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Abstract

During sleep, emotional memories are preferentially
strengthened. However, most studies on sleep and emotional
memory focus on comparing negative valence with neutral
valence stimuli. This study compared the sleep-dependent
memory effects for stories and images, each comprising
negative, neutral, and positive stimuli. It was hypothesized
that a sleep effect would be seen for negatively and positively
valenced stimuli. A novel story memory task (comprising
three stories), and photographs from the Nencki Affective
Picture database were presented for learning to 61 healthy
adults (ages 18—25). They were tested for memory on the
two tasks immediately, and then again after either a 2-hr nap
(n = 31; 17 women, 14 men) or 2-hr wake period (z = 30; 13
women, 17 men). At second testing, the sleep condition had
significantly better recall compared to the wake condition
on both tasks. There was a relationship with valence only for
the story task, with better performance for the sleep condi-
tion on the negatively and positively valenced texts, but not
on the neutral text. There were no significant relationships
between memory measures and sleep-stage duration and
EEG power variables. The story memory findings support
the hypothesis that memory consolidation prioritizes emo-

tional memory, whether positively or negatively valenced.
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Practitioner points

e Three new standardized short stories, of positive, negative and neutral emotional valence,
and data of their characteristics, are published here.

* The positive and negatively valenced stories were better remembered across a period of sleep
in comparison to a period of wakefulness.

* The findings support the hypothesis that sleep-dependent memory consolidation prioritizes
emotional memory, whether positively or negatively valenced.

BACKGROUND

There is a solid body of evidence regarding the consolidation effects of sleep on both procedural (Korman
et al.,, 2007) and declarative memories (Ellenbogen et al., 2009). While memory stabilization can also be
observed over wakefulness (Brashers-Krug et al., 1996), enhancement in both the declarative (Plihal &
Born, 1997; Stickgold & Walker, 2013; Tucker et al., 2006) and procedural domains (Fischer et al., 2002;
Stickgold et al., 2000; Walker et al., 2002) appears to be the product of sleep. The impact of sleep on
memory is both versatile and enduring. A nap as short as six minutes can bolster memory for declarative
information (Lahl et al., 2008) and a 3-hour post-training nap can enhance the retention of materials
up to four years later (Wagner et al., 2006). Critically, recently encoded memory traces are selectively con-
solidated during sleep, depending on salience cues and relevance for the future (Born & Wilhelm, 2012;
Stickgold & Walker, 2013). For instance, motivational factors, such as reward or emotional valence, may
tag memories for consolidation (Diekelmann & Born, 2010; Hu et al., 2006; Payne et al., 2008, 2012).
The first aim of the current paper was to address the effects of emotional valence of stimuli on memory
consolidation, using stimuli with positive, negative, and neutral valences. The second aim was to address
memory for stories, in addition to the more widely studied memory for photos.

Sleep and memory for images

There is a considerable literature on the effects of sleep on memory for images and photos, showing
superior recall performance following sleep relative to wakefulness (Sopp et al., 2018). Studies attempt-
ing to tease out the relationship of sleep stages to emotional image memory consolidation have utilized
various protocols. In a split-night design, sleep across the first half of the night, which is rich in Slow
Wave Sleep (SWS), is compared to sleep across the second half of the night, which is rich in Rapid Eye
Movement (REM) sleep. Using this design, Groch et al. (2013, 2015) found an enhancement of nega-
tive compared to neutral valenced picture recognition across a period of late (REM-rich) sleep, but not
across early (SWS-rich) sleep.

Some of the literature demonstrates that REM sleep is critical for tasks involving memory for emo-
tional stimuli, such as the consolidation of fear and safety memories or of the emotionally negative
component of complex pictures (Marshall et al., 2014; Payne et al., 2012). Indeed, several studies using
emotional memory recognition tasks have found that EEG theta activity (4—8 Hz) during REM sleep
correlates with post-sleep improvements in memory performance (Cantero et al., 2003; Nishida et al.,
2009; Payne & Kensinger, 2018; Popa et al., 2010). Furthermore, in Sopp et al. (2017), emotional source
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memory correlated with frontal theta lateralization during REM sleep, whereas neutral item memory
correlated with spindle power during NREM sleep. However, there are inconsistencies in the literature.
For instance, selective consolidation of the negative emotional components of complex visual memo-
ries has been related to N3 delta power during a nap (Payne et al., 2015), but to REM sleep during a
whole night (Payne et al., 2012). Furthermore, in Cellini et al. (2016), a daytime nap (with or without
REM sleep) was found to facilitate consolidation of memory for photos irrespective of valence, and,
in Harrington et al. (2018), sleep rich in either REM or SWS did not interact with photograph memory
valence. Also, the finding that recognition for negative picture stimuli was improved compared to neu-
tral stimuli not only across undisturbed sleep but also across REM-deprived sleep (Morgenthaler et al.,
2014) suggests that emotional memory consolidation was successfully accomplished within NREM
sleep only. A further relationship with NREM sleep was shown by Lehmann et al. (2016), where cue-
ing during NREM sleep significantly improved memory for emotional but not neutral pictures, while
no benefit was observed for cuing during REM sleep. Therefore, although an overall sleep effect for
memory of photos is in general clear from the literature (although not found by Ashton et al., 2019),
relationships with valence and sleep stage are not consistent.

Sleep and story memory

Whereas declarative memory items and word list materials have been commonly used in sleep and
memory research, much of memory is narrative based (Mar, 2004), and hence there is a major research
question of how narrative memory is affected by sleep. In studies that do not involve sleep, it is known
that emotionally toned texts are recalled better than neutral stories. For example, Heuer and Reisberg
(1990) developed two stories, which were visually presented using slides. In the neutral version a mother
and son visit the father's workplace, he is a mechanic and they watch him repair a car; in the negative
version, both visit the work place, the father is a surgeon and struggles to save someone's life. Using
these stories, Kazui et al. (2000) and Cahill and McGaugh (1995) showed better recall for emotional
rather than neutral content. Groch et al. (2011) similarly used neutral and emotionally negative texts,
originally devised by Schiirer-Necker (1994), and demonstrated the superior memorability of negative
text relative to neutral text at both learning and retrieval.

Sleep has been shown to result in better story memory recall than an equal length period of wake. A
one-hour nap, compared to wake, benefits neutral valenced story memory and word pair associates (Lau
et al.,, 2018), and overnight sleep, compared to an equal length period of daytime wakefulness, benefits
memory for a negatively valenced story (van Rijn et al., 2017). In Wagner et al. (20006), 3-hr sleep follow-
ing learning, compared with wakefulness, enhanced memory for negative emotional texts after 4 years,
but no enhancement was observed for neutral texts. There is also superior recall of negative compared to
neutral texts after a 3-h period of late (REM-rich) night sleep, but not after similar periods of early (SWS-
rich) night sleep, where each is compared to a 3-h period of wakefulness (Wagner et al., 2001). However,
as late sleep is also rich in (non-REM) sleep stage N2, these effects cannot be attributed conclusively
to REM sleep. Indeed, Gilson et al. (2016) found similar performance between neutral and sad stories
after short (45 mins) and long naps (90 mins), and no difference in recall of either type of story between
these nap conditions, even though the long naps were richer in REM and N2 sleep. The sleep stage
and electrophysiological correlates issue is further complicated by Benedict et al.’s (2009) finding that
interleukin-6, administered during late night sleep, improved negative emotional but not neutral story
memory, while also increasing slow wave activity. Furthermore, the late sleep effects might also be due to
the cortisol increase at that time, given that suppression of cortisol from 04:00 by metyrapone suppresses
emotional text recall, but not neutral text recall (Rimmele et al., 2015). Contrary to this, though, Wagner
et al. (2005) found that cortisol blockade during sleep impairs neutral text memory but enhances emo-
tional memory. Therefore, although there is an overall sleep effect for story memory, with suggestions
that this is greater for emotional story memory, as with memory for photographs, there is again a lack
of consistency in relationships between emotional story memory and sleep stages and electrophysiology.
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Sleep and positive valenced stimuli

To date, the majority of studies on sleep and emotional memory have focused on the comparison of
negative valence with neutral valence stimuli, and less attention has been given to positive valence stim-
uli. The attention to negative emotion is likely driven by the clinical relevance of sleep for adaptation
to stress, and the fact that sleep impairment is associated with a range of negative affect symptoms and
anxiety disorders (Krystal, 2012). Nevertheless, a growing body of research suggests that the intensity
of emotional experience, regardless of valence, determines its processing during sleep. Accordingly,
an alternative model, the Reward Activation Model (RAM), posits that the Mesolimbic Dopaminergic
(ML-DA) system stimulates re-activation of reward-related memories during sleep (Perogamvros &
Schwartz, 2012).

Accruing evidence indicates that structures of the RAM reward processing circuit, including the
ventral tegmental area, ventral striatum, hippocampus, amygdala, prefrontal cortex, and anterior cin-
gulate cortex (Kiyatkin & Stein, 1995; Yun et al., 2004), are activated during sleep (Dahan et al., 2007,
Nofzinger et al., 2002). Consistent with this model, the promise of a monetary reward leads to a greater
improvement in a finger sequence motor task following sleep compared to a period of wake (Fischer &
Born, 2009). Finally, perceived value of learned materials predicts recall following sleep, suggesting in-
trinsic motivation may likewise act as a positive reinforcer (van Rijn et al., 2017). These findings support
the hypothesis that activation of emotionally or motivationally relevant information, either positively or
negatively valenced, may boost offline learning mechanisms during sleep.

