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The events of our lives unfold over time. When remembering these events, we often reference
information about when they occurred and their sequential unfolding. How does negative emotion
affect our ability to reconstruct the elements of an event in the correct temporal order? This study
explored this question using naturalistic film stimuli. Human participants (N = 276) saw video clips
varying in emotion (high vs. low). Later, participants were asked to reconstruct the events in the
encoded order. Participants’ temporal-order memory was better in the high- versus low-emotion
condition. Free-recall data showed that participants remembered the high-emotion video with greater
vividness, though consistency of details did not differ, nor did spontaneous ordering of clips. Our
findings shed light on the multifaceted effects of negative emotion on memory, suggesting that highly
negative events are reconstructed with greater temporal fidelity when order is a task demand.

Theoretical and practical implications are discussed.

General Audience Summary
The act of remembering often involves reconstructing the order in which an event originally occurred.
This allows us to form coherent memories that are situated in a context in which we can visualize the
unfolding of events across time. We rely upon this aspect of memory not only in day-to-day reminiscing,
but also in legal settings, whereby witnesses are asked to recount their memory of how the event in
question occurred. Studies, however, have identified that emotion has complex effects on memory,
wherein emotion can enhance or impair certain elements of memory. This effect is less studied for
dimensions of memory related to time (i.e., memory for temporal information), particularly that of
temporal order. Considering the emotional nature of many of life’s important events and those related to
court cases and investigations, it is crucial to identify the exact relation between emotion and temporal-
order memory. Hence in this study, we sought to elucidate the influence of negative emotion on our
ability to reconstruct the temporal order of an event. We examined temporal-order memory for a film
excerpt, comparing memory between participants exposed to a high- versus low-emotion cut of the film.
We found that higher negative emotionality resulted in enhanced temporal-order memory. In an
ancillary free-recall task, we found that the high-emotion film was remembered with more episodic
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detail, yet the proportion of accurate details provided and the fidelity of spontaneously provided order
information did not differ between emotion conditions. Our results indicate that negative emotion can
augment our ability to recall events in an accurate temporal order when order is a task requirement, and
in doing so, allows one to recreate a timeline of salient life events.

Keywords: emotion, memory, movie, naturalistic, time

Supplemental materials: https://doi.org/10.1037/mac0000015.supp

Episodic memories allow for the recollection of specific spatio-
temporal events and can consist of varying levels of specificity
(Tulving, 1972). A robust body of literature indicates that emotion
facilitates detailed episodic memory (e.g., Cahill & McGaugh, 1995;
Kensinger & Corkin, 2003; LaBar & Cabeza, 2006). This emotional
memory enhancement effect has been demonstrated across a range
of stimuli and paradigms, for laboratory and real-world memoranda
alike (e.g., Ack Baraly et al., 2017).

However, the effects of emotion on memory are not uniform.
Emotion enhances memory for the “central” emotional content of an
event per se, while sometimes impairing memory for contextual
information (e.g., Kensinger et al., 2007) and associations with
centrally presented items, particularly when the emotional content
is negative and when there is a relational demand to the task (Bisby
et al., 2018; Madan et al., 2012, 2019; Palombo et al., 2021 also see
Chiu et al., 2013).

One aspect of context that has received surprisingly little attention
in studies of emotional memory is temporal context or remembering
when something occurred. In the present study, we explore how
varying emotion impacts the ability to remember temporal aspects of
an event. Here, we focus on negative (as opposed to positively
valenced) emotional stimuli as a first step. Although both negative
and positive emotions have been shown to enhance item memory,
the effects of positive emotion on associative and temporal proces-
sing are a little less consistent overall, in part due to challenges with
manipulating stimulus properties for positive stimuli (for review, see
Bowen et al., 2018; Clewett & Murty, 2019; Kensinger & Ford,
2020; Petrucci & Palombo, 2021). Here, we manipulate negative
emotion both in terms of arousal (i.e., how much excitement the
stimuli elicit) and valence (i.e., how negative—as opposed to
neutral—the stimuli are) to classify our stimuli in terms of high-
versus low-negative emotionality.'

Although studies of emotion and temporal memory are sparse,
some evidence suggests that emotion affects temporal memory. For
example, studies focusing on temporal duration suggest that nega-
tive events in particular are later remembered as being longer in
duration than neutral events (a more ambiguous pattern is observed
for positive events; reviewed recently in Petrucci & Palombo, 2021).
Less clear are the effects of emotion on memory for the temporal
order of occurrences, meaning the chronological sequence of
events—the focus of this study. Some evidence suggests that
both negative and positive emotions (Huntjens et al., 2015) or
only negative emotion (Maddock & Frein, 2009) impairs
temporal-order memory (also see de Montpellier et al., 2021 for
a similar finding in a study involving only negative stimuli) in tasks
involving temporal reconstruction or judgments of order. Free-recall
work suggests that emotion disrupts the tendency to recall items in
the order they occurred (Talmi et al., 2019). In contrast, there are

studies which show that emotion (in this case, both positive and
negative) enhances (Schmidt et al., 2011) or is unrelated to
temporal-order memory (Makowski et al., 2017).? Taken together,
these studies demonstrate ambiguity in the role of emotion in
temporal-order memory.

