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REGISTERED REPORT

Emotional context effects on memory accuracy for neutral information*
Melody M. Moore a, Emily J. Urban-Wojcika and Elizabeth A. Martin b

aDepartment of Psychological Science, University of California Irvine, Irvine, CA, USA; bCenter for Healthy Minds, University of
Wisconsin-Madison, Madison, WI, USA

ABSTRACT
Despite decades of study, it remains unclear how emotional contexts influence
memory for non-emotional information. In two studies, we previously found
memory accuracy for neutral information encoded in an emotional context differed
by valence. Specifically, neutral images encoded in a negative context were
remembered with similar accuracy as those encoded in a non-emotional context,
and neutral images encoded in a positive context were remembered with less
accuracy than a non-emotional context. This Registered Report contains a third
study to replicate our original results and allow for direct comparison between the
negative and positive encoding conditions. People in the positive condition
showed decreased memory accuracy, but this effect was very small in size and
only significant when compared to the neutral condition. Given the lack of
difference between negative and neutral conditions, effects of emotion on
memory are not only a function of emotional arousal. At the same time, given the
nonsignificant, small difference between positive and negative conditions, effects
of emotion on memory are also not solely attributable to valence. This series of
studies represents a step towards re-examining the tenet that emotion enhances
memory unless the experience elicits sufficiently high arousal levels such that
memory is impaired.
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It is widely accepted that emotional stimuli and
events are remembered with greater accuracy than
non-emotional events (e.g. Choi et al., 2013; LaBar &
Cabeza, 2006; Levine & Edelstein, 2009). However,
researchers disagree over which dimensions of
emotion are responsible for memory enhancement.
This ongoing debate is principally divided between
researchers who suggest nonspecific emotional
arousal accounts for the influence of emotion on
memory (see Buchanan & Adolphs, 2002), and
researchers who argue that in conjunction with
arousal, emotional valence drives distinct patterns of
memory accuracy (e.g. Kensinger, 2009). To address
this debate, we varied levels of both valence and
arousal during encoding while holding constant the
information being encoded across three studies.

That is, the current group of studies aims to disentan-
gle the effects of arousal and valence on memory by
examining whether encoding the same neutral infor-
mation in various emotional contexts (negative arous-
ing, positive arousing, or neutral non-arousing) results
in differences in memory accuracy 24-hours later.

It is well documented that arousal, a continuum
ranging from calm/bored to excited/anxious
(Bradley et al., 1992), modulates memory (for review,
see Kensinger, 2009; Mather & Sutherland, 2009).
Not only are arousing events better remembered
than non-arousing events (e.g. Bradley et al., 1992),
arousal typically leads to better memory for the
source of arousal and worse memory for non-arousing
information (for review, see Buchanan & Adolphs,
2002; Kensinger, 2009). However, research indicates
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not all emotions influence memory in the same way,
and arousal alone appears ill-equipped to distinguish
when memory will be enhanced or impaired (e.g. Ken-
singer & Schacter, 2006; Levine & Bluck, 2004). This has
led to investigations of the influence of other dimen-
sions of emotion on memory, and findings indicate
valence, a continuum ranging from pleasant to
unpleasant (Bradley et al., 1992) can help clarify the
type of information emotion enhances in memory.

Research suggests positive and negative mood
states are associated with unique patterns of
memory accuracy whereby positive moods lead to
increased errors in memory (Kensinger & Schacter,
2006; Levine & Bluck, 2004). That positive and nega-
tive experiences are associated with distinct patterns
of memory accuracy is not surprising given that nega-
tive and positive mood states elicit distinct infor-
mation processing strategies, which in turn guide
attention and result in downstream consequences
for memory accuracy. Negatively valenced moods
signal people to search for information and focus on
identifying what might be wrong in the current
environment (Schwarz & Clore, 1983). Correspond-
ingly, negative mood is associated with effortful cog-
nitive processing strategies characterised by greater
focus on the information directly at hand, such as
resistance to the influence of scripts (Bless et al., 1996).

By contrast, positive mood is associated with a host
of alterations to cognitive processes which are sum-
marised as cognitive broadening (e.g. Fredrickson,
2004). For example, positive mood has been shown
to increase relational processing (Fiedler, 2001) and
results in a broader scope of attention (Fredrickson
& Branigan, 2005). Despite increasing flexibility and
creativity (Isen et al., 1987), cognitive broadening is
also associated with undesirable outcomes such as
impaired cognitive control on the Tower of London
task (Oaksford et al., 1996), Stroop task (Phillips
et al., 2002) and a working memory task (Martin &
Kerns, 2011).

At the same time, not all variants of positive affect
result in cognitive broadening, and research has
shown the relationship between the current positive
mood and people’s goals or motivation has down-
stream consequences on attention. For example,
when people have achieved their goals, low-approach
motivated positive mood arises signalling the
environment is safe and comfortable (Carver, 2003;
Fredrickson, 2001). By contrast, when an individual is
excitedly engaged in goal-pursuit, high-approach
motivated mood arises, and research has shown that

low- and high-approach motivated mood differen-
tially modulate attentional focus such that low-
approach positive mood is associated with increases
in attentional breadth while high-approach positive
affect is associated with decreased breadth of atten-
tion, thus increasing focus on goal attainment
(Gable & Harmon-Jones, 2008). Therefore, in studies
that elicit changes in mood, theory would predict a
low-approach positive encoding context to elicit con-
current increases in breadth of attention, resulting in
increased errors in memory relative to neutral and
negative contexts.

Emotional contexts have been used to examine the
influence of emotion on memory for decades (e.g.
Bower et al., 1978; Isen, 1985; Laird et al., 1982), and
yet findings remain mixed. For example, in studies
which elicit brief changes in affect and test memory
accuracy for neutral details at short intervals, some
studies show no differences in memory accuracy
between emotional and neutral contexts (e.g. Jaeger
et al., 2009; Smith et al., 2004) or between positive
and negative encoding trials (e.g. Erk et al., 2005). At
the same time, other researchers have found
decreased memory for neutral details encoded in
negatively arousing contexts relative to neutral (e.g.
Rimmele et al., 2011; Touryan et al., 2007), and simi-
larly, that memory for neutral background images is
worse for those previously presented with a negative
object, relative to those presented with neutral
objects (Kensinger et al., 2007).

