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Top-down instruction outweighs 
emotional salience: nocturnal 
sleep physiology indicates 
selective memory consolidation 
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Laboratory of Social Cognition and Affective Neuroscience, Department of Psychology, Merrimack 
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Introduction: Sleep plays a crucial role in memory consolidation, not only 

stabilizing newly encoded information but also potentially supporting forgetting. 

Yet it remains unclear how sleep prioritizes what is retained or discarded when 

multiple salience cues, such as emotional valence and top-down instructional 

goals, compete for consolidation. 

Methods: In two studies, we examined how emotional content and intentional 

memory instruction interact to shape memory performance across a 12 

h interval that included either nocturnal sleep or wakefulness. Participants 

completed a directed forgetting paradigm with neutral and negatively valenced 

words, followed by immediate recognition and delayed free recall. 

Results: In both Study 1 (online) and Study 2 (in-lab), behavioral results showed 

that instruction to remember significantly enhanced recognition and recall, 

whereas emotion alone did not produce consistent benefits; however, sleep 

condition did not impact memory performance. In Study 2 (in-lab), which 

included overnight EEG monitoring, physiological markers of sleep revealed 

meaningful correlates of memory performance. Specifically, sleep spindle 

activity predicted recall for negative remember-cued words, while Slow Wave 

Sleep (SWS) and delta power were negatively correlated with total recall, 

suggesting a trade-off between deep sleep and memory accessibility. REM theta 

power was associated with increased false recall of emotionally negative foils, 

consistent with emotional memory generalization. 

Discussion: Importantly, these findings extend prior nap-based research by 

demonstrating that full-night sleep physiology reflects selective consolidation 

mechanisms even in the absence of overt behavioral effects. Overall, results 

underscore the primacy of top-down instruction over emotional salience in 

shaping memory, and highlight the utility of sleep physiology for understanding 

selective memory consolidation. 
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1 Introduction 

Sleep has consistently been shown to support memory 
consolidation (Jenkins and Dallenbach, 1924; MacDonald and 
Cote, 2021; Paller and Voss, 2004; Paller et al., 2021; Rudoy et al., 
2009; Stickgold, 2005). However, the ability to forget may be just 
as crucial to the eÿciency of a healthy memory system as the 
ability to retain information (Anderson and Hulbert, 2021; Ryan 
and Frankland, 2022). In fact, several theoretical accounts have 
proposed that forgetting may be a primary function of sleep, 
helping to remove irrelevant or outdated information and reduce 
memory interference (Joensen et al., 2022; Lerner et al., 2021; Poe, 
2017; Walker and Russo, 2004). 

Understanding how sleep prioritizes what is retained and 
what is discarded requires examining the cues that guide memory 
selection. Two of the most prominent drivers of this selectivity 
are emotional salience and top-down cognitive instruction. 
Emotionally charged events, particularly those that are negative 
or arousing, are more likely to be remembered than neutral 
ones (Kensinger and Schacter, 2008; Kensinger, 2004; Adelman 
and Estes, 2013; Pereira et al., 2023; Kensinger, 2009), a bias 
believed to reflect the adaptive value of remembering threats and 
rewards (Mather and Sutherland, 2011; Fiacconi et al., 2015). 
This enhancement is often attributed to bottom-up, automatic 
processes involving arousal-related neuromodulatory activity, such 
as amygdala–hippocampal interactions (McGaugh, 2004; Mather 
and Sutherland, 2011). In contrast, top-down modulation reflects 
deliberate cognitive control over memory encoding and retrieval, 
as in directed forgetting, where cues to forget lead to reduced recall 
of specific information (Anderson and Green, 2001; Bjork, 1989; 
Tomita et al., 1999). While these emotional and cognitive forces 
often operate in tandem, they can also compete, particularly in 
emotionally complex contexts, raising questions about which type 
of salience dominates during oine memory consolidation. 