Aims and hypotheses

The two neurocognitive approaches described above diverge on whether it is negative/aversive/stress-
ful memories, or any bi-valent motivational or salient memories, that are prioritized for consolidation
during sleep. We therefore aimed to compare the sleep-dependent memory effects for the full range of
emotional stimuli—negative, positive, and neutral. To operationalize this, we utilized a bi-valent pic-
ture memory task (the Nencki Affective Picture System (NAPS) database; Marchewka et al., 2014), and
developed and validated a bi-valent story memory task, which is detailed in the Materials section below.
To our knowledge, this is the first study to address the relationship of sleep to bi-valent story memory
consolidation.

In line with previous research, we hypothesized that recall on both tasks following a nap would ex-
ceed recall after a similar period of wakefulness. We also hypothesized that this effect would be greater
for the emotional stimuli. The relative benefit of sleep for positive versus negative emotional stimuli
would be used to test between theories that predict that emotionally negative stimuli are preferentially
consolidated during sleep, versus that emotional stimuli in general, whether negative or positive, are pri-
oritized over neutral stimuli. We also aimed to explore the relationship of memory change across sleep
to measures of sleep electrophysiology, that is, EEG power during sleep of each of the wavebands delta,
theta, and sigma, and length of each sleep stage. In view of the inconsistent literature reviewed above
regarding relationships of electrophysiology and sleep stage to both types of memory under investiga-
tion, these analyses did not have hypotheses and were exploratory.

METHODS
Participants
Sixty-one healthy, non-smoking adults aged between 18 and 25 were recruited. All participants were

students at Swansea University, native English speakers, with normal or corrected-to-normal vision
and no history of psychiatric, neurological, or sleep-related disorders. Participants were screened to be
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good sleepers according to their reported sleep quality over the prior month using the Pittsburgh Sleep
Quality Index (PSQI; Buysse et al., 1989). This included taking no longer than 30 minutes to get to sleep
each night and sleep efficiency no lower than 70%. Participants were instructed to keep a consistent
sleep/wake schedule for three days prior to the experiment, including the avoidance of daytime naps,
and to refrain from drinking caffeine and alcohol after 15:00 on the day prior to the experiment. Before
taking part in the experiment, all participants confirmed that they had adhered to these instructions.
All participants gave written informed consent and were paid for their participation. Ethics approval
for this study was obtained from the Research Ethics Committee of the School of Psychology, Swansea
University.

Participants were randomly allocated to either the sleep (# = 31, 17 women, 14 men, mean age = 21.00,
SE = 0.32) or wake conditions (# = 30, 13 women, 17 men, mean age = 21.23, SE = 0.32). Two partici-
pants, one from the sleep and one from the wake condition, were removed from analyses due to ‘severe’
scores (rated 22) on the depression subscale of the Depression, Anxiety and Stress Scale-21 (DASS-21;
Lovibond & Lovibond, 1995).

Materials
Questionnaires

Participants completed a battery of questionnaires for screening purposes and to ensure equivalence
between the sleep and wake conditions on a number of relevant dimensions. These included the PSQI
(Buysse et al., 1989) for measures of sleep quality, the short form DASS-21 (Lovibond & Lovibond,
1995) for anxiety and depression, the Napping Behaviour Questionnaire (NBQ; Lovato et al., 2014),
Morningness-Eveningness Questionnaire (MEQ short form; Adan & Almirall, 1991) and the Epworth
Sleepiness Scale (ESS; Johns, 1991). Subjective state alertness levels were probed using the Stanford
Sleepiness Scale (SSS; Hoddes et al., 1973).

Image task

The image task was presented to participants on a 39.6cm Samsung R55 laptop using E-Prime 2.0 (ver-
sion 2.0.10.353) with responses relayed through a customized button box featuring nine marked buttons
along the top edge (representing ratings 1-9) and two central buttons marked ‘Old” and ‘New’. All in-
structions were presented in white text, size 36 Courier New font, on a black background. Photos used
in the image task were taken from the Nencki Affective Picture System (NAPS) database of emotional
imagery (Marchewka et al., 2014). This database was chosen over the older and more commonly used
International Affective Picture System (IAPS; Lang et al., 2008) as the NAPS images are comparably (i)
more modern in content (taken circa 2006—2012 as opposed to the 1970s—1990s), (ii) of higher quality
and resolution, and (iii) organized by category (i.e., people, faces, animals, objects, and landscapes), thus
permitting more tightly controlled stimulus construction.

Analogous with the IAPS, NAPS images have standardized data on 1-9 scales of valence (where
1 = very negative to 9 = very positive, with 5 = neutral) and emotional arousal (where 1 = relaxed to
9 = aroused, with 5 = neutral /ambivalent) that use the classic Self-Assessment Manikin (SAM; Bradley &
Lang, 1994). Using these standardized valence data two sets of 120 images were created, each set consist-
ing of 40 positive valence photos (both sets, mean standardized valence rating = 7.52, both SEs = .04),
40 neutral valence photos (mean standardized valence ratings = 5.27 and 5.26, both SEs = .05), and
40 negative valence photos (mean standardized valence ratings = 2.53 and 2.56, SDs = .08 and 0.07,
respectively). The three valence categories differed significantly from each other, all ts > 43.00, all
dfs = 158, all ps < .001: Effect sizes for differences in standardized valence rating between the three
valence categories were all very large: positive category > neutral category, Cohen's d = 7.973; neutral
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category > negative category, d = 6.915; positive category > negative category, d = 13.677. The three
valence categories (each #» = 80) had the following standardized arousal ratings: positive valence cate-
gory, mean standardized arousal rating = 4.15, SE = 0.10; neutral valence category, mean standardized
arousal rating = 4.98, SEE = 0.06; negative valence category, mean standardized arousal rating = 6.72,
SE = 0.06. The three valence categories differed significantly from each other in standardized arousal,
all 75 > 6.90, all dfs = 158, all ps < .001: Effect sizes for differences in standardized arousal rating
between the valence categories were all large: negative category > neutral category, d = 3.157; neutral
category > positive category, d = 1.093; negative category > positive category, d = 3.344. For testing
purposes, each image set was further divided into two subsets (set 1 A/B and set 2 A/B). Valence and
arousal thresholds were closely matched between subset versions, and all subsets contained an equal
number of people, faces, objects, animals, and landscapes.

Story task

Emotional texts were created for the current investigation so as to address several issues with the widely
used Schiirer-Necker emotional texts (Schiirer-Necker, 1994; Wagner et al., 2001), a classic measure suc-
cessfully deployed in a number of sleep investigations (e.g., Benedict et al., 2009; Rimmele et al., 2015;
Wilhelm et al., 2011). Issues here were that the Schiirer-Necker texts (i) consist of only negative and neu-
tral valence, (ii) have markedly different narrative styles, and (iii) have extreme negative valence (namely,
a text passage on the rape and murder of a child), which may be problematic for clearing ethics approval
in some investigations. The texts featured in the present investigation combine formal elements of the
Schiirer-Necker task with a short story framework developed by Cahill and McGaugh (1995), who cre-
ated negative and neutral texts to investigate mood induction and memory retention. These latter two
stories, based on a child's hospital visit, start and end identically while the central narrative is either neg-
ative (the child is hospitalized from a car accident) or neutral (the child observes a hospital practice drill).

As text valence follows a within-participant manipulation in the present experiment, it was necessary
to use stories with different themes, but with each following a format and narrative style similar to the
original Cahill and McGaugh (1995) texts. To this end, a positive variant of “The Hospital Visit’ text
was generated (the child visits his baby niece in hospital), alongside new neutral and negative texts. The
neutral text, “The Date,” describes the progression of a date between a young woman and a suitor. The
negative text, “T'he Dental Exam,” describes the disastrous and bloody exam failure of a final year dental
student.

Story task texts

The Hospital Visit [positive valencel: A mother and her son ate leaving home in
the morning. She is taking him to visit his father’s workplace. The father is a laboratory
technician at Victoria Memorial Hospital. They check before crossing a busy road. While
walking along, the mother receives a phone call to say her sister had given birth. The
mother excitedly told her son that he had a new baby cousin called Sophie. At the hospital
the boy rushes to his auntie’s bedside so he can hold his baby cousin for the first time. The
baby yawned, making cute babbling noises. She looked healthy, happy, and rosy. The ward
staff took a photograph of the smiling duo. After, while the boy stayed with his father and
auntie, the mother left to phone her other child’s pre-school. Feeling elated, she phoned
the pre-school to tell them she would soon pick up her child. Heading to pick up her child,
she hails a taxi at the number nine bus stop.

The Date [neutral valencel: Samantha works hard, and has been planning her day
off all week. On Saturday, she got on the train to South Kensington to visit the Natural
History Museum. She was planning to meet up with a suitor she met through a dating
website. Upon arrival, she saw a tall man talking to some tourists who had asked him to
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take a photo of them. She quickly saw that it was her prospective date, Chris. Chris was
wearing a different jacket than she originally saw in his profile photo. They went for coffee
where they both talked about politics and who they would vote for in the next election.
Later on in the museum gift shop, he bought a book of stamps for some postcards he was
planning to write. To top off the day, they walked through the geology exhibit up on the
second floor of the museum. Samantha eventually made her excuses and left, catching the
7pm train back home.

The Dental Exam [negative valencel: Robert was a trainee dentist at the School of
Clinical Medicine in Edinburgh. In the last phase of his training, he would undergo a su-
pervised dental operation, his first one ever on a live patient. Robert had been preparing
for this for months. In the exam things started to go wrong immediately as his drill slipped
and pierced his patient’s cheek. To stem the blood he grabbed a towel from a nearby rack
but this only served to muffle the woman’s desperate screams. She was clearly choking on
her own blood. Panicking, Robert tried to extract the drill piece in one smooth motion
however this brought with it a chunk of flesh. In tears, he cried for help, and his examiner
quickly took over. Not only did Robert fail the exam, he did so in the fastest time ever
recorded at the School of Clinical Medicine. He would later tell his friends this story at the
pub, not skimping on the details.

