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The current meta-analysis examined the effects of valence and arousal on source memory accuracy, including
the identification of variables that moderate the magnitude and direction of those effects. Fifty-three studies,
comprising 85 individual experiments (N = 3,040 participants), were selected. Three separate analyses focus-
ing on valence effects (valence-based: negative-neutral; positive-neutral; negative-positive) and other three fo-
cusing exclusively on arousal (arousal-based: high-low; medium-low; high-medium) were considered. Effect
sizes varied from very small to medium. For the valence-based analyses, source memory accuracy was
impaired for emotional compared with neutral stimuli (dunb = �.14 for negative-neutral; dunb = �.11 for posi-
tive-neutral), with a similar performance found for the negative-positive comparison (dunb = �.04). In the
case of arousal-based analyses, source memory was improved for stimuli with high and medium arousal ver-
sus low arousal (dunb = .27, dunb = .49, respectively), with no statistically significant difference between high
and medium arousal stimuli (dunb = �.12). Emotion effects on source memory were modulated by methodo-
logical factors. These factors may account for the variety findings typically found in emotion-related source
memory research and could be systematically addressed in future studies.
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A robust body of evidence demonstrates that emotions affect
cognitive functions, including how we encode, store, and retrieve
information in our daily life (e.g., Dolcos et al., 2017; Levine &
Pizarro, 2004; Tyng et al., 2017). Specifically, memory for emo-
tional stimuli appears to be improved compared with neutral
ones, an effect that has been reported for both immediate and
delayed retrieval conditions, spanning from a few minutes to
years (D’Argembeau & Van der Linden, 2004; Davidson et al.,
2006; Kensinger & Schacter, 2006b; Mickley Steinmetz &

Kensinger, 2009; Waring & Kensinger, 2009; Weymar et al.,
2011; Wirkner et al., 2018; Yick et al., 2015). This phenomenon,
also known as the emotion-enhanced memory (EEM) effect, is
not only characterized by enhanced overall accuracy, but also by
an enhanced subjective experience of remembering details from
the study episode (Ford & Kensinger, 2019; Ford et al., 2014;
Kensinger & Corkin, 2003; Ochsner, 2000; Ritchey et al., 2019;
Weymar et al., 2010). Nonetheless, it remains to be clarified
whether this sense of subjective vividness for elements of the
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study episode is also reflected in different facets of objective
memory performance.
The study of emotion effects on source memory, that is the memory

for the origins of an event (Johnson et al., 1993), may grant valuable
contributions in this regard. Indeed, emotion may operate differently
on source memory compared with the memory for the stimulus itself
(i.e., item memory; Johnson et al., 1993; Jurica & Shimamura, 1999).
The source monitoring framework, the main theoretical proposal in the
field, asserts that the recollection of source-specifying information
relies on decision-making processes that may include previous knowl-
edge, stereotypes, and beliefs (e.g., “I think it was Mary who told me
this, she always shows strong convictions about this matter.”), as well
as on the evaluation of different qualitative features of the event (John-
son et al., 1993; Lindsay & Johnson, 2000; Mather et al., 1999).
Examples of these qualitative features are perceptual (e.g., stimulus
color, identity of the speaker), spatial, and temporal characteristics, as
well as thoughts, mental images, strategies, and feelings that occurred
during encoding. The discrimination between these distinct qualitative
features has been the focus of research concerning the influence of
emotional information on source memory, which yielded mixed find-
ings (see Pereira et al., 2019, for a selective overview). Even though
previous meta-analyses have examined source memory, particularly
the impact of age-related processes (Old & Naveh-Benjamin, 2008;
Spencer & Raz, 1995), the influence of emotion remains to be speci-
fied. Accordingly, the current study is a contribution to fill this gap by
presenting an up-to-date systematic review of the effects of emotional
stimuli on source memory accuracy.
In addition, theoretical, methodological, and applied implica-

tions may be associated with this review. From a theoretical
standpoint and as it will be developed in subsequent sections,
this review allows testing some of the predictions that can be
derived from existing theoretical proposals and to clarify their
potentialities and limitations given the inconsistent findings in
this field. From a methodological perspective, it enables the
identification of factors that might play a role in the source mem-
ory-emotion relationship and that can be considered in experi-
mental designs, as well as in data analysis and interpretation.
Lastly, although this review mainly includes laboratory studies
with healthy adult participants, it can be used as a reference to
devise ways of studying source memory and emotion in real
word scenarios. Also, the findings may be tested and potentially
extended to more applied research topics. One example is the
eyewitness memory research as eyewitnesses are commonly soli-
cited to provide detailed accounts of emotional events. It has
been shown that these accounts are prone to distortions, with some
details more likely to be remembered than others (e.g., Christianson
& Loftus, 1991; Lindsay & Johnson, 2000; Wulff & Thomas, 2021).
Another example relates to schizophrenia considering that a tendency
to misattribute self-generated information to external sources has
been consistently identified (e.g., Brookwell et al., 2013; Subrama-
niam et al., 2012), particularly when the information is negative (Pin-
heiro et al., 2016). Source memory impairments have also been
reported in individuals with schizophrenia and associated with the
presence of auditory hallucinations (Brébion et al., 2007). Training
the identification of emotions and visual/auditory exercises have
been shown to improve the discrimination between self- and exter-
nal-generated sources in schizophrenia (Subramaniam et al., 2012).
These examples illustrate that source memory and emotion research
is also relevant to guide psychological interventions.

Emotion Effects on Source Memory: An Overview of
Laboratory Experiments

In a typical source memory paradigm, participants are usually
invited to learn a list of items while qualitative features of the
stimulus are manipulated, such as stimulus color, color or shape
surrounding the stimulus, location on the screen, list or block of
appearance, as well as modality of presentation (e.g., visual vs. au-
ditory), who generated the stimulus (e.g., male vs. female; partici-
pant-generated vs. experimenter-generated), or encoding task (see
Appendix of Pereira et al., 2019, for more examples). After a
learning period and a delay interval, memory for the qualitative
features manipulated during encoding is tested. For example,
imagine that during the study phase some items are presented in
color A and others in color B (e.g., Dougal et al., 2007; Kensinger
& Corkin, 2003; Wang, 2012; Wang & Fu, 2011; Weigl et al.,
2020; Zhou et al., 2020). During the test phase, the experimenter
can ask the participants if a given item was previously presented
in color A or B, or if it is a novel item. Source memory can be
tested directly as in the former example or after testing the mem-
ory for the item itself, such as in the case of free recall, cued-
recall, old/new recognition, or remember/know judgments.

Pertaining to the manipulation of the emotional quality of a
stimulus, the dimensional conceptualization of emotion has been
widely adopted in experimental studies. It postulates that dimen-
sions such as arousal (i.e., the degree of activation prompted by
the stimulus, ranging from low to high) and valence (i.e., the
degree of pleasantness of the stimulus, ranging unpleasant to
pleasant) characterize our affective experience (Bradley & Lang,
1994; Lang et al., 1993; Russell, 1980). Based on valence and
arousal properties, a list of negative, positive, and neutral stimuli
with distinct levels of arousal might be selected to examine their
influence on source memory performance.

So far, studies that examined the effects of emotion on source
memory have focused on a variety of source features and provided
mixed effects, showing that emotion may enhance, exert no effect,
or even hinder source memory performance (see Appendix of Pe-
reira et al., 2019). Specifically, considering memory for the percep-
tual qualities of a stimulus such as font color, some studies revealed
that participants are more likely to remember color when the stimu-
lus is emotional (D’Argembeau & Van der Linden, 2004, Experi-
ment 3; Doerksen & Shimamura, 2001, Experiment 1; Kensinger &
Corkin, 2003), whereas others failed to identify emotion effects on
source memory (D’Argembeau & Van der Linden, 2004, Experi-
ments 1 and 2; Davidson et al., 2006, Experiment 2; Wang & Fu,
2011; but see also MacKenzie et al., 2015, Experiment 2 for an
impairment effect for negative stimuli). In contrast, when color is
manipulated as the frame or background surrounding the stimulus,
deleterious effects of emotion on source memory are more consis-
tently observed (Boywitt, 2015, Experiment 1; MacKenzie et al.,
2015, Experiment 1; Rimmele et al., 2011, Experiment 1).

Regarding memory for spatiotemporal features, such as stimulus
location on the screen and the list/block of appearance during
encoding, most studies showed an advantage of emotional over
neutral information (e.g., D’Argembeau & Van der Linden, 2004,
Experiment 4; D’Argembeau & Van der Linden, 2005; Rimmele
et al., 2011, Experiments 2 and 3; Schmidt et al., 2011; Yick et al.,
2015). Nonetheless, source memory impairments were observed in
the context of negative stimuli (Maddock & Frein, 2009; Mitchell
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et al., 2006). Moreover, using pictures with distinct levels of
arousal, Boywitt (2015) showed that stimuli with medium arousal
ratings were associated with improved source memory for loca-
tion, whereas stimuli with low or high arousal were associated
with the worst source memory performance. These findings indi-
cate that differences in stimulus arousal may account for the dis-
crepant findings reported before.
The color and spatiotemporal features discussed so far require

the discrimination of sources that can be deemed as external to the
subject according to the source monitoring framework (Johnson
et al., 1993). Nonetheless, some situations require discriminating
between internal and external sources, such as when one has to
distinguish if something was imagined or seen (i.e., reality moni-
toring; Johnson, 1988). Research probing emotion effects on real-
ity monitoring is also characterized by mixed findings. For
example, when discriminating between seen and imagined events,
negative and high arousing stimuli were associated with improved
performance (e.g., Kensinger & Schacter, 2006b), but impairment
effects were also shown for negative and positive stimuli (e.g.,
Cook et al., 2007). More consistently, an emotion-related impair-
ment effect was observed when participants had to distinguish
whether a given stimulus was generated by themselves or by
others (e.g., experimenter, another participant; Le Bigot et al.,
2018; McKague et al., 2012).
Furthermore, other situations require discriminating between in-

ternal sources. In this context, memory for the encoding tasks used
in the study phase has been commonly tested (e.g., self-referential
vs. nonself-referential task), showing no effects of emotion (Ferré
et al., 2019, Experiment 1; Kensinger & Schacter, 2006a; Sharot
& Yonelinas, 2008) or deleterious effects (Cook et al., 2007; Ferré
et al., 2019, Experiments 2 and 3; Mao et al., 2015), especially in
the case of negative items (Newsome et al., 2012; Otani, Jaffa,
et al., 2012; Otani, Libkuman, et al., 2012). Taken together, the
existing studies show that emotion effects on source memory are
modulated by the type of source monitoring task (external, inter-
nal, or reality monitoring; Johnson et al., 1993), as well as by the
type of source features assessed in the memory test.

Theoretical Accounts of the Effects of Emotion on
Source Memory

Several theoretical frameworks have offered possible explana-
tions for the mixed results reported above. Examples are the
Yerkes-Dodson law (Yerkes & Dodson, 1908), the Easterbrook’s
cue-utilization hypothesis (Easterbrook, 1959), the priority-binding
mechanism (Hadley & MacKay, 2006), the object-based binding
theory (Mather, 2007), and the arousal-biased competition (ABC)
theory (Mather & Sutherland, 2011).
The proposal of Yerkes and Dodson (1908) posits that increased

arousal facilitates attention, memory, and other cognitive proc-
esses to a certain point. When such point is surpassed, the effects
of arousal are no longer beneficial but rather detrimental. Accord-
ingly, these authors postulated an inverted-U relationship between
arousal and performance, the Yerkes-Dodson law: moderate levels
of arousal are expected to lead to optimal performance, whereas
lower or higher levels of arousal are likely associated with poorer
performance. By testing source memory for the location of pic-
tures with different levels of arousal, Boywitt (2015) provided a
sound example of this inverted-U relationship.