Although early research conceptualized sleep as a global 
stabilizer of newly encoded material (e.g., Stickgold, 2005; 
Diekelmann and Born, 2010; Ellenbogen et al., 2006; Plihal and 
Born, 1997), accumulating evidence suggests that sleep selectively 
consolidates memories tagged as motivationally or cognitively 
relevant (Stickgold and Walker, 2013; Klinzing et al., 2019; Kim 
and Payne, 2020). Rather than uniformly strengthening all encoded 
material, sleep appears to favor memories that align with specific 
motivational or cognitive cues present during encoding—such as 
rewards value (e.g., Sterpenich et al., 2021; Fischer and Born, 
2009; Asfestani et al., 2020), future utility (e.g., Wilhelm et al., 
2011; van Dongen et al., 2012), or emotional significance (e.g., 
Payne et al., 2012; Payne et al., 2008; Cunningham et al., 2022; 
Baran et al., 2012). 

Specific features of sleep architecture reflect this selectivity: 
sleep spindles have been linked to enhanced consolidation of both 
goal-directed (Schabus et al., 2004; Alger et al., 2019; Saletin et al., 
2011; Blaskovich et al., 2017) and emotionally salient memories 
(Kaestner et al., 2013; Rodheim et al., 2023), while REM-associated 
theta activity has been associated with emotional generalization 
and associative integration (Nishida et al., 2009; Hutchison and 
Rathore, 2015; Sopp et al., 2017; Sterpenich et al., 2014; Backus 
et al., 2016). Together, these findings suggest that sleep does not 
simply preserve memory—it actively participates in the selection 

and transformation of memory content, often guided by competing 
salience signals like emotion and instruction. This selectivity may 
begin at encoding, where salient memories are hypothesized to 
receive neuromodulatory “tags”—for example, via dopamine or 
norepinephrine signaling—that enhance their likelihood of being 
reactivated during sleep (Rasch and Born, 2013; Lisman et al., 
2011). Reactivation during NREM sleep, particularly during slow 
oscillations and sleep spindles, is thought to support hippocampal– 
neocortical communication, stabilizing selected memories through 
synaptic consolidation (Klinzing et al., 2019). During REM 
sleep, theta activity may facilitate the integration of emotionally 
or associatively linked material, further shaping the qualitative 
nature of the memory trace (Nishida et al., 2009; Boyce et al., 
2016). 

Despite growing evidence that sleep facilitates selective 
memory consolidation, relatively few studies have examined 
how multiple salience cues, such as emotional content and 
top-down instruction, interact to influence what is retained 
after sleep. While emotionally negative information is often 
prioritized in memory, it remains unclear whether such content 
can be intentionally suppressed, and whether sleep reinforces 
or overrides those intentional goals. Previous work has shown 
that emotionally charged material can be resistant to directed 
forgetting (Nowicka et al., 2010; Yang et al., 2016; Yang et al., 
2012; Tay and Yang, 2017; Payne and Corrigan, 2007), yet other 
studies suggest that intentional forgetting remains eective, even 
for negative stimuli in some circumstances (Chalkia et al., 2023; 
Hall et al., 2021). 

Importantly, the role of sleep physiology in mediating the 
balance between bottom-up emotional salience and top-down 
instructional control remains underexplored. Nap-based studies 
suggest that when these cues compete, instructional relevance 
tends to dominate. For example, sleep spindles have been shown 
to predict memory for goal-relevant (but not purely emotional) 
information, and neutral remember-cued items are often better 
retained than emotionally negative ones when intentionally 
prioritized (Alger et al., 2019; Bennion et al., 2016). These findings 
highlight the primacy of top-down goals in shaping what is 
consolidated during sleep—even in the presence of emotional 
salience. 

However, these eects have only been demonstrated in 
daytime naps, which dier meaningfully from nocturnal sleep 
in duration, sleep architecture, and circadian influences (Bódizs 
et al., 2022; Whitehurst et al., 2018; Tarokh et al., 2021). 
Specifically, nocturnal sleep includes a more complete cycling 
through NREM and REM stages and greater opportunity for 
deep slow-wave sleep (SWS) and REM theta activity, both of 
which may uniquely contribute to emotional and goal-related 
consolidation (Payne et al., 2012; Nishida et al., 2009; Schabus 
et al., 2004; Saletin et al., 2011). Studying these processes 
across a full night of sleep provides a more ecologically 
valid test of how sleep physiology supports or constrains 
selective memory processing when multiple salience cues are 
present. 