Another paradigm used to study memory for time involves
making source-memory judgments for sequentially encoded lists,
which perhaps represents a coarser appraisal of temporal-order
memory (Palombo & Cocquyt, 2020). Most such studies indicate
that emotion improves temporal source-memory judgments (e.g.,
D’Argembeau & Van der Linden, 2005; Rimmele et al., 2012; but
also see Hennings et al., 2021), and this effect is somewhat more
consistent for negative stimuli (see Petrucci & Palombo, 2021). Still,
it is unclear whether source-memory judgments rely solely upon
temporal information, as there may be other modulatory factors
influencing task performance. For example, enhanced source mem-
ory for emotional items may not be attributed wholly to information
drawn from temporal context—a strong binding to the context
formed across emotional items within a single block itself could
contribute to the enhanced temporal source judgment performance.
Nevertheless, given the possibility that such tasks may probe
temporal-order memory, these results further contribute to an overall
lack of clarity about the influence of negative emotion on temporal-
order memory.

To illuminate the role of negative emotion in memory for
temporal order, the present study investigates the effects of negative
emotion on temporal-order memory using a temporal-reconstruction
task. We used video clips from a movie as a means to emulate the
unfolding of real-life events. The studies reviewed above have
largely used static stimuli (images or words) as they afford great
experimenter control. Although the latter approach has yielded
insights, its ecological validity may be less robust for studying
temporal memory. Naturalistic stimuli—including film, spoken
narrative, or virtual reality—can more readily be employed to create
sequentially unfolding dynamic events to mimic emotional events
experienced in real life, such as witnessing a crime or an accident.
By harnessing the utility of naturalistic stimuli, the present study is

! This approach, namely, to consider both arousal and valence, is common
in studies involving emotional pictures (e.g., those that use the International
Affective Picture System or Nencki Affective Picture System databases). The
terms of high versus low emotionality are used in a relative manner in the
present study, whereby both measures of emotion were rated below neutral
on valence, but “high” is commensurate with “low.” In truth, achieving true
neutrality of emotion in events is challenging (Izard, 2007).

2 Palombo et al. (2021) showed no effect of negative emotion on temporal
precision, although negative emotion did affect bias (less bias for negative vs.
neutral stimuli). This study, however, did not probe temporal order.
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robustly designed to examine temporal-order memory for an emo-
tional event (with a focus here on negative emotion).

In this study, we edited selected clips from a movie to create two
experimental conditions (high- versus low-emotion; confirmed
through norming, see below); as noted above “high” is construed
in terms of highly negative and arousing. The movie selected, Pihu
(Screwvala et al., 2018), is a Hindi film featuring a toddler who is
alone in her home with her deceased mother. The clips in the movie
depict her exploring her home and range in emotional intensity from
mundane to intense (Figure 1). The high-emotion clips were initially
selected based on depicted content—specifically, the presence of
“shock value,” for example, a clip showing the deceased mother,
and unsettling occurrences, such as the toddler being in potentially
dangerous situations (for descriptions of the clips, see Table S1).
While the low-emotion clips did feature some degree of negative
undertones as the young toddler was pictured alone at home, the
clips were absent of strongly arousing and provoking scenes. We
examined temporal-order memory by asking participants to arrange
the clips into the order they were encoded. Due to the conflicting and
sparse literature, we opted not to make specific hypotheses about
whether temporal-order memory would be enhanced or impaired in
the high- versus low-emotion condition.

As a secondary goal, and to align our work with prior literature,
we sought to provide a richer understanding of the mnemonic
characteristics of emotional events by employing a free-recall
narrative approach commonly used in studies of autobiographical
memory (e.g., Diamond & Levine, 2020; McKinnon et al., 2015;
Wardell et al., 2021). Thus, we also asked whether our conditions
elicited differences in other aspects of memory, including the
richness and consistency of recall, as well as the extent to which
narratives are spontaneously recalled in the correct order.

Method
Participants

Participants in the present study were undergraduate students at
the University of British Columbia (UBC) who were recruited via
the UBC Human Subject Pool system and granted course credit in
exchange for participation. To be eligible, participants had to be

Figure 1
Video Stimuli Paradigm

W A NI I I T T T I T ITY
Pihu walks Pihu Pihu plays . I Pi
R to the living | carries a checks on near hot Ll otk Pihuplays | Pihu uses iy
up - deceased microwave | (13 more it bidet opens the
mom clips) fridge
19000000000 00000100001100 FERRRRRNRRRRNRINNRRRRRN}

between the ages of 18 and 35, fluent in English, and have normal or
corrected-to-normal vision. A norming experiment in an indepen-
dent group of participants (N = 160) was conducted prior to running
the main experiment (also see Supplemental Materials, including
Table S2) to confirm our emotion manipulation. To avoid confusion,
we use the nomenclature “norming” and “main” experiments when
needed. Both experiments in this study took place online due to
coronavirus disease (COVID-19) and were approved by the Beha-
vioural Research Ethics Board at the University of British Columbia.

