

Q13. Does stimulus type moder-
ate the emotional salience effect
on memory?

Q14. Does test format moderate
the emotional salience effect on

JOLs?

Q15. Does test format moderate
the emotional salience effect on

memory?

Emotion produces a medium-sized (g=0.53) effect on JOLs, but publi-
cation bias is evident.

Emotion has a small-to-medium sized (g=0.38) effect on memory, but
publication bias is evident.

The emotional salience effect on JOLs is larger than the effect on
memory, indicating that, although people can metacognitively appreci-
ate the effect of emotionality on memory, they tend to overestimate the
magnitude of this effect.

Both positive (g=0.53) and negative (g=0.52) stimuli receive higher
JOLs than neutral ones, and there is minimal difference between their
effects on JOLs.

Both positive (g=0.34) and negative (g=0.43) stimuli are remembered
better than neutral ones, and there is no statistically detectable differ-
ence between their effects on memory.

There is minimal difference in the emotional salience effects on JOLs
between arousal-matched (g=0.48) and arousal-unmatched (g=0.58)
studies, suggesting that arousal may contribute minimally to the emo-
tional salience effect on JOLs.

The moderating role of arousal match in the emotional salience effect
on memory is not statistically detectable, with unmatched-arousal
(g=0.42) and matched-arousal (g=0.44) stimuli producing similar
enhancing effects on memory.

Young adults exhibit a larger emotional salience effect on JOLs
(g=0.62) than older adults (g=0.15), indicating that young adults’
JOLs are more sensitive to emotion than those of older adults.

There is no statistically detectable difference in the emotional sa-
lience effects on memory between young (g=0.33) and older adults
(g=0.63).

The emotional salience effect on JOLs is larger for images (g=0.73)
than for verbal materials (g=0.38).

There is no statistically detectable difference in the emotional salience
effects on memory between images (g=0.27) and verbal materials
(g=0.47).

Regardless of whether the study stimuli are single items (g=0.53) or
paired associates (g=0.53), JOLs are always higher for emotional than
for neutral items, and there is no statistically detectable difference in
the emotional salience effect on JOLs between these two categories.
There is no statistically detectable difference in the emotional salience
effects on memory between single items (g=0.41) and paired associ-
ates (g=0.08).

Test format (g=0.58 for cued recall; g=0.43 for free recall; g=0.71 for
recognition) does not moderate the emotional salience effect on JOLs.

The emotional salience effect on memory is moderated by test
format, with a larger effect in free recall (g=0.59) than in recogni-
tion (g=0.01) tests. There was no statistically detectable difference
between cued recall (g=0.21) and free recall tests, nor between cued
recall and recognition tests.
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Table 2 Moderator analysis results

JOL effects (g=0.53, p<.001) Memory effects (g=0.38, p<.001)
Categorical k g 95% CI F P k g 95% CI F p
moderators
Valence 0.18 0.673 .02 .317
Positive emotion 37 0.53 [0.41, 0.66] <0.001 37 0.34 [0.19,0.50] <0.001
Negative 39 0.52 [0.39,0.64] <0.001 39 0.43 [0.27,0.58] <0.001
emotion
Arousal match 2.62 0.079 1.83  0.168
Matched 9 048 [0.26,0.70] <0.001 9 0.44 [0.12,0.75] 0.008
Unmatched 70 0.58 [0.46,0.70] <0.001 70 0.42 [0.28,0.57] <0.001
Unknown 6 0.19 [-0.15,0.53] 0.267 6 0.02 [-0.39,0.42] 0.937
Age 13.73  <0.001 322 0.077
Young adults 62 0.62 [0.51,0.73] <0.001 62 0.33 [0.19,0.47] <0.001
Older adults 14 0.15 [-0.08,0.37] 0.204 14 0.63 [0.33,0.93] <0.001
Material type 11.54  0.001 226 0.137
Verbal materials 43 0.38 [0.24,0.51] <0.001 43 0.47 [0.30,0.64] <0.001
Images 33 0.73 [0.57,0.89] <0.001 33 0.27 [0.07,0.47] 0.008
Stimulus type <0.001 0.977 1.92 0.170
Single items 70 0.53 [0.40,0.65] <0.001 70 0.41 [0.27,0.55] <0.001
Paired associates 6  0.53 [0.14,0.93] 0.009 6 0.08 [-0.36,0.53] 0.709
Test format 2.50 0.089 12.76 <0.001
Free recall 46 0.43 [0.29,0.57] <0.001 46 0.59 [0.45,0.73] <0.001
Cued recall 5 0.58 [0.14,1.02] 0.01 5 021 [-0.22,0.64] 0.340
Recognition 25 0.71 [0.50,0.91] <0.001 25 0.01 [-0.18,0.20] 0.910

higher for emotional than for neutral stimuli). These findings suggest that arousal tends to
contribute minimally to the emotional salience effect on JOLs.