The present study examined how emotional valence, 
intentional memory instruction (remember vs. forget), and 
nocturnal sleep physiology interact to influence memory 
consolidation across a 12 h delay. Participants completed a 
directed forgetting paradigm involving neutral and negatively 
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valenced words, followed by both immediate recognition and 
delayed free recall. We conducted two studies: an initial online 
experiment in which behavioral data were collected remotely, and 
a second, in-lab replication (Study 2). In Study 2, we additionally 
recorded sleep architecture using a Sleep Profiler R  EEG headband 
(Advanced Brain Monitoring, Carlsbad, CA) to assess physiological 
correlates of memory performance. We hypothesized that 
instructional cues would exert a stronger influence than emotional 
valence on memory outcomes, and that participants who slept 
overnight would exhibit a behavioral memory advantage relative 
to those who remained awake. Moreover, we predicted that 
specific features of sleep physiology—particularly spindle density 
and REM theta activity—would be associated with selective 
consolidation and integration of instructionally and emotionally 
relevant content. 

2 Materials and methods – Study 1 
(online study) 

2.1 Participants 

Participants were 45 college-aged students. Of these 
individuals, 22 were in the sleep group, and 23 were in the 
wake group. Participants were recruited through the college subject 
pool (Sona Systems1) for an online research study. Participants 
self-selected into the wake or the sleep group. 

2.2 Task 

The task was a modified version of the directed forgetting 
paradigm employed by Saletin et al. (2011); Figure 1A). During 
the encoding phase, participants were shown 100 words on a 
screen, presented one at a time. Each word was preceded by 
a 500 ms fixation cross and remained on screen for 2,000 ms. 
Immediately following each word, an instructional cue was 
presented for 1,000 ms: a green “R” indicated that the word should 
be remembered, while a red “F” signaled that the word should be 
forgotten. Half of the stimuli (n = 50) were negatively valenced 
and half (n = 50) were neutral, with all words selected from the 
Aective Norms for English Words (ANEW; Bradley and Lang, 
1999). Words were semi-randomly assigned to the remember or 
forget conditions, ensuring no significant dierences in valence 
or arousal between instruction conditions within each valence 
category (see Table 1). 

Following the encoding phase, participants completed an 
immediate recognition task. In this task, they were presented with 
100 words: 25 previously studied “Remember” words, 25 “Forget” 
words, and 50 novel foils (25 neutral, 25 negative). For each word, 
participants indicated whether it was “recognized” or “new.” Upon 
completion of the recognition task, the first session concluded. 
After a 12 h delay, participants completed session two, during 
which they were asked to freely recall any words they remembered 
from the original encoding list. 

1 https://www.sona-systems.com/ 

2.3 Questionnaires 

Participants completed several standardized self-report 
measures. The Positive and Negative Aect Schedule (PANAS; 
Watson et al., 1988) was administered at both sessions to assess 
participants’ momentary mood state, with separate subscales 
for positive and negative aect. The Morningness–Eveningness 
Questionnaire (MEQ; Horne and Ostberg, 1976) was used to assess 
chronotype, or individual dierences in circadian preference. To 
assess general sleep quality, participants completed the Pittsburgh 
Sleep Quality Index (PSQI; Buysse et al., 1989) at the end of the 
study. All measures yield numerical scores based on participant 
responses using Likert-type scales. These measures provided 
information on mood, sleep patterns, and circadian alignment to 
contextualize individual dierences in memory performance. 

2.4 Procedures 

All procedures were approved by the Merrimack College 
Institutional Review Board. Participants were tested online. 
Participants were emailed instructions at their designated time 
(between 8 and 10:00 a.m., or between 8 and 10:00 p.m.; 
Figure 1B). Within the instructions was a link to a website 
for this study. Following informed consent, participants were 
given instructions on the task, and were shown a video of the 
stimuli and the remember/forget designation. Participants then 
completed immediate recognition, and also completed the Positive 
and Negative Aect Scale (PANAS; Watson et al., 1988) before they 
could sign o for the session. Following a 12 h delay, participants 
were sent a second website via email at their designated time. In 
this session, they were asked to freely recall any of the words they 
saw on the original list. After they could no longer recall any 
additional words, they were asked to complete the PANAS again, 
the Morningness and Eveningness Questionnaire (MEQ; Horne 
and Ostberg, 1976), and the Pittsburgh Sleep Quality Index (PSQI; 
Buysse et al., 1989). 