All three texts had the same number of emotionally neutral opening (3) and closing (1) sentences, and
were closely matched for total number of scored nouns, verbs, and adjectives (~62), overall word count
(~162), number of sentences (# = 11), and the ratio of middle (emotional or neutral) content words to
opening and closing neutral content words (Table 1). These similarities between the three stories were
essential given that strength of initial memory can interact with sleep-dependent memory processes
(Schoch et al., 2017). The three texts we devised were shown prior to the study to not differ significantly
in number of words recalled.

Memory for the Cahill and McGaugh (1995) texts was originally probed through questions re-
lating to discrete story elements (i.e., sentences). In the present study, we used instead the more
fine-grained scoring system from Wagner et al. (2001), based on untimed written free recall, with
each recalled noun, verb, and adjective scored as correct, including word transitions (e.g. ‘plan’ to
‘planned’) and word synonyms (e.g. ‘injured’ to ‘hurt’), while additional word repetitions were not
scored.

Sleep measures
Polysomnographic (PSG) data were collected from all participants (sampling rate 200Hz, high-pass

filter 0.1 Hz) using a Trackit™ 18/8 system (version 2.7.7, Lifelines Ltd, UK) with impedance levels set
at < 8 kQ. Electroencephalography (EEG) placement followed the standard 1020 system with sensors

TABLE 1 Sentence and word counts for the three stories

The Hospital Visit The Date The Dental Exam
Valence Positive Neutral Negative
Total word count 163 161 162
Sentences 1 11 1
Scored neutral initial & final words 27 25 26

Scored middle content words 38 34 38
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at F3/4 and M1/2 derivations, a ground electrode placed on the forehead, and a common reference at
CPz. Electrooculography (EOG) electrodes were applied above the right outer canthus and below the
left outer canthus, with two electromyography (EMG) electrodes placed on the chin to monitor muscle
tone. For participants in the wake condition, PSG data were monitored to ensure that they did not fall
asleep. For participants in the sleep condition, PSG data were scored using REMLogic (V.2.1, Natus
Medical Incorporated) following standard American Academy of Sleep Sciences (ASSM) guidelines
(Silber et al., 2007).

Sleep power analyses

Eye movement, body movement, and respiratory artefacts were manually removed from sleep traces,
and power analyses were conducted on artefact-free 20-second epochs across the entire nap period
using AcqKnowledge Data Analysis Software (V. 4.4, Biopac Systems Incorporated). Sleep traces were
analysed for absolute power in delta (0.5—4 Hz), theta (4—8 Hz), and sigma (12—14 Hz) frequency bands.
Power analyses were not conducted on the separate sleep stages due to participant variability in sleep
stage lengths.

Design and procedure

The experiment followed a mixed-design, with the within-participant variables of valence (positive,
neutral, and negative) for each memory task (text and image), and testing session (immediate and de-
layed), and the between-participant variable of sleep or wake (see Figure 1). The SSS was completed to
assess alertness prior to training and after the sleep/wake petiod. Participants completed the DASS21,
MEQ, NBQ, and ESS after the sleep/wake petriod.

All participants arrived at the sleep laboratory at 10:00 to 10:30 at which point they were ran-
domly allocated to either the sleep or wake conditions prior to being wired up for PSG purposes.
Participants were notified prior to training that their memory would later be tested. Training was
immediately followed by testing at time point one (T'1), with text training and first testing nested
between image training and first testing so as to curtail ceiling performance on the latter mea-
sure. PSG recordings were then activated and participants entered the bedrooms at 13:00 to 13:30.
Participants in the sleep condition were immediately put to bed, whereas participants in the wake
condition first sat alone on a chair in the bedroom for 10 minutes with the lights on. This was to
provide an equivalent period of potential text/image rehearsal (should it occur) as for participants
trying to get to sleep in the nap condition. Following this, participants in the wake condition sat in
bed watching a series of factual documentaries of their choosing on a laptop (the documentary series
How Stuff Works on chocolate, wheat, salt, or beer, the BBC documentary The Secret Life of Chaos, or
the documentary film The King of Kong). After two hours, participants were asked to leave the bed-
rooms where PSG de-wiring commenced during a 20-minute break. Participants then completed
the battery of paper-based measures. Testing at time point two (T2) commenced at approximately
15:30 to 16:00 after which participants were paid and debriefed upon finishing the experiment at
16:30 to 17:00.

IMAGE TEXT IMAGE IMAGE TEXT

TRAINING TESTING TESTING TESTING TESTING
T ™ T2 T2

FIGURE 1 Chronological outline of the procedure. T1 and T2 indicate time points 1 and 2
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Image training and testing

There was first a short practice session featuring clipart images of varying emotional content, in which
six images were randomly presented within a single practice block. Participants were then trained with
120 images. The practice and training trials consisted of, in turn: a 500 ms fixation cross, a 250 ms
image, a 500 ms fixation cross, an untimed valence rating, and an untimed arousal rating. Valence and
arousal responses were prompted with the onscreen presentation of the appropriate SAM in conjunc-
tion with the word ‘EMOTION?” and ‘AROUSAL?’, respectively. These were scored on 1-9 scales with
anchors 1 = negative and 9 = positive, and 1 = not arousing and 9 = highly arousing, with responses
provided using the button box.

Testing at T1 and T2 followed an identical format, with 120 images from either Set 1 or Set 2 ran-
domly presented in a single block. Half the items from training (subset 1A/B ot 2A/B) were paired with
a matched subset of items from the opposing set at each time point, which served as ‘new’ items. Each
testing block thetrefore contained 60 old and 60 new images, with each matched subset (e.g., 1A/2B)
containing the same proportion of valenced items (positive, neutral, or negative) and content (animals,
objects, people, landscapes, and places). After counterbalancing the presentation order of each subset
(T1 or T2), this produced four possible combinations of stimuli for testing, which were pseudo ran-
domly allocated to participants.

Participants were told that they would encounter new images alongside images they had seen previ-
ously, for each of which they would have to determine and signal whether it was ‘Old’ or ‘New’ using
the button box. As with training, testing was preceded by a short practice phase consisting of a single
block of six randomly presented clipart images (3 new, 3 old). A given testing trial consisted of: a 500 ms
fixation cross, a 250 ms image, a 500 ms fixation cross, and an untimed Old/New decision.

Story training and testing

In story training, participants were told that they would be reading three short stories and that they
would have to memorize them in as much detail as possible. The three stories (The Hospital Visit, The
Date and The Dental Exam) were presented to participants typewritten on paper in a randomized order.
Participants were given three minutes to read each text, after each of which they rated the text on eleven
7-point (=3 to 3) dimensions (following Wagner et al., 2001): (i) incomprehensible-comprehensible,
(i) uninteresting-interesting, (iii) difficult-easy, (iv) neutral-emotional, (v) unarousing-startling,
(vi) unimportant-important, (vii) abstract-concrete, (viii) serious-amusing, (ix) boring-arousing, (x)
unfamiliar-familiar, and (xi) negative-positive. For recall, participants were presented with three blank
Word document files on a PC and asked to replicate the texts as literally as they could and in as much
detail as possible. Participants could write up the texts in any order and this task was untimed. The for-
mat of recall testing was identical at T'1 and T2.

Data analysis

Statistical analyses were conducted using IBM SPSS Statistics for Windows, version 28.0 (IBM Corp.,
Armonk, NY, USA). Independent samples t-tests were then used to compare the sleep and wake con-
ditions on the questionnaire metrics (PSQI, DASS21, NBQ, MEQ, ESS, SSS), to ensure equivalency
between participants in the two conditions. Validity of the memory measures was tested by a series of
ANOVAs on text and image valence ratings to ensure they were being differentially and relatively rated
as positive, neutral, or negative valence.

Text rating variables were tested by ANOVA with the within-participant factor of valence (posi-
tive, neutral, or negative), and with post-hoc LSD contrasts where the ANOVA was significant for the
valence factor. For the two tasks separately, mixed-effects ANOVAs compared memory performance
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between the groups at baseline, with the within-participant factor of valence. In accordance with pre-
vious studies (Cairney et al., 2015; Payne et al., 2008) memory change was then assessed by difference
in performance between T1 and T2, using ANOVA, with the within-participant factor of valence and
between-subjects factor of group. Planned comparisons between the groups for each valence separately
were conducted by t-test. Effect sizes are reported as partial eta squared and Cohen's d. Absolute power
in delta, theta, alpha, and sigma frequency bands were correlated using Pearson tests with memory
change measures from both the image and text task. Alpha levels for ANOVAs, and post-hoc and
planned comparisons were set at p < .05. Pearson tests were adjusted for multiple correlations, due to
the large number of correlations and lack of specific hypotheses.

RESULTS
Story ratings

Stories were rated by the 59 participants on 11 dimensions during training using a 7-point scale (=3 to
+3). A series of 3x2 ANOVAs were conducted on these ratings using the within-participant variable of
valence (positive, neutral, or negative) and the between-participant variable of condition (sleep or wake).
As the factor of condition revealed no main effects or interactions only the main effects of valence are
reported in Table 2. All three texts were found to be equivalent on the dimensions of comprehensibility,
difficulty, concreteness, and seriousness. The negative text was rated as more interesting, arousing, im-
portant, and less boring than the neutral and positive texts; however, it should be noted that analogous
differences were seen in the texts used by Wagner et al. (2001) and should be considered an intrinsic
component of valence manipulation. Importantly, the largest and most consistent differences relate to
the valence dimension in which the texts were rated appropriately as positive, neutral, and negative.
Effect sizes for the main effect of valence and for comparisons between valence categories, where these
are significant, are presented in Table S1.