The effect for the unknown category was not statistically significant, g=0.19 [-0.15,
0.53], p=.267, possibly due to low statistical power as there were only k=6 effects in this
category. Considering that the number of effects in the unknown category was too small to
generate a reliable conclusion, we do not discuss this result further.

Age. The moderating effect of age was significant, F(1, 74)=13.73, p<.001, with young
adults demonstrating a larger emotional salience effect on JOLs, g=0.62 [0.51, 0.73],
p<.001, than older adults, g=0.15 [-0.08, 0.37], p=.204. These results reflect that young
adults’ JOLs are more sensitive to emotion than those of older adults.

Material type. Material type was a significant moderator, F(1, 74)=11.54, p=.001, with
a larger emotional salience effect on JOLs for images, g=0.73 [0.57, 0.89], p<.001, than for
verbal materials, g=0.38 [0.24, 0.51], p<.001.

Stimulus type. There was no statistically detectable moderating effect of stimulus type,
F(1,74)<0.001, p=.977. Regardless of whether the study stimuli were single items, g=0.53
[0.40, 0.65], p<.001, or paired associates, g=0.53 [0.14, 0.93], p=.009, JOLs were always
higher for emotional than for neutral items.

Test format. Test format did not significantly moderate the emotional salience effect on
JOLs, F(2, 73)=2.50, p=.089. All test formats were associated with significant emotional
salience effects on JOLs, with g=0.58 [0.14, 1.02], p=.01, for cued recall tests, g=0.43
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Fig. 1 Funnel plot for effect of
emotionality on JOLs. Each
point represents a sample’s
composite effect size. The verti-
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[0.29, 0.57], p<.001, for free recall tests, and g=0.71 [0.50, 0.91], p<.001, for recognition
tests.

Publication Bias

A three-level meta-regression analysis was performed to examine the relationship between
effect sizes and year of publication (ranging from 2010 to 2021), which showed a signifi-
cantly positive relationship between the two variables, »=0.04, F(1, 74)=7.35, p=.008
(see Fig. S2 in the online supplemental materials). It should be noted that if an effect is
spurious, then the observed effect sizes ought to gradually decrease across years of publica-
tion (Borenstein & Cooper, 2009). The current meta-regression analysis found the opposite
result that the observed effect sizes increased across years, indicating little risk of sequence-
based publication bias. It is possible that some aspect(s) of the research methods changed
across time, increasing the obtained effect sizes. Regarding publication status, 62 effects
were coded as published and the remaining 14 were unpublished. A three-level sub-group
meta-analysis showed no significant moderating effect of publication status, F(1, 74)=0.05,
p=.829, again suggesting little need to worry about publication bias.

Figure 1 shows the funnel plot of effect sizes against standard error (Sterne et al., 2011),
which is asymmetric to some extent. The RoOBMA analysis revealed very strong evidence of
residual heterogeneity, BF'=7.34e+ 66, but little evidence of an overall emotional salience
effect on JOLs, BF=0.69, together with strong evidence of publication bias, BF=24.55.
The Bayes factor for the emotional salience effect indicates that, if anything, the evidence is
slightly more consistent with there being no effect than with there being one, and the mean
estimated effect is 0.10 [-0.17, 0.52]. Thus, when corrected for bias, the effect becomes very
small, though with a wide estimation interval. We further discuss the RoOBMA results in the
General Discussion section.
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Effect of emotionality on memory

We next turn to the effect of emotionality on memory. A three-level random-effects meta-
analysis showed that the weighted mean effect size was g=0.38 [0.25, 0.51], p<.001,
indicating a small to medium emotional salience effect on memory. There was substan-
tial heterogeneity among the effects, Q(75)=485.01, p<.001, I2,,,. =20.33%, I%, ..., =
63.31%.