The Easterbrook’s cue-utilization hypothesis (Easterbrook,
1959) has been one of the most discussed approaches. It states that
increased arousal results in the narrowing of attentional resources,
which leads to prioritization of salient information whereas periph-
eral information tends to be disregarded. Consequently, there is a
central or peripheral trade-off in memory, which is enhanced for
the central details of an episode, but impaired for more secondary
details. Several studies have supported this view by showing that
central features are more accurately remembered in the context of
emotional (vs. neutral) events, whereas peripheral features are
more accurately remembered in the context of neutral (vs. emo-
tional) events (e.g., Burke et al., 1992; Christianson, 1984, 1992;
Christianson & Loftus, 1987, 1991; Kensinger, Garoff-Eaton, &
Schacter, 2007). In this context, emotion effects on source mem-
ory seem to depend on whether a detail is central or peripheral
(i.e., if it is under the focus of attention or not).

In a more recent proposal, the object-based binding theory
(Mather, 2007), the distinction between central/peripheral details
theorized by the Easterbrook’s cue-utilization hypothesis (Easter-
brook, 1959) has a parallel with the distinction between intrinsic/
extrinsic features. In this case, arousal grants a memory advantage
for source features that are an integral/intrinsic part of the arousing
item, that is, when they are perceived as a coherent and unified en-
tity (e.g., stimulus color, location on the screen). On the contrary,
when the source features are extrinsic to the arousing item, that is,
when they can be perceived as distinct elements thereby requiring
associations between them (e.g., background color or shape sur-
rounding the stimulus; encoding task), arousal is more likely to
exert a deleterious or no effect on source memory. Thus, arousal
may enhance binding between an item and some but not all con-
textual features: the within-item binding is likely promoted
whereas between-item binding is likely hindered or not affected in
a particular way.

Regarding the intrinsic/extrinsic distinction, the ABC theory
(Mather & Sutherland, 2011) adds the possibility that extrinsic
features may also be enhanced if they are deemed as goal-relevant.
According to this view, intrinsic and extrinsic features might be
similarly relevant, and the stimulus priority is the one determining
which source details are more likely to be remembered or forgot-
ten. Specifically, as information competes for limited attentional
resources, stimuli that are perceived as relevant to meet current
goals and situational demands will likely be prioritized. Goals may
range from idiosyncratic and situational goals to universal goals
that are shared by many persons (see Levine & Edelstein, 2009).
In this context, arousal might facilitate memory for source features
that are tagged as high priority, while hampering the memory for
features deemed as low priority. Remarkably, this account accom-
modates empirical evidence showing that emotion may benefit
memory for extrinsic features (e.g., Doerksen & Shimamura,
2001, Experiment 2; Kensinger, O’Brien, et al., 2007; Kensinger
& Schacter, 2006b) or even impair or exert no effect in the case of
intrinsic features (e.g., Cook et al., 2007; Dougal et al., 2007;
Ferré et al., 2019; Koenig & Mecklinger, 2008; Le Bigot et al.,
2018; Minor & Herzmann, 2019; Wang & Fu, 2011).

Even though the ABC theory (Mather & Sutherland, 2011)
asserts that source features associated with neutral or emotional
stimuli with low arousal might also be prioritized during encoding
and remembered better given one’s current goals (Levine & Edel-
stein, 2009; Ochsner, 2000), most of the theoretical approaches

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

Ps
yc
ho
lo
gi
ca
lA

ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
tt
o
be

di
ss
em

in
at
ed

br
oa
dl
y.

1742 PEREIRA, TEIXEIRA-SANTOS, SAMPAIO, AND PINHEIRO



emphasize arousal as the main driving factor of the emotion-
related effects on memory. Notwithstanding, there are several
instances showing processing differences between negative and
positive information and memory is no exception (see Unkelbach
et al., 2020 for an overview). Even though valence is commonly
studied together with arousal in memory studies, its role on mem-
ory performance has also been acknowledged in the literature
(e.g., Kensinger, 2004; Kensinger & Corkin, 2004; Levine & Edel-
stein, 2009; Mickley Steinmetz & Kensinger, 2009).
Furthermore, the neurocognitive mechanisms by which valence

and arousal modulate memory are hypothesized to be different
(Kensinger, 2004; Kensinger & Corkin, 2004): whereas arousal
increases the likelihood that a stimulus is attended during encod-
ing and stored in memory through consolidation processes, impli-
cating the activation of the amygdalar-hippocampal network,
valence is more likely to engage controlled encoding and elabora-
tive processes associated with the activation of the hippocampus
and prefrontal brain regions. Some authors have also pinpointed
differences in the encoding of distinct valence categories. Accord-
ingly, negative stimuli are thought to recruit more strongly occi-
pito-temporal regions associated with sensory processes, whereas
frontal regions, typically associated with elaborative processes,
are more strongly activated by positive stimuli (Mickley Steinmetz
& Kensinger, 2009). Thus, both valence- and arousal-related
effects need to be considered when analyzing stimulus emotion
effects on source memory.

Candidate Factors to Influence the Effects of Emotion
on Source Memory

The complex relationship between emotion and source memory
may be moderated by other factors accounting for the mixed
results reported in the field. Prior meta-analyses on item (Galli
et al., 2019; Shields et al., 2017) and source memory (Old &
Naveh-Benjamin, 2008; Spencer & Raz, 1995), and on the effects
of emotion on other memory processes (Hostler et al., 2018; Lipin-
ska et al., 2019; Murphy & Isaacowitz, 2008) have suggested that
both stimulus-related factors (e.g., type of study material: words
vs. pictures) and task-related factors (e.g., encoding intentionality;
delay interval between study and test; type of source memory task
according to the source monitoring framework) might contribute
to a better understanding of the interactions between memory and
emotion. In this context, the current study intends to examine the
influence of the following factors:

1. Type of source memory feature. This intends to appraise
the distinction between intrinsic/central and extrinsic/
peripheral features postulated by theoretical frame-
works such as the object-based binding theory (Mather,
2007) and the Easterbrook’s cue-utilization hypothesis
(Easterbrook, 1959). This distinction also agrees with
the previous empirical evidence showing that the rela-
tion between emotion and source memory differs as a
function of the source features manipulated during
encoding (e.g., Boywitt, 2015; D’Argembeau & Van
der Linden, 2004).

2. Type of source memory task. The other theoretical notion
that can be evaluated is whether emotion effects may also

vary as a function of the source monitoring task. Indeed,
according to the source monitoring framework (Johnson
et al., 1993), the type of source monitoring task (external,
internal, or reality-monitoring) may affect memory per-
formance. While external source memory decisions are
expected to rely on perceptual, spatio-temporal, affective,
and semantic features, internal source memory decisions
are expected to rely more on cognitive operations (e.g.,
thoughts; mental images; strategies) that took place dur-
ing the encoding episode (Ferguson et al., 1992; Johnson,
1988; Johnson & Raye, 1981; Raye & Johnson, 1980).
Reality-monitoring tasks that require internal-external
source features discrimination are hypothesized to be eas-
ier compared with internal and external source memory
tasks, whose source-specifying features are more likely to
share similar characteristics (Johnson & Foley, 1984;
Raye & Johnson, 1980).

3. Stimulus type (words vs. pictures). Previous literature
documented that pictures tend to communicate more
effectively the emotional significance of an event com-
pared with words, being more likely to be remembered
(e.g., Paivio et al., 1968) and to elicit arousal-related
changes in the beholder (Citron, 2012; Herbert et al.,
2006; Hinojosa et al., 2009; Mathews et al., 2013).

4. Encoding intentionality (i.e., if the participants are
instructed to memorize or not the information for a subse-
quent memory test). In this regard, D’Argembeau and
Van der Linden (2004) ran several experiments to test
whether the intentional or incidental encoding of source
features affected the memory for color and location of
emotional and neutral words. They found that memory
for stimulus color was improved for emotional compared
with neutral words in the incidental learning condition
only, whereas memory for stimulus location was also
improved for emotional relative to neutral words irrespec-
tive of encoding instruction. This finding suggests that
encoding intentionality modulates emotion effects on
source memory as a function of the source features being
tested. Furthermore, this same study revealed that the dif-
ference between emotional and neutral words is weak-
ened by intentional learning conditions as participants are
more likely to engage in effortful encoding. This could be
reflected in similar allocation of attentional resources to
both emotional and neutral stimuli or in the implementa-
tion of specific encoding strategies that strengthen the
memory trace for both types of stimuli.

5. Delay time between study and test. It has been observed
that the EEM effect is more noticeable and enhanced with
the passage of time, especially when testing item memory
(Mitchell et al., 2006; Schaefer et al., 2011; Sharot &
Phelps, 2004; Sharot & Yonelinas, 2008; Yick et al.,
2015; Yonelinas & Ritchey, 2015). These findings sup-
port the notion that emotional information is more likely
to be consolidated into a more stable memory trace
(Hamann, 2001; Kensinger, 2004). Specifically, Wang
and Fu (2011) tested the effects of emotion on source
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memory for font color using eight different delay inter-
vals (from immediate to 2 weeks of delay). However,
emotion failed to modulate source memory and, more
importantly, this lack of effect was stable across delay inter-
vals (see also Sharot & Yonelinas, 2008). This finding sug-
gests that the role of time may not be the same for item and
source memory.

Finally, considering that differences in arousal might be associ-
ated with different outcomes in source memory performance (e.g.,
Boywitt, 2015; Easterbrook, 1959; Yerkes & Dodson, 1908) and
that stimulus arousal and valence may influence source memory
through different cognitive and neural mechanisms (Kensinger,
2004; Kensinger & Corkin, 2004), valence and arousal characteris-
tics of the study items were addressed in this study in two specific
ways. First, we selected studies that manipulated stimulus valence
by including negative, positive and/or neutral items, as well as
studies focusing on stimulus arousal by including items with low,
medium, or high arousal levels. Second, as previously suggested
by Hostler and colleagues (2018) and depending on the emotion
manipulation adopted in each experiment, we coded the experi-
ments based on whether they controlled stimulus arousal across
valence categories or whether they controlled stimulus valence
across distinct levels of arousal. These codifications are useful as
valence and arousal are commonly studied together due to the ob-
servation that negative and positive items are often more arousing
than neutral ones (Lang et al., 1998), which poses some barriers to
the investigation of their differential effects on memory.

The Current Meta-Analysis

From the evidence presented so far, we observed that the rela-
tionship between emotion and source memory encloses mixed
findings and remains to be specified. Methodological heterogene-
ity may have contributed to these different results. In this regard,
conducting a systematic review may help to identify factors of in-
terest. Thus, the main goal of the current study was to provide an
up-to-date quantitative systematic analysis of behavioral studies
probing the influence of emotion on source memory accuracy. Fur-
thermore, we aimed to specify the contribution of different stimu-
lus- and task-related factors, as described above, which could be
related to variations in the relationship between emotion and
source memory. This approach also granted the opportunity to
examine some of the predictions postulated by the theoretical
approaches commonly considered in this field of research.

Method

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA; Moher et al., 2009) guidelines were
adopted in the current meta-analytic review.