Image ratings

Two participants from the wake condition were removed from the image rating and image memory
analyses due to (i) chance (~50%) accuracy performance at test on the image task and (ii) missing data
due to an equipment failure at T2 on the image task. Responses from excessively fast (< 300msec) and
slow (23000 msec) trials were trimmed from the dataset (~9% of total responses). This resulted in the
removal from the image analyses of one further wake condition participant, who was a high outlier on
number of trimmed responses, which led to concerns about robustness and sufficiency of data for this
participant across the stimulus categories.

Fifty-six participants thus provided valid data for the image ratings at learning (sleep, #» = 30; wake,
n = 206). To determine that images were being appropriately rated as emotionally positive, neutral, or
negative in accordance with their pre-experiment designations a 3 X 2 mixed-effects ANOVA was
conducted on the image emotion ratings (1-9, negative-positive) during training using the within-
participant variable of valence category (negative, neutral, or positive) and the between-participant vari-
able of condition (sleep or wake). The emotion ratings followed the expected order of positive condition
M = 6.18, SE = 0.13), neutral condition (M = 4.43, SE = 0.10), and negative condition (M = 2.79,
SE = 0.13): There was here a large main effect of valence category, F(2,108) = 176.36, p < .001, partial
eta sq = .7606, with the three valence categories being rated as significantly different from each other on
emotion ratings, with all ts > 10.00, dfs = 56, and all ps < .001: effect sizes between negative and neutral
categories, Cohen's d = 1.331; between negative and positive categories, d = 1.957; and between neutral
and positive categories, d = 2.040. There was no main effect of condition, F(1,54) = 0.282, p = .597,
nor an interaction between condition and valence, F(2,108) = 0.104, p = .901, for these emotion ratings.
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Group comparisons on background, sleep, and sleepiness measures

A series of independent-samples t-tests were used to compare the sleep and wake conditions on scores
from the PSQI, MEQ), the three DASS-21 subscales (depression, anxiety, and stress), Epworth Sleepiness
Scale, and the Stanford Sleepiness Scale before learning and after second testing. No significant differ-
ences between conditions were found on any of these measures (Table 3, all ts < 1, all ps > .44). Global
PSQI values (M = 4.54, SE = 0.27) indicated average scores below the threshold (5) indicative of poor
sleep quality (Buysse et al., 1989).

Average DASS-21 metrics from the depression (M = 2.98, SE = 0.47), anxiety (M = 4.07,
SE = 0.57) and stress (M = 7.46, SE = 0.75) subscales were well within the suggested ‘normal’
threshold for these measures (Lovibond & Lovibond, 1995). MEQ scores (M = 13.25, SE = 0.45)
indicated no overall morning or evening type for either condition or differences between the two
conditions (Adan & Almirall, 1991). NBQ scores indicated a comparable amount of habitual nappers
in the sleep (# = 27, 90%) and wake conditions (#» = 24, 83%; Lovato et al., 2014). Taken together,
these results indicate a robust degree of equivalency between the sleep and wake conditions on these
measures.

Image task analyses
Image task performance at T'1

Two participants in the sleep group slept for less than 30 minutes and were thus excluded from the
memory analyses, resulting in analysis of memory data for 54 participants in the image task (sleep
group, # = 28, mean sleep duration = 65.28 mins, SE = 3.88; wake group, » = 26). A 3 X 2 mixed ef-
fects ANOVA using the within-participant factor of valence (negative, neutral, and positive) and the
between-participants factor of condition (sleep vs. wake) was conducted on T1 percentage accuracy to
determine performance equivalence prior to the sleep/wake manipulation.

At T1, there was a main effect of valence on memory score, F(2, 104) = 4.334, p = .016, partial eta
sq = .077 (negative images, mean = 87.07, SE = 0.99; neutral images, mean = 88.96, SE = 0.83; positive
images, mean = 86.17, SE = 1.02). The only significant pairwise comparison was for neutral versus
positive images, p = .003, partial eta sq = .160. There was no main effect of condition, F(1, 52) = 2.741,
p =104 (wake condition, M = 88.67, SE = 1.10; sleep condition, M = 86.14, SE = 1.06). There was no
significant valence X condition interaction, F(2, 104) = 1.621, p = .203.

TABLE 3 Scores on sleep quality (assessed by PSQI), Depression, Anxiety and Stress (all assessed by DASS-21),
Morningness-Eveningness, Epworth Sleepiness Scale, and Stanford Sleepiness Scale pre-learning and post-final testing, for
the sleep and wake groups

Sleep (n = 30) Wake (n = 29)

M SE M SE
Sleep quality (PSQI) 4.50 0.29 4.59 0.30
Depression 2.93 0.75 3.03 0.63
Anxiety 4.27 0.69 3.86 0.94
Stress 7.80 1.05 7.10 1.08
Morningness-Eveningness 13.00 0.60 13.52 0.69
ESS 6.90 0.46 7.41 0.48
SSS pre-learning 2.63 0.16 2.62 0.15

SSS post-testing 2.77 0.21 3.00 0.22
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Change in image memory from T1 to T2

The change score in memory was calculated as T2 percentage correct minus T1 percentage correct,
following the method used by Payne et al. (2008) and Cairney et al. (2015). Thus, the more negative the
number, the more images were forgotten after the interceding period of sleep or wake. A main effect of
condition was present, (1,52) = 6.231, p = .016, partial eta sq = .107, with the sleep condition forget-
ting less information than the wake condition (Figure 2). There was no valence X condition interaction,
F(2,104) = 0.375, p = .688, and no main effect of valence, F(2,104) = 0.968, p = .383. An independ-
ent t-test comparing memory for positively valenced items between the two conditions was margin-
ally significant, #(52) = 1.957, p = .056, while groups did not differ on memory change for negative
(#(52) = 1.398, p = .168) or neutral items (#(52) = 1.081, p = .285). These results indicate that individuals
who slept forgot less information than those who did not sleep, with the effect being marginally greater
for positive emotions.

Correlations of image task performance change with sleep architecture and waveband
power measutes

Table 4 shows the means of the sleep variables for the naps. Due to some artefacts in the EEG records
of three participants, data presented are from 25 sleep group participants. Eight participants had more
than 10 minutes of REM, 15 participants had more than 5 minutes of REM.

In order to assess whether specific sleep microstructure was related to the amount of forgetting,
we conducted correlations between spectral power in different frequency bands and change in overall
image memory performance. Overall change scores are used in this analysis as change scores on this
task did not differ as a function of valence. There were no significant Pearson correlations for left or
right derivations of delta (ps > .63), theta (ps > .63), or sigma (ps > .59) with change in image memory.
There were also no significant correlations between minutes of total sleep, N2, N3, or REM sleep and
change in image memory (all ps > .22).
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FIGURE 2 Change in image recall (T2% - T1%) as a function of sleep (#z = 28) versus wake (7 = 26) condition and
valence of image (negative, neutral and positive). Values are M (£ SE). Note: * p < .05
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TABLE 4 Means (SEs) of sleep architecture (mins) and EEG power (sz/Hz) variables for the naps

Mean SE

Length (mins)

Sleep latency 20.36 2.45
N1 11.00 1.46
N2 29.50 2.43
N3 26.10 3.40
REM 8.32 1.66
Power (WV*/Hz)
F3-delta 9.82 1.36
F4-delta 9.71 1.32
F3-theta 0.83 0.08
F4-theta 0.83 0.08
F3-sigma 0.15 0.02
F4-sigma 0.15 0.02
Note: n = 25.

Story task analyses
Story task performance at T'1

As stated above, two participants in the sleep group slept for less than 30 minutes and were thus ex-
cluded from the memory analyses. One further sleep group participant was excluded from story task
memory analyses due to story task data loss at Time 2, resulting in analysis of memory data for 56
participants in the story task (sleep group, » = 27, mean sleep duration = 64.33 mins, SE = 4.50; wake
group, # = 29).

Number of words recalled at immediate testing was computed for the 56 participants on the
three valence conditions. Immediate recall means (SEs) were: Negative story, mean = 36.16 (0.89);
Neutral story, mean = 38.30 (1.08); Positive story, mean = 35.91 (1.09). For immediate recall of the
three stories Cronbach's alpha = .81 (number of items = 3, number of cases = 56). There was no
effect of group (I"(1,54) = 1.03, p = .315), and no significant interaction between group and valence
(F(2,108) = 0.189, p = .828). Although mean differences between valence conditions were less than
3 words, the conditions did differ significantly in immediate recall, (F(2,108) = 3.915, p = .023, par-
tial eta sq = .068): LSD post-hoc contrasts showed significantly higher recall for Neutral than for
Positive stories (p = .0006, partial eta sq = .132), and significantly higher recall for neutral than for
negative stories (p = .036, partial eta sq = .080). Positive and negative stories did not differ signifi-
cantly on immediate recall (p = .811).