On the other hand, in a study which elicited
changes in mood and tested memory accuracy for
neutral details at a short interval, recognition of
neutral objects “central” to an image did not differ
between neutral and negative contexts, while recog-
nition of neutral objects located in the periphery
was impaired in the negative encoding context rela-
tive to neutral (Kim et al., 2013). However, this study
used a picture story paradigm in which emotional
and non-emotional contexts were composed of four
images containing central and peripheral objects.
Because each image was inherently emotional or
neutral, the set of images differed between con-
ditions, and later, participant memory was tested for
different objects depending on which set of images
the participant viewed. Thus, whether the emotional
or experimental context is responsible for differences
in memory accuracy remains an unanswered
question.

One reason for these discrepant findings regarding
the effects of emotional contexts on memory may be
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that some studies elicit fleeting bursts of affect by
briefly presenting affective stimuli (e.g. 200 ms)
while others elicit longer lasting and conscious
changes in mood through mood induction pro-
cedures (e.g. watching several minutes of a video).
Thus, participants briefly exposed to affective stimuli
would not likely experience cognitive and attentional
changes associated with positive and negative mood
because their mood state is not altered (see Dreis-
bach, 2006). In the current group of studies, we
manipulated mood and thus expect attentional
changes to occur in the emotional (positive and nega-
tive arousing) conditions.

Another reason for discrepancies in the literature
regarding the effect of emotional contexts might be
the result of using different sets of stimuli and
memory questions between emotional and non-
emotional contexts. When memory is assessed for
emotional items or even neutral items within an
emotional scene (e.g. Kim et al., 2013), emotional
and non-emotional conditions differ in two important
ways. First, the stimuli used differ between emotional
and non-emotional contexts, and matching stimuli is
a notoriously challenging task as stimuli may have
intrinsic properties which confer a mnemonic advan-
tage to one set of stimuli over another. Second,
when conditions are composed of different sets of
stimuli, the memory task itself will also differ such
that between conditions participants will be asked
different questions or shown different items. There-
fore, it is difficult to conclude the emotional context
is driving differences in memory between emotional
and non-emotional conditions.

One group of researchers overcame this limitation
by showing all participants the same set of neutral
images flanked by either emotional or non-emotional
images (Adolphs et al., 2005). As a result, emotional
and non-emotional conditions differed only in the
context in which images were presented, while the
neutral information encoded was held constant. At a
short interval memory test, participants in the
emotional encoding context exhibited better
memory for broad, essential information from
neutral images (“gist”) but no similar enhancement
of background, irrelevant information (“detail”) rela-
tive to a neutral encoding context. The emotional
condition was higher in arousal than neutral and par-
ticipants exhibited corresponding changes in physio-
logical arousal, so the authors concluded emotional
encoding results in an enhancement of gist memory
driven by arousal. However, the emotional context

of this study was composed only of negative
images, thus the emotional context differed from
neutral not only in arousal, but also in valence. Conse-
quently, it remains unclear whether arousal drives the
influence of emotion on memory or whether differ-
ences in valence contributed to the observedmnemo-
nic difference. Thus, the current group of studies used
a similar design but extends current research by
including a positive encoding condition to better
control for the effect of arousal.

In spite of the well-documented valence-specific
modulation of memory, many studies examining
emotional contexts only include negative valence in
their design (e.g. Adolphs et al., 2005; Jaeger et al.,
2009; Kim et al., 2013; Rimmele et al., 2011; Touryan
et al., 2007). Of the studies which include a positive
context, researchers often find valence-specific
effects or an interaction between valence and
arousal (e.g. Erk et al., 2005; Smith et al., 2004;
Zhang et al., 2015). For example, researchers have
found differential brain activation during encoding
and recognition of neutral items encoded in positive
and negatively valenced contexts (Erk et al., 2005).
This line of work suggests that comparing positive
and negative emotional contexts within a single
study is a fruitful avenue towards advancing our
understanding of the influence of emotion on
memory.

Given the importance of studying positive
emotional contexts, the current group of studies
was modelled after Adolphs et al. (2005) and was
designed to examine whether encoding neutral infor-
mation in an emotional context results in distinct pat-
terns of memory accuracy 24-hours later. In the
proposed studies, participants encoded neutral
target images in one of three emotional contexts:
positive arousing, negative arousing, and neutral
non-arousing. Memory for neutral target images was
assessed using a fixed set of gist and detail questions
24-hours later, an interval selected in accordance with
previous literature that has found that behavioural
and neural consequences of post-encoding consolida-
tion can be seen after 24 h (e.g. Jaeger et al., 2009;
Sharot & Phelps, 2004). Our design builds upon exist-
ing literature by varying the valence associated with
emotional context in which stimuli are encoded
while keeping mnemonic targets constant across con-
texts and by examining the long-term consequences
of emotional encoding.

The current manuscript contains three studies, the
third of which was a pre-registered replication of
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Studies 1 and 2. In Study 1, participants encoded
neutral target images in either a negative arousing
context or neutral non-arousing context. We hypoth-
esised that gist memory would be enhanced for par-
ticipants in the negative encoding condition, relative
to neutral, based on previous research which found
a negatively arousing encoding context was associ-
ated with in increased accuracy for gist information.
To test the effects of a positive valence encoding con-
dition, participants encoded neutral target images in
either a positive arousing context or neutral non-
arousing context in Study 2. Based on evidence that
prolonged exposure to positive stimuli results in posi-
tive mood, which has been found to impair working
memory and increase memory inconsistencies, we
hypothesised that a positive encoding context
would result in impairment of both gist and detail
accuracy for neutral information, relative to a neutral
encoding context. Last, to directly compare memory
between negative and positive encoding conditions,
participants in Study 3 encoded neutral target
images in one of three emotional contexts: positive
arousing, negative arousing, and neutral non-arous-
ing. We expected to replicate our findings from
Studies 1 and 2 and pre-registered these hypotheses.
In Study 3, we also introduced a potential mechanism
through which emotional encoding contexts
influence memory: attentional breadth. We hypoth-
esised the positive context would result in increased
breadth of attention, evidenced by a global bias in
attention on the local-global visual processing task
(Kimchi & Palmer, 1982) relative to participants in
the neutral and negative encoding contexts. Further,
we hypothesised that breadth of attention would be
associated with memory accuracy such that greater
breadth of attention would be associated with
greater memory impairment.