Literature Search Strategy

An initial database search was conducted on Web of Science,
Scopus, Pubmed, Psychology and Behavioral Sciences Collection
(through EBSCOhost), and PsycINFO from inception to July
2021. The keywords are provided in Supplemental Materials
Table S1. We also searched for relevant citations in previous

reviews discussing the role of emotion in source memory (Bowen
et al., 2018; Kensinger, 2007, 2009; Kensinger & Kark, 2018;
Kensinger & Schacter, 2016; Mather, 2007; Mather & Sutherland,
2011) and in the list of references of articles subjected to full-text
reading.

Eligibility Criteria

During the abstract and full-text screening phase, several eligibil-
ity criteria guided the selection of studies. Specifically, full-length
articles reporting empirical data and published in peer-reviewed
journals were considered, excluding other works such as conference
abstracts/proceedings, editorials, book chapters, dissertations, narra-
tive/qualitative/quantitative reviews, and patents. Even though we
considered articles written in English, French, Portuguese, or Span-
ish, only articles written in English were included. The studies had
at least one sample of healthy adults. Nonhuman animal studies and
studies reporting data exclusively of patients, children, adolescents,
and older adults were not considered. This decision was supported
by evidence demonstrating that emotional processing and episodic
memory are significantly modulated by age (e.g., childhood and
adolescence: Ghetti & Bunge, 2012; Ladouceur, 2012; older adults:
Davidson et al., 2006; Nashiro & Mather, 2010, 2011; Newsome
et al., 2012; Spencer & Raz, 1995; Tyng et al., 2017) and by clini-
cal conditions (e.g., depression: Urban et al., 2018; fibromyalgia:
Robin et al., 2018; schizophrenia: Fairfield et al., 2016). By
restraining the sample to healthy young and middle-aged adults, we
expected to cover most of the studies focused on emotion and
source memory, while reducing the sources of variability in data
analysis. In the context of source memory, few studies with affec-
tive manipulations have been conducted with children, adolescents,
older adults, and clinical groups. Furthermore, studies examining
pharmacological (including the intake of substances such as alco-
hol) and nonpharmacological interventions (e.g., noninvasive brain
stimulation; cognitive rehabilitation and cognitive training strat-
egies; sleep-related manipulations) were excluded when we were
unable to extract data from a control or baseline condition with no
intervention.

Articles were included if the experimental procedure involved a
source memory task together with a manipulation of the emotional
properties of the study stimuli, namely valence and/or arousal proper-
ties. An effort was made to select studies that used similar experimen-
tal procedures in terms of source memory task and types of stimuli.
The intention was to mitigate some of the sources of methodological
heterogeneity. For this reason, studies including short-term memory
(STM) or working memory paradigms in which participants are
required to retain short lists of items for just a few seconds with im-
mediate recall or recognition were not considered (e.g., Borg et al.,
2011; Mitchell et al., 2006), which is also in agreement with the eligi-
bility criteria adopted in prior meta-analytic reviews on episodic mem-
ory (e.g., Galli et al., 2019). In a similar fashion, studies testing other
type of emotional manipulations such as mood induction and emo-
tional encoding contexts (e.g., presentation of task-irrelevant emo-
tional stimuli during the encoding of target stimuli) were not
considered. Also, studies using specific stimulus categories such as ta-
boo and erotic materials (e.g., Hadley & MacKay, 2006), spiders or
snakes, were not included (e.g., Bell et al., 2017). The reasoning
behind is that most of the source memory studies tend to mix various
stimulus categories, which attenuates category-specific effects as it
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may be the case of taboo (Madan et al., 2017) and erotic materials
(Laier et al., 2013). Furthermore, only studies that provided the neces-
sary information (e.g., M, SD, SE, and N) to compute effect sizes in
the published version or by request to the authors were eligible.

Study Selection

Figure 1 presents a schematic illustration of the search strategy
adopted in the current study. After removal of duplicates, two in-
dependent authors, Diana R. Pereira and Ana C. Teixeira-Santos,
screened each record by title and abstract following the eligibility
criteria. The disagreements were discussed between the two
authors until a consensus was reached. If any doubts persisted,
records were included in the full-text reading phase. Then the full-
text screening phase was ensued. The interrater reliability obtained
at this stage as measured by the Cohen’s j was .61, which was in-
dicative of a moderate level of agreement (McHugh, 2012). The
reasons for exclusion can be consulted in Figure 1.

Coding Procedure (Main andModerator Variables)

The main outcome analyzed in the current meta-analysis was
the performance in the source memory task reflected in response
accuracy. When studies included data for both correct source
responses and errors, priority was given to correct responses. Of
note, when errors were the only outcome available, means were
multiplied by “�1”, following previous studies (e.g., Sala et al.,
2019). Means, standard deviations/standard errors of the mean, and
sample sizes were extracted for each experiment and emotion-
related condition. In the case of figures, we used the web-based tool

WebPlotDigitizer (https://apps.automeris.io/wpd/; Rohatgi, 2021) to
extract the numerical data as this is proven to be a reliable
approach (Lipinska et al., 2019). If the sources available in the
articles were insufficient to obtain the data, authors were contacted
and asked to provide the missing information (means and standard
deviations).

Information about the selected moderator variables was also
considered (see Table 1 for an overview). Additionally, other
relevant methodological details were extracted, namely: sensory
modality of presentation (visual, auditory, or both); total num-
ber of study items; if the emotional manipulation was achieved
between- or within-participants; average years of formal educa-
tion of the participants; source of the study materials; total num-
ber of stimuli used in the experiment; number of stimuli per
emotional condition; mean valence and/or arousal ratings of the
stimuli considering each emotional condition; list composition
(mixed or pure); stimulus encoding time (in seconds); instruc-
tion(s) provided during encoding; number of study-test cycles;
retention interval between the study and the test phase (in
minutes); time given to the participants during the test phase;
total number of new items included in the test phase; type of
source memory test (free recall, cued recall, or recognition); the
memory test focused on source memory features or evaluated
first item memory (e.g., old/new recognition, remember/know
judgments) and then source memory (direct or indirect test,
respectively); number of source memory features tested; how
the source memory accuracy was computed. All the information
was coded by the first author (see Supplemental Materials
Tables S5–S8).

Figure 1
Flow Diagram of the Search Strategy According to the PRISMA Guidelines
(Moher et al., 2009)
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Quality Assessment

To assess the methodological quality of the studies included in
the review, a list of 12 items based on the Cochrane Collabora-
tion’s tool for assessing risk of bias (Higgins & Altman, 2008) and
on the study of Thompson et al. (2017) was adapted. The items
covered the following topics: clear identification of goals and out-
comes; description of sociodemographic and health-related infor-
mation regarding the sample; reference to the eligibility criteria
used in the study; information about the participants that did com-
plete the study; issues related to the randomization of participants
and/or the (pseudo) randomization and counterbalance of the stim-
uli; information regarding how the emotion and the source mem-
ory features were manipulated in the study, and if a control/
comparison condition was included; reference if the participants
were overtly informed about the emotional manipulation of the
stimuli; nonselective reporting of results for the identified out-
come(s); other sources of bias (e.g., incomplete information
regarding the stimulus selection and properties). The complete list
of items is presented in more detail in Supplemental Materials
Table S9. Each item was rated from zero to two (“0” = not veri-
fied; “1” = verified; “2” = unclear, i.e., not enough information to
evaluate the item; thus, “1” was the desired score for each item).
To obtain a qualitative index for each experiment, the total number
of items scored as “1” was divided by the total number of items,
and then categorized following Taneja et al. (2021): low (# 33%);
moderate ($ 34% and# 66%); high ($ 67%).

Meta-Analytic Procedure

Because some studies probed valence and arousal effects
whereas others focused solely on arousal effects, six separate com-
parisons were conducted: three comparing valence categories (neg-
ative vs. neutral; positive vs. neutral; negative vs. positive) and
three comparing different levels of arousal (high vs. low; medium
vs. low; high vs. medium). The manipulation of emotion in all stud-
ies included in the current meta-analysis followed a within-subjects
design. Accordingly, the standardized mean difference was com-
puted based on the d unbiased (dunb) estimate (Cumming, 2012)
and used as a measure of effect size. This measure is a correction to

the Cohen’s d proposed by Hedges (1981) that attenuates the over-
estimation bias in studies with small sample sizes. Also, its interpre-
tation is similar to the Cohen’s d. Considering recent discussions
about the interpretation of effect size in psychological research (see
Funder & Ozer, 2019), we adopted the following guidelines: .1 was
regarded as very small, .2 as small, .4 as medium, and .6 as large
effect. The sample variance of the effect size was computed accord-
ing to Borenstein et al. (2009; see Supplemental Materials Table
S2). However, as the formula requires a correlation coefficient
between experimental conditions, which is seldom reported in stud-
ies (Dunlap et al., 1996), a correlation of .5 was assumed by default
following prior work (e.g., Galli et al., 2019). Nonetheless, a sensi-
tivity analysis was conducted with the values .3, .5, and .7, follow-
ing the recommendation of Borenstein and colleagues (2009). All
formulas and results of the sensitivity analysis are presented in
Supplemental Materials Tables S2 and S4, respectively.

Furthermore, because response accuracy data could be extracted
for the same sample of participants from distinct experimental
conditions, this could represent a problem to conventional meta-
analytic procedures by assuming that effect sizes are independent
from each other. One way to mitigate this problem is to average
effect sizes and sample variances across conditions to obtain one
estimate per sample (e.g., Murphy & Isaacowitz, 2008). Alterna-
tively, we can select only one estimate per study (see Assink &
Wibbelink, 2016, for other examples). However, such approaches
may also lead to loss of information and may bias the estimation
of true effect sizes (Borenstein et al., 2009; Del Re, 2015). As an
alternative, multilevel models account for dependency among mul-
tiple observations extracted from a common sample of partici-
pants. Therefore, this approach was adopted, in accordance with
previous meta-analyses (e.g., Galli et al., 2019; Schweizer et al.,
2019; Teixeira-Santos et al., 2019). It is worth noting that a posi-
tive effect of negative or positive valence relative to neutral va-
lence was taken as a boosting effect of emotion on source
memory, while a negative effect was interpreted as a deleterious
effect of emotion on source memory. A similar train of thought
was applied to the comparison between negative and positive va-
lence, as well as to the comparisons across levels of arousal.

Table 1
Summary of the Moderator Variables Considered in This Study

Moderators Description

Sociodemographic factors Total number of women in the final sample.
Mage of the participants.

Stimulus-related factors Type of study material: Words, pictures, or both.
The stimuli were controlled for arousal or valence categories? Yes or no.

Task-related factors Type of SM task (Johnson et al., 1993): External, internal, and reality monitoring.
Type of SM feature manipulated during the encoding phase and evaluated during the test phase: Temporal, spatial
(location), stimulus color, background (color, shape, and scene), identity of whom generated the stimuli (e.g.,
self-generated, experimenter-generated, partner-generated, and sex of the speaker), modality of stimulus presen-
tation (e.g., seen, heard, and imagined), encoding task (e.g., remember or forgot instruction, common or indoor
question, and scene or people judgment).

Type of SM feature according to the object-based binding theory (Mather, 2007): Extrinsic, intrinsic.
Participants were instructed to overtly memorize the stimuli and/or they knew their memory would be tested at
some point in the future: intentional, incidental.

Retention interval between the study and the test phase (in minutes).