Change in story memory from T1 to T2

The story recall change variable was calculated in the same way as for the image task as T2 percent-
age correct words minus T1 percentage correct words. This variable was entered into a 3 X 2 mixed-
effects ANOVA with valence (positive, neutral, or negative) as the within-participants variable and
condition (sleep or wake) as the between-participants variable. A significant main effect of condition
was present, I(1,54) = 9.796, p = .003, partial eta sq = .154 (see Figure 3). There was no main ef-
fect of valence, I1(2,108) = 1.935, p = .149 and no condition X valence interaction, F(2,108) = 0.691,
p = .503. Regarding the study aim of comparing conditions on change scores for the valences



NAPS AND MEMORY FOR EMOTIONAL STIMULI 791

Sleep Wake

0
= Emotion
S -1 m Negative
N
R @Neutral
=
9 3 @ Positive
c
2
6 4
3
®
g 6 1 *
m | J

7 L *k )

——— ok |

FIGURE 3 Change in word recall (T2% - T1%) as a function of sleep (# = 27) versus wake (# = 29) condition and
valence of text (negative, neutral and positive). Values are M (+ SE). Noze: * p < .05, **p = .003

separately, independent t-tests revealed that emotional text recall decreased more in the wake condi-
tion relative to sleep for both negative (#(54) = 2.35, p = .023, Cohen's d = .628) and positive texts
(#(54) = 3.09, p = .003, d = .820); there was no significant difference between groups on neutral text
recall (#(54) = 1.36, p = .180). Post-hoc analyses were then conducted to assess differences between
negative and positive text recall within-subjects, for the sleep and wake groups separately, given that
for both groups, there was better retention of the negative in comparison to the positive story. For
both groups using LSD pairwise comparisons, there was no significant difference in word recall
between the negative and positive valence conditions: sleep group, p = .223; wake group, p = .114.
There were also no significant differences in word recall between the negative and neutral valence
conditions: sleep group, p = .209; wake group, p = .830, or between the neutral and positive valence
conditions: sleep group, p = .810; wake group, p = .181.

Note that an alternative story memory change measure was used by Wagner et al. (2001), of T2 score/
T1 score expressed as a percentage. Performance above 100% would mean participants are remember-
ing more at T2 than T1, conversely scores below 100% on this measure indicate forgetting. Negligible
differences in inferential statistics occurred for this measure, in comparison to the T2 percentage cor-
rect — T1 percentage correct measure.

Correlations of story task performance change with sleep architecture and waveband
power measures

As above, three participants were removed from sleep stage and EEG power analyses due to artefactual
traces; thus, for these analyses, sleep group # = 24. Correlations were conducted to assess whether power
in specific EEG frequency bands and lengths of N2, N3, and REM sleep, and total sleep length, were
associated with change in word recall for the three valences. Twenty-one correlations were conducted
(three waveband and one sleep length and three sleep stage length variables, correlated with three
story memory change variables), and so threshold p was set at p = .0024 (.05/21). All correlations were
non-significant.
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DISCUSSION

The findings confirmed our hypothesis that text and image recall would be superior in the sleep condi-
tion compared to the wake condition. As also hypothesized, this effect was greater for positively and
negatively valenced information rather than neutral valenced, but only for the story task. For the im-
ages task, whereas the sleep effect was found, it was only marginally greater for positively, rather than
neutral and negatively valenced stimuli. While the majority of prior research has focused on the role
of sleep in negative and neutral valenced memory retention, these findings add to existing literature
and suggest that memory for positive stimuli are benefitted by sleep at least as much as for negative
stimuli. The story memory results support bi-valent theoretical accounts of the relationship between
sleep and emotional memory consolidation (Perogamvros & Schwartz, 2012). However, although the
sleep effect was present for negative and positive stories and is hence driven for this task by intensity of
emotion rather than being specific to one valence, there may be different neural mechanisms behind
these similar changes, and future work should address this. This should take account of the extensive
literature showing that for individual learning tasks, where negatively and positively valenced stimuli are
both learned, different neural mechanisms may support each type of learning. For example, Namburi
et al. (2015) found that whereas the basolateral amygdala is involved in fear and reward learning in two
versions (avoidance versus approach) of the same association learning task, it projects to the nucleus
accumbens for reward learning and to the centromedial amygdala for fear learning, the latter two areas
having reciprocal activities. Similarly, Niznikiewicz and Delgado (2011) showed that similar learning
effects could occur in a gambling task for positive and negative reinforcers, but that only the latter was
mediated by the striatum.

For the two tasks, we did not find any significant correlations of memory change with sleep electro-
physiology or sleep-stage variables. As reviewed eatlier, previous findings on the relationship between
sleep variables and emotional image memory are inconsistent. Our findings of no relationships with
electrophysiology should be seen in the light of this inconsistent literature. Regarding this inconsistency,
it may be that variations in image materials, sleep timing and duration alter the relationship between
sleep stages, electrophysiology and performance, or it may be that there are no consistent replicable
relationships between these variables. The findings here taken alone could thus be interpreted as sleep
simply reducing memory decay or eliminating interference from encoding new memories during the
time period before delayed testing, rather than that sleep is engaged in active consolidation (Ellenbogen
et al., 2006). Nevertheless, the simple reduction in decay of memories during the period asleep may be
part of active memory consolidation, in that memories must be maintained so as to be consolidated.
Future work addressing active memory consolidation for the narrative memory task should utilize EEG
data collection at central, parietal, and occipital sites, as the current study used only frontal placements.

There has been evidence that sleep enables gist memory such that generalizations and abstractions of
multiple stimuli can be formed during sleep (Horvath et al., 2016; Lutz et al., 2017), and also that false
memories can result from gist processes during sleep (Pardilla-Delgado & Payne, 2017). We class the
narrative memory assessed in the present study as episodic rather than as generalized or gist memory
because the scoring system required exactly presented words or their synonyms to be recalled. Future
work should assess generalized gist narrative recall, which will require much longer and more complex
narratives than used in the present study.

Limitations

The ratings of the pictures on the 9-point scale (where 1 = negative, 9 = positive) indicated that the
negative pictures were not severely unpleasant: negative pictures, M = 2.79; neutral pictures, M = 4.42;
positive pictures, M = 6.17. It may be that the lack of an interaction of the sleep effect with valence on
the picture task was due to this mildness of the stimuli. However, the emotional story texts were simi-
larly not extreme, on the 7-point scale (where —3 = negative, +3 = positive): negative story, M = —1.64;
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neutral story, M = 0.53, positive story, M = 2.18, and yet here the sleep effect was significant for emo-
tional but not neutral texts.

We accept that in this study, as in many previous studies on sleep and emotional memory, valence
is associated with arousal and so apparent effects of valence might be explained partly by arousal.
Future studies should aim to disaggregate these variables, but this will require studies with suffi-
cient numbers of stimuli so as to enable multiple levels of arousal within each valence level, with a
factor of arousal level included in analyses. In the image task, this will require matching of stimulus
characteristics for sets and subsets of images to be done for the arousal factor, just as was done in
the current study for the valence factor. Importantly, however, there needs to be cognizance of
the measurement issues for arousal that are detailed in Marchewa et al. (2014), and their delibera-
tions on how with the NAPS database positive images are the least arousing, with negative images
most arousing and neutral images in between, whereas in the IAPS database, positive and negative
pictures were rated as arousing, with neutral pictures rated as falling at the other, non-arousing,
extreme.

In order to diminish the likelihood of the wake group participants rehearsing the stories and
photos, they were allowed to choose documentaries to watch in the 2-hour wake period. Although
we ensured that the contents of the documentaries did not have similarities to the contents of the
stories or photos, there is the possibility that wake participants may have each chosen a documentary
on the basis of what they would find interesting or enjoyable or pleasant. It is thus possible that any
positive effects on mood resulting from this choice may have had a differential effect for the wake
group and also for memory for the positively valenced stories. There is also the converse possibility
that watching documentaries interfered with story memory in general for this group. These limita-
tions are acknowledged. Nevertheless, it is standard procedure to provide narrative materials for
the wake condition in a nap study, and we suggest that this is necessary despite the above possible
eventualities.

Our use of two emotional memory tasks does raise the issue of whether there may have been inter-
ference between them. Nielsen et al. (2015) found that presenting two procedural tasks together altered
the sleep correlates from when the tasks are presented separately, and they concluded that the use of
two tasks in one study might lead to capacity constraints for processing in sleep, as well as interference
in performance of the two tasks. They also raise the issue of interaction with individual differences in
baseline performances on the tasks. On the latter, Peters et al. (2007) show that electrophysiological
correlates can alter with baseline level of skill, or lack of skill, of participants, a finding that may become
more complex when two tasks are presented. This limitation is important given that both tasks were
declarative memory tasks, which can be contrasted to the lack of interference during sleep between
procedural and declarative memory tasks found by Brown and Robertson (2007).

CONCLUSIONS

It is important to include positive as well as negative and neutral emotional stimuli in tasks that test the
effects of sleep on memory. Image memory was found to be greater after a nap than after the same period
of wake but this effect did not alter for the different image valences. The major importance of the present
paper is the use of story texts, given that much of human memory is narrative based, rather than item based.
Whereas item and list materials have been commonly used in sleep research, there is a major research ques-
tion of how narrative memory is affected by sleep. This is the first study to address this question using
negative, neutral, and positively valenced stories. Story memory was found to be better retained across a
nap than across a wake period, this effect being greatest for the positive and negative stories. There were
no electrophysiological correlates for performance on the two tasks, and thus no resolutions regarding the
inconsistent literature in this area were obtained. Other groups are invited to use these three standardized
stories, so as to replicate and extend our results of a sleep effect for emotional story learning, and to address
further the possibilities of EEG and sleep stage correlates of the sleep effect.



794 | REID ET AL.

ACKNOWLEDGEMENTS
Study funded by a Swansea University research grant award.

CONFLICTS OF INTEREST
We have no conflicts of interest to disclose.