Study 1: negative v. neutral encoding

Participants

In total, 206 participants were recruited from a large
coastal university to participate in the present study.
The study included a one-hour session in the labora-
tory and a follow-up survey emailed to participants
24 hours after leaving the lab, which was completed
online via Qualtrics (Provo, UT, 2015). Of the total
206 participants, 191 participants completed the
memory survey emailed the day following partici-
pation in the lab session (i.e. the questionnaire

completed online approximately 24 h later). While in
the lab, participants also completed the Chapman
Infrequency Scale (Chapman & Chapman, 1983). This
scale consists of 13 items (e.g. “I find that I often
walk with a limp, which is the result of a skydiving
accident”) designed to screen for careless or invalid
responses and was embedded amongst other survey
items. As is common practice, participants who
endorsed three or more of these items (n = 15) were
excluded from analyses (e.g. Brown et al., 2007;
Chmielewski et al., 1995; Cicero et al., 2019; Kwapil
et al., 2017; Martin & Kerns, 2010). On average, partici-
pants completed the follow-up memory question-
naire within 8 minutes of opening it (M= 8.12
minutes), with 96.9% of participants completing the
survey in less than 32 minutes. The next closest par-
ticipant completed the questionnaire in 92 minutes,
which was 20 times greater than the standard devi-
ation (SD = 4.12 minutes) of the preceding 96.9% of
participants. Thus, participants were excluded if they
spent 32 minutes or more completing the question-
naire as we reasoned this indicated careless respond-
ing (n = 2, 147 and 152 minutes). After these
exclusions, our sample included 176 participants,
with 94 participants in the neutral condition and 82
participants in the negative condition. Individuals in
negative and neutral condition did not differ on any
demographic variables, including age (χ2(4) = .74, p
= .94), sex (χ2(2) = 1.48, p = .47), and ethnicity (χ2(4)
= 3.40, p = .49) (Table 1).

Measures and materials

Encoding task
Subjects in each condition (neutral, negative) viewed
a series of images accompanied by a voice recording
narrating the images. Following previous research by
Adolphs et al. (2005), participants viewed five neutral
images (i.e. target images) that were embedded in
either a neutral or negative context using six encod-
ing images. In total, participants viewed 11 images
that were each presented for 20 s. While each image
was on the screen, participants listened to a narrative
linking the images (see Appendix for the narratives).
Images were either selected from the International
Affective Picture System (IAPS; Lang et al., 2008;
Neutral = 8; Negative = 6) or from an Internet search
(Neutral = 3; available from the author upon request).1

Both conditions shared the same five target
stimuli, which were the subject of a subsequent
memory task. The remaining six images, hereby
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Table 1. Descriptive statistics [means (standard deviations)] for demographics.

Study 1 (n = 176) Study 2 (n = 143) Study 3 (n = 210)

Sex [n (%)] Female 147 (83.5%) 118 (82.5%) 176 (83.8%)
Age [n (%)] 20.40 (3.03)

17 and under 2 (1.1%) 1 (0.6%)
18–21 154 (87.5%) 113 (79.7%)
22–25 14 (7.9%) 21 (14.68%)
26–30 4 (2.2%) 1 (0.6%)
31 and over 2 (1.1%) 5 (3.4%)

Race [n (%)]
Asian 76 (43.1%) 79 (55.2%) 90 (42.85%)
African American 5 (%) 1 (0.6%) 9 (4.28%)
Caucasian 22 (12.5%) 17 (11.8%) 28 (13.33%)
Latino/Latina 55 (31.2%) 35 (24.4%) 67 (31.90%)
Other/Decline 18 (9.6%) 9 (4.1%) 16 (7.61%)
Mood Condition Negative (n = 82) Neutral (n = 94) Positive (n = 70) Neutral (n = 73) Positive (n = 70) Negative (n = 71) Neutral (n = 69)

Sex [n (%)] Female 67 (81.7%) 80 (85%) 58 (82.8%) 60 (84.9%) 61 (87.14%) 57 (80.2%) 58 (84.05%)
Age [n (%)] 20.01 (3.03) 20.46 (4.01) 20.72 (2.77)

17 and under 1 (1%) 1 (1%) 1 (1.3%) 0 (0.0%)
18–21 73 (89%) 81 (87%) 56 (63%) 57 (81.4)
22–25 5 (6.1%) 9 (9.6%) 9 (12%) 12 (17.1%)
26–30 2 (2.4%) 2 (2.1%) 1 (1%) 0 (0.0%)
31 and over 1 (1%) 1 (1%) 1 (1%) 4 (5.7%)

Race [n (%)]
Asian 36 (38%) 40 (48%) 41 (1%) 38 (54.2%) 90 (42.85%) 90 (42.85%) 90 (42.85%)
African American 1 (1.2%) 4 (4.8%) 0 (0.0%) 1 (1.4%) 9 (4.28%) 9 (4.28%) 9 (4.28%)
Caucasian 13 (13%) 9 (10.9%) 5 (6.8%) 12 (17.1%) 28 (13.33%) 28 (13.33%) 28 (13.33%)
Latino/Latina 23 (24%) 32 (39%) 17 (23.2%) 18 (25.7%) 67 (31.90%) 67 (31.90%) 67 (31.90%)
Other/Decline 9 (9.6%) 9 (11.25%) 4 (%) 5 (%) 16 (7.61%) 16 (7.61%) 16 (7.61%)

778
M
.M

.M
O
O
RE

ET
A
L.



referred to as encoding images, differed by condition
to create an emotional or non-emotional context for
the target stimuli. Thus, the series of images consisted
of alternating target and encoding images such that
each target image was flanked by encoding images.
IAPS images were chosen based on their normative
ratings of valence (1 = extremely pleasant, 9 = extre-
mely unpleasant) and arousal (1 = no bodily reaction,
9 = extreme bodily reaction). Target stimuli were the
same in both conditions and were neutral in valence
(M= 5.06, SD = 2.00) and arousal (M= 3.28, SD = .53).
Encoding images were neutral or negative, corre-
sponding to condition. Encoding stimuli differed in
valence and arousal such that negative encoding
images (M= 2.26, SD = .27) were significantly lower
in valence (i.e. more negative) than neutral encoding
images (M= 4.82, SD = .70), t(10) = 6.19, p = .04, and
negative encoding images (M= 5.60, SD = .98) were
significantly higher in arousal than neutral encoding
images (M= 3.83, SD = .48), t(10) = 7.59, p < .001.