2.5 Free recall scoring 

Free recall responses were manually reviewed and scored 
for accuracy. Minor spelling errors were corrected when the 
intended word was clearly identifiable (e.g., “muder” for “murder”). 
Morphological variants of target words were accepted if the root 
meaning was preserved, such as plural or tense changes (e.g., 
“doctor” vs. “doctors,” “murder” vs. “murdered”). Only words that 
matched items from the original encoding list, after accounting 
for these adjustments, were counted as correct recalls. Words that 
matched items from the recognition foils list were counted as foil 
intrusions. Responses that could not be confidently matched to a 
target word were coded as errors. 

2.6 Statistical analyses 

All analyses were conducted using SPSS version 29.0.1.0. 
For the immediate recognition task, a 2 (Valence: negative, 
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FIGURE 1 

Overview of the directed forgetting paradigm used in both studies. (A) Each trial began with a 500 ms fixation cross followed by a word presented 
for 2,000 ms. A memory cue (“R” for remember or “F” for forget) was displayed for 1,000 ms following each word. (B) Participants in the sleep or 
wake condition completed the task in two sessions separated by a 12 h delay. Session 1 included encoding and an immediate recognition task, and 
Session 2 included delayed free recall. 

TABLE 1 Valence and arousal ratings for negative and neutral words across “remember” and “forget” designations for both Study 1 (online) and 
Study 2 (in-lab). 

Rating type Valence Word type N Mean SD t(48) P-value 

Valence rating Negative Remember 25 1.86 0.168 −1.023 0.312 

Negative Forget 25 1.91 0.198 – – 

Neutral Remember 25 5.14 0.114 −1.216 0.23 

Neutral Forget 25 5.17 0.092 – – 

Arousal rating Negative Remember 25 5.96 1.034 0.091 0.928 

Negative Forget 25 5.93 0.863 – – 

Neutral Remember 25 3.99 0.612 1.01 0.317 

Neutral Forget 25 3.8 0.711 – – 

neutral) × 2 (Instruction: remember, forget) × 2 (Condition: sleep, 
wake) repeated-measures ANOVA was performed on recognition 
accuracy, with valence and instruction as within-subject factors and 
condition as a between-subjects factor. For the delayed free recall 
task, a similar 2 × 2 × 2 repeated-measures ANOVA was used to 
analyze the number of correctly recalled words. Separate repeated-
measures ANOVAs were conducted on foil intrusions (i.e., words 
from the recognition task but not from encoding) and error words 
(i.e., words not shown at any stage), with valence and condition as 
factors. An alpha level of p < 0.05 was used. 

3 Results – Study 1 (online study) 

3.1 Questionnaires 

There were no significant dierences between sleep and wake 
groups on measures of sleep quality [PSQI: t(28) = −0.483, 
p = 0.633], or chronotype [MEQ: t(27) = 1.376, p = 0.180]. There 
were no dierences between groups at either session for the positive 
or negative aective scores on the PANAS (all p’s > 0.465). 

3.2 Immediate recognition 

A two-way repeated-measures ANOVA revealed a significant 
main eect of instruction [F(1, 43) = 11.487, p = 0.002; Figure 2A], 
with remember-cued words recognized more accurately (M = 59.3, 
SE = 2.5) than forget-cued words (M = 50.4, SE = 2.9). There 

was also a significant main eect of valence [F(1, 43) = 13.109, 
p < 0.001], with negative words (M = 60.1, SE = 2.7) recognized 
more accurately than neutral words (M = 49.5, SE = 2.8). 

A trend toward a main eect of group was observed [F(1, 
43) = 3.375, p = 0.073], with the sleep group (M = 59.2, 
SE = 3.4) scoring slightly higher than the wake group (M = 50.5, 
SE = 3.3), suggesting potential baseline dierences in recognition 
performance. However, no significant interactions emerged 
between valence, instruction, or condition. These findings indicate 
that recognition performance was driven largely by both top-down 
cues and emotional salience. 

3.3 Delayed recall 

A two-way repeated-measures ANOVA revealed a significant 
main eect of instruction [F(1, 41) = 20.366, p < 0.001; Figure 2B], 
such that remember-cued words (M = 2.554, SE = 0.379) were 
recalled more frequently than forget-cued words (M = 1.007, 
SE = 0.146). There was no significant main eect of valence [F(1, 
41) = 0.015, p = 0.903; Figure 2B]. No significant interactions 
were observed, and there was no main eect of group on recall 
performance [F(1, 41) = 1.092, p = 0.302; Figure 2B], indicating 
that the sleep condition did not influence total recall. 