AUTHOR CONTRIBUTION

Alex M. Reid: Conceptualization; Data curation; Formal analysis; Investigation; Methodology; Project
administration; Software; Validation; Visualization; Writing — original draft; Writing — review & editing;
Anthony Bloxham: Investigation; Methodology; Software; Writing — review & editing. Michelle Carr:
Data curation; Formal analysis; Methodology; Software; Validation; Visualization; Writing — review & ed-
iting. Elaine van Rijn: Investigation; Methodology; Writing — review & editing. Nasreen Basoudan:
Investigation; Methodology; Writing — review & editing. Chloe Tulip: Validation; Visualization; Writing
— review & editing. Mark Blagrove: Conceptualization; Data curation; Formal analysis; Funding acquisi-
tion; Resources; Supervision; Writing — original draft; Writing — review & editing;

OPEN RESEARCH BADGES

0

This article has earned an Open Data Badge for making publicly available the digitally-shareable data nec-
essaty to reproduce the teported results. The data is available at http://doi.org/10.5281/zenodo.5046431.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are openly available in zenodo at http://doi.otg/10.5281/
zenodo.5046431, reference Sleep and story and photograph memory study (Version 1).

ORCID
Mark Blagrove ® https://otcid.org/0000-0002-9854-1854

REFERENCES

Adan, A., & Almirall, H. (1991). Horne & Ostberg morningness-eveningness questionnaire: A reduced scale. Personality and
Individual Differences, 12(3), 241-253. https://doi.org/10.1016/0191-8869(91)90110-W

Ashton, J. E., Harrington, M. O., Guttesen, A. A. V., Smith, A. K., & Cairney, S. A. (2019). Sleep Preserves Physiological Arousal
in Emotional Memory. Science Reports, 9, 5966. https://doi.org/10.1038/s41598-019-42478-2

Benedict, C., Scheller, J., Rose-John, S., Born, J., & Marshall, L. (2009). Enhancing influence of intranasal interleukin-6 on slow
wave activity and memory consolidation during sleep. The EASEB Journal, 23(10), 3629-3636. https://doi.org/10.1096/
£j.08-122853

Born, J., & Wilhelm, 1. (2012). System consolidation of memory during sleep. Psychological Research, 76(2), 192—203. https://doi.
org/10.1007/s00426-011-0335-6

Bradley, M. M., & Lang, P. J. (1994). Measuring emotion: the self-assessment manikin and the semantic differential. Journal of
Behavior Therapy and Experimental Psychiatry, 25(1), 49-59. https://doi.org/10.1016/0005-7916(94)90063-9

Brashers-Krug, T., Shadmehr, R., & Bizzi, E. (1996). Consolidation in human motor memory. Nature, 382(6588), 252—255.
https://doi.org/10.1038/382252a0

Brown, R. M., & Robertson, E. M. (2007). Off-line processing: Reciprocal interactions between declarative and procedural
memories. Journal of Neuroscience, 27, 10468—10475. https://doi.org/10.1523/JNEUROSCI.2799-07.2007

Buysse,D. J.,Reynolds, C.F.11I, Monk, T.H., Berman,S. R., & Kupfer,D.]. (1989). The Pittsburgh Sleep Quality Index: anew instru-
ment for psychiatric practice and research. Psychiatry Research, 28(2), 193—213. https://doi.org/10.1016/0165-1781(89)90047
-4

Cahill, L., & McGaugh, J. L. (1995). A novel demonstration of enhanced memory associated with emotional arousal. Conscionsness
and Cognition, 4(4), 410—421. https://doi.org/10.1006/ccog.1995.1048

Cairney, S. A., Durrant, S. J., Power, R., & Lewis, P. A. (2015). Complementary roles of slow-wave sleep and rapid eye movement
sleep in emotional memory consolidation. Cerebral Cortex, 25(6), 1565—1575. https://doi.org/10.1093/cercor/bht349

Cantero, J. L., Atienza, M., Stickgold, R., Kahana, M. J., Madsen, J. R., & Kocsis, B. (2003). Sleep-dependent 0 oscillations
in the human hippocampus and neocortex. Journal of Neuroscience, 23(34), 10897-10903. https://doi.org/10.1523/J]NEUR
OSCI.23-34-10897.2003


http://doi.org/10.5281/zenodo.5046431
http://doi.org/10.5281/zenodo.5046431
http://doi.org/10.5281/zenodo.5046431
https://orcid.org/0000-0002-9854-1854
https://orcid.org/0000-0002-9854-1854
https://doi.org/10.1016/0191-8869(91)90110-W
https://doi.org/10.1038/s41598-019-42478-2
https://doi.org/10.1016/j.bbi.2009.05.005
https://doi.org/10.1016/j.bbi.2009.05.005
https://doi.org/10.1007/s00426-011-0335-6
https://doi.org/10.1007/s00426-011-0335-6
https://doi.org/10.1016/0005-7916(94)90063-9
https://doi.org/10.1038/382252a0
https://doi.org/10.1523/JNEUROSCI.2799-07.2007
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1006/ccog.1995.1048
https://doi.org/10.1093/cercor/bht349
https://doi.org/10.1523/JNEUROSCI.23-34-10897.2003
https://doi.org/10.1523/JNEUROSCI.23-34-10897.2003

NAPS AND MEMORY FOR EMOTIONAL STIMULI | 795

Cellini, N, Torre, J., Stegagno, L., & Sarlo, M. (2016). Sleep before and after learning promotes the consolidation of both neutral
and emotional information regardless of REM presence. Newurobiology of Learning and Memory, 133, 136—144. https://doi.
org/10.1016/j.01m.2016.06.015

Dahan, L., Astier, B., Vautrelle, N., Urbain, N., Kocsis, B., & Chouvet, G. (2007). Prominent burst firing of dopaminer-
gic neurons in the ventral tegmental area during paradoxical sleep. Newropsychopharmacology, 32, 1232—1241. https://doi.
org/10.1038/sj.npp.1301251

Dickelmann, S., & Born, J. (2010). The memory function of sleep. Nazure Reviews Neuroscience, 11(2), 114~126. https://doi.
org/10.1038/nrn2762

Ellenbogen, J. M., Hulbert, J. C., Jiang, Y., & Stickgold, R. (2009). The sleeping brain's influence on verbal memory: boosting
resistance to interference. PLoS One, 4(1), ¢4117. https://doi.org/10.1371/journal.pone.0004117

Ellenbogen, ]. M., Payne, J. D., & Stickgold, R. (2006). The role of sleep in declarative memory consolidation: passive, permis-
sive, active or none? Current Opinion in Neurobiology, 16(6), 716=722. https://doi.org/10.1016/j.conb.2006.10.006

Fischer, S., & Born, J. (2009). Anticipated reward enhances offline learning during sleep. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 35(6), 1586. https://doi.org/10.1037/20017256

Fischer, S., Hallschmid, M., Elsner, A. L., & Born, J. (2002). Sleep forms memory for finger skills. Proceedings of the National
Academy of Sciences, 99(18), 11987-11991. https://doi.org/10.1073/pnas.182178199

Gilson, M., Deliens, G., Leproult, R., Bodart, A., Nonclercq, A., Ercek, R., & Peigneux, P. (2016). REM-enriched naps are
associated with memory consolidation for sad stories and enhance mood-related reactivity. Brain Sciences, 6(1), 1. https://
doi.org/10.3390/brainsci6010001

Groch, S., Wilhelm, I., Diekelmann, S., & Born, J. (2013). The role of REM sleep in the processing of emotional memories:
evidence from behavior and event-related potentials. Neurobiology of Learning and Memory, 99, 1-9. https://doi.org/10.1016/j.
nlm.2012.10.006

Groch, S., Wilhelm, I., Diekelmann, S., Sayk, ., Gais, S., & Born, J. (2011). Contribution of norepinephrine to emotional mem-
ory consolidation during sleep. Psychonenroendocrinology, 36(9), 1342—1350. https://doi.org/10.1016/j.psyneuen.2011.03.006

Groch, S., Zinke, K., Wilhelm, 1., & Born, J. (2015). Dissociating the contributions of slow-wave sleep and rapid eye movement
sleep to emotional item and source memory. Neurobiology of Learning and Memory, 122, 122—130. https://doi.org/10.1016/j.
nlm.2014.08.013

Harrington, M. O., Johnson, J. M., Croom, H. E., Pennington, K., & Durrant, S. ]. (2018). The influence of REM sleep and
SWS on emotional memory consolidation in participants reporting depressive symptoms. Corfex, 99, 281-295. https://doi.
org/10.1016/j.cortex.2017.12.004

Heuer, F., & Reisberg, D. (1990). Vivid memories of emotional events: The accuracy of remembered minutiae. Memory &
Cognition, 18(5), 496-5006. https://doi.org/10.3758/BF03198482

Hoddes, E., Zarcone, V., Smythe, H., Phillips, R., & Dement, W. C. (1973). Quantification of sleepiness: a new approach.
Psychaphysiolagy, 10(4), 431-436. https://doi.org/10.1111/7.1469-8986.1973.tb00801.x

Horviath, K., Liu, S., & Plunkett, K. (2016). A daytime nap facilitates generalization of word meanings in young toddlers. Steep,
39,203-207. https://doi.org/10.5665/sleep.5348

Hu, P, Stylos-Allan, M., & Walker, M. P. (20006). Sleep facilitates consolidation of emotional declarative memory. Psychological
Science, 17(10), 891-898. https://doi.org/10.1111/j.1467-9280.2006.01799.x

Johns, M. W. (1991). A new method for measuring daytime sleepiness: the Epworth sleepiness scale. Sleep, 74(6), 540-545.
https://doi.org/10.1093/sleep/14.6.540