Note. SM = source memory.
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The analyses reported here were conducted with the metafor
package (Version 2.1-0; Viechtbauer, 2010) in RStudio (Version
1.3.1073 “Giant Goldenrod” for macOS; RStudio Team, 2020).
Databases and script are available at Open Science Framework
(OSF; Pereira et al., 2022). First, an influential outcomes analysis
was conducted with the influence function of metafor to identify
outliers that could exert a strong impact on the results (Viechtba-
uer & Cheung, 2010). Then, outliers were removed from the initial
database following the procedure described in previous studies
(e.g., Teixeira-Santos et al., 2019). After this analysis, eight influ-
ential outcomes were excluded as they showed effects sizes that
diverged from the pool of effect sizes obtained from other studies
within the same meta-analysis (see Supplemental Materials Table
S3). In other words, these outcomes were identified as influential
as they might change the overall effects and, consequently, influ-
ence the validity and robustness of the meta-analytic findings
(Viechtbauer & Cheung, 2010).
Second, the influence of publication bias was assessed using the

Egger’s test (Egger et al., 1997) and the rank correlation test
(Begg & Mazumdar, 1994) for funnel plot asymmetry, the trim-
and-fill method (Duval & Tweedie, 2000), and the Henmi and
Copas method (Henmi & Copas, 2010). Nonetheless, these analy-
ses were not performed for two of the comparisons reported here
(i.e., medium vs. low; high vs. medium), as tests based on funnel
plot asymmetry are not recommended when the number of studies
is small (less than 10) and the heterogeneity is large (Ioannidis &
Trikalinos, 2007; Sterne et al., 2011). Of note, both the influential
outcomes and the publication bias analyses were based on a stand-
ard meta-analytic method. Specifically, the rma function was used.
Finally, third-level meta-analyses (study sample as the cluster

level) were computed using the function rma.mv from metafor. Of
note, a random effect method was selected based on the assump-
tion that the parameters to be estimated are likely to vary from
study to study in the population, and that the consequences of
applying this method to fixed effect data are more lenient than the
other way around (Field & Gillett, 2010; Pigott & Polanin, 2020;
Quintana, 2015). Furthermore, moderation analyses were con-
ducted to examine the role of various methodological variables
(see Table 1) while keeping the same multilevel approach, in
which moderators were included one at a time. The moderation
analyses can be particularly informative when the statistical tests
of heterogeneity (e.g., Q test) reveal that the included studies dis-
play divergent findings, indicating that the effect sizes may be
inconsistent among studies (Borenstein et al., 2009; Viechtbauer,
2010). Relatedly, when reporting the moderation analyses, two Q-
statistics (QE and QM) were included in the summary of the results.
The first results from the test for residual heterogeneity when mod-
erators are included in the analysis. For example, if a nonsignifi-
cant p-value is found, it implies that the moderator accounts for
most of the heterogeneity between the studies, even though this is
unlikely to occur when testing only one moderator (Del Re, 2015).
The second is the test statistic regarding the omnibus test of mod-
erator. A nonsignificant p-value in this case suggests that the over-
all effect is not moderated by the variable tested in the analysis
(Assink & Wibbelink, 2016).
When mixed-effects models were statistically significant and in

the specific case of categorical variables, subgroup analyses were
also computed to supplement the results. In addition, the subgroup
analyses were used in some instances to specify the role of factors

with theoretical relevance, such as the type of source memory fea-
tures according to the object-based binding theory (Mather, 2007).

It is worth noting that conducting multiple moderators and sub-
group analyses raise the issue of multiple comparisons and aug-
mented occurrence of Type I error. The Bonferroni correction has
been widely used to circumvent this issue. However, with respect
to systematic reviews, there are no straightforward solutions to
this problem so far. In this regard, one way to address this issue is
to distinguish between exploratory and planned subgroup analyses
(e.g., Pigott & Polanin, 2020; Whitfield et al., 2022). Accordingly,
the exploratory analyses in this study included the sociodemo-
graphic factors (see Table 1) as well as the subgroup analyses that
were conducted despite no statistically significant mixed-effects
models. Even so, the results were only reported if these subgroup
analyses reached the threshold of statistical significance.

In addition, due to the small number of experiments (less than
10) included in two of the three arousal-based analyses (i.e., me-
dium vs. low; high vs. medium), moderation analyses were not
reported for those cases (e.g., Galli et al., 2019; Mancuso et al.,
2016). Also, moderators that presented ranges of values were
replaced by the average of the minimum and maximum value.
This strategy was adopted in some instances such as the delay
interval between study and test or the age of the participants to
retain as much information as possible and to attenuate naturally
occurring imbalances across moderator levels, which can be prob-
lematic (see Field & Gillett, 2010).

Results

The main results of the search strategy are shown in Figure 1.
From a total of 2,269 records identified through database search
and additional sources, 53 studies published between 1997 and
2021 were included in the meta-analysis. These 53 studies com-
prised a total of 85 individual experiments: 71 probing valence
and arousal effects, and 14 examining arousal effects only. In the
following subsections, we start by reporting the main characteris-
tics and results of the quality assessment considering the 53 stud-
ies. After this overview, results regarding the publication and
reporting bias as well as the main findings are described separately
for each comparison.

Characteristics of the Studies Included

A total of 3,040 participants (14–186 participants per sample;
M = 28.55, SD = 13.50 for valence-based studies;M = 49.93, SD =
46.73 for arousal-based studies; 2,025 women) with Mage of 22.45
years and 14.08 years of formal education were included in the
pool of studies. Of the 85 experiments, 47 used an external source
memory task, 23 used an internal source memory task, whereas 15
used a reality monitoring task. These experiments presented on av-
erage 117 items during the encoding phase and gave participants
3.83 s to study each item, even though some of the experiments
(n = 11) implemented a self-paced approach. Most of the experi-
ments (n = 76) presented visual stimuli, four used the auditory mo-
dality, and five used both visual and auditory modalities. Also, 39
experiments used pictures as stimuli, 38 used words, seven com-
bined both types of stimuli, and one experiment used faces. Only
16 experiments controlled the arousal/valence ratings of the stim-
uli across all valence/arousal categories under study, respectively.
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Emotional and neutral stimuli were intermixed during study and
test phases (i.e., mixed list composition) in most of the experi-
ments, and only two experiments presented stimuli in separate lists
per valence (i.e., blocked design). In 48 experiments, participants
were not aware that their memory would be tested (i.e., incidental
encoding), whereas in 35 experiments participants were overtly
instructed to memorize the stimuli (i.e., intentional encoding).
Nonetheless, in two of the experiments, it was not possible to
determine the encoding intentionality. The source memory feature
most often examined was the encoding task (n = 23), followed by
spatial location (n = 20), modality of presentation (n = 11), tempo-
ral features (n = 9), stimulus color (n = 11), stimulus background
(n = 8), and identity of who presented or generated the encoding
stimulus (n = 6). The number of source memory features manipu-
lated during encoding and testing ranged between 2 and 56. None-
theless, testing two features was the most frequent approach (n =
55). Moreover, whereas 41 experiments manipulated extrinsic fea-
tures, 44 manipulated intrinsic features. Most of the experiments
included only one study-test cycle, with only 10 including more
than one cycle. The delay interval between study and test ranged
between immediate to two weeks; participants’ memory was com-
monly assessed by using recognition tests (n = 77; 7 free recall; 1
cued recall). The memory test had 71 new items on average.
Finally, source memory was directly tested in 44 experiments, yet
indirectly tested in 41 experiments.

Quality Assessment

The scores attributed to each item and the final scores are pre-
sented for each experiment in Supplemental Materials Table S9.
The total scores and the qualitative index are also depicted in

Figure 2. Following the qualitative assessment described in the
Method section (Taneja et al., 2021), the methodological quality
ranged between 50% and 91.67% (M = 77.22%, SD = 11.91):
most experiments (n = 51) were characterized by high methodo-
logical quality, whereas 28 were characterized by moderate
methodological quality.

Publication Bias

The funnel plots for each meta-analysis are displayed in Figure 3.
For two of the four comparisons (positive vs. neutral; negative vs.
positive), the assessment of publication bias indicated no major bias
(positive vs. neutral: z = .46, p = .646; Kendall’s s = .07, p = .405;
negative vs. positive: z = �1.49, p = .137; Kendall’s s = �.07, p =
.380). No missing studies were imputed by the trim-and-fill method
in the case of negative versus positive, yet 10 missing studies were
imputed to the left side in the case of positive versus neutral (see
Supplemental Materials Figure S1). In these two cases, the estima-
tions derived from the Henmi and Copas method were similar to the
estimations provided by the standard random effects meta-analyses.
However, regarding the negative versus neutral comparison, the tests
yielded evidence of publication bias (z = 2.02, p = .044; Kendall’s
s = .16, p = .021). In fact, when using the trim-and-fill method as a
correction for publication bias, a total of 10 missing studies were
imputed to the left side of the funnel plot (see Supplemental
Materials Figure S1).

Pertaining to the high versus low arousal comparison, evidence of
publication bias was also found (z = 2.43, p = .015; Kendall’s s =
.28, p = .091). However, the trim-and-fill method did not impute any
missing studies to either side of the funnel plot (see Supplemental

Figure 2
Total Score Obtained by Each Study in the Quality Assessment

Note. For the experiments from the same study whose total scores differed, the qualitative index is plotted separately.
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Materials Figure S1), indicating that the meta-analytic results would
remain unaltered.
Because heterogeneity may influence the results of publication

bias (Ioannidis & Trikalinos, 2007), caution is warranted regarding
the meta-analytical results and their interpretations, especially in
the case of the negative versus neutral, high versus medium, and
medium versus low comparisons (these last two for containing
few studies).

Main Findings on Source Memory Accuracy

An overview of the main findings for each meta-analysis is pro-
vided in Figure 4. The forest plots generated during the meta-analytic
analyses are shown in Supplemental Materials Figure S2. For each
valence- and arousal-based comparison, we first describe the results
of the main analyses followed by the moderator and subgroup analy-
ses. The moderator and subgroup analyses are further divided into
sociodemographic, stimulus-related, and task-related factors (see Ta-
ble 1) where applicable.

Valence-Based Effects

Negative Versus Neutral Valence. There was a statistically
significant difference between negative and neutral stimuli consider-
ing their influence on source memory performance, dunb = �.14,
SE = .07, z = �2.18, p = .029, 95% confidence interval, CI [�.27,
�.01] (see Supplemental Materials Figure S2A and Table S4). In

addition, the heterogeneity Q test was statistically significant,
Q(96) = 521.32, p , .001, indicating that the true effect sizes vary
from study to study (Borenstein et al., 2009; Viechtbauer, 2010).
Such heterogeneity might be partially explained by study-specific
factors. Thereby, moderator and subgroup analyses may be useful in
this regard (see Table 2) and are presented in the next subsections.

Moderator and Subgroup Analyses.
Stimulus-Related Factors. The type of material used in the

studies (QM(2) = 8.90, p = .012) emerged as a statistically signifi-
cant moderator. Particularly, the mean effect for pictures (�.21)
and for words (�.20) was lower than the mean effect of including
both types of stimuli (.46; z = �2.90, p = .004; z = �2.85, p =
.004, respectively). Subgroup analyses showed that whereas the
effect of negative relative to neutral information on source mem-
ory was nonsignificant for pictures (z = �1.90, p = .057), the same
was not verified for words (z = �2.58, p = .010) and studies using
both types of stimuli (z = 5.25, p , .001). In the case of words, the
source memory performance was worst for negative in comparison
with neutral words (dunb = �.20, SE = .08). In contrast, the source
memory performance was improved for negative relative to neu-
tral information considering studies that included both types of
stimuli (dunb = .47, SE = .09).