A total of 373 students registered for the main study. Prior to the
study, participants were alerted to the possible triggering content in
the video clips related to death and were given the option to
withdraw from the study due to the sensitive material in the videos.
Of these participants, 97 were excluded, either because they did not
complete the entire study (N = 60), opted out of participation due to
trigger warnings (N = 19), or reported having seen the film
previously (N = 18). Of the remaining 276 participants included
in the study (high-emotion condition: N = 133; low-emotion
condition: N = 143), participants ranged in age from 18 to 35 years
(M = 20.79 years, SD = 2.63), though four participants did not
provide their age. Gender distributions are included in Supplemental
Materials (Table S3).

Given the novelty of our paradigm and online testing within our
laboratory, we did not perform an a priori power analysis. Instead,
we opted for a convenience sample (i.e., testing as many participants
as we could within the academic term, aiming for a minimum of 100
participants in each condition). For comparison, this is notably
larger than previous relevant studies that detected significant effects
(e.g., Huntjens et al., 2015, N = 56; Maddock & Frein, 2009, N =
38; Schmidt et al., 2011, N = 24; all within-subjects designs).

Materials

Stimulus material for the study was composed of video clips from
the Indian film, Pihu (Screwvala et al., 2018). The film is a Hindi
drama that depicts a 2-year-old toddler, named Pihu, who is alone
inside her house with her deceased mother. It can be inferred that her
mother died either by suicide or injuries inflicted as a result of
domestic violence. The film portrays a sequence of activities in

U T T T I T T N I I I I I Y
Pihu looks

Pihu walks Pihu Pihu eats i
Pihu wak Pihu
UWaKeS | tothe living | carriesa | Y ke aS | breadand | throush Plhuplays § Plhuuses § oo e
Emotion i room chair cake L around bidet

album fridge

7 min, 32 sec

Note. Video stimuli for high-emotion and low-emotion conditions. The start and end “bookend” clips in gray were identical in the two conditions, whereas the
middle 16 clips were either high or low in emotion. See the online article for the color version of this figure.
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which Pihu engages while unsupervised in the house, ranging from
mundane (e.g., brushing her teeth) to alarming (e.g., cooking on a
gas stove). While all scenes center on the unsupervised child, the
scenes were filmed such that they had no apparent correlation with
one another—a scene of Pihu watching television in the den would
be followed by a scene of Pihu engaging in an unrelated activity. As
such, temporal order can only be generated from watching the film
and relying on episodic memory to reconstruct the sequence of clips
(particularly after the film was edited, see below). In contrast, a
video of a car accident, for example, could be reconstructed
temporally based on prior and/or schematic knowledge about
how car accidents typically unfold.

As the full film consists of various scenes of differing levels of
emotionality, we spliced the film to produce 16 high- and 16 low-
emotion clips (see Supplemental Materials for norming). These clips
were ordered randomly, deviating from the sequence in which they
were shown in the original film.> As shown in Figure 1, the high-
emotion clips were compiled into a single, high-emotion video
stimulus, and the low-emotion clips were compiled into a single,
low-emotion video stimulus. Both videos began and ended with the
same three neutral clips (“bookend clips”) to account for primacy
and recency effects that might influence participant performance
(see Cahill & McGaugh, 1995). This resulted in one high-emotion
video composed of 22 clips, and one low-emotion video composed
of 22 clips, each of which was 7 min and 32 s in duration. Each clip
had a 1 s long fade-out into the subsequent clip.

Procedure

First, all participants completed a demographic and health survey
in order to characterize the sample, as well as a battery of ques-
tionnaires.* Participants were then randomly assigned to either the
high- or low-emotion condition.

Encoding

Participants watched the video specific to their assigned condition
and then rated the overall emotional arousal (1 = little to no
intensity, 5 = moderate intensity, 9 = extreme intensity) and valence
(1 =very negative, 5 = neutral, 9 = very positive) of the video using
9-point Likert scales. Prior to watching the video, participants had
been instructed that they would be “watching a video and answering
questions about the video.” There was no specific detail provided
about the nature of the questions. As noted earlier, a separate group
of participants in a norming study also provided arousal and valence
ratings (see Supplemental Materials; Figure S1), which confirmed
that the clips differed in the expected manner with respect to arousal
and valence (also see Figure 2). Participants were then asked to state
how long they thought the duration of the video was, a measure
which was included for an exploratory analysis to examine the
effects of negative emotion on remembered duration (see Supple-
mental Materials; for a review, see Petrucci & Palombo, 2021).

Free Recall

Next, participants were asked to type out everything they remem-
bered from the video in as much detail as possible. There were no
time restrictions for completing this task. An example description of
the Disney Pixar film Up (Rivera & Docter, 2009) was provided to

ensure participants understood the types of details we were request-
ing of them to provide (see Supplemental Materials).