Kazui, H., Mori, E., Hashimoto, M., Hirono, N., Imamura, T., Tanimukai, S., Hanihara, T., & Cahill, L. (2000). Impact of emo-
tion on memory: Controlled study of the influence of emotionally charged material on declarative memory in Alzheimer's
disease. The British Journal of Psychiatry, 177(4), 343—347. https://doi.org/10.1192/bjp.177.4.343

Kiyatkin, E. A., & Stein, E. A. (1995). Fluctuations in nucleus accumbens dopamine during cocaine self-administration behav-
ior: an in vivo electrochemical study. Nexroscience, 64(3), 599—617. https://doi.org/10.1016/0306-4522(94)00436-9

Korman, M., Doyon, J., Doljansky, J., Carrier, ., Dagan, Y., & Karni, A. (2007). Daytime sleep condenses the time course of
motor memory consolidation. Nature Neuroscience, 10(9), 1206—-1213. https://doi.org/10.1038/nn1959

Krystal, A. D. (2012). Psychiatric disorders and sleep. Neurologic Clinics, 30(4), 1389-1413. https://doi.org/10.1016/j.
ncl.2012.08.018

Lahl, O., Wispel, C., Willigens, B., & Pietrowsky, R. (2008). An ultra short episode of sleep is sufficient to promote declarative
memory performance. Journal of Skeep Research, 17(1), 3-10. https://doi.org/10.1111/§.1365-2869.2008.00622.x

Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (2008). International affective picture system (IAPS): Affective ratings of pictures
and instruction manual. Technical Report A-8. University of Florida, Gainesville, FL.

Lau, E. Y. Y., McAteer, S., Leung, C. N. W., Tucker, M. A., & Li, C. (2018). Beneficial effects of a daytime nap on verbal memory
in adolescents. Journal of Adolescence, 67, T7—84. https://doi.org/10.1016/j.adolescence.2018.06.004

Lehmann, M., Schreiner, T., Seifritz, E., & Rasch, B. (2016). Emotional arousal modulates oscillatory correlates of targeted
memory reactivation during NREM, but not REM sleep. Scientific Reports, 6, 39229. https://doi.org/10.1038/srep39229

Lovato, N, Lack, L., & Wright, H. (2014). The napping behaviour of Australian university students. PLoS One, 9(11), e113666.
https://doi.org/10.1371/journal.pone.0113666


https://doi.org/10.1016/j.nlm.2016.06.015
https://doi.org/10.1016/j.nlm.2016.06.015
https://doi.org/10.1038/sj.npp.1301251
https://doi.org/10.1038/sj.npp.1301251
https://doi.org/10.1038/nrn2762
https://doi.org/10.1038/nrn2762
https://doi.org/10.1371/journal.pone.0004117
https://doi.org/10.1016/j.conb.2006.10.006
https://doi.org/10.1037/a0017256
https://doi.org/10.1073/pnas.182178199
https://doi.org/10.3390/brainsci6010001
https://doi.org/10.3390/brainsci6010001
https://doi.org/10.1016/j.nlm.2012.10.006
https://doi.org/10.1016/j.nlm.2012.10.006
https://doi.org/10.1016/j.psyneuen.2011.03.006
https://doi.org/10.1016/j.nlm.2014.08.013
https://doi.org/10.1016/j.nlm.2014.08.013
https://doi.org/10.1016/j.cortex.2017.12.004
https://doi.org/10.1016/j.cortex.2017.12.004
https://doi.org/10.3758/BF03198482
https://doi.org/10.1111/j.1469-8986.1973.tb00801.x
https://doi.org/10.5665/sleep.5348
https://doi.org/10.1111/j.1467-9280.2006.01799.x
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1192/bjp.177.4.343
https://doi.org/10.1016/0306-4522(94)00436-9
https://doi.org/10.1038/nn1959
https://doi.org/10.1016/j.ncl.2012.08.018
https://doi.org/10.1016/j.ncl.2012.08.018
https://doi.org/10.1111/j.1365-2869.2008.00622.x
https://doi.org/10.1016/j.adolescence.2018.06.004
https://doi.org/10.1038/srep39229
https://doi.org/10.1371/journal.pone.0113666

796 | REID ET AL.

Lovibond, P. F., & Lovibond, S. H. (1995). The structure of negative emotional states: Comparison of the Depression Anxiety
Stress Scales (DASS) with the Beck Depression and Anxiety Inventories. Bebaviour Research and Therapy, 33(3), 335-343.
https://doi.org/10.1016/0005-7967(94)00075-U

Lutz, N. D., Dickelmann, S., Hinse-Stern, P., Born, J., & Rauss, K. (2017). Sleep Supports the Slow Abstraction of Gist from
Visual Perceptual Memories. Seientific Reports, 7, 42950. https://doi.org/10.1038/srep42950

Mar, R. A. (2004). The neuropsychology of narrative: Story comprehension, story production and their interrelation.
Neuropsychologia, 42(10), 1414—1434. https://doi.org/10.1016/j.neuropsychologia.2003.12.016

Marchewka, A., Zurawski, L., Jednorég, K., & Grabowska, A. (2014). The Nencki Affective Picture System (NAPS):
Introduction to a novel, standardized, wide-range, high-quality, realistic picture database. Bebavior Research Methods, 46(2),
596-610. https://doi.org/10.3758/5s13428-013-0379-1

Marshall, A. J., Acheson, D. T., Risbrough, V. B., Straus, L. D., & Drummond, S. P. (2014). Fear conditioning, safety learning,
and sleep in humans. Journal of Neuroscience, 34(35), 11754=11760. https://doi.org/10.1523/J]NEUROSCI.0478-14.2014

Morgenthaler, J., Wiesner, C. D., Hinze, K., Abels, L. C., Prehn-Kristensen, A., & Géder, R. (2014). Selective REM-sleep depri-
vation does not diminish emotional memory consolidation in young healthy subjects. PLoS One, 9(2), ¢89849. https://doi.
org/10.1371/journal.pone.0089849

Namburi, P, Beyeler, A., Yorozu, S., Calhoon, G. G., Halbert, S. A., Wichmann, R., Holden, S. S., Mertens, K. L., Anahtar, M.,
Felix-Ortiz, A. C., Wickersham, I. R., Gray, J. M., & Tye, K. M. (2015). A circuit mechanism for differentiating positive
and negative associations. Nazure, 520(7549), 675. https://doi.org/10.1038/nature14366

Nielsen, T., O’Reilly, C., Carr, M., Dumel, G., Godin, 1., Solomonova, E., Lara-Carrasco, J., Blanchette-Carricre, C., & Paquette,
T. (2015). Overnight improvements in two REM sleep-sensitive tasks are associated with both REM and NREM sleep
changes, sleep spindle features, and awakenings for dream recall. Neurobiology of Learning and Memory, 122, 88=97. https://
doi.org/10.1016/j.01m.2014.09.007

Nishida, M., Pearsall, J., Buckner, R. L., & Walker, M. P. (2009). REM sleep, prefrontal theta, and the consolidation of human
emotional memory. Cerebral Cortex, 19(5), 1158-1166. https://doi.org/10.1093 /cercor/bhn155

Niznikiewicz, M. A., & Delgado, M. R. (2011). Two sides of the same coin: learning via positive and negative reinforcers in the
human striatum. Developmental Cognitive Neuroscience, 1(4), 494-505. https://doi.org/10.1016/j.den.2011.07.006

Nofzinger, E. A., Buysse, D. ., Miewald, J. M., Meltzer, C. C., Price, J. C., Sembrat, R. C., Ombao, H., Reynolds, C. F., Monk,
T. H., Hall, M., Kupfer, D. J., & Moore, R. Y. (2002). Human regional cerebral glucose metabolism during non-rapid eye
movement sleep in relation to waking. Brain, 125, 1105-1115. https://doi.org/10.1093/brain/awf103

Pardilla-Delgado, E., & Payne, J. D. (2017). The impact of sleep on true and false memory across long delays. Neurobiology of
Learning and Memory, 137,123-133. https://doi.org/10.1016/j.01m.2016.11.016

Payne, ]J., Chambers, A. M., & Kensinger, E. A. (2012). Sleep promotes lasting changes in selective memory for emotional
scenes. Frontiers in Integrative Neuroscience, 6, 108. https://doi.org/10.3389/fnint.2012.00108

Payne, J. D., & Kensinger, E. A. (2018). Stress, sleep, and the selective consolidation of emotional memories. Current Opinion in
Behavioral Sciences, 19, 36—43. https://doi.org/10.1016/j.cobeha.2017.09.006

Payne, J. D., Kensinger, E. A., Wamsley, E. J., Spreng, R. N., Alger, S. E., Gibler, K., Schacter, D. L., & Stickgold, R. (2015).
Napping and the selective consolidation of negative aspects of scenes. Emotion, 15(2), 176-186. https://doi.org/10.1037/
20038683

Payne, J. D., Stickgold, R., Swanberg, K., & Kensinger, E. A. (2008). Sleep preferentially enhances memory for emotional com-
ponents of scenes. Psychological Science, 19(8), 781-788. https://doi.org/10.1111/}.1467-9280.2008.02157.x

Perogamvros, L., & Schwartz, S. (2012). The roles of the reward system in sleep and dreaming. Neuroscience & Biobebavioral
Reviews, 36(8), 1934-1951. https://doi.org/10.1016/j.neubiorev.2012.05.010

Peters, K. R., Smith, V., & Smith, C. T. (2007). Changes in sleep architecture following motor learning depend on initial skill
level. Journal of Cognitive Neuroscience, 19(5), 817-829. https://doi.org/10.1162/jocn.2007.19.5.817

Plihal, W., & Born, J. (1997). Effects of early and late nocturnal sleep on declarative and procedural memory. Journal of Cognitive
Neuroscience, 9(4), 534—547. https://doi.org/10.1162/jocn.1997.9.4.534

Popa, D., Duvarci, S., Popescu, A. T., Léna, C., & Paré, D. (2010). Coherent amygdalocortical theta promotes fear mem-
ory consolidation during paradoxical sleep. Proceedings of the National Academy of Sciences, 107(14), 6516—6519. https://doi.
org/10.1073/pnas.0913016107

Rimmele, U., Besedovsky, L., Lange, T., & Born, J. (2015). Emotional memory can be persistently weakened by suppressing
cortisol during retrieval. Nexrobiology of Learning and Memory, 119, 102-107. https://doi.org/10.1016/j.n1m.2015.01.010

Schoch, S. F.,, Cordi, M. J., & Rasch, B. (2017). Modulating influences of memory strength and sensitivity of the retrieval
test on the detectability of the sleep consolidation effect. Newurobiology of Learning and Memory, 145, 181-189. https://doi.
org/10.1016/j.01m.2017.10.009

Schirer-Necker, E. (1994). Geddichtnis und Emotion: zum Einfluss von Emotionen anf das Bebalten von Texten, Vol. 22. Psychologie
Verlags Union.