While viewing the images, participants listened to
an audio recording corresponding to the encoding
images. In the neutral encoding condition, partici-
pants listened to a story about a mother completing
various errands and tasks, such as filling the car with
gasoline and taking her daughter to a dentist appoint-
ment. In the negative encoding condition, partici-
pants listened to a story about a mother who must
go to the scene of a car accident to find her daughter,
where she learns her daughter is deceased. Before
viewing and listening to the slideshow, participants
were told this study was interested in measuring
their creativity. Participants believed they would be
asked to view a series of images and write a story con-
necting the images, and that this slideshow was an
example. Participants then viewed and listened to
the slideshow, and upon completion, participants
viewed two neutral images then wrote a story to
connect them. Participants did not know this study
was interested in their memory for images from
what they believed to be an example of how to
write a narrative, and participants were not aware
the follow-up survey would include memory
questions.

Before viewing and listening to the narrative sli-
deshow, participants rated a series of emotion
terms to measure positive affect (joy, love, amuse-
ment, interest, happiness) and negative affect
(unhappiness, disgust, fear, anxiety, sadness, con-
tempt) on a 9 point scale (1 = not at all/ none, 9 =
extremely/ a great deal). Participants rated these

same emotion terms again upon completing the
slideshow.

Memory task
Participants were emailed a follow-up survey 24-hours
after leaving the laboratory. On average, participants
completed the follow-up survey in 8 minutes (M=
8.16, SD = 4.20) and finished the survey 36 h after
the laboratory session (M= 36.5 SD = 31.5). The
purpose of this survey was to test memory accuracy
for gist and detail of the neutral target images. As a
validity check of the emotional properties of the
stimuli, this survey also asked participants to rate
the valence and arousal of the images viewed in the
laboratory. We asked participants to rate these
images at the 24-hour follow-up so they would not
be re-exposed to the images before completing the
memory test because this could alter their memory
accuracy. Gist and detail were defined in accordance
with previous literature as general information essen-
tial to the meaning of the image, and background
information or irrelevant visual details, respectively
(Adolphs et al., 2001). Accordingly, memory questions
were based solely on visual information contained in
the neutral target images. In total, participants were
asked 15 multiple choice questions about gist infor-
mation and 10 questions about detail information,
with four alternatives per question. Participants were
not asked about any encoding images, or the audio
narrative. After completing the memory questions,
participants rated valence (1= extremely pleasant, 9
= extremely unpleasant) and arousal (1 = extreme
bodily reaction, 9 = no bodily reaction) for images pre-
viously seen in the lab.

Procedures

Before arriving, participants were randomly assigned
to either a negative or neutral encoding condition.
After obtaining consent, participants began the
encoding task. After completing the encoding task,
participants completed an unrelated task containing
no emotional stimuli and several computer-based
questionnaires. Participants were thanked, debriefed,
and informed a follow-up survey would be sent to
them via email on the following day.

Statistical approach

Because participants were asked a different number of
gist vs. detail questions (15 vs. 10 questions), detail
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memory scores were weighted by a factor of 3/2
before hypothesis testing. Then, a mixed ANOVA
was conducted to examine whether a negative
encoding condition differentially affected memory
compared to a neutral encoding condition. Next, we
performed a series of validity checks, reported in full
in the supplementary materials, to ensure our encod-
ing conditions were properly designed across studies
(i.e. each condition was comprised of images of the
desired valence). When violations of the assumption
of equal variances occurred, degrees of freedom
have been adjusted. Effect sizes were calculated
using partial η2 and d values. According to Cohen
(1969, pp. 278–280; for a recent review, please see
Richardson, 2011) partial η2 values of .0099, .0588,
and .1379, ought to be interpreted as small,
medium, and large in size, respectively. Similarly,
according to Cohen (1988, pp. 24–26), d values of .2,
.5, and .8 ought to be interpreted as small, medium,
and large, respectively.

Study 1 results

Negative encoding condition does not
enhance gist memory

We conducted a 2 (memory type: gist vs. detail) x 2
(encoding condition: negative vs. neutral) mixed
ANOVA with memory type as the within-subjects vari-
able and encoding condition as the between-subjects
variable. We found a main effect of memory type, F
(1,174) = 493.0, p < .001, partial η2= .73, such that gist
accuracy was greater than detail accuracy in both the
negative and neutral encoding conditions, and this
effect was very large in magnitude. There was no
main effect of condition, F(1,174) = .12, p = .72, partial
η2= .001, and no interaction between memory score
and condition, F(1,174) = .47, p = .49, partial η2 = .003.
Thus, encoding information in a negative or neutral
context had similar effects on memory.

Post-mood ratings consistent with encoding
condition

Participants in the negative and neutral conditions
showed no differences in baseline positive or negative
emotion (ps > .09). As expected, participants in the
negative condition showed increased negative affect
post-task relative to those in the neutral encoding
condition (ps < .001, for the full analyses, please see
our supplementary materials).

Valence and arousal of stimuli consistent with
encoding conditions

Neutral target images were rated neutral in valence
and arousal by both conditions (ps > .15). As expected,
encoding images used in the negative condition were
rated more negative in valence than encoding images
used in the neutral condition and negative encoding
images were significantly higher in arousal than
neutral encoding images emotion (ps < .001, see sup-
plementary materials).

Results replicated when participants who
reported closing their eyes were excluded

We conducted the same series of the analyses after
removing people who reported closing their eyes in
response to the stimuli and all findings were repli-
cated (main effect of memory type, F(1,104) =
259.78, p < .001, partial η2 = .71, no main effect of
condition, F(1,104) = .37, p = .54, partial η2 = .004; see
supplementary materials).

