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Abstract 

Robert Stickgold’s research was among the earliest to rigorously quantify the effect of learning on dream content. As a result, 
we learned that dreaming is influenced by the activation of newly formed memory traces in the sleeping brain. Exactly how 
this happens is an ongoing area of investigation. Here, we test the hypothesis that participants are especially likely to dream of 
recent experiences, which overlap with well-established semantic networks. We created an artificial situation in which partic-
ipants encountered new information about a person with which they have extensive past experience—a favorite celebrity. We 
tracked the effect of novel information about a favorite celebrity on participants’ dream content across 3 consecutive nights and 
queried participants about other recent and remote memory sources of their dreams. While the celebrity manipulation failed to 
affect dream content, this dataset provides rich descriptive information about how recent and remote memory fragments are 
incorporated into dreams, and how multiple memory sources combine to create bizarre, imaginative scenarios. We discuss these 
observations in light of the proposed “memory updating” function of sleep-dependent memory consolidation, as well as Stickgold 
and Zadra’s NEXTUP (Network Exploration to Understand Possibilities) model of dreaming. This paper is part of the Festschrift in 
honor of Dr Robert Stickgold.
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Statement of Significance

Memory consolidation is fundamental to human cognitive functioning, determining which newly learned information is retained 
over the long term. The research reported here demonstrates how dreams might provide insight into the consolidation of memory 
in the sleeping brain. Specifically, our data suggest that during sleep, the brain co-activates multiple memories simultaneously, 
combining the activation of recent experience with the reactivation of remote, long-past memory. This process could function to 
help the brain update older memory networks with new information over time.

Dreams about recent experience are a promising source of infor-
mation about how specific memories are reactivated and altered 
during sleep. The effect of recent experience on dreaming has 
been systematically studied since at least the 1960’s [1–4]. Yet, 
while it is well established that we dream about experiences, 
thoughts, and concerns from our everyday lives [5, 6], early stud-
ies made little progress in prospectively predicting “which” waking 
experiences will be incorporated into dreams [7]. The 1960s–1980s 
saw myraid attempts to experimentally influence dreams, using a 
range of presleep tasks including exposure to negative emotional 
images and videos [8, 9], erotic stimuli [10], and manipulation of 
thirst and hunger [11–13]. However, these studies largely failed 
to detect unambiguous, statistically significant effects on dream 
content, and it seemed that the experimental manipulation of 
dreams might not be a feasible approach. Beginning in the late 

1990’s, Robert Stickgold’s innovative approach to the topic began 
to change that situation.

Bob Stickgold’s approach to measuring dream content combined 
two key features that together allowed the successful experimen-
tal manipulation of dreams. First, he moved away from difficult 
laboratory studies in which technicians monitor participants all 
night in order to awaken them for just a handful of dream reports. 
Instead, Stickgold developed new technologies that automatically 
awakened participants for a large number of reports in quick suc-
cession in the home environment [14–18]. Second, instead of pas-
sively exposing participants to stimuli such as images or videos, 
Stickgold utilized engaging, interactive games as a presleep expe-
rience that would more effectively capture participants’ attention 
and drive learning. While experimentally manipulating dreams 
remains difficult, the use of interactive, game-like tasks combined 
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with experimental awakenings in rapid succession has enabled 
scientists to track the incorporation of presleep experience intro 
dreams in a way not previously possible [19].

Together with work from other labs, Stickgold’s research in 
this area established that interactive, engaging learning tasks 
reliably affect dreams and that incorporation of these learning 
experiences into dreaming is associated with enhanced memory 
consolidation during sleep [18, 20, 21]. These observations have 
now been confirmed and extended by multiple other laboratories. 
Today, while it is still unknown whether dreaming about recent 
learning experiences “causes” changes in memory, it is well estab-
lished that dreaming about a recent learning experience is posi-
tively associated with subsequently improved performance [21].

Yet, the features of everyday experience that cause a par-
ticular memory to be incorporated into dreaming over another 
remain obscure. In retrospective studies, participants are likely 
to perceive their dream as related to at least one specific past 
experience [22, 23]. But prospective “prediction of which” every-
day waking experiences will appear in subsequent dreams has 
never been convincingly demonstrated. This speaks to our still 
poor understanding of the factors that mediate the appearance 
of particular memories in dreams. While engaging video games 
and game-like tasks appear to be successful in affecting dream 
content, the exact reasons for this have not been systematically 
established. For example, it has often been claimed that the inter-
active nature of video games accounts for their incorporation 
into dreams, but few studies have attempted to manipulate this 
factor, and none have demonstrated its importance. Potentially, 
the fact that game-like tasks involve learning a new skill could 
be essential to their effect on dreams, but this too has not been 
experimentally established. There is, however, some converging 
evidence that life experiences that are emotional [24] and/or per-
sonally significant (e.g. a divorce [25], an upcoming surgery [26]) 
may be especially likely to be incorporated into dreams, in com-
parison to less-salient daily activities [27, 28].

One feature of daytime experience insufficiently explored as 
a driver of dream content is the degree to which a new expe-
rience is related to pre-existing semantic memory networks. 
In the late 2000s, research on memory consolidation during 
sleep increasingly began to describe how memory is not only 
“strengthened” during sleep but also “reorganized.” One form 
of memory reorganization thought to be facilitated by sleep is 
the integration of new, hippocampus-mediated learning into 
existing cortical networks. For example, a 2010 collaboration 
between Stickgold’s lab and Gareth Gaskell’s at the University of 
York investigated the role of sleep spindles in integrating newly 
learned words into the mental lexicon [29], a gradual process 
thought to develop preferentially across periods filled with sleep 
[30, 31]. This is now just one of several lines of evidence sup-
porting the hypothesis that sleep is involved in updating estab-
lished cortical representations with new information gleaned 
from recent episodes [32–36]. For example, new memories that 
are strongly related to an existing schema are preferentially and 
rapidly consolidated [37], and there is evidence that this could 
preferentially occur during sleep—quantitative sleep features 
including spindles [38] and theta activity [39] have been asso-
ciated with improved retention of new information that relates 
to established schemata. Thus, it may be that sleep especially 
facilitates the consolidation of new information that is strongly 
related to existing representations.

If schema-congruent experiences are preferentially reacti-
vated during sleep, might they also be preferentially represented 
in dreams? We know already that dreams can combine fragments 

of recent and remote episodes together into novel scenarios [23], 
and that at times, the remote memories referenced in dreams are 
semantically related to a recent experience. For example, after 
playing the downhill skiing arcade game Alpine Racer II, one par-
ticipant dreamed, not of the game itself, but of a related remote 
memory [18]:

I was picturing stacking wood this time… I felt like I was doing 

it at… at a ski resort that I had been to before, like five years 

ago maybe

Similarly, in two studies during which participants played the 
video game Tetris before sleep, participants reported dreaming of 
past experiences with this game or similar games, rather than the 
specific presleep task itself [20, 40].

This suggests the hypothesis that, among the multitude of 
new memories we form each day, those congruent with well- 
established cortical schemata might be especially likely to reac-
tivate during sleep and be incorporated into dream content. But 
as in the above example, the result may often be a dream more 
clearly related to remote memories stored in cortical networks, 
rather than to the recent experience that triggered the dream.

In the current study, we hypothesized that dreams are most 
likely to incorporate new information when it is strongly related to 
well-learned existing representations of high personal significance 
to the dreamer. We tested this by experimentally introducing 
research participants to novel