Moderator analyses

Random-effects meta-regression analyses were conducted using both univariate and multi-
variate approaches to identify potential sources of heterogeneity. Univariate and multivari-
ate analyses yielded converging results. Hence, below we focus on the univariate analyses
(see Table 2).

Valence. The moderating effect of valence was not statistically reliable, F(1, 74)=1.02,
p=.317, with g=0.34 [0.19, 0.50], p<.001, for positive emotion, and g=0.43 [0.27, 0.58],
p<.001, for negative emotion.

Arousal match. The moderating effect of arousal match was not statistically significant,
02, 73)=1.83, p=.168. Unmatched-arousal, g=0.42 [0.28, 0.57], p<.001, and matched-
arousal, g=0.44[0.12, 0.75], p=.008, generated similar emotional salience effects on mem-
ory, F(1, 73)=0.01, p=.935. The emotional salience effect on memory for the unknown
category was not statistically detectable, g=0.02 [-0.39, 0.42], p=.937.

Age. The moderating effect of age was not significant, F(1, 74)=3.22, p=.077, with
£=0.33[0.19, 0.47], p<.001, for young adults, and g=0.63 [0.33, 0.93], p<.001, for older
adults.

Material type. The moderating effect of material type was not statistically detectable,
F(1,74)=2.26, p=.137, with g=0.27 [0.07, 0.47], p=.008, for images, and g=0.47 [0.30,
0.64], p<.001, for verbal materials.

Stimulus type. The moderating effect of stimulus type was not statistically detectable,
F(1, 74)=1.92, p=.170, with g=0.41 [0.27, 0.55], p<.001, for single items, and g=0.08
[-0.36, 0.53], p=.709, for paired associates.

Test format. The moderating effect of test format was significant, F(2, 73)=12.76,
p<.001. The emotional salience effect on memory was larger in free recall, g=0.59 [0.45,
0.73], p<.001, than in recognition tests, g=0.01 [-0.18, 0.20], p=.910, F(1, 73)=24.83,
p<.001. There was no statistically detectable difference between cued recall, g=0.21 [-0.22,
0.64], p=.340, and free recall tests, F(1, 73)=2.87, p=.094, nor between cued recall and
recognition tests, F(1, 73)=0.70, p=.406.

Publication Bias

There was no statistically detectable relationship between effect size and publication year,
b =-0.01, F(1, 74)=0.64, p=.425 (see Fig. S3 in the online supplemental materials), and
no detectable moderating effect of publication status, F(1, 74)=1.31, p=.257. These results
jointly suggest little need to worry about publication bias of the included studies.

The funnel plot is displayed in Fig. 2, which is again asymmetric to some extent. ROBMA
revealed a pattern similar to that for the emotional salience effect on JOLs: Very strong evi-

@ Springer



Y.Yin et al.

Fig. 2 Funnel plot for effect of
emotionality on memory. Each
point represents a sample’s
composite effect size. The verti-

cal line represents the summary =]
effect size estimate
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dence of residual heterogeneity, BFF=2.03e+ 12, but little evidence of an overall emotional
salience effect on memory, BF'=0.34, and strong evidence of publication bias, BF=305.15.
The Bayes factor for the emotional salience effect on memory indicates that, if anything, the
evidence is about 3 times more consistent with there being no effect than with there being
one, and the mean estimated effect is -0.08 [-0.78, 0.09]. Thus, when corrected for bias, the
emotional salience effect on memory becomes negligible.

Difference between the effects of emotion on JOLs and memory

To determine if emotion has different effects on JOLs and memory, we combined the JOL
and memory effects, and conducted a three-level meta-regression analysis, with effect type
(JOL versus memory) as a moderator. The results revealed a significant moderating role of
effect type, F(1, 150)=6.54, p=.012, indicating that the emotional salience effect was sig-
nificantly larger on JOLs than on memory.2 Thus, even though people can metacognitively
recognize the effect of emotion on memory (that is, JOLs and memory vary in the same
direction as a function of emotionality), they tend to overestimate the actual magnitude of
the emotional salience effect on memory.