Study 1 discussion

Despite successfully creating an emotional
context during encoding (see Table 2 for pre- and
post-encoding affect ratings), we found no evidence
that a negatively arousing context at encoding
enhances gist memory (see Figure 1 for proportion
of gist and detail questions correctly answered at
follow-up). Further, we found no differences in
memory accuracy for either gist or detail scores
between conditions. At face value, these
results appear to suggest encoding information in
an emotional context may not be sufficient to
alter memory accuracy for neutral information.
However, Study 1 was limited to examining the
effects of negative valence, and previous research
suggests positive valence can influence memory
accuracy (Kensinger & Schacter, 2006; Levine &
Bluck, 2004; Martin & Kerns, 2011). Many studies
examining the effects of an emotional context on
memory have failed to include a positive condition
(e.g. Adolphs et al., 2005; Jaeger et al., 2009; Kim
et al., 2013; Rimmele et al., 2011; Touryan et al.,
2007), therefore, we designed Study 2 to extend
the literature and examine whether a
positively arousing context at encoding produces a
different outcome on memory accuracy, relative to
neutral.
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Study 2: positive v. neutral encoding

Participants

Inclusion criteria were identical to Study 1, for detailed
information regarding participant inclusion criteria,
please see the supplemental analysis. After all exclu-
sions, our sample included 143 participants, with 73
participants in the neutral condition and 70 partici-
pants in the positive condition. Individuals in positive
and neutral condition did not differ on any demo-
graphic variables, including age (χ2(4) = 4.06, p = .39),
sex (χ2(2) = 2.36, p = .30), and race/ethnicity (χ2(4) =
3.96, p = .41).

Measures and materials

Encoding task
The encoding task used in Study 2 was identical in
design to the task used in study one. Again,
images were selected from the International

Affective Picture System (IAPS).2 For Study 2, we
modified the emotional encoding condition by
replacing negative images with positive images to
create a positively valenced encoding condition.
The accompanying narrative was altered to a story
in which a mother has an exciting daytrip to the
beach and spends time with her family. The
neutral condition remained the same. Target
stimuli were the same in both conditions and were
the same as Study 1. Encoding images differed in
valence and arousal between conditions such that
positive encoding images (M= 7.57, SD = .37) were
significantly higher in valence (i.e. more positive)
than neutral encoding images (M= 4.82, SD = .70), t
(10) = 8.23, p < .001, and positive encoding images
(M= 5.39, SD = 1.39) were significantly higher in
arousal than neutral encoding images (M= 3.83,
SD = .48), t(10) = 3.93, p < .003. Critically, positive
encoding images (M= 5.39, SD = 1.39) and negative
encoding images used in Study 1 (M= 5.60, SD

Table 2. Means and standard deviations of affect ratings.

Study 1 Study 2 Study 3

Condition Neutral Negative Neutral Positive Neutral Negative Positive

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Positive Affect
Baseline 5.16 1.43 4.77 1.66 4.90 1.46 4.90 1.33 4.32 1.68 4.33 1.55 4.51 1.53
Post-task 3.08 1.04 3.51 1.67 3.30 1.48 4.54 1.74 3.04 1.95 2.04 0.97 4.55 1.99
Negative Affect
Baseline 2.76 2.69 1.20 1.17 2.71 1.46 2.70 1.22 2.83 1.18 2.56 1.17 2.61 1.08
Post-task 1.79 0.79 4.72 1.54 1.76 0.85 1.75 0.73 1.76 0.88 4.67 1.57 1.83 0.85

Figure 1. Proportion of gist and detail questions correctly answered at a 24-hour follow-up.
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= .98) did not differ in arousal, t(10) = .301, p = .76.
Positive encoding images were higher in valence
than negative encoding images (M= 2.26, SD = .27),
t(10) = 27.90, p < .001.

Memory task
The memory task was identical to Study 1. On
average, participants completed the follow-up
survey in approximately 9 minutes (M= 9.6, SD = 6.2)
and finished the survey 32 hours after the laboratory
session (M= 32.2, SD = 10.98).

Procedures

All procedures were identical to Study 1.

Statistical approach

The statistical approach for Study 2 was identical to
Study 1.

Study 2 results

Positive encoding condition impairs gist and
detail memory

We tested whether participants in the positive
encoding condition displayed decreased memory
accuracy relative to participants in the neutral
encoding condition by conducting a 2 (memory
type: gist vs. detail) x 2 (encoding condition: positive
vs. neutral) mixed ANOVA. We found a main effect
of memory type, F(1,141) = 274.44, p < .001, partial
η2 = .66, such that gist accuracy was greater than
detail accuracy in both the positive and neutral
encoding conditions, and this effect was very large
in magnitude. We also found a main effect of con-
dition, F(1,141) = 12.9, p < .001, partial η2 = .084,
such that participants in the positive condition
correctly answered fewer gist and detail questions
correctly than participants in the neutral condition,
and this effect was medium in magnitude. There
was no interaction between memory type and con-
dition, F(1,141) = .812, p = .36, partial η2 = .006.
Thus, in contrast to Study 1 where there were no
memory differences between the negative and
neutral encoding conditions, memory of those in
the positive encoding condition was significantly
worse than the memory of those in the neutral
encoding condition for both gist and detail
information.

Post-mood ratings consistent with encoding
condition

We found no difference in baseline negative or base-
line positive emotion (ps > .93). As expected, partici-
pants in the positive condition reported increased
positive affect at post-task (p < .001), relative to par-
ticipants in the neutral condition. We found no differ-
ences in post-task negative affect (p = .89, see
supplementary materials).

Valence and arousal of stimuli consistent with
encoding conditions

As expected, we found no differences in ratings of
valence or arousal for target images between con-
ditions (ps > .40). Images used in the positive con-
dition were rated more positive in valence than
encoding images used in the neutral condition (p
< .001), and arousal did not differ between positive
and neutral encoding images (p = .06, see supplemen-
tary materials).

Results replicated when participants who
reported closing their eyes were excluded

We conducted the same series of the analyses after
removing people who reported closing their eyes in
response to the stimuli and all findings were repli-
cated (main effect of memory type, F(1,119) =
275.55, p < .001, partial η2 = .69; main effect of con-
dition, F(1,119) = 14.15, p < .001, partial η2 = .10; see
supplementary materials).