A repeated measures ANOVA indicated that there was a 
significant eect of valence on the number of foil intrusions – words 
that were shown as foils in immediate recognition, but not part 
of the initial encoding [F(1, 26) = 28.908, p < 0.001; Figure 2C]. 
Negative foils (M = 1.535, SE = 0.186) were better recalled than 
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FIGURE 2 

Behavioral results from study 1 (online study). (A) Mean recognition accuracy for negative and neutral words across remember and forget 
instructions. (B) Mean number of correctly recalled words as a function of valence and instruction. (C) Mean number of foil intrusions (words 
presented only at recognition but recalled later) by valence. Error bars represent ± 1 SEM. (**p < 0.01; ***p < 0.001). 

neutral foils (M = 0.521, SE = 0.099), suggesting a memory bias 
toward emotionally salient content, even when that content was 
not originally learned. However, there was no eect of condition 
on recall of foil intrusions [F(1, 26) = 0.306, p = 0.585] indicating 
that this emotional memory distortion was not modulated by sleep 
opportunity. Finally, there was no eect of condition on the total 
number of errors – words that were never shown in encoding, nor 
in immediate recognition [t(23) = 1.078, p = 0.292], suggesting that 
sleep did not significantly influence overall memory accuracy or 
false recall of completely novel items. 

4 Materials and methods – Study 2 
(in-lab replication study) 

4.1 Participants 

Participants were 53 young adults (23 sleep, 30 wake; 46 female; 
average age = 22.26 years). Of the sleep group, 15 participants had 
useable sleep physiology data. Participants were recruited through 
the college subject pool (Sona Systems1). 

4.2 Task 

The task procedure was identical to that used in Study 1, with 
the primary dierence being the testing environment. Instead of 
completing the task online via a web platform, participants in Study 
2 completed the task in the laboratory using PsychoPy R  software 
(Peirce et al., 2019). 

4.3 Questionnaires 

Participants completed the same standardized self-report 
measures as in Study 1 (PANAS, MEQ, and PSQI). Participants also 
reported their age and gender. 

4.4 Procedures 

All procedures for Study 2 were approved by the Merrimack 
College Institutional Review Board. Study 2 followed the same 

protocol as Study 1, with the exception that participants were 
tested in person rather than online. Participants arrived at the 
laboratory at their assigned time (between 8:00–10:00 a.m. and 
8:00–10:00 p.m.) and completed the same task using PsychoPy R 

software (Peirce et al., 2019). All task instructions, stimuli, and 
timing remained identical to Study 1. Free recall responses were 
scored in the same way as Study 1. 

Participants in the sleep condition also wore a Sleep Profiler R 

EEG headband (Advanced Brain Monitoring, Carlsbad, CA) 
overnight to record sleep architecture. The following morning, 
they returned to complete the delayed recall task. As in Study 1, 
participants completed the PANAS (Watson et al., 1988) before 
and after the 12 h delay, and also completed the MEQ (Horne and 
Ostberg, 1976) and PSQI (Buysse et al., 1989) at the final session. 

4.5 Sleep physiology collection 

In Study 2, sleep architecture was recorded using the Sleep 
Profiler R  EEG headband system (Advanced Brain Monitoring, 
Carlsbad, CA), a validated ambulatory device that captures frontal 
EEG, EOG, and EMG signals. The device includes three gold-plated 
electrodes embedded in the headband to record dierential EEG 
from two frontopolar derivations (AF7–AF8) referenced to Fpz, in 
accordance with the international 10–20 system. EEG signals were 
sampled at 256 Hz, with a 0.1 Hz high pass, and 80 Hz low pass 
filter applied. The system also includes an embedded accelerometer 
and capacitive sensors to monitor body position, snoring, and 
respiratory patterns. Participants in the sleep condition wore the 
headband overnight in their home environments. Data were scored 
automatically using the manufacturer’s proprietary algorithms, 
which have been validated against registered polysomnographic 
technologists (Levendowski et al., 2017), and manually reviewed for 
accuracy using Sleep Profiler Analysis Software. Standard AASM 
criteria were applied to quantify time spent in each sleep stage 
(NREM1, NREM2, NREM3, and REM), as well as spectral power in 
relevant frequency bands. Specifically, spindle count, delta power 
(0.5–4 Hz) during NREM2 and NREM3, and REM theta power 
(4–8 Hz) were extracted for correlational analyses with memory 
performance. 