2 This result was based on the direct mixing of JOL effects with memory effects and then testing the mod-
erating effect of dependent variable (JOL versus memory), which did not take publication bias into account.
Indeed, due to technical limitations, it is difficult to compare the difference between JOL and memory effects
in the case where publication bias is accounted for. For more details on the interpretation of publication bias,
see the General Discussion section.
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General discussion

The current review conducted the first meta-analysis to examine the effect of emotionality
on JOLs. The results showed a medium-sized (g=0.53) emotional salience effect on JOLs
and a small-to-medium sized (g=0.38) emotional salience effect on memory. A cutting-edge
method for correction publication bias, ROBMA (Bartos et al., 2022; Maier et al., ), indi-
cated that when corrected, both the residual emotional salience effect on JOLs and the effect
on memory are small, with Bayes factors favoring of the null hypothesis. Below, we first
discuss the main meta-analysis results and then comment on publication bias.

Effect of emotionality on JOLs

In line with previous studies, the meta-analysis showed an emotional salience effect on
JOLs. According to previous studies, emotion affects JOLs through two distinct pathways
(Koriat, 1997; Koriat et al., 2004; Mueller & Dunlosky, 2017; Witherby et al., 2021). One is
theory-based inference (i.e., beliefs), which is linked more with valence. That is, emotion-
ally-valenced stimuli have properties that make them distinctive from neutral ones, lead-
ing participants to hold the belief that they are more memorable than neutral ones (Tauber
et al., 2017; Witherby & Tauber, 2018). Another is experience-based heuristics (i.e., pro-
cessing experience), which are linked more with arousal. Participants experience different
physiological reactions (e.g., heart rate, eye movements, brain signaling, skin conductance
responses) when encoding high-arousal (emotional) stimuli relative to low-arousal (neutral)
ones, and thus provide higher JOLs to emotional stimuli based on their processing experi-
ence (Hourihan et al., 2017).

According to the aforementioned theoretical explanations, if arousal contributes to
JOL formation, a larger emotional salience effect on JOLs should be observed in arousal-
unmatched (i.e., emotional stimuli were more arousal-provoking than neutral ones) than
in arousal-matched studies. However, the meta-analysis found that arousal match failed
to moderate the effect of emotionality on JOLs, with roughly equal effect sizes in arousal-
matched and arousal-unmatched studies. Hence, it is reasonable to speculate that physiolog-
ical arousal plays a minimal role in the emotional salience effect on JOLs. The emotional
salience effect on JOLs may derive from the fact that participants hold the belief that emo-
tionally-valenced stimuli are easier to remember. Previous studies did provide support for
this explanation (Witherby & Tauber, 2018; Witherby et al., 2022). For instance, Witherby et
al. (2022, Experiment 6) found that 96.9% of participants believed that their memory is bet-
ter for emotional than for neutral stimuli. Further supporting evidence comes from Undorf
& Broder (2020). Undorf and Broder instructed participants to make pre-study JOLs (that
is, JOLs provided before participants saw and studied each item) and found that pre-study
JOLs were higher for emotional than for neutral stimuli.

To sum up, emotion may affect JOLs mainly through beliefs, and processing experi-
ence contributes minimally to the emotional salience effect on JOLs. These findings sup-
port the analytic processing (AP) theory (Mueller & Dunlosky, 2017), which emphasizes
the central role of beliefs in JOL formation. According to the AP theory, when participants
are instructed to predict their future memory performance, they try to search for cues (e.g.,
concreteness, semantic relatedness) which they believe are related to future memory perfor-
mance, and then they make JOLs based on those identified cues. Importantly, the AP theory
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proposes that JOLs are largely driven by a priori or newly developed beliefs, whereas pro-
cessing experience plays a less important (or even no) role in JOL formation. Consistent
with the AP theory, the current meta-analysis found that emotional valence significantly
affected JOLs (that is, both positive and negative emotion enhanced JOLs), whereas arousal
tended to contribute minimally to JOL formation.

It has to be acknowledged that meta-analysis only provides a blunt instrument to test
theoretical accounts, and it is premature to draw a firm conclusion about the mechanisms
underlying the emotional salience effect on JOLs based on the meta-analytic results observed
here. It is possible that, besides physiological arousal, emotion affects JOLs through other
types of processing experience, such as processing fluency (Witherby et al., 2021). Hence, it
is too soon to completely rule out any role of processing experience in the emotional salience
effect on JOLs. More experimental research on the underlying mechanisms is called for.