Study 2 discussion

Studies 1 and 2 aimed to examine the effects of an
emotional encoding context on memory by varying
levels of valence and arousal while holding constant
the information being encoded. In Study 1, we
found a negatively arousing encoding context did
not alter memory for neutral gist or detail information,
relative to a neutral non-arousing encoding context.
In Study 2, we found a positively arousing encoding
context broadly impaired memory, resulting in
worse gist and detail accuracy relative to a neutral
non-arousing encoding context. However, the effect
of valence independent of arousal has yet to be exam-
ined. That is, Studies 1 and 2 do not address how a
negatively arousing encoding context influences
memory relative to a positively arousing context.
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Therefore, Study 3 was designed to directly test this
comparison; all aspects of the study were pre-regis-
tered with Cognition and Emotion.

Study 3: positive v. negative v. neutral
encoding

In Study 3, we included all encoding conditions (posi-
tively arousing, negatively arousing, neutral non-
arousing). In line with our findings from Studies 1
and 2, we hypothesised that gist and detail memory
for neutral information would not differ between a
negatively arousing and neutral non-arousing
context, while a positively arousing encoding
context would result in worse memory for both gist
and detail information.

Methods

Pre-registered hypotheses, stimulus materials, and
data can be accessed here: osf.io/ytq4c.

Participants

Our power analysis, conducted using the pwr package
(Champely, 2018) for R (R Core Team, 2016), found we
needed 69 participants in each group to detect a
medium effect (Cohen’s f = .60) with 90% power.
This calculation was conducted using Cohen’s f, a stat-
istic which can be used to estimate effect size for one-
way ANOVAs (Cohen, 1988). We expected to exclude
10% of our total sample for failure to complete the
follow-up memory test, and 10% of our total
samples for careless and invalid responding using
the Chapman Infrequency Scale, thus, we aimed to
recruit 85 participants per condition. Therefore, in
total, we aimed to recruit 255 participants. Inclusion
criteria were identical to Studies 1 and 2; for detailed
information regarding participant inclusion criteria,
please see the supplemental analysis. After all exclu-
sions, our sample included 210 participants, with 70
participants in the positive condition, 71 participants
in the negative condition, and 69 participants in the
neutral condition. Individuals in positive, negative,
and neutral conditions did not differ on any demo-
graphic variables including age, F(2,207) = .97, p
= .38, sex (χ2(4) = 9.26, p = .05), and race/ethnicity,
(χ2(8) = 6.97, p = .53).

Measures and materials

In Study 3, we combined materials from Study 1 and 2
to compare all three emotional encoding conditions
within one study. The materials, procedures, and stat-
istical analysis plan for Study 3 were identical to those
of Study 1 and Study 2 with the exception that partici-
pants completed a new, additional task, the local-
global task, immediately following the encoding
task. Last, Study 3 used the same validity checks as
Studies 1 and 2.

Local-global task
After completing the positive, negative, or neutral
audiovisual narrative, participants completed Kimchi
and Palmer’s (1982) local-global visual processing
task. In this task, participants are presented with a
standard figure, which has one global element made
up of smaller local elements, and two comparison
figures. One comparison figure contains the same
local elements as the standard figure, while the
other has the same global element. Participants
were asked to indicate which comparison figure is
most similar to the standard figure, and the task is
scored by counting the number of times participants
select the comparison figure which shares a global
element with the standard figure. Thus, this task
serves to measure participant’s breadth of attention,
whereby higher scores indicate broader attention
while lower scores indicate a focus on local elements.

Procedures

All study procedures were identical to Studies 1 and 2.

Statistical approach

As in Studies 1 and 2, detail memory scores were
weighted by a factor of 3/2 before hypothesis
testing. To test the hypothesis that encoding contexts
differentially affected memory accuracy, a mixed
ANOVA was conducted. Levene’s test indicated that
group variances were approximately even, thus
Tukey’s HSD post-hoc tests were reported to deter-
mine differences between conditions following a sig-
nificant main effect. Effect sizes were calculated using
partial η2 or d values as appropriate. Please see page
13 for interpretations of effect size. To test the
hypothesis that encoding context differentially
affected attentional breadth, a one-way ANOVA was
conducted. To follow-up significant main effects of
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encoding context, group differences was determined
using the same series of post hoc analyses described
above. Last, we completed similar validity checks as
in Studies 1 and 2, reported in full in the supplemen-
tary materials.

Study 3 results

Positive encoding condition impairs gist and
detail memory

We tested whether participants in the positive encod-
ing condition showed decreased memory accuracy
relative to participants in the neutral and negative
encoding conditions by conducting a 2 (memory
type: gist vs. detail) x 3 (encoding condition: positive
vs. neutral vs. negative) mixed ANOVA. We found a
main effect of memory type, F(1,207) = 44.19, p
< .001, partial η2 = .68, such that gist accuracy was
greater than detail accuracy in all encoding con-
ditions, and this effect was very large in magnitude.
We also found a main effect of condition, F(2,207) =
3.49, p = .03, partial η2 = .033, small in magnitude.
There was no interaction between memory type and
condition, F(2,207) = .37, p = .68, partial η2 = .004. To
follow-up the significant main effect of condition,
we conducted Tukey’s HSD post-hoc tests. Neutral
and negative encoding conditions did not differ in
memory accuracy, p = .829, d = .09. At the same
time, participants in the positive condition exhibited
decreased accuracy relative to participants in the
neutral condition, p = .03, d = .25. Last, the negative
and positive encoding conditions did not differ in
accuracy, p = .12, d = .15, although there was a trend
towards decreased accuracy in the positive encoding
condition. Based on the results of the validity checks
reported below, we ran the same ANOVA with
neutral target valence ratings as a covariate. The
addition of the covariate did not change the pattern
of results (e.g. the effect of condition remained signifi-
cant F(2,206) = 3.34, p = .03, partial η2 = .031).

Attentional breadth did not differ by condition

We ran a one-way ANOVA comparing attentional
breadth between the conditions. We found no differ-
ence in attentional breadth, F(2,207) = 0.68, p = .50.
Thus, contrary to our hypothesis, the positive mood
condition did not elicit greater cognitive broadening
relative to neutral and negative conditions.

Post-mood ratings consistent with encoding
condition

We found no difference in baseline negative or base-
line positive emotion (ps > .30). Participants in the
positive condition reported increased positive affect
post-task, relative to participants in the negative and
neutral conditions (ps < .001). Further, participants
in the negative condition reported increased negative
affect post-task relative to participants in the positive
and neutral conditions (ps < .001). Participants in the
neutral and positive conditions did not differ on post-
task negative emotion (p = .93; see supplementary
materials).