Even though the control of stimulus arousal did not emerge as a
statistically significant moderator (QM(1) = 2.02, p = .155), we
decided to pursue exploratory subgroup analyses to tentatively iso-
late the effects of valence. In this regard, it can be assumed that

Figure 3
Funnel Plot Graphs for Each Analysis (Valence and Arousal Analyses on the Left Side, and Arousal Analyses on the Right Side)
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for the studies controlling stimulus arousal across valence catego-
ries, the effects observed on source memory are likely to be driven
by valence more than arousal. Nonetheless, the subgroup analyses
were in agreement with the moderation analysis, showing that the
effects of negative relative to neutral stimuli on source memory
were not statistically significant regardless of the presence (z =
�1.20, p = .232) or absence (z = �1.37, p = .169) of control for
the arousal properties.
Task-Related Factors. When probing task-related conditions,

the type of source memory task (QM(2) = 7.44, p = .024) and the
type of source memory feature (QM(6) = 40.39, p , .001) also
appeared as moderators of the overall effect of negative emotion
on source memory. With respect to the type of task, although the
mean effect of internal source memory tasks (�.28) was not sig-
nificantly lower than the mean effect of external source memory
tasks (�.18; z = �.65, p = .516), the mean effect of reality moni-
toring tasks (.24) was significantly higher than that of external
source memory tasks (z = 2.36, p = .018). Furthermore, subgroup
analyses revealed no statistically significant changes in the overall
effect for external source memory (z = �1.85, p = .065) and reality
monitoring tasks (z = 1.44, p = .150). Notwithstanding, in the case
of internal source memory, the performance was improved for
neutral compared with negative stimuli (z = �3.93, p , .001;
dunb = �.27, SE = .07).
Regarding the type of source memory feature, the mean effects

of color (�.17), encoding task (�.27), location (�.01), modality
of presentation (.49), and temporal features (.12) were larger than
the mean effect of background (�.65; see Table 2). No difference

was observed between the latter and the mean effect of identity
(�.52; z = .50, p = .614). Subgroup analyses demonstrated worse
source memory for negative relative to neutral stimuli in the subset
of studies that manipulated background features (dunb = �.66,
SE = .19, z = �3.56, p , .001). An effect of similar magnitude
was found for identity (dunb = �.54, SE = .11, z = �4.83, p ,
.001). This pattern was also observed for encoding task (dunb =
�.26, SE = .07, z = �4.07, p , .001). In contrast, a beneficial
effect of negative information on source memory was obtained in
the subset of studies that manipulated modality of presentation
(dunb = .49, SE = .07, z = �6.60, p , .001). Moreover, no effect of
negative (vs. neutral) stimuli on source memory was found for
color (z = �.85, p = .393), location (z = �.11, p = .910), and tem-
poral features (z = 1.27, p = .204).

Even though no other task-related factor emerged as statistically
significant moderator (see Table 2), additional exploratory sub-
group analyses were run on the type of source memory feature to
test some theoretical predictions. The results revealed that no statis-
tically significant effect emerged in the subgroup of studies includ-
ing intrinsic features (z = �.77, p = .439). In contrast, a small effect
was observed in the subgroup of studies testing extrinsic features
(dunb = �.21, SE = .09, z = �2.23, p = .026), suggesting an impair-
ment effect of negative (vs. neutral) stimuli on source memory.

Sociodemographic Factors. Considering the impact of socio-
demographic-related moderators, namely the number of female
participants in the sample and the Mage of participants, only the
first emerged as a statistically significant moderator (QM(1) = 9.94,
p = .002). Specifically, as the number of female participants

Figure 4
Summary of the Main Findings Obtained for Each Analysis

Note. Neg = negative; Neu = neutral; Pos = positive; SM = source memory. For the moderator and subgroup analyses, only the statistically significant
results were presented.
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increased, the source memory performance for negative stimuli
decreased compared with neutral stimuli (z = �3.15, p = .002),
suggesting a greater impairment effect of negative stimuli on
source memory.
Positive Versus Neutral Valence. The overall effect of posi-

tive information on source memory accuracy was statistically signifi-
cant, dunb = �.11, SE = .05, z = �2.47, p = .014, 95% CI [�.20,
�.02] (see Supplemental Materials Figure S2B and Table S4). Once
again, moderator and subgroup analyses may clarify further the
effects of positive information on source memory.
Moderator and Subgroup Analyses. Only the type of source

memory feature (QM(6) = 21.91, p = .001) emerged as a candidate
moderator of the overall effect of positive stimuli on source memory.
No other moderator analysis was statistically significant (see Table 3).
Task-Related Factors. Even though the type of source memory

feature appeared as a candidate moderator of the overall effect, none
of the levels of this moderator reached the threshold of statistical sig-
nificance (see Table 3). Notwithstanding, subgroup analyses showed
that the manipulation of the encoding task and of the identity led to
worse source memory for positive relative to neutral information
(dunb = �.18, SE = .06, z = �3.16, p = .002; dunb = �.47, SE = .16,
z = �2.88, p = .004, respectively). No other statistically significant
effects emerged in these analyses (background: z = �1.30, p = .194;
color: z = .62, p = .538; location: z = .35, p = .730; modality of pre-
sentation: z = 1.38, p = .168; temporal: z = .57, p = .571).

Similar to what was described for the negative versus neutral com-
parison, exploratory subgroup analyses were run on the type of
source memory feature: whereas no statistically significant effect was
observed in the subgroup of studies testing intrinsic features (z =
�1.43, p = .153), a very small effect was found in the subgroup of
studies testing extrinsic features (dunb = �.12, SE = .05, z = � 2.42,
p = .016). Thus, the impairment effect reported for extrinsic features
in the case of the negative items was extended to the positive items.

In addition, we used exploratory subgroup analyses regarding
the control of stimulus arousal (stimulus-related factor). Nonethe-
less, the results were also nonsignificant (subgroup that controlled
for arousal: z = �1.82, p = .069; subgroup that did not control for
arousal: z = �1.07, p = .286).

Negative Versus Positive Valence. When comparing these
two valence categories, the overall effect was not statistically sig-
nificant, dunb = �.04, SE = .05, z = �.90, p = .371, 95% CI [�.13,
.05], Q(80) = 319.40, p , .001 (see Supplemental Materials
Figure S2C and Table S4).

Moderator and Subgroup Analyses. One stimulus-related fac-
tor, the type of study material (QM(2) = 25.05, p , .001), and two
task-related factors, the type of source memory task (QM(2) =
16.68, p , .001) and the type of source memory feature (QM(6) =
25.81, p , .001), influenced the effect of stimulus valence on
source memory. No other factors emerged as moderators of the
effect of emotion on source memory (see Table 4).

Table 2
Summary of the Results of the Moderator Analyses for Negative Versus Neutral Valence

Moderators

N of
effects
(k)

N of study
samples
(clusters) Estimate SE z p

95% CI
[LB, UB] QE, p QM, p

Neg-Neu
N of women 91 53 �0.02 0.01 �3.15 .002 [�0.03, �0.01] 388.67, ,.001 9.94, .002
Mage 94 54 0.001 0.01 0.11 .916 [�0.02, 0.02] 507.46, ,.001 0.01, .916
Type of study material 97 56 466.72, ,.001 8.90, .012
Pictures �0.67 0.23 �2.90 .004 [�1.12, �0.22]
Words �0.66 0.23 �2.85 .004 [�1.11, �0.21]
Both (reference) 0.46 0.22 2.17 .030 [0.05, 0.88]

Control of arousal 90 53 496.23, ,.001 2.02, .155
Yes �0.17 0.12 �1.42 .155 [�0.41, 0.07]
No (reference) �0.10 0.07 �1.41 .158 [�0.25, 0.04]

Type of SM task 97 56 493.88, ,.001 7.44, .024
External (reference) �0.18 0.09 �2.15 .032 [�0.35, �0.02]
Internal �0.09 0.15 �0.65 .516 [�0.38, 0.19]
Reality 0.43 0.18 2.36 .018 [0.07, 0.78]

Type of SM feature 97 56 316.50, ,.001 40.39, ,.001
Color 0.48 0.20 2.37 .018 [0.10, 0.88]
Encoding task 0.38 0.17 2.21 .027 [0.04, 0.72 ]
Identity 0.13 0.26 0.50 .614 [�0.38, 0.64]
Location 0.64 0.19 3.38 ,.001 [0.27, 1.01]
Modality of presentation 1.14 0.21 5.47 ,.001 [0.73, 1.55]
Temporal 0.78 0.19 4.16 ,.001 [0.41, 1.14]
Background (reference) �0.65 0.15 �4.49 ,.001 [�0.94, �0.37]

Extrinsic versus intrinsic feature 97 56 511.39, ,.001 0.99, .320
Extrinsic (reference) �0.21 0.09 �2.27 .023 [�0.38, 0.03]
Intrinsic 0.13 0.13 1.00 .320 [�0.13, 0.39]

Encoding intentionality 95 55 508.53, ,.001 0.20, .652
Intentional 0.06 0.13 0.45 .652 [�0.19, 0.31]
Incidental (reference) �0.17 0.10 �1.77 .077 [�0.36, 0.02]

Retention interval 89 49 1.80 3 10�5 1.16 3 10�5 1.54 .123 [�4.86 3 10�6,
4.08 3 10�5]

465.12, ,.001 2.38, .123

Note. CI = confidence interval; LB = lower bound; UB = upper bound; Neg = negative; Neu = neutral; SM = source memory.
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Stimulus-Related Factors. Regarding the type of study mate-
rial, the mean effect for both pictures (.01) and words (�.18) was
lower than the mean effect of including both types of stimuli (.48;
z = �3.35, p , .001; z = �4.90, p , .001, respectively). Subgroup
analyses revealed that negative words hampered source memory
performance compared with positive words (dunb = �.18, SE =
.06, z = �2.80, p = .005). In contrast, for studies that used both
pictures and words, the effect was in the opposite direction and of
medium magnitude (dunb = .49, SE = .11, z = 4.34, p , .001).
Additionally, the overall effect for the subset of studies that used
pictures did not deviate statistically from zero (dunb = �.03, SE =
.06, z = �.44, p = .657).
Exploratory subgroup analyses were conducted considering the

control of stimulus arousal, yielding no statistically significant
effects (subgroup that controlled for arousal: z = �1.85, p = .065;
subgroup that did not control for arousal: z = �.94, p = .346).
Task-Related Factors. With respect to the type of source mem-

ory task, the mean effect for reality monitoring tasks (.38) was higher
than the mean effect for external source memory tasks (�.09; z =
3.71, p, .001). The difference in the mean effect for external and in-
ternal source memory tasks was nonsignificant (z = �.35, p = .730).
Moreover, the results from the subgroup analyses showed that
whereas the overall effect for internal source memory remained non-
significant (z = �1.76, p = .079), the overall effect concerning reality
monitoring was statistically significant, indicating improved source

memory accuracy for negative compared with positive stimuli
(dunb = .38, SE = .12, z = 3.23, p = .001). Also, the overall effect was
statistically significant in the case of external source memory (dunb =
�.17, SE = .08, z = �2.04, p = .042), suggesting an impairment
effect for negative (vs. positive) items.