Of the 23 participants in the sleep group, three participants 
chose not to wear the headband, one took o the headband in the 
middle of the night, two did not turn on the headband to record 
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data, and two participant’s data had uploading errors. A total of 15 
participants therefore had useable PSG data for analysis. 

4.6 Statistical analyses 

The same analytic structure was used for Study 2 as in 
Study 1. Recognition and recall data were analyzed using 
2 (Valence: negative, neutral) × 2 (Instruction: remember, 
forget) × 2 (Condition: sleep, wake) repeated-measures ANOVAs, 
with follow-up t-tests used to interpret significant main eects 
and interactions. All pairwise comparisons were Bonferroni-
corrected where applicable. Separate ANOVAs examined foil 
intrusions and error words by valence and condition. In addition 
to behavioral analyses, Pearson’s correlations were conducted 
within the sleep group between physiological sleep variables 
(i.e., spindle count, NREM3 percentage, delta power during 
NREM2/3, and REM theta power) and memory outcomes (e.g., 
recall of negative remember-cued words, total recall, and negative 
foil intrusions). 

5 Results – Study 2 (in-lab 
replication study) 

5.1 Questionnaires 

There were no significant dierences between sleep and wake 
groups on measures of sleep quality [PSQI: t(23) = −0.486, 
p = 0.631], or chronotype [MEQ: t(23) = −0.845, p = 0.407]. There 
were no dierences between groups at either session for the positive 
or negative aective scores on the PANAS (all p’s > 0.186). 

5.2 Immediate recognition 

A two-way repeated-measures ANOVA revealed significant 
main eects of valence [F(1, 49) = 7.281, p = 0.01] and instruction 
[F(1, 49) = 67.186, p < 0.001] on recognition accuracy, indicating 
that both emotional content and top-down cues influenced 
recognition performance (Figure 3A). There was also a significant 
valence × instruction interaction [F(1, 49) = 4.962, p = 0.031; 
Figure 3B], suggesting that emotion enhanced memory selectively 
when paired with a goal-directed cue to remember. To interpret 
this interaction, we conducted three pairwise comparisons between 
relevant word types. Bonferroni correction was applied to control 
for multiple comparisons (α = 0.05÷3 = 0.017). Recognition 
accuracy was significantly higher for negative remember words 
than for negative forget words [t(50) = 9.291, p < 0.001] and neutral 
remember words [t(50) = 3.423, p = 0.001]; both comparisons 
remained significant under the corrected alpha. There was no 
significant dierence between negative forget and neutral forget 
words [t(50) = 1.202, p = 0.235; Figure 3A]. These findings suggest 
that recognition was primarily shaped by intentional encoding, 
with emotion amplifying memory only when aligned with top-
down goals. 

5.3 Delayed recall 

A two-way repeated-measures ANOVA on delayed free recall 
revealed a significant main eect of instruction [F(1, 50) = 65.773, 
p < 0.001; Figure 3B], indicating that remember-cued words were 
recalled more accurately than forget-cued words. There were no 
significant main eects of valence or condition (sleep vs. wake) 
on correct recall, demonstrating that instructional relevance, rather 
than emotional content or sleep group, primarily guided memory 
performance at delayed recall. 

To examine false memory, a separate repeated-measures 
ANOVA was conducted on foil intrusions—words recalled from 
the recognition phase but not originally encoded. This analysis 
revealed a significant main eect of valence [F(1, 50) = 14.081, 
p < 0.001; Figure 3C], with more negative foils (M = 1.445, 
SE = 0.193) recalled than neutral foils (M = 0.592, SE = 0.125), 
suggesting that emotional salience increased vulnerability to 
memory distortion. No significant main eect of condition [F(1, 
50) = 2.146, p = 0.149] or valence × condition interaction [F(1, 
50) = 0.07, p = 0.793] was observed. 