Valence and arousal of stimuli consistent with
encoding conditions

Although we found no group differences in arousal
ratings (p = .77) for neutral target images, participants
in the negative encoding condition rated neutral
targets as less negative/more positive than partici-
pants in the neutral and positive conditions (p
< .001). The bipolar valence scale used in the current
study denotes “5” as the neutral midpoint, thus all
conditions deviated small amounts around the
neutral midpoint in rating neutral targets, suggesting
participants viewed the images as neutral as
intended. However, these results suggest target
image ratings were influenced by a negative
emotional encoding context.

Last, participants rated positive, negative, and
neutral encoding images consistent with the intended
valence. These ratings did not differ by condition (ps >
.21); for the full analyses, see our supplementary
materials.

Study 3 discussion

Study 3 aimed to replicate our findings from Studies 1
and 2 while allowing for a direct comparison between
the previous positive and negative conditions. Con-
sistent with Study 1, there were no memory differ-
ences between the negative and neutral encoding
conditions. Consistent with Study 2, participants in
the positive condition exhibited worse memory rela-
tive to the neutral condition. Last, Study 3 allowed
for a direct comparison of memory accuracy
between differently valenced emotional encoding
conditions, and we found no significant difference in
memory between those in the positive and negative
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encoding. In other words, we found that positive and
negative valence at encoding, independent of
arousal, did not result in different patterns of
memory accuracy 24 hours later.

General discussion

Decades of research suggests that emotion tends to
enhance memory, and further, that when emotion
fails to enhance memory, it is due to the detrimental
effects of high arousal. Yet these general principles do
not paint a complete picture of the complex influence
of emotion on memory. To avoid perpetuating reduc-
tive accounts, researchers have called for a more
nuanced approach to the study of emotional
memory (Bennion et al., 2013). To that end, we sys-
tematically examined the influence of valence and
arousal on memory and identified important bound-
ary conditions of these general principles.

Across three studies we varied valence and arousal
levels at encoding to examine whether memory for
neutral information would differ when encoding
occurred during various emotional contexts (negative
arousing, positive arousing, or neutral non-arousing).
In Studies 1 and 3, negative emotion did not
enhance gist accuracy as expected (e.g. Adolphs
et al., 2005). Instead we found that encoding neutral
information in a negatively arousing context did not
affect memory. In Studies 2 and 3, we found that
encoding neutral information in a positively arousing
context resulted in significantly decreased memory
accuracy. In Study 2, this effect was medium in size,
however, the magnitude of this effect in Study 3
was small. Negative and positive conditions were
carefully matched in level of arousal, suggesting
memory impairment associated with the positive con-
dition was not purely a function of arousal. At the
same time, in Study 3 memory did not significantly
differ between positive and negative conditions,
suggesting the impairment associated with positive
emotion was also not purely a function of valence.

The current findings are problematic if we believe
emotion always enhances memory unless there is
sufficiently high arousal to impair memory. We
contend these results fit into a larger pattern within
the literature whereby emotion during encoding
does not indiscriminately enhance all types of infor-
mation in memory. Sedikides and Skowronski (2020)
recently noted the common refrain “bad is stronger
than good” does not, and indeed was not intended
to, apply to memory (Baumeister et al., 2001,

pp. 343–344). Instead, they argue certain contexts
foster better memory for positive or negative infor-
mation and “this variability [in memory] is sensible”
(Sedikides & Skowronski, 2020, p. 89). Stimulus
factors, namely valence of the information and rel-
evance/centrality of the information to the self, are a
sensible way to predict how well people will remem-
ber certain information. In other words, to the extent
that information can be used for self-regulatory pro-
cesses, especially those promoting self-enhancement,
that information tends to be enhanced in memory.

Sedikides and Skowronski’s view (2020) is consist-
ent with a wealth of literature suggesting emotion
enhances memory by directing cognitive resources
towards the encoding of goal-relevant information
(Arnold, 1960; Levine & Edelstein, 2009; Oatley &
Johnson-Laird, 2014; Scherer, 2019). People are
strongly motivated to achieve their goals and
become frustrated when these attempts are
blocked, thus goal-relevant information is typically
considered relevant and central to the self (Levine &
Pizarro, 2004). In the current studies, participant
memory was tested for neutral information that was
not directly relevant to the participant’s view of them-
selves or their goals. Thus, our finding that negative
encoding did not enhance memory for neutral infor-
mation is consistent with theory that suggests infor-
mation enhanced by emotion in memory is
characterised by self-centrality and goal-relevance.
Given that participants were tested on the same
neutral information in all conditions, our finding that
a positive encoding context did not enhance
memory is also consistent with this theory.

Although there was a numerical trend for partici-
pants in the positive condition to show decreased
memory accuracy, this effect was very small in size
and only significant when compared to the neutral
condition. These results are suggestive a pattern
whereby memory is not altered solely by emotional
arousal. At the same time, given the nonsignificant
difference between positive and negative conditions,
effects of emotion on memory are also not solely
attributable to valence. Instead, it is possible that
valence and arousal interact to influence memory.
To clarify how valence and arousal interact to
influence memory, future research could vary not
only valence but also arousal levels within
each valence condition to tease this possible
interaction apart.

At the same time, previous research suggests
mechanisms other than emotional arousal alter
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memory (Kaplan et al., 2012). Research and theory
suggest that emotion can alter information proces-
sing styles by altering breadth of attention, with
downstream effects on memory accuracy. To
examine this mechanism, the current research admi-
nistered a local-global processing task (Kimchi &
Palmer, 1982) after the emotional encoding task and
found no differences between any of the mood con-
ditions. Theory suggests that regardless of valence
only “post-goal” emotion elicits cognitive broadening
because the function of broadening is to assist in
seeking new goals (Kaplan et al., 2012). In other
words, cognitive broadening is expected to occur
with positive valence when positive affect is elicited
in response to goal achievement. At the same time,
cognitive broadening is expected to occur with nega-
tive valence when negative emotion is elicited in
response to irrevocably lost goals or goal failure to
aid in disengagement from an unattainable goal.