Silber, M. H., Ancoli-Israel, S., Bonnet, M. H., Chokroverty, S., Grigg-Damberger, M. M., Hirshkowitz, M., Kapen, S., Keenan,
S. A, Kryger, M. H., Penzel, T., Pressman, M. R., & Iber, C. (2007). The visual scoring of sleep in adults. Journal of Clinical
Sleep Medicine, 3(02), 121-131. https://doi.org/10.5664/jcsm.26814

Sopp, M. R., Michael, T., & Mecklinger, A. (2018). Effects of early morning nap sleep on associative memory for neutral and
emotional stimuli. Brain Research, 1698, 29—42. https://doi.org/10.1016/j.brainres.2018.06.020


https://doi.org/10.1016/0005-7967(94)00075-U
https://doi.org/10.1038/srep42950
https://doi.org/10.1016/j.neuropsychologia.2003.12.016
https://doi.org/10.3758/s13428-013-0379-1
https://doi.org/10.1523/JNEUROSCI.0478-14.2014
https://doi.org/10.1371/journal.pone.0089849
https://doi.org/10.1371/journal.pone.0089849
https://doi.org/10.1038/nature14366
https://doi.org/10.1016/j.nlm.2014.09.007
https://doi.org/10.1016/j.nlm.2014.09.007
https://doi.org/10.1093/cercor/bhn155
https://doi.org/10.1016/j.dcn.2011.07.006
https://doi.org/10.1093/brain/awf103
https://doi.org/10.1016/j.nlm.2016.11.016
https://doi.org/10.3389/fnint.2012.00108
https://doi.org/10.1016/j.cobeha.2017.09.006
https://doi.org/10.1037/a0038683
https://doi.org/10.1037/a0038683
https://doi.org/10.1111/j.1467-9280.2008.02157.x
https://doi.org/10.1016/j.neubiorev.2012.05.010
https://doi.org/10.1162/jocn.2007.19.5.817
https://doi.org/10.1162/jocn.1997.9.4.534
https://doi.org/10.1073/pnas.0913016107
https://doi.org/10.1073/pnas.0913016107
https://doi.org/10.1016/j.nlm.2015.01.010
https://doi.org/10.1016/j.nlm.2017.10.009
https://doi.org/10.1016/j.nlm.2017.10.009
https://doi.org/10.5664/jcsm.26814
https://doi.org/10.1016/j.brainres.2018.06.020

NAPS AND MEMORY FOR EMOTIONAL STIMULI | 797

Sopp, M. R., Michael, T., WeeB3, H. G., & Mecklinger, A. (2017). Remembering specific features of emotional events across
time: The role of REM sleep and prefrontal theta oscillations. Cognitive, Affective, & Behavioral Nenroscience, 17(6), 1186—1209.
https://doi.org/10.3758/5s13415-017-0542-8

Stickgold, R., & Walker, M. P. (2013). Sleep-dependent memory triage: evolving generalization through selective processing.
Nature Neuroscience, 16(2), 139. https://doi.org/10.1038/nn.3303

Stickgold, R., Whidbee, D., Schirmer, B., Patel, V., & Hobson, J. A. (2000). Visual discrimination task improvement: A multi-
step process occurring during sleep. Journal of Cognitive Neuroscience, 12(2), 246—254. https://doi.org/10.1162/0898929005
62075

Tucker, M. A., Hirota, Y., Wamsley, E. J., Lau, H., Chaklader, A., & Fishbein, W. (2006). A daytime nap containing solely non-
REM sleep enhances declarative but not procedural memory. Neurobiology of Learning and Memory, 86(2), 241-247. https://
doi.org/10.1016/j.n1m.2006.03.005

van Rijn, E., Carter, N., McMurtrie, H., Willner, P., & Blagrove, M. T. (2017). Sleep does not cause false memories on a story-
based test of suggestibility. Consciousness and Cognition, 52, 39—46. https://doi.org/10.1016/j.concog.2017.04.010

van Rijn, E., Lucignoli, C., Izura, C., & Blagrove, M. T. (2017). Sleep-dependent memory consolidation is related to perceived
value of learned material. Journal of Sleep Research, 26(3), 302-308. https://doi.org/10.1111/jsr.12457

Wagner, U., Degirmenci, M., Drosopoulos, S., Perras, B., & Born, J. (2005). Effects of cortisol suppression on sleep-associated
consolidation of neutral and emotional memory. Biolggical Psychiatry, 58(11), 885—893. https://doi.org/10.1016/j.biops
ych.2005.05.008

Wagner, U., Gais, S., & Born, ]. (2001). Emotional memory formation is enhanced across sleep intervals with high amounts of
rapid eye movement sleep. Learning & Memory, 8(2), 112-119. https://doi.org/10.1016/j.n1m.2012.10.006

Wagner, U., Hallschmid, M., Rasch, B., & Born, J. (20006). Brief sleep after learning keeps emotional memories alive for years.
Biological Psychiatry, 60(7), 788—790. https://doi.org/10.1016/j.biopsych.2006.03.061

Walker, M. P., Brakefield, T., Morgan, A., Hobson, J. A., & Stickgold, R. (2002). Practice with sleep makes perfect: sleep-
dependent motor skill learning. Nexron, 35(1), 205-211. https://doi.org/10.1016/S0896-6273(02)00746-8

Wilhelm, 1., Wagner, U., & Born, J. (2011). Opposite effects of cortisol on consolidation of temporal sequence memory during
waking and sleep. Journal of Cognitive Neuroscience, 23(12), 3703—-3712. https://doi.org/10.1162/jocn_a_00093

Yun, I. A., Wakabayashi, K. T., Fields, H. L., & Nicola, S. M. (2004). The ventral tegmental area is required for the behavioral
and nucleus accumbens neuronal firing responses to incentive cues. Journal of Neuroscience, 24(12), 2923-2933. https://doi.
org/10.1523/JNEUROSCI.5282-03.2004

SUPPORTING INFORMATION
Additional supporting information may be found in the online version of the article at the publisher’s
website.

How to cite this article: Reid, A., Bloxham, A., Carr, M., van Rijn, E., Basoudan, N., Tulip, C.,
& Blagrove, M. (2022). Effects of sleep on positive, negative and neutral valenced story and
image memory. British Journal of Psychology, 113, T77-797. https://doi.org/10.1111/bjop.12


https://doi.org/10.3758/s13415-017-0542-8
https://doi.org/10.1038/nn.3303
https://doi.org/10.1162/089892900562075
https://doi.org/10.1162/089892900562075
https://doi.org/10.1016/j.nlm.2006.03.005
https://doi.org/10.1016/j.nlm.2006.03.005
https://doi.org/10.1016/j.concog.2017.04.010
https://doi.org/10.1111/jsr.12457
https://doi.org/10.1016/j.biopsych.2005.05.008
https://doi.org/10.1016/j.biopsych.2005.05.008
https://doi.org/10.1016/j.nlm.2012.10.006
https://doi.org/10.1016/j.biopsych.2006.03.061
https://doi.org/10.1016/S0896-6273(02)00746-8
https://doi.org/10.1162/jocn_a_00093
https://doi.org/10.1523/JNEUROSCI.5282-03.2004
https://doi.org/10.1523/JNEUROSCI.5282-03.2004
https://doi.org/10.1111/bjop.12559

	Effects of sleep on positive, negative and neutral valenced story and image memory
	Abstract
	BACKGROUND
	Sleep and memory for images
	Sleep and story memory
	Sleep and positive valenced stimuli
	Aims and hypotheses

	METHODS
	Participants
	Materials
	Questionnaires
	Image task
	Story task
	Story task texts

	Sleep measures
	Sleep power analyses

	Design and procedure
	Image training and testing
	Story training and testing
	Data analysis

	RESULTS
	Story ratings
	Image ratings
	Group comparisons on background, sleep, and sleepiness measures
	Image task analyses
	Image task performance at T1
	Change in image memory from T1 to T2
	Correlations of image task performance change with sleep architecture and waveband power measures

	Story task analyses
	Story task performance at T1
	Change in story memory from T1 to T2
	Correlations of story task performance change with sleep architecture and waveband power measures


	DISCUSSION
	Limitations

	CONCLUSIONS
	ACKNOWLEDGEMENTS
	CONFLICTS OF INTEREST
	AUTHOR CONTRIBUTION
	OPEN RESEARCH BADGES
	DATA AVAILABILITY STATEMENT

	REFERENCES