Another noteworthy is that the emotional salience effect on JOLs was numerically larger
in arousal-unmatched (g=0.58) than in arousal-matched studies (g=0.48), even though the
difference was not statistically significant (p=.359). A common methodological issue in
detecting moderating effects in a meta-analysis is that second order sampling error stem-
ming from the random sampling of studies affects the precision of the meta-analytic esti-
mates, especially when a small number of studies are included (Hunter & Schmidt, 2004).
In other words, it is difficult to quantify how much of the variance across meta-analytic
estimates is explained by the moderators due to the presence of second order sampling
error, and the statistical power of sub-group meta-analyses is generally low (Cuijpers et
al., 2021; Griffin, 2021). Hence, we strongly recommend researchers to conduct updated
meta-analyses to re-assess the moderating role of arousal match (or other variables) in the
emotional salience effect on JOLs when more data are available.

Effect of emotionality on memory

Previous meta-analyses, which assessed the influences of emotion on memory when making
JOLs was not required, found small-to-medium sized emotional salience effects on memory.
For instance, Murphy and Isaacowitz (2008) found that both young (;lw: 0.46, p<.01)
and older adults (7, = 0.41, p<.01) exhibited superior memory performance for emotional
than for neutral materials. Consistently, the current meta-analysis observed a small-to-
medium sized emotional salience effect on memory in the studies in which making JOLs
was required.

The results obtained here confirm a memory advantage for emotional information. There
are several explanations for this phenomenon. The first possibility is that emotional stim-
uli involuntarily capture greater attention than neutral ones (Murphy & Isaacowitz, 2008;
Yiend, 2010), thus leading to better memory encoding. It is also possible that the character-
istics of emotional stimuli make them stand out when mixed with neutral ones, and the dis-
tinctiveness associated with emotional stimuli contributes to the emotional salience effect
on memory (Schmidt & Saari, 2007; Talmi, 2013). Additionally, individuals may realize
that emotional stimuli are inherently more interlinked with each other (e.g., emotionally-
negative words, such as gun and injury, are semantically related) than randomly selected
neutral stimuli (e.g., book, pond), and the structural inter-item organization of emotional
stimuli may hence produce superior memory (Palombo et al., 2021; Talmi & Moscovitch,
2004).
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Difference between the effects of emotionality on JOLs and memory

The emotional salience effects on JOLs and on memory jointly imply that people’s JOLs are
at least somewhat accurate because JOLs and memory vary in the same direction as a func-
tion of emotion (that is, people metacognitively appreciate the enhancing effect of emotion
on memory). However, the meta-analysis found that the magnitude of the JOL effect was
larger than that of the memory effect, suggesting that people tend to metacognitively over-
estimate the emotional salience effect on memory. To our knowledge, no previous studies
have explored why this happens, and future studies could profitably address this issue. More
importantly, interventions should be developed to reduce such a metacognitive illusion,
which is of practical importance for eyewitness testimony.

Age

The meta-analysis found that young adults showed a larger emotional salience effect on
JOLs than older adults, suggesting that young adults’ JOLs are more sensitive to emotional-
ity than those of older adults. A possible explanation is that young and older adults differ
either in their beliefs or in experience (e.g., fluency) when processing emotionally-valenced
stimuli, leading to age-related differences in the emotional salience effect on JOLs (Tauber
& Dunlosky, 2012). Another possibility is that older adults’ cognitive resources are limited
(Zacks et al., 2000), and concurrently making JOLs and performing the learning task is
highly challenging for them (Tauber & Witherby, 2019). The requirement of making item-
by-item JOLs diverts older adults’ attention from the encoding task, in turn leading to a
smaller emotional salience effect on JOLs for older than for young adults. The reasons why
older adults’ JOLs are less sensitive to emotion are clouded by lack of relevant studies and
deserves further investigation.

Material type

The meta-analysis observed that images produced a greater emotional salience effect on
JOLs than verbal materials, while at the same time there was no statistically detectable dif-
ference in the emotional salience effects on memory between these two types of materials.
A persuasive explanation for the larger emotional salience effect on JOLs for images is that
such materials (e.g., facial expressions, scenes images) contain more emotionally-relevant
details than verbal materials (Bradley et al., 2001; Hinojosa et al., 2009; Tauber et al., 2017).
Rich and salient emotional cues, delivered by images, provoke people’s beliefs about how
emotion affects memory, in turn leading to a stronger effect on JOLs.