Temporal-Order Reconstruction

Finally, participants were presented with an order-reconstruction
task, for which they were asked to arrange still images of the clips
(screenshots) into the order they recalled the clip appearing in the
video. These stills were representative of the content of the clip such
that the participant could identify what the clip was about just by
looking at the still image (e.g., the high-emotion clip where Pihu is
trapped in the refrigerator is represented by a front angle shot of her
sitting inside the refrigerator; the low-emotion clip where Pihu uses
the toilet is represented by a still of an overhead shot of Pihu getting
on the toilet). The three neutral clips at the start and end of each
video were excluded from this task. To decrease task difficulty, the
middle clips were presented in two separate blocks of eight clips
each. The clips were first sequenced in a random order in these two
blocks, then manipulated to ensure that the scenes across each block
were well matched in individual distance, mean distance, and mean
recency.

Distance was computed as how far apart each scene (correspond-
ing to the respective still shown in the task) was from the scene
which chronologically preceded it in the video. To provide a specific
example, if a block presents still shots of clips ordered 8, 5, 10, 4, we
compute the distance between Clips 4 and 5, Clips 5 and 8, and Clips
8 and 10. This yields distance scores of 1, 3, and 2, respectively.
Recency was computed as how far apart each scene (corresponding
to the respective still shown in the task) was from the very first clip
shown in the video. Going back to the example (Clips 8, 5, 10, 4),
the recency scores for these clips would be 7, 4, 9, and 3, respec-
tively. To attenuate order effects, the two blocks were counter-
balanced across participants.

Debrief

At the end of the study, participants were asked if they were
familiar with the film prior to the study and if they understood Hindi,
as there was some, albeit minimal, Hindi dialog in both the high- and
low-emotion videos. Participants were then debriefed.

Data Analysis

For all relevant variables, we assessed normality. Violations were
present for all variables (e.g., the Shapiro—Wilk test indicated a
deviation from normality; there were also varying degrees of
skewing apparent in histograms). Although analysis of variance
(ANOVA) is often robust to violations of normality in large sample
sizes with approximately equal samples, we nonetheless opt to
report only nonparametric tests throughout the article (n.b., the
pattern of results did not change when comparing a parametric
versus nonparametric approach for all variables).

3 To reduce variability across the conditions apart from the emotional
content, the clips included were consistent in that the scenes did not switch
within the clip itself, and each centered around a certain action Pihu was
doing.

4 Measures of clinical symptoms (e.g., anxiety) as well as personality traits
(e.g., empathy) were collected, but are beyond the scope of the present article
and not further reported here.
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Figure 2

Norming Study—Arousal and Valence Ratings by Condition for Video Clips
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all plots, the center line on the boxplot = median; the points represent individual participant data; the density
plots show the smoothed distribution of the data (also see Supplemental Materials). See the online article for

the color version of this figure.

Temporal-Order Reconstruction

Temporal-order memory scores were computed for each participant
by calculating the Spearman rank-order correlation (p) between the
correct order and the recalled order for each block of the temporal
memory task and averaging them. The scores ranged between —1 and
1, with 1 indicating the recalled order was entirely correct in both
blocks. Relative and absolute order scores were also computed,
wherein all constituent pairwise comparisons that underlie the order
reconstructions were evaluated (see Supplemental Materials). For these
latter scoring schemes, computations were likewise made separately for
each block and the final score for each participant was calculated as an
average of the values from the two blocks. Because temporal-order
memory scores calculated from these three methods were highly
correlated within each condition, we only report the Spearman corre-
lation in our analysis of memory performance. The mean Spearman
correlation coefficients were Fisher Z-transformed for each participant
prior to comparing the groups statistically.

Free Recall

Data from the free-recall task were scored to assess the accuracy and
temporal order of the recalled memory. We used a procedure modified
from the Autobiographical Interview (Al; Levine et al., 2002), to parse
narrative recalls into details based on the information provided.

Episodic Vividness. Recalls were assigned an episodic rich-
ness rating by the experimenter. Episodic richness was assessed on a
scale of 0—6, based on the richness and specificity with which the
recall was described (see Levine et al., 2002). As per the Al
protocol, the episodic richness rating measures the degree to which

the participants evoked an impression of reexperiencing and recre-
ated the contextual perceptual, emotional, and cognitive context.

Episodic Details. To assess the number of episodic details
recalled, we segmented recalls into informational clauses, in accor-
dance with the Al procedure. Details directly referencing an occur-
rence in the film were considered episodic as they were specific to
that singular event. Details not related to the content of the film per
se were considered “other,” such as metacognitions or editorializa-
tions (e.g., I don’t really remember what happened), in line with the
Al protocol (Levine et al., 2002).