5.4 Sleep-memory associations 

Within the sleep group, recall accuracy for negative remember-
cued words was positively correlated with sleep spindle count 
(r = 0.150, p = 0.041; Figure 4A), supporting the possible role 
of spindles in the targeted consolidation of emotionally salient, 
goal-relevant information. In contrast, total recall was negatively 
associated with both the percentage of the night spent in SWS 
(r = −0.584, p = 0.036; Figure 4B) and delta power during NREM2 
and SWS (r = −0.631, p = 0.021; Figure 4C), suggesting a potential 
trade-o wherein deeper slow-wave activity may interfere with 
broader memory accessibility. 

Additionally, negative foil intrusions were positively correlated 
with REM theta power (r = 0.635, p = 0.020; Figure 4D), 
consistent with the hypothesis that REM-related oscillatory activity 
contributes to emotional memory generalization or misattribution. 
These findings highlight that, even in the absence of a behavioral 
benefit of sleep, distinct sleep physiological markers tracked 
selective memory enhancement and emotional distortion. 

5.5 Discussion 

Across two studies, we investigated how emotional salience and 
top-down instruction interact to influence memory consolidation 
following a 12 h delay that included either wakefulness or sleep. 
While behavioral measures did not reveal a sleep-related advantage 
in memory performance, our findings support several key 
conclusions: (1) instruction to remember strongly enhanced both 
recognition and recall relative to instruction to forget; (2) emotional 
salience increased the likelihood of false recall, particularly for foils 
introduced during immediate recognition; and (3) physiological 
markers of sleep, especially spindle activity and REM theta, 
predicted selective consolidation and emotional memory distortion 
in the absence of a main behavioral eect of sleep. 
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FIGURE 3 

Behavioral results from Study 2 (in-lab replication study). (A) Mean recognition accuracy for negative and neutral words across remember and forget 
instructions. (B) Mean number of correctly recalled words as a function of valence and instruction. (C) Mean number of foil intrusions (words 
presented only at recognition but recalled later) by valence. Error bars represent ± 1 SEM. (**p < 0.01; ***p < 0.001). 

FIGURE 4 

Sleep–memory associations in Study 2. (A) Sleep spindle count positively correlated with recall accuracy for negative remember-cued words. 
(B) Total recall negatively correlated with percentage of time spent in Slow Wave Sleep (SWS). (C) Delta power during NREM2 and SWS was 
negatively correlated with total recall. (D) REM theta power positively correlated with negative foil intrusions. 

Consistent with prior work on directed forgetting (e.g., 
Anderson and Green, 2001; Bjork, 1989), both studies 
demonstrated robust eects of top-down instruction on 
memory: remember-cued words were recalled and recognized 
more accurately than forget-cued words. These findings 
align with recent evidence that intentional encoding goals 
exert a dominant influence on memory consolidation, even 
when emotionally salient information is present (Alger et al., 
2019; Bennion et al., 2016). Emotional valence also enhanced 
recognition, but this eect was largely dependent on whether 
the item was goal-relevant (e.g., negative remember words). 
In contrast, emotion alone did not enhance delayed recall, nor 
did it override intentional forgetting instructions—suggesting 
that top-down control reliably constrains memory, even for 
negative content. This pattern—where emotion enhanced 
recognition but not recall—is consistent with dual-process 
theories of memory (Yonelinas, 2002), and with evidence 
that emotion often disproportionately supports familiarity-
based recognition rather than eortful recollection (Sharot and 
Yonelinas, 2008). 

Notably, emotionally negative foils were more likely to be 
falsely recalled than neutral foils, replicating prior findings that 
emotionally salient but non-encoded content may be more 
susceptible to intrusions (Brainerd et al., 2010; Lee and Fernandes, 
2018). This pattern was consistent across both studies and did 
not dier by sleep condition, indicating that emotion-driven 
memory distortion may be relatively robust to sleep–wake state. 
Importantly, the replication of behavioral findings across both 
studies—despite dierences in testing modality (online vs. in-lab)— 
adds confidence to the robustness of our results. However, only 
participants in the in-lab study (Study 2) provided EEG data. The 

addition of EEG recording in Study 2 allowed us to build on these 
replicated behavioral eects with novel physiological insights. 