Even though the moderator analysis focusing on the type of
source memory feature was statistically significant, none of the
comparisons between the mean effect of background versus other
features reached statistical significance (see Table 4). The sub-
group analyses revealed that only studies manipulating the modal-
ity of presentation yielded a significant overall effect, which
showed better source memory performance for negative (vs. posi-
tive) information (dunb = .49, SE = .11, z = 4.34, p , .001). The
other subgroup analyses remained nonsignificant (background: z =
1.25, p = .212; color: z = �1.47, p = .141; encoding task: z =
�1.79, p = .073; identity: z = .58, p = .561; location: z = �1.71,
p = .087; temporal features: z = .12, p = .903).

Exploratory subgroup analyses were also conducted considering
the type of source memory feature. The results showed that whereas
no effect was observed in the subgroup of studies including extrinsic
features (z = .24, p = .812), there was a very small statistically signifi-
cant effect in the subgroup of studies including intrinsic features
(dunb = �.19, SE = .09, z = �2.05, p = .041). As such, source mem-
ory performance was better for positive than for negative stimuli
when the source feature was integrated in the study item.

Table 3
Summary of the Results of the Moderator Analyses for Positive Versus Neutral Valence

Moderators
N of

effects (k)

N of study
samples
(clusters) Estimate SE z p

95% CI
[LB, UB] QE, p QM, p

Pos-Neu
N of women 70 36 �0.006 0.004 �1.58 .115 [�0.01, 0.001] 156.07, ,.001 2.48, .115
Mage 67 34 �0.01 0.01 �1.62 .104 [�0.02, 0.002] 154.49, ,.001 2.64, .104
Type of study material 70 36 165.24, ,.001 3.22, .200
Pictures �0.25 0.19 �1.36 .173 [�0.62, 0.11]
Words �0.32 0.18 �1.76 .079 [�0.67, 0.04]
Both (reference) 0.16 0.17 0.95 .341 [�0.17, 0.50]

Control of arousal 62 33 157.58, ,.001 1.62, .203
Yes �0.13 0.10 �1.27 .203 [�0.32, 0.07]
No (reference) �0.06 0.05 �1.10 .273 [�0.17, 0.05]

Type of SM task 70 36 155.67, ,.001 4.24, .120
External (reference) �0.02 0.06 �0.25 .802 [�0.13, 0.10]
Internal �0.17 0.10 �1.89 .059 [�0.34, 0.01]
Reality �0.18 0.14 �1.36 .173 [�0.45, 0.10]

Type of SM feature 70 36 135.10, ,.001 21.91, .001
Color 0.26 0.17 1.54 .124 [�0.07, 0.59]
Encoding task 0.05 0.15 0.32 .746 [�0.25, 0.35]
Identity �0.22 0.19 �1.13 .257 [�0.26, 0.16]
Location 0.27 0.18 1.55 .121 [�0.07, 0.61]
Modality of presentation 0.40 0.21 1.92 .055 [�0.01, 0.81]
Temporal 0.33 0.17 1.94 .053 [�0.004, 0.67]
Background (reference) �0.23 0.14 �1.61 .107 [�0.51, 0.05]

Extrinsic versus intrinsic feature 70 36 170.94, ,.001 0.12, .725
Extrinsic (reference) �0.13 0.06 �2.01 .045 [�0.25, 0.003]
Intrinsic 0.03 0.09 0.35 .725 [�0.15, 0.21]

Encoding intentionality 68 35 163.87, ,.001 0.004, .952
Intentional 0.006 0.09 0.06 .952 [�0.18, 0.19]
Incidental (reference) �0.10 0.07 �1.38 .168 [�0.25, 0.04]

Retention interval 61 29 7.85 3 10�6 1.23 3 10�5 0.64 .521 [�1.62 3 10�5,
3.19 3 10�5]

149.93, ,.001 0.41, .521

Note. CI = confidence interval; LB = lower bound; UB = upper bound; Neu = neutral; Pos = positive; SM = source memory.
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Arousal-Based Effects

High Versus Low Arousal. Considering studies that manipu-
lated stimulus arousal, a statistically significant small effect of
arousal on source memory was observed, indicating improved per-
formance for stimuli with high versus low arousal, dunb = .27,
SE = .11, z = 2.42, p = .016, 95% CI [.05, .48], Q(19) = 150.35,
p, .001 (see Supplemental Materials Figure S2D and Table S4).
Moderator and Subgroup Analyses. Two factors were found

to moderate the effect of stimulus arousal on source memory,
namely: control for valence across arousal levels (QM(1) = 6.06, p =
.014) and encoding intentionality (QM(1) = 5.59, p = .018). No
other factors, including those that were found for the valence-based
comparisons, emerged as significant moderators (see Table 5).
Stimulus-Related Factors. The mean effect was lower when

valence was controlled across stimuli differing in arousal (�.20)
than when no control was ensured (.41; z = �2.46, p = .014). Ex-
ploratory subgroup analyses revealed that for the subgroup of stud-
ies controlling for valence the overall effect was not statistically
significant (z = �1.05, p = .296). In contrast, in the subgroup of
studies not controlling for valence, the overall effect was small
and significant, and in the same direction of the main analysis
(dunb = .38, SE = .12, z = 3.21, p = .001).
Task-Related Factors. The moderator analysis revealed that

the effect of arousal on source memory was diminished when
intentional learning instructions (�.06) were used compared with

incidental learning conditions (.41; z = �2.36, p = .018). Similar
to what was done in prior comparisons, subsidiary subgroup analy-
ses were conducted regarding the type of source memory feature:
extrinsic or intrinsic. A small and statistically significant overall
effect was found considering the subgroup of studies that manipu-
lated intrinsic features (dunb = .32, SE = .11, z = 3.00, p = .003).
Regarding the subgroup of studies examining extrinsic features,
no statistically significant effect emerged (z = �.24, p = .812).

Medium Versus Low Arousal. Similarly to the high versus
low arousal comparison, source memory performance was improved
for stimuli with medium compared with low arousal levels, dunb =
.49, SE = .18, z = 2.65, p = .008, 95% CI [.13, .85], Q(4) = 15.04,
p = .005 (see Supplemental Materials Figure S2E and Table S4).
Due to the reduced number of experiments, no moderator or sub-
group analyses were conducted in this case.

High Versus Medium Arousal. The overall effect did not
diverge from zero, dunb = �.12, SE = .15, z = �.82, p = .414, 95%
CI [�.41, .17], Q(4) = 16.16, p = .003 (see Supplemental
Materials Figure S2F and Table S4). For the same reason
described for the high versus medium arousal comparison, no
moderator or subgroup analyses were pursued.

Discussion

The current study aimed to provide an up-to-date meta-analytic
review of behavioral studies probing the effects of emotional

Table 4
Summary of the Results of the Moderator Analyses for Negative Versus Positive Valence

Moderators

N of
effects
(k)

N of study
samples
(clusters) Estimate SE z p

95% CI
[LB, UB] QE, p QM, p

Neg-Pos
N of women 81 45 �0.002 0.01 �0.35 .724 [�0.01, 0.01] 318.99, ,.001 0.13, .724
Mage 74 40 0.01 0.01 0.88 .380 [�0.01, 0.02] 251.49, ,.001 0.77, .380
Type of study material 81 45 229.48, ,.001 25.05, ,.001
Pictures �0.46 0.14 �3.35 ,.001 [�0.73, �0.19]
Words �0.65 0.13 �4.90 ,.001 [�0.92, �0.39]
Both (reference) 0.48 0.12 3.91 ,.001 [0.24, 0.72]

Control of arousal 69 39 239.51, ,.001 0.62, .430
Yes 0.12 0.16 0.79 .430 [�0.18, 0.43]
No (reference) �0.21 0.15 �1.40 .162 [�0.50, 0.08]

Type of SM task 81 45 252.11, ,.001 16.00, ,.001
External (reference) �0.09 0.06 �1.58 .114 [�0.21, 0.02]
Internal �0.03 0.09 �0.35 .730 [�0.21, 0.15]
Reality 0.47 0.13 3.71 ,.001 [0.22, 0.72]

Type of SM feature 81 45 227.21, ,.001 25.73, ,.001
Color �0.38 0.20 �1.95 .052 [�0.76, 0.003
Encoding task �0.26 0.18 �1.42 .156 [�0.61, 0.10]
Identity �0.23 0.25 �0.91 .363 [�0.72, 0.26]
Location �0.25 0.20 �1.26 .209 [�0.65, 0.14]
Modality of presentation 0.34 0.21 1.61 .107 [�0.07, 0.75]
Temporal �0.05 0.21 �0.24 .811 [�0.45, 0.36]
Background (reference) 0.14 0.17 0.81 .417 [�0.20, 0.47]

Extrinsic versus intrinsic feature 81 45 305.37, ,.001 2.07, .150
Extrinsic (reference) 0.02 0.06 0.27 .785 [�0.11, 0.14]
Intrinsic �0.14 0.10 �1.44 .150 [�0.33, 0.05]

Encoding intentionality 77 43 308.26, ,.001 1.08, .299
Intentional �0.10 0.10 �1.04 .299 [�0.30, 0.09]
Incidental (reference) 0.02 0.08 0.19 .846 [�0.14, 0.17]

Retention interval 70 36 1.42 3 10�5 1.39 3 10�5 1.02 .309 [�1.31 3 10�5,
4.14 3 10�5]

214.37, ,.001 1.04, .309

Note. CI = confidence interval; LB = lower bound; UB = upper bound; Neg = negative; Pos = positive; SM = source memory.
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arousal and valence on source memory. More specifically, we
included studies that manipulated stimulus valence and arousal, as
well as studies examining arousal effects only. With respect to
valence-based studies, the meta-analytic results indicated that
emotional stimuli, negative or positive, had a deleterious effect on
source memory accuracy compared with neutral stimuli. The accu-
racy was similar considering the comparison between negative and
positive items. In the case of arousal-based studies, source mem-
ory performance was improved for both high and medium com-
pared with low arousing stimuli with no statistically significant
differences between high and medium arousal. While the magni-
tude of the overall effect sizes ranged from small to medium for
the arousal-based studies, the magnitude of the effects was consis-
tently very small considering the valence-based studies. Even con-
sidering that small effects obtained in psychological research may
be likely significant at some point in the future and should not be
disregarded (Funder & Ozer, 2019), especially when evidence has
the potential to amass over time, the interpretation of these meta-
analytic findings warrant a word of caution. Although the experi-
ments included in this review were methodologically sound (i.e.,
most of them showed high methodological quality), supporting an
overall low risk of bias, the same cannot be said for publication
bias. Specifically, it was not possible to compute publication bias
for two of the arousal-based comparisons, and there was evidence
of bias for the negative-neutral comparison. Furthermore, it is im-
portant to acknowledge the role of methodological heterogeneity
and, consequently, the role of moderator variables (see Figure 4).

In this context, the following discussion subsections will address
the role of specific task-related (type of source memory task, type
of source memory feature), stimulus-related (control for the affec-
tive properties of the stimuli, type of study material) and sociode-
mographic (sex, age) factors identified throughout this article, as
well as possible theoretical implications and main caveats associ-
ated with this review.