Accuracy. Episodic details were tagged based on their accuracy
(see Figure 3). Tags identified each detail as belonging to one of three
categories: (a) consistent with an occurrence in the film, (b) reminis-
cent of an occurrence in the film, or (c) errors of commissions (for
similar approaches, see Cohn-Sheehy et al., 2020; Orbach et al.,
2012). Accuracy was assessed by comparing the proportion of
consistent details out of the total number of episodic details recalled
(summation of consistent, committed, and reminiscent details). For
the accuracy analysis, we included only participants who had a
minimum of five episodic details in their free-recall narratives,
yielding the exclusion of four participants and a remaining sample
0f 272 (low emotion: N = 140; high emotion: N = 132). Commissions
were included in the calculation of the total number of details recalled
but were not analyzed separately due to a floor effect, with 88.60% of
recalls containing no more than one committed detail in this sample.

Temporal Clustering. To compute a temporal-clustering score
(which refers to the tendency to recall nearby items successively;
Polyn et al., 2009) from the free-recall data, we further identified
which of the 22 clips the recalled details corresponded to. Each clip
was assigned a number that corresponded to the order the clip was
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Figure 3
Example of Scored Free Recall

/5/

...'The girl began playing with a balloon /CONS/ while dangerously close to an iron /CONS/ which appeared

to be on /CONS/."’I‘hen the scene changes to her on a balcony /CONS/, standing really close to the railing

/8/

/CONS/ trying to grab her doll /CONS/ with her foot /CONS/. The doll fell down /CONS/ and you could see

how high the drop was /CONS/."The scene changes and the little girl is microwaving pita bread /CONS/.

/6/ l

/12/

’Then she’s getting into the fridge /CONS/ and try to shut it a few times unsuccessfully /CONS/ before it

/18/

shuts /CONS/, with her inside /CONS/.”I‘hen something explodes /CONS/ near a window /CONS/ and bits

of glass fall onto the girl J/€OM/ while she cries /CONS/ at the bottom of the stairs /CONS/ ‘

Note. Numbers highlighted in yellow denote the temporal order of corresponding clips. Green and blue highlights
denote accuracy of details recalled, with “/CONS/” marking details consistent with the film, and “/COM/” marking
errors of commissions. See Supplemental Materials for examples of free-recall narratives with high versus low detail
and episodic richness ratings (Figure S2). See the online article for the color version of this figure.

shown in the video. Recalled details were tagged with the clip
number to denote how temporal order manifested during the free
recall (for a similar approach, see Diamond & Levine, 2020; also see
Polyn et al., 2009). See Figure 3 for a scored recall example (also
see Supplemental Materials). Using the outputted temporal tags, we
were able to quantify each transition by computing the proportion of
possible transitions that are greater than the transition in question
(with no consideration of transition direction). Note that an average
score is taken for tied transitions, as per Polyn et al. (2009). The
score for each transition is averaged to yield a total score. A score of
1 indicates that the participant always made the shortest possible
transition, whereas a score of .5 suggests chance-level perfor-
mance (i.e., no temporal clustering). To provide a specific
example, imagine a participant recalled four items from a study
list (1, 2, 3, 4) in the order: 3, 1, 2, 4. The first transition is from the
third to the first item, yielding a “jump” of 2, against possible
transitions to the second and fourth items, which would involve
jumps of 1. Accordingly, the observed transition would be a score of
0 since it was the furthest possible jump. The same logic then
applies to the next transition from the first to the second item and so
on (see Figure S3 for an example transcript and temporal-order
calculation). This analysis focused only on the 16 middle clips in
accordance with the temporal-order reconstruction task. For this
analysis, we included only participants who had a minimum of five
temporal tags (as in Diamond & Levine, 2020), yielding exclusions
of 62 participants and a remaining sample of 214 (low emotion: N =
108; high emotion: N = 105).

Interrater Reliability. All scoring of free-recall data was
completed by a primary scorer (initials V.W.). To confirm reliabil-
ity, a random subset of 10% of the recalls for both emotion
conditions were scored by a secondary scorer (initials M.L.L.) A
two-way intraclass correlation (ICC) analysis confirmed excellent
agreement between the two scorers, with Cronbach’s o scores
ranging from .82 to .99 (see Table S4). All detail tagging for scoring
was done electronically to allow for the automatic summation of

scored tags for analysis (see Wardell et al., 2021). M.L.L. was not
aware of the hypotheses of the study (i.e., masked scoring). Notably,
as recall depicted condition-specific scenes, it was not possible for
either scorer to be masked to experimental condition. However,
given the very high reliability between scorers, even when stratify-
ing by emotion condition, it is unlikely that problematic biases
influenced results (see Table S4).°

Results
Manipulation Checks
Arousal Ratings

A Mann—-Whitney U test was also conducted to determine if there
was a difference in arousal ratings between the high- and low-
emotion conditions. Results showed that, as in the norming sample
(see Supplemental Materials; also see Figure 2), participants rated
the video as more arousing in the high-emotion (Mdn = 7) versus
low-emotion condition (Mdn = 5; U = 12498.00, Z = —4.56, p <
.001, r = —.27; Figure 4A). Ancillary analyses confirmed that there
were no differences in arousal ratings between non-Hindi and Hindi
speakers (see Table S5).