Test format

It is hardly surprising that test format did not moderate the emotional salience effect on
JOLs because JOLs are provided before the test phase (for related findings, see Chang &
Brainerd 2022). By contrast, previous studies established that test format reliably moder-
ated the emotional salience effect on memory (Charles et al., 2003; Hourihan, 2020). For
instance, the meta-analysis conducted by Murphy and Isaacowitz (2008) found a moderat-
ing role of test format in the emotional salience effect on memory, with a larger effect in
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recall than in recognition tests. The same result pattern was observed here: Free recall tests
were associated with a larger emotional salience effect on memory by comparison with rec-
ognition tests. The larger emotional salience effect on memory in free recall tests may result
from the stronger semantic cohesion or relatedness among emotional items (see above).
Overall, the emotional salience effect on memory, but not the emotional salience effect on
JOLs, is moderated by test format, reflecting a dissociation between JOLs and memory.

Publication bias

The meta-analysis found evidence of publication bias from the visually asymmetric fun-
nel plots displayed in Figs. 1 and 2, and from RoBMA (Barto$ et al., 2022; Maier et al., ),
indicating that this set of studies is probably contaminated by publication bias. In particular,
the funnel plots suggest an absence of moderate-precision studies with small effect sizes.
For both the residual emotional salience effects on JOLs and on memory, when corrected
for publication bias, the Bayes factors if anything support the null hypothesis. It has to be
acknowledged that the discussion and interpretation of key findings should be read in light
of publication bias.

However, it is also important not to overinterpret these publication bias findings. In other
words, we highly recommend not taking them as incontrovertible evidence against the key
effects. First, visual inspection of funnel plots is subjective. Secondly, the confidence inter-
vals on the bias-corrected effect sizes are wide (particularly for the emotional salience effect
on JOLs) and do not exclude a medium-to-large true effect. Thirdly, it is well-known that
bias-correction methods, including funnel plots and RoOBMA, are imperfect and their accu-
racy depends on properties of the dataset that are unknowable, such as the true level of
heterogeneity. Although the performance of RoOBMA has been shown to be superior to other
bias-correction methods by applying PET, PEESE and selection models to the data simulta-
neously, the meta-analytic estimate might still suffer from inaccurate estimation if none of
the models approximate the data generating process well (Bartos et al., 2022). Fourthly, the
meta-analysis demonstrated minimal difference in the effects of emotionality on both JOLs
and memory between published and unpublished studies, which mitigates potential concern
about the risk of bias due to unpublished results. In addition, the emotional salience effects
on both JOLs and memory did not systematically fluctuate as a function of publication year,
again suggesting little need to worry about publication bias.

There is substantial heterogeneity among the included JOL and memory effects. Even
if all of the included studies were well-designed (e.g., pre-determined their sample sizes
before data-collection) and suffered from no publication bias, there would still be a negative
correlation between effect sizes and sample sizes (or a positive correlation between effect
sizes and standard errors) because large effect sizes require smaller numbers of participants
to achieve a specific statistical power (Peters et al., 2010; Terrin et al., 2003). In that event,
RoBMA would spuriously detect misleading evidence of “publication bias”. Moreover, the
evidence obtained here in no way suggests that this particular domain is any more tainted by
publication bias than many other domains in behavioral research (see Kvarven et al., 2020).
Rather, this evidence of publication bias emphasizes the pressing need for future research
employing high-powered, pre-registered, confirmatory experiments.
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Conclusion

Emotionality has a medium-sized salience effect on JOLs and a small-to-medium sized
salience effect on memory, and the effect on JOLs is larger than the effect on memory. Both
positive and negative emotion produce an emotional salience effect on JOLs. Arousal tends
to contribute minimally to the emotional salience effect on JOLs. Young adults’ JOLs are
more sensitive to emotion than those of older adults. Image materials produce a larger emo-
tional salience effect on JOLs than verbal materials. Test format moderates the emotional
salience effect on memory, but not the effect on JOLs. All of the above results are tentative,
however, in light of potential publication bias detected in this literature.
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