Although behavioral memory did not dier by sleep condition, 
several features of sleep architecture were significantly associated 
with selective recall. Sleep spindle count was positively correlated 
with memory for negative remember words, echoing prior research 
linking spindles to targeted memory consolidation (Saletin et al., 
2011; Schabus et al., 2004). Conversely, time spent in SWS 
and associated delta power were negatively correlated with total 
recall, suggesting a potential trade-o between deep slow-wave 
activity and memory accessibility; this finding is supported by 
previous research that suggests that SWS and delta waves in 
particular may support forgetting (Poe, 2017; Kim et al., 2019). 
REM theta activity was positively associated with negative foil 
intrusions, consistent with the view that REM contributes to 
emotional memory integration or generalization (Nishida et al., 
2009; Hutchison and Rathore, 2015; Sopp et al., 2017; Sterpenich 
et al., 2014; Backus et al., 2016). 

Together, these findings support the view that memory 
consolidation during sleep is not uniform, but selective, shaped 
by both motivational goals and emotional salience. Crucially, 
it was sleep physiology, rather than the mere presence of 
sleep, that tracked selective memory outcomes, highlighting the 
importance of looking beyond binary sleep–wake comparisons to 
uncover the mechanisms guiding memory retention and distortion. 
The absence of a main behavioral sleep eect despite strong 
physiological predictors of memory consolidation, aligns with 
growing evidence that group-level sleep vs. wake comparisons may 
underestimate more nuanced sleep-related eects. Several factors 
may contribute to this dissociation. First, individual variability in 
sleep architecture—including dierences in spindle density, REM 
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theta activity, and time spent in SWS—can mask group-level eects, 
especially when sample sizes for EEG are modest. Second, wake 
participants may engage in rehearsal or ruminative processing 
during the 12 h delay, particularly for emotionally salient content, 
which could dampen group dierences. Finally, it is possible that 
sleep’s influence is more targeted than global, enhancing memory 
for specific types of content (e.g., goal-relevant or emotionally 
incongruent items) rather than producing a uniform behavioral 
advantage. This interpretation is supported by our findings that 
sleep physiology—but not sleep condition—was associated with 
selective recall and memory distortion. 

Importantly, this study is one of the first to extend nap-
based findings to overnight sleep in a memory task involving 
competing salience cues, oering a more comprehensive view of 
how selective consolidation unfolds across the full sleep cycle. 
Whereas nap-based research has shown that spindles support goal-
relevant recall (e.g., Alger et al., 2019) and that top-down cues 
may outweigh emotional salience (Bennion et al., 2016), our results 
demonstrate that similar mechanisms are active across a full night 
of sleep. The presence of extended SWS and REM theta activity 
may allow for both deeper downscaling and greater associative 
integration, processes that are often less accessible in the more 
fragmented architecture of a nap. This distinction underscores 
the value of using nocturnal sleep paradigms to test theories 
of emotional and intentional memory consolidation. Lastly, by 
replicating behavioral findings across distinct testing contexts and 
extending them with physiological measures, this study provides a 
robust and ecologically valid demonstration of selective memory 
consolidation mechanisms. 

While this study helps clarify how emotional and cognitive 
cues shape memory consolidation, several limitations should be 
noted. First, the sample size for the sleep EEG group was modest, 
limiting statistical power for sleep–memory associations. Second, 
the sample was largely college-students, limiting generalizability. 
Third, in the online study we had no measures of overnight 
sleep time or quality on the experimental night, although PSQI 
results suggest no group dierences in typical sleep quality. Fourth, 
although the 12 h AM/PM testing schedule is widely used in sleep– 
wake memory designs, we cannot fully rule out the influence of 
circadian factors on encoding or recall performance. Finally, future 
studies might examine whether individual dierences in aective 
traits or sleep quality moderate these selective consolidation eects. 

In sum, these findings contribute to growing evidence that 
memory is not passively stabilized during sleep, but actively 
shaped by a combination of what we value, what we intend 
to retain, and how our brains process this information oine. 
Instructional relevance emerged as a stronger driver of memory 
than emotion, and sleep architecture provided a critical window 
into the mechanisms by which selectivity is implemented in the 
absence of a clear behavioral sleep eect. These results underscore 
the idea that top-down control may play a more decisive role than 
bottom-up emotional salience in determining which memories are 
consolidated, particularly when both cues are in competition. 
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