The Role of Task-Related Factors in the Effects of
Emotion on Source Memory

Regarding studies that used internal source memory tasks, it
was observed that accuracy was improved for neutral compared
with negative stimuli. Additionally, as there was an overlap
between internal source memory tasks and the manipulation of the
encoding task as a source feature, it was not surprising that source
memory performance for the encoding task was improved for neu-
tral compared with both negative and positive stimuli. Taken to-
gether, these findings suggest that emotional stimuli, especially the
negative ones, are likely to impair internal source memory per-
formance (Cook et al., 2007; Ferré et al., 2019, Experiments 2 and
3; Mao et al., 2015; Newsome et al., 2012; Otani, Jaffa, et al.,
2012; Otani, Libkuman, et al., 2012).

The analyses including negative stimuli also showed that the
mean effect for reality monitoring tasks was larger compared with
the mean effect of external source memory tasks. Remarkably,

Table 5
Summary of the Results of the Moderator Analyses for High Versus Low Arousal

Moderators
N of effects

(k)

N of study
samples
(clusters) Estimate SE z p

95% CI
[LB, UB] QE, p QM, p

High-Low
N of women 17 11 �0.01 0.003 �1.40 .163 [�0.01, 0.002] 130.47, ,.001 1.95, .163
Mage 16 12 �0.01 0.05 �0.24 .810 [�0.11, 0.09] 45.80, ,.001 0.06, .810
Type of study material 20 14 149.99, ,.001 0.09, .957
Pictures 0.05 0.45 0.10 .919 [�0.84, 0.93]
Words �0.04 0.51 �0.08 .934 [�1.04, 0.95]
Both (reference) 0.24 0.43 0.56 .575 [�0.60, 1.08]

Control of valence 17 12 83.51, ,.001 6.06, .014
Yes �0.61 0.25 �2.46 .014 [�1.10, �0.13]
No (reference) 0.41 0.12 3.45 ,.001 [0.18, 0.65]

Type of SM task 20 14 150.11, ,.001 0.004, .949
External (reference) 0.27 0.12 2.26 .024 [0.04, 0.50]
Internal n/a n/a n/a n/a n/a n/a n/a n/a n/a
Reality �0.03 0.43 �0.06 .949 [�0.87, 0.82]

Type of SM feature 20 14 98.15, ,.001 4.57, .334
Color 0.35 0.46 0.76 .447 [�0.55, 1.25]
Encoding task n/a n/a n/a n/a n/a n/a n/a n/a n/a
Identity 0.87 0.55 1.57 .116 [�0.21, 1.94]
Location 0.70 0.37 1.87 .061 [�0.03, 1.42]
Modality of presentation 0.57 0.52 1.09 .275 [�0.45, 1.58]
Temporal n/a n/a n/a n/a n/a n/a n/a n/a n/a
Background (reference) �0.33 0.35 �0.93 .350 [�1.01, 0.36]

Extrinsic versus intrinsic feature 20 14 111.63, ,.001 2.10, .148
Extrinsic (reference) �0.07 0.25 �0.28 .780 [�0.57, 0.43]
Intrinsic 0.40 0.28 1.45 .148 [�0.14, 0.95]

Encoding intentionality 20 14 92.22, ,.001 5.59, .018
Intentional �0.47 0.20 �2.36 .018 [�0.86, �0.08]
Incidental (reference) 0.41 0.11 3.68 ,.001 [0.19, 0.63]

Retention interval 20 14 �0.00002 0.0002 �0.07 .943 [�0.0004, 0.0004] 150.16, ,.001 0.005, .943

Note. CI = confidence interval; LB = lower bound; UB = upper bound; n/a = not applicable; SM = source memory.
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there was a source memory advantage for negative compared with
positive stimuli in reality monitoring tasks, which contrasted with
the direction of the overall effects and the effects for external and
internal source memory tasks. A closer look into the characteris-
tics of the reality monitoring studies indicated that there were two
main manipulations: the identity of who provided the information
(Le Bigot et al., 2018; McKague et al., 2012; Morrison & Had-
dock, 1997); and the modality of presentation involving the dis-
crimination between seen and imagined information (Kensinger,
O’Brien, et al., 2007; Kensinger & Schacter, 2006b; Mathews
et al., 2013; Robin et al., 2018). Concerning this last discrimina-
tion, it is well known that the implementation of visual imagery
strategies during encoding benefits memory (e.g., Oliver et al.,
2016), and this is why it is a recommended compensatory strategy
in clinical settings (e.g., Cicerone et al., 2019). Nonetheless, it is
unclear why these reality monitoring findings were observed in the
case of negative but not positive stimuli. One tentative explanation
can be derived from previous studies demonstrating that when par-
ticipants receive a visual imagery instruction (vs. a verbal process-
ing instruction to focus on the stimulus meaning) to process a
negative event, they are more likely to report increased state anxi-
ety, whereas the opposite seems to occur when the event is posi-
tive (Holmes & Mathews, 2005, 2010; Holmes et al., 2008).
Moreover, descriptions of the generated images were more likely
to incorporate a personal account of the events, including more
specific and emotion-related details (Holmes et al., 2008). Thus,
imagining negative events seems to generate distinct details that
may later facilitate the discrimination between imagined and seen
events in source memory decisions, as indicated by previous evi-
dence (Kensinger, O’Brien, et al., 2007; Kensinger & Schacter,
2006b; Mathews et al., 2013).
Given the overlap between the reality monitoring studies and

the studies manipulating the modality of presentation (i.e., seen vs.
imagine), it is plausible to extend this same explanation to the
source memory benefit observed for negative (vs. neutral and posi-
tive) stimuli in these later investigations. For the same reason, this
explanation may also be suitable to understand the moderator
effects found for the type of study material (i.e., the superior mean
effect documented for studies using both pictures and words com-
pared with studies using pictures or words alone), as well as the
subgroup analyses showing a better source memory accuracy for
negative (vs. neutral and positive) items in the case of studies that
included both pictures and words.
However, not all reality monitoring discriminations were bene-

fited by negative valence. In fact, subgroup analyses indicated that
studies whose source manipulation was based on the identity of
who provided the information reported a deleterious effect of emo-
tion (negative and positive) on source memory (Le Bigot et al.,
2018; Morrison & Haddock, 1997). The ABC theory (Mather &
Sutherland, 2011) may grant a useful account to conciliate these
enhancement and impairment effects in the context of reality mon-
itoring. Specifically, when participants were prompted to mentally
visualize a specific item, especially a negative one, they were more
likely to be aroused and to incorporate self-related information into
the mental image (Holmes & Mathews, 2005; Holmes et al., 2008).
Thereby, items and respective mental images were potentially tagged
as highly relevant during encoding and later used as diagnostic cues
to discriminate between sources; thereby, improving source memory.
In contrast, when identity was implemented as a source manipulation,

the presence of emotion most likely led to the prioritization of other
features over identity, hence resulting in worse source memory
performance.

Besides identity, stimulus background was another type of
source memory feature that, in the subgroup analysis, was related
to worse source memory performance for negative compared with
neutral stimuli. Such effect was expected given the converging
evidence from studies that manipulated this feature (Jia et al.,
2018; MacKenzie et al., 2015; Matsumoto & Kawaguchi, 2020;
Mao et al., 2017; Rimmele et al., 2011). Moreover, this finding
dovetails with the object-based binding theory (Mather, 2007) and
the Easterbrook’s cue-utilization hypothesis (Easterbrook, 1959),
in which stimulus background is posited as an extrinsic/peripheral
detail.

Regarding other types of source memory features, including
stimulus color, location, and temporal features, the analyses
yielded a similar source memory performance for emotional and
neutral stimuli. It is worth noting, however, that overall the find-
ings were highly inconsistent, including impairment effects (color:
MacKenzie et al., 2015, Experiment 2; location: Maddock &
Frein, 2009; temporal: Aupée, 2007; Maddock & Frein, 2009,
Experiment 3), enhancement effects (color: Kensinger & Corkin,
2003; Zhou et al., 2020; location: Novak & Mather, 2009; Rim-
mele et al., 2011, Experiment 2; Schmidt et al., 2011; temporal:
D’Argembeau & Van der Linden, 2005; Rimmele et al., 2011,
Experiment 3; Schmidt et al., 2011, Experiment 1; Yick et al.,
2015), and even similar performances in the comparison between
emotional and neutral stimuli (color: Dougal et al., 2007; Wang &
Fu, 2011; Zhou et al., 2020; location: Koenig & Mecklinger,
2008; temporal: Koenig & Mecklinger, 2008; Minor & Herzmann,
2019; Schmidt et al., 2011, Experiment 2). This variability likely
contributed to the lack of a detectable emotion effect on source
memory.

With respect to encoding intentionality, previous studies sug-
gested that the effect of emotional stimuli on source memory
might be identified under incidental but not intentional learning
instructions (D’Argembeau & Van der Linden, 2004; Ferré et al.,
2019). Although encoding intentionality did not moderate the
effect for valence-based comparisons, the mean effect for inciden-
tal conditions in the high versus low comparison was higher than
the mean effect for intentional conditions. That is, intentional
learning might dampen arousal effects on source memory. When
participants are instructed to memorize the stimuli, knowing that
their memory will be tested at some point, they are more likely to
engage in effortful encoding and to prioritize both emotional and
neutral items. As a result, source memory performance may be
similar irrespective of the emotional quality of the stimuli. Not-
withstanding, prior studies also noted that encoding intentionality
may interact with other factors such as type of source memory fea-
tures, being more relevant for some than others (e.g., D’Argem-
beau & Van der Linden, 2004; Kensinger & Schacter, 2006b).
Thus, more studies manipulating encoding intentionality while
testing different source memory features might be useful to under-
stand these possible interaction effects. Even so, the fact that the
high versus low arousal meta-analysis was composed of fewer
studies and characterized by lower variability in terms of source
features (see Supplemental Materials Table S8) might have con-
tributed to the emergence of this moderation effect. By the same
token, the great variability of source memory features evaluated in
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the valenced-based comparisons could have masked the influence
of the encoding intentionality in the analyses.
The delay time between the study and the test phase was another

task-related factor of interest but it did not influence the overall
effects. This observation is in line with previous studies that inves-
tigated different delay times, showing that the effect of emotional
stimuli on source memory was somehow stable across time
(Sharot & Yonelinas, 2008; Wang & Fu, 2011). It should be noted,
however, that most studies included in the current meta-analytic
study relied on immediate recall or a short delay (see Supplemental
Materials Tables S5–S8). Therefore, studies with longer delays and
that systematically assess different delay intervals are necessary, sim-
ilarly to what has been conducted for item memory research (e.g.,
Sharot & Phelps, 2004; Wirkner et al., 2018; Yonelinas & Ritchey,
2015).