Valence Ratings

A Mann-Whitney U test was conducted to determine if there
was a difference in valence ratings between the high- and low-
emotion conditions. Results showed that, as in the norming
sample (see Supplemental Materials; also see Figure 2), partici-
pants rated the video as more negative in the high-emotion

>We further compared the word count of recalls between emotion
conditions for a more objective, albeit less nuanced measure of detail
production. Recalls from the high-emotion condition contained more words
(Mdn = 186.00) than the low-emotion condition (Mdn = 154.00; U =
11352.00, Z = -2.78, p = .005, r = —.17; see Supplemental Materials).
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Figure 4

Arousal and Valence Ratings, and Fisher Z-Correlation Scores by Condition
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Boxplots for the high- and low-emotion video conditions depicting A. arousal (upper

left) and valence (lower left) ratings for the main study (see Figure 1 and Supplemental Materials
for norming data) and B. Fisher Z-transformed rank correlation scores for the temporal-order
reconstruction task. For all plots, the center line on the boxplot = median; the points represent
individual participant data; the density plots show the smoothed distribution of the data. See the
online article for the color version of this figure.

(Mdn = 2) versus low-emotion condition (Mdn = 3; U = 4825.00,
Z = -7.23, p < .001, r = —.44; Figure 4A). Ancillary analyses
confirmed that there were no differences in valence ratings
between non-Hindi and Hindi speakers (see Table S5).

Memory Tasks

Given our primary interest was in temporal-order memory, we
present the results from that task first.

Temporal-Order Reconstruction

A Mann—Whitney U revealed that the Fisher Z-transformed rank
correlation scores derived from the temporal-order reconstruction
task were greater in the high-emotion condition (Mdn = 0.62) than
the low-emotion condition (Mdn = 0.37; U = 12554.00, Z = —4.59,
p <.001, r=—.28; Figure 4B). This indicates that the participants in
the high-emotion condition were more accurate at ranking the order
of the film scenes in this task.

Free Recall

Next, we turn to our free-recall task. We analyzed differences
between the high- and low-emotion conditions again using Mann—
Whitney U tests.

Episodic Vividness. Episodic richness ratings (assigned by the
experimenter) of participants’ recalls were higher in the high-emotion
condition (Mdn = 4.00) than the low-emotion condition (Mdn = 4.00;
U = 11686.00, Z = —3.36, p < .001, r = —.20; Figure 5A)

Details. The total number of details provided by participants
during free recall was greater in the high-emotion condition (Mdn =
33.00) than the low-emotion condition, (Mdn = 29.00; U = 11520.00,
Z = -3.03, p = .002, r = —.18; not shown). Production of episodic
details per se was greater for the high-emotion condition (Mdn = 33.00)
than the low-emotion condition (Mdn = 29.00; U = 11539.00, Z =
—3.06, p = .002, r = —.18; see Figure 5B). Indeed, participants mostly
provided episodic content overall, so these variables are largely
redundant.

Accuracy. The accuracy of the details (i.e., the number of consistent
vs. total episodic details) provided did not differ between high-emotion
(Mdn = 0.98) and low-emotion (Mdn = 1.00; U = 8539.00, Z = —1.16,
p =245, r = —.07) conditions. Thus, although participants remembered
more details from the high-emotion condition, when they did recall a detail,
it tended to be accurate in both conditions (see Figure 5C).

Temporal Clustering. No difference in temporal clustering
was observed within the free-recall narratives between high-emotion
(Mdn = 0.65) and low-emotion conditions (Mdn = 0.70; U =
4883.50, Z = —1.75, p = .080, r = —.12; Figure 5D). Figure 6
depicts the proportion of recall by clip, for illustrative purposes.
Thus, emotion did not affect participants’ ability to successively
recall temporally proximal items in free recall.

Discussion

We investigated the influence of negative emotion on temporal-
order memory using a naturalistic memory paradigm involving film
content. Our study produced four main findings. First, temporal-order
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memory was better for highly emotional content than that of low
emotion. This suggests that highly negative events can be recon-
structed with greater temporal fidelity than less emotional events
when order is a task demand. Second, greater emotion enhanced the
quality of free recall, including the number of details and level of
episodic vividness. Third, the level of emotion did not affect the
proportion of accurate recalled details. Fourth, greater emotion did
not affect temporal clustering in free recall. These results are
discussed below.

Temporal-Order Reconstruction

Our finding that negative emotion augments temporal-order
memory (in the temporal-reconstruction task) adds to small litera-
ture examining the intersection of emotion, time, and memory.
Whereas studies using a temporal source-memory paradigm (which
may measure temporal-order memory on a coarse timescale), sug-
gest that emotion enhances order memory, studies implementing
temporal-order judgments are equivocal, leaning more toward an
impairment (e.g., Huntjens et al., 2015; Maddock & Frein, 2009,
also see de Montpellier et al., 2021; but see Schmidt et al., 2011). In
considering our findings, we speculate that the nature of the stimuli
may play an important role (Petrucci & Palombo, 2021). In general,
studies of temporal-order memory have employed static and arbi-
trary laboratory items presented sequentially. In contrast, our video
stimuli more closely mimic an unfolding event (also see Makowski
et al., 2017). Temporal-binding mechanisms may be more pertinent
when watching a film, due to associations that can be made between
composite clips tied by a common context (in this study, the
unsupervised toddler), as compared to unrelated pictures or words.
Suggestive of this notion, in a prior study, Schmidt et al. (2011)
asked participants to chronologically order images that were