The current results found all three emotional con-
texts were associated with a similar breadth of atten-
tion. In other words, the positive condition did not
elicit cognitive broadening when compared to nega-
tive and neutral. This lack of influence on infor-
mation processing style may explain the small
effect sizes of emotion on differences in memory
accuracy. None of the emotional contexts in this
study induced affect associated with goal-pursuit,
which would narrow attentional breadth. Instead,
emotional contexts in the current study elicited
“post-goal” emotion that either signalled the
environment was safe and predictable (positive
and neutral contexts) or that current goals were
unattainable (negative context). Despite subjective
differences in these emotional experiences, all
promote seeking of new goals and broad attentional
focus. A next step in understanding the relationship
between mood, information processing style, and
memory, would be to administer the local-global
processing task before and after mood manipula-
tions to assess whether within-subject changes in
processing style are associated with different pat-
terns of memory accuracy. Future research could
also compare discrete emotional states that are
matched in valence but differ in motivation
(Kaplan et al., 2012). For example, two positive con-
ditions may be excitement (high-approach, narrow
attentional focus) and amusement (low-approach,
broad attention).

Overall, our pattern of results is consistent with
theory suggesting that valence and arousal intersect

to influence patterns of memory accuracy (e.g. Ken-
singer, 2009). When stimuli are neutral in valence,
and are therefore by definition irrelevant to a partici-
pant’s goals and self, negative mood did not have an
enhancing effect on memory. Instead, positive mood
was uniquely associated with decreases in memory
accuracy, but only when compared to a neutral
encoding context. Given that positive and negative
contexts differed in valence but were matched on
arousal, this small effect was not solely attributable
to increased emotional arousal and the current
results cannot conclude it is specific to positive
valence. Broadly, the current series of studies are
part of a movement to challenge commonly and
closely held beliefs about emotion and memory
(Bennion et al., 2013; Sedikides & Skowronski, 2020).

Notes

1. Target images (IAPS; 2032, 2383, 2377, 2411, 2480). Neutral
encoding images (IAPS; 2026, 2279, 2745.1). Negative
encoding images (IAPS; 9905, 9920, 3400, 3225, 3181,
9220). Because normative ratings for the images selected
from the Internet search were not available, we used par-
ticipant ratings in the following analyses.

2. Target images (IAPS; 2032, 2383, 2377, 2411, 2480).
Neutral encoding images (IAPS; 2026, 2279, 2745.1), Posi-
tive encoding images (IAPS; 2360, 2091, 8492, 2388,
2070, 7325).
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Appendix

Neutral and positive narratives.

Neutral and positive narratives
Neutral Positive

Image 1 A normal day for one family starts at seven so the father can get
to work and the mother can get their kids to school.

On her day off, the mother wakes up to find that her husband has
made her favorite breakfast to surprise her.

Image 2 Early in the morning, the mother is getting ready for the day. After eating, she gets ready for the day.
Image 3 Following her routine, the mother has coffee with breakfast. The mother and two of her youngest children play with the

family’s new kittens before the children leave for school.
Image 4 The mother receives a call from the dentist’s office reminding

her that her younger daughter has an appointment later this
afternoon.

The mother receives a call from the doctors office with results
from a routine check-up. She is very healthy and has no
medical issues.

Image 5 On her way to pick up her younger daughter from school, the
mother stops to put gasoline into her car.

The mother packs some snacks and treats for tomorrow, the
family is going to an amusement park together.

Image 6 The mother thinks of her older daughter and hopes she made it
to class on time because she is always running late.

The mother pictures her older daughter, who is away at college
but will be coming home later today to spend the weekend
with the family.

Image 7 The mother and younger daughter make it to the appointment
on time, where her daughter has her braces adjusted.

The mother uses a skydiving voucher her family gave her for her
birthday. She has always wanted to try skydiving and finds that
she loves it.

Image 8 After her appointment at the dentist, the mother drops off her
younger daughter to finish her school day.

At school, the middle daughter looks up new recipes for the
family barbeque that night.

Image 9 The mother stops by the store to pick up last minute items for
dinner at their grandfather’s house.

While getting ready for dinner, the mother comes across an old
picture of one of her daughters and feels happy the whole
family will be together this weekend.

Image
10

The grandfather looks out the window as he hears his family
arrive.

The grandfather looks out the window as he hears his family
arrive for the barbeque

Image
11

The whole family helps clean up dishes at their grandfather’s
house before returning home.

The family enjoys swimming, barbequing, and laughing together
for the evening.

Neutral and negative narratives.

Neutral and negative narratives
Neutral Negative

Image 1 A normal day for one family starts at seven so the father can
get to work and the mother can get their kids to school.

The local morning news is broadcasting breaking coverage of a
multi-car crash that occurred this morning.

Image 2 Early in the morning, the mother is getting ready for the day. As she listens to the news, a mother is getting ready for the day.
Image 3 Following her routine, the mother has coffee with breakfast. The crash occurred just outside a high school, multiple cars and

many victims were involved. Many victims were high school
students.

Image 4 The mother receives a call from the dentist’s office reminding
her that her younger daughter has an appointment later this
afternoon.

A phone call from school tells the mother her older daughter did
not arrive to school this morning, she may have been in the
crash.

Image 5 On her way to pick up her younger daughter from school, the
mother stops to put gasoline into her car.

A detached hand is found at the scene and carefully saved in
hopes of being reattached later at the hospital.

Image 6 The mother thinks of her older daughter and hopes she made
it to class on time because she is always running late.

On her way to the scene of the crash, the mother pictures her older
daughter in her mind, trying to remember exactly what she
looks like.

Image 7 The mother and younger daughter make it to the
appointment on time, where her daughter has her braces
adjusted.

After searching for a while, the mother identifies a body as her
older daughter and is told she died upon impact.

Image 8 After her appointment at the dentist, the mother drops off her
younger daughter to finish her school day.

the mother thinks of her younger daughter, currently at school,
and dreads telling her about her sister’s death.

Image 9 The mother stops by the store to pick up last minute items for
dinner at their grandfather’s house.

The mother notices her daughter’s best friend, who was also in the
crash and survived. She goes to talk to her.

Image
10

The grandfather looks out the window as he hears his family
arrive.

The grandfather looks out the window as he hears his family
arrive, they are going to visit his granddaughter’s grave today.

Image
11

The whole family helps clean up dishes at their grandfather’s
house before returning home.

The family spends a quiet moment visiting the deceased girl’s
grave
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