The Role of Stimulus-Related Factors in the Effects of
Emotion on Source Memory

Regarding stimulus-related factors, there were two observations
of theoretical interest. First, the control of arousal across valence
categories did not emerge as a candidate moderator in any of the
valence-based comparisons. This finding was also supported by
the lack of statistically significant differences documented in the
exploratory subgroup analyses. In contrast, the control of stimulus
valence in the high versus low comparison influenced the overall
meta-analytic effects, indicating that mean effect was higher for
experiments that did not control for stimulus valence compared
with experiments that performed such control. Also, the subgroup
analysis showed that the overall effect increased from .27 to .38
when considering studies that did not control for stimulus valence
(see Figure 4).
As valence and arousal dimensions are commonly examined to-

gether, the codification regarding the control of the affective prop-
erties of the stimuli was an attempt to explore the contribution of
each dimension. The results of this approach were not fully satis-
factory especially considering the valence-based comparisons.
This precludes the specification of differential roles of valence and
arousal, and this should be acknowledged as a limitation of the
current study. Additionally, the process of selecting and control-
ling the affective properties of stimuli can be a difficult task when
using a dimensional approach. This happens as affective ratings of
valence and arousal tend to fit a U-shape, boomerang distribution,
meaning that the more positive or negative a certain stimulus is
perceived, the more arousing it is; hence, stimuli with lower or
higher valence scores are typically rated as more arousing than
neutral ones (Kuppens et al., 2017; Lang et al., 1998). Future stud-
ies may disentangle the contributions of valence and arousal to
source memory performance by testing different levels of arousal
(e.g., Vieitez et al., 2021) or including orthogonal manipulations,
as it was done in previous memory studies (e.g., Kensinger et al.,
2011; Schmidt et al., 2011).
Despite this word of caution, a noteworthy observation was that

the direction of the overall effect of emotion on source memory
was not convergent when considering valence-based and arousal-
based studies: emotional stimuli had a deleterious effect on source
memory in valence-based studies, whereas they had an advanta-
geous effect in arousal-based studies. Even though it is important
to acknowledge that the nature of the relationship between valence

and arousal is still under debate (e.g., Kuppens et al., 2017; Petro-
lini & Viola, 2020), this observation agrees with the notion that
valence and arousal modulate memory in different ways. If we
consider the hypothesis that arousal is likely to increase attentional
resources during the encoding phase while valence is likely to
engage elaboration resources (Kensinger, 2004; Kensinger & Cor-
kin, 2004), this may explain the enhancement effect in the case of
arousal-based studies as medium and high (vs. low) arousal stimuli
might increase the likelihood of attention allocation to different
aspects of an episode, as previously postulated by Yerkes and
Dodson (1908). Even though the overall effect was larger for the
medium versus low comparison than for the high versus low com-
parison (see Figure 4), somehow fitting with the Yerkes-Dodson
law notion that optimal performance seems to be achieved for
moderate levels of arousal, there was no detrimental effect of high
arousing stimuli on source memory compared with medium arous-
ing stimuli. Relatedly, the impairment effect found on source
memory in valence-based studies may be accounted for by the dif-
ferent elaborative processes that might occur during the encoding
of emotional information. When these processes provide diagnos-
tic cues that can be used to support later source memory decisions,
such as in the case of reality monitoring tasks involving visual im-
agery, source memory is enhanced for emotional stimuli. But
when these elaborative processes provide cues that are less diag-
nostic given certain source memory decisions, as it could be the
case of the source features typically tested in internal and external
source memory tasks, source memory performance for emotional
stimuli may be worse or no different from neutral stimuli.

Second, in relation to the type of study material, subgroup anal-
yses revealed an impairment effect of negative (vs. neutral) words
on source memory, whereas no statistically significant emotion
effects were found in the case of pictures. In this context, there
was no clear evidence supporting a memory superiority effect
related to emotional pictures (e.g., Paivio et al., 1968). At the
same time, the lack of emotion effects may suggest a great vari-
ability of findings in the studies using pictures, whereas the find-
ings for words and the combination of both pictures and words
were more consistent. A possible explanation for this variability
may lie in the databases used for the picture selection, which were
more diverse compared with the word stimuli (see Supplemental
Materials Table S5 and Table S7). In this scenario, the process of
controlling for picture properties (e.g., brightness, spatial fre-
quency, color complexity) that might interfere with the affective
response (e.g., Cano et al., 2009; Lakens et al., 2013) was likely
more challenging.

The Role of Sociodemographic Factors in the Effects of
Emotion on Source Memory

Other two potential moderators explored in the current meta-
analytic study were the number of female subjects and the average
age of the participants. Specifically, we did not expect any of these
factors to influence the emotion effect on source memory. We held
this expectation given that most studies were composed of samples
of young adults (see Supplemental Materials Tables S5 and S7)
and that samples of children, adolescents, and older adults were
not included in the review. Future systematic reviews might be
conducted to study these different age groups. Moreover, no major
sex differences were reported in previous studies comparing
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female and male participants (D’Argembeau & Van der Linden,
2005; Wang, 2012). Although age did not emerge as a moderator
in any of the analyses, it was observed that as the number of
females increased, the advantage of neutral over negative stimuli
on source memory accuracy was enhanced. Previous studies
revealed that females tend to present increased activation for nega-
tive information in brain regions involved in emotional processing
(see Stevens & Hamann, 2012). In addition, females tend to pres-
ent an advantage in episodic memory tasks implying verbal abil-
ities (Asperholm et al., 2019). However, few studies have
addressed sex differences in emotional source memory, and future
studies could address the role of this factor.

Theoretical Considerations

Regarding the distinction between intrinsic/central and extrin-
sic/peripheral features, which was tested as a moderator variable
following the object-based binding theory (Mather, 2007) and the
Easterbrook’s cue-utilization hypothesis (Easterbrook, 1959), this
factor did not emerge as a statistically significant moderator in any
of the analyses. Nevertheless, exploratory subgroup analyses indi-
cated that whereas emotional (vs. neutral) stimuli impaired source
memory performance for extrinsic/peripheral features, as postu-
lated by the former theoretical frameworks, no beneficial effects
were found for negative/positive (vs. neutral) stimuli in the case of
intrinsic/central features. Furthermore, for specific source features
such as stimulus color and spatiotemporal details, which are usu-
ally regarded as intrinsic and expected to be better remembered in
the presence of emotion, the current meta-analyses failed to cor-
roborate a beneficial effect. An enhancement effect considering
intrinsic/central features was rather observed for positive com-
pared with negative stimuli. Considering that positive (vs. nega-
tive) information has more associative potential and promotes
semantically meaningful integration of elements (Unkelbach et al.,
2020), positive information might also favor the within-item bind-
ing; thus, resulting in better source memory performance for
intrinsic/central features. This benefit for intrinsic features also
emerged in the high versus low comparison. However, most of the
experiments in this case were coded as testing intrinsic features,
with only two including extrinsic features. As a result, there was a
substantial overlap between the experiments composing the main
analysis and the experiments included in the subgroup analysis.
Also, no reliable information can be drawn for extrinsic features
due to the reduced number of experiments.
Taken together, the predictions of the object-based binding

theory (Mather, 2007) and the Easterbrook’s cue-utilization hy-
pothesis (Easterbrook, 1959) regarding intrinsic/central and extrin-
sic/peripheral features were partially supported. Nonetheless, the
findings also highlighted the relevance of incorporating differen-
ces in the processing of positive and negative information in cur-
rent theoretical accounts. In this context, the ABC theory (Mather
& Sutherland, 2011) might accommodate both arousal- and va-
lence-related effects by placing emphasis in the distinction
between low and high priority features or between goal-relevant or
goal-irrelevant features, which is also in agreement with the notion
that motivational goals modulate source memory decisions as pro-
posed by the original source monitoring framework (Johnson et al.,
1993). Even though the former distinction is not straightforward, it

surely deserves further testing in forthcoming experiments (e.g.,
Mao et al., 2017).

With respect to the source monitoring framework (Johnson
et al., 1993), we also aimed to investigate whether the emotion
effects on source memory would vary as a function of different
source memory tasks (i.e., external, internal, and reality monitor-
ing). Indeed, the type of source memory task appeared not only as
a moderator but also as a relevant factor in the subgroup analyses.
Specifically, whereas the difference in the mean effect between in-
ternal and external source memory tasks did not achieve statistical
significance, reality monitoring tasks had a superior mean effect
relative to external source memory tasks in the analyses involving
negative items. In addition, whereas internal/external source mem-
ory tasks and features were more often in the same direction of the
overall main effects, indicating a deleterious effect of stimulus
emotion on source memory performance, the reality monitoring
tasks and specifically the modality of presentation were the only
instances where an advantageous effect of negative information on
source memory was observed. These findings support the view
that internal and external source memory tasks are more demand-
ing than reality monitoring tasks (Johnson & Foley, 1984; Raye &
Johnson, 1980), and that the effects of stimulus emotion on source
memory might differ in magnitude and even direction as a func-
tion of the type of source memory task and source memory feature.
In accordance, this review confirmed the contribution of these fac-
tors to the explanation of the diverse findings encountered in the
emotion and source memory research.

Limitations

First, it is worth noting some factors that might have contributed
to publication bias: search conducted in English databases; inclu-
sion of published studies letting out gray literature; it was not pos-
sible to incorporate all the eligible studies due to missing data (see
Supplemental Materials Tables S5–S8); publication bias tests were
not performed for two of the arousal-based comparisons (medium
vs. low; high vs. medium) due to the small number of experiments;
there was some evidence of bias in the case of the negative versus
neutral comparison, even though there were few indicators of pub-
lication bias for the remaining comparisons. At the same time, the
publication bias methods used are not without limitations. Specifi-
cally, the performance of these tests is affected when the true
effect sizes are heterogeneous (Ioannidis & Trikalinos, 2007; Song
et al., 2013; van Aert et al., 2019).

Second, considering the heterogeneity among experiments, the
moderator and subgroup analyses were of the upmost relevance to
understand the findings of this systematic review. However, these
analyses require a reasonable number of experiments and modera-
tor-related data to be robust. In the current study, there was a lim-
ited number of experiments and incomplete information for the
selected moderator variables. Furthermore, conducting multiple
moderator and subgroup analyses imply multiple statistical com-
parisons and increased probability of committing Type I error.
Thus, even though these analyses were useful to pinpoint specific
variables that modulate the relationship between emotion and
source memory, they need to be interpreted with caution.

Third, the experiment categorization for some of the moderators
was not trivial, being the distinction between intrinsic and extrin-
sic features a good example. Accordingly, it is not possible to rule
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out the putative influence of the subjectivity underpinning some of
the coding procedures adopted in this study.

Conclusion

The current study aimed to provide a systematic overview on the
effects of emotional stimuli on source memory and to identify fac-
tors that modulate the magnitude and direction of such effects. For
the valence-based analyses (i.e., negative vs. neutral; positive vs.
neutral; negative vs. positive), an impairment effect of negative and
positive (vs. neutral) stimuli on source memory was observed. Not-
withstanding, stimulus- (type of study material) and task-related
factors (type of source memory task; type of source memory fea-
tures) emerged as candidates affecting the former effects. On the
contrary, for the arousal-based analyses (i.e., high vs. low; medium
vs. low; high vs. medium), the results revealed that high and me-
dium arousal stimuli granted a source memory advantage compared
with low arousal stimuli. No difference was observed between high
and medium arousal levels. Nonetheless, caution regarding these
arousal-based findings is required due to the reduced number of
experiments that were included in each analysis.
Overall, this study demonstrated that mixed findings are likely to

be expected when probing the effects of emotional stimuli on
source memory, which highlights the need to consider the role of
methodological factors, such as the type of source memory task and
the type of source memory features. In addition, more research is
necessary to support theoretical claims, to determine the role of va-
lence, and to reach a broader understanding of the effects of emo-
tion on source memory. This includes studying the effects of
emotion based not only on dimensional approaches (Bradley &
Lang, 1994; Lang et al., 1993; Russell, 1980) but also on categori-
cal approaches (Levine & Pizarro, 2004), as well as the effects
derived from mood or emotional encoding contexts (e.g., Pereira
et al., 2021a; Ventura-Bort et al., 2020) for which the extant evi-
dence is still limited.
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