encoded sequentially on a neutral background; temporal-order
memory was better for high versus low arousal images. Critically,
participants were asked to form a story about the images, which may
have promoted imagery of an unfolding sequence, making it more
akin to our paradigm. Unfolding experiences with emotional
content—particularly those devoid of a singular attentional
magnet—may promote stronger temporal binding to build a causal
or predictive model as the details are perceived as goal relevant
(Levine & Edelstein, 2010; Palombo & Cocquyt, 2020; also see
Hoerl et al., 2020). Put another way, when there is more “at stake,”
as in emotional situations, it may be prudent to determine the
relation among events.

Mechanistically, augmented temporal binding may be due to
greater attention at encoding, as attention is known to be an
important explanatory factor behind emotional effects on memory
(MacKay et al., 2004). Indeed, arousal is known to usurp percep-
tual binding by increasing the selectivity of attention (Mather,
2007; Talmi et al., 2008; Todd et al., 2020). An alternative, albeit
not mutually exclusive, mechanism is that the strong source
context imbued by emotional experiences facilitates the reinstate-
ment of encoded temporal context (Palombo & Cocquyt, 2020;
Talmi et al., 2019). Relevant to this idea, recently Clewett et al.
(2020) showed that reduced trial-by-trial variability in pupil
response (diameter) across a sequence of items—a proxy for
changes in arousal—was associated with better temporal-order
memory for those items. This finding supports the idea that arousal,
as a stable source context, facilitates integration of sequential
content. It will be interesting for future research to examine
temporal-order memory for experiences where emotional arousal
ebbs and flows (i.e., where there is instability in the emotional
context).
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Figure 6
Proportion of Participants Who Recalled Each Clip
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Free Recall

Consistent with a host of other studies (reviewed in Ack Baraly
et al., 2017), the high-emotion video was remembered with more
detail than the low-emotion video in free recall. This accords with
other work demonstrating that memory is enhanced for emotional
content (Hamann, 2001). For example, Hulse et al. (2007) asked
participants to watch either a negative or a neutral video; participants
in the negative condition had better memory both for the “central”
story as well as “peripheral” details (also see Laney et al., 2004).
Still, other studies demonstrate trade-off effects, wherein emotion
boosts recollection for details central or goal-relevant to the event
but reduces memory for peripheral content (Kensinger et al., 2007;
Mather & Sutherland, 2011; Rimmele et al., 2011). Yet, trade-off
effects are less often observed in studies which lack a salient
attentional magnet (Levine & Edelstein, 2010).

While we found that free recall of the high-emotion film was more
detailed, emotion did not affect the accuracy of details that were
recalled. Differences in conditions can best be characterized as
errors in omission in the low-emotion condition. Prior work de-
monstrates that, both immediately (Evans & Fisher, 2011) and after
a delay (Diamond et al., 2020), individuals tend not to prioritize
accuracy over detail in recall. Notably, such studies have not directly
explored emotion. Though here we find no emotion effect with a
short retention interval, differences in consistency may emerge over
longer delays (see Kensinger & Schacter, 2006). On the other hand,
other work suggests that accuracy differences might be more

Low-Emotion

N
N

1 .
2 I
3 I
4+ I
s I
6 I
7 I
s
. 9 I
& 10—
£ I
oL R S——————— ——— |
5 13—
14
15 [
16 [
17
18—
10 I
20 B
21 I
I

0.

o

01 02 03 04 05 06 07 08 09 1.0
Proportion of Participants who Recalled Clip

Gray bars mark the six identical bookend neutral clips that started and ended the two videos. See Supplemental Materials for a brief description of each

prominent with more pronounced manipulations of valence (e.g.,
comparing negative to positive stimuli). According to the “affect-as-
information” theory proposed by Clore et al. (2001), the valence of
an event plays a key role in providing evaluative information that
can directly influence cognitive processes such as memory. More
specifically, this theory proposes that positive valence tends to
promote relational processing between items which results in a
higher chance of errors in memory, whereas negative valence leads
to detailed and item-specific processing that promotes more accurate
memory encoding processes (Clore & Storbeck, 2006). Several
autobiographical memory studies have supported this framework,
wherein these studies found that accuracy for an identical event was
greater for individuals who perceived it negatively compared to
those who did positively (e.g., Bohn & Berntsen, 2007; Kensinger &
Schacter, 2006; Levine & Bluck, 2004).6 Considering that our study
utilized only stimuli of (high vs. low) negative valence, it is possible
that our manipulation may not have been potent enough to quell the
influence of negative valence in promoting accurate memory for
details, even if it did produce other mnemonic effects in our study.

We did not observe condition differences in temporal clustering
in free recall. This null finding is somewhat surprising, given the
observed emotional enhancement in the temporal-order

© We note that the extent to which such a pattern emerges likely depends
on the goal state elicited by the positive or negative situation at hand (also see
Levine & Edelstein, 2010; Murty & Adcock, 2017).
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reconstruction task. However, order was not a task demand in the
free-recall task, and this may account for the different pattern of
results. That is, it is possible that the “boost” observed for temporal
memory in the temporal-order reconstruction task is due to the
emphasis placed on order but when recalling events naturally,
individuals do not prioritize order information for emotional events
to the same extent. Our findings underscore the importance of using
different tasks to probe temporal order (also see Petrucci &
Palombo, 2021).

Limitations

In the present study, we selected evocative elements of the film to
include in our high-emotion condition; those that possessed “shock
value” (e.g., Pihu getting herself into the fridge). It is conceivable
that the clips in the high-emotion conditions left the viewer unsettled
due to the lack of resolution from one clip to the next (e.g., the
viewer does not know if Pihu safely escapes). This could result in
greater prediction error in the high-emotion condition, compared to
the clips in the low-emotion video that might tie together more
smoothly. On the other hand, we note that this was part and parcel of
our manipulation of emotion, for if every scene had the same arch,
the subsequent clips may be less effective in evoking emotion.
Relatedly, our high-emotion versus low-emotion clips were likely
more novel. This consideration is relevant to emotional memory
studies more broadly, as this would also be the case for studies that
use image stimuli from, for example, the Nencki Affective Picture
System (Marchewka et al., 2014) database, where the negative
images often rely on shock-inducing but less familiar visuals to
elicit negative emotions. Moreover, as people are much more likely
to encounter low-emotion or neutral events in their daily lives
(Holland & Kensinger, 2010), the role of novelty is also relevant
to the sampling of emotional events in autobiographical contexts.’
These factors are important to consider in future research.

Application of Findings

Our findings not only have relevance in the domain of basic
science but also hold applied significance. In the context of legal
proceedings, the accuracy of temporal-order information can be
crucial in understanding what happened during a crime, the intent of
a perpetrator, as well as the veracity of eyewitness testimony. For
example, an accurate account of when a perpetrator made a threat
relative to committing an assault may speak to premeditation. In
terms of eyewitness testimony, an accurate reconstruction of the
order in which events occur may be relied upon by the prosecution
or defense in determining the outcome of a trial, and may also be
considered a measure of witness reliability. Given that crimes (or
other events relevant to eyewitness accounts) are often highly
emotional in nature, it is of vital importance to first understand
how emotion affects temporal-order memory (also see Dahl et al.,
2018). Our temporal-order reconstruction findings suggest that
emotion experienced during some types of events may lead to
more faithful reports of the timeline of the event in question, relevant
to events involving less emotion. Nonetheless, it is important to keep
in mind that temporal estimates, even in our high-emotion condition,
were far from perfect.

In addition, our temporal-clustering analysis suggests that, irre-
spective of how emotional an event is, free recall of events is

unlikely to be a highly faithful reconstruction of the timeline, even if
well above chance. This is potentially relevant to the legal system in
that freely recalled eyewitness accounts of crimes may not provide
an accurate representation of the order in which the crime actually
occurred (and could even contaminate subsequent recall; although
not assessed here). Still, since the order was not a task demand, it
will be important to follow up on this work using a free-recall task
emphasizing sequential recall, such as those used during witness
interviews, as well as a range of stimuli that more closely mirror
events experienced by witnesses in the real world.

Future Directions and Conclusion

Our findings make a novel contribution to the literature by
demonstrating the enhancing effects of negative emotion on
temporal-order memory, a topic that has scarcely been investigated.
The use of more naturalistic stimuli lends credence to our findings,
as the stimuli more readily emulate the dynamic nature of behaviors
and stimuli in the real world relative to more common laboratory
tasks. In doing so, we provide a bridge between two siloed literature,
one investigating the basic science of emotional memory, and
another considering memory in the context of eyewitness testimony.
Indeed, although the present study did not aim to assess temporal-
order memory of eyewitness testimony specifically, our findings
nevertheless provide important and relevant insight into how emo-
tional events are later reconstructed from memory. Future research is
needed to determine whether these effects generalize to eyewitness
testimony per se. Such research will be an important first step for
ultimately understanding how to maximize order accuracy of eye-
witness testimony (see Gasper et al., 2019). Finally, future research
should expand on this work by determining whether these findings
generalize to other types of negative emotional experiences (e.g.,
fear, disgust, anger) or even positive events (e.g., happiness, sur-
prise; Tsikandilakis et al., 2020).

7 On the other hand, one strength of the Pihu stimuli, is that the clips in
each video were thematically related to one another in both conditions, which
is not seen in stimuli such as sequential NAPS images. According to Talmi
and Moscovitch (2004), high semantic relatedness between items can
enhance memory for emotional material and may account for some of the
emotional memory (item) effects observed in the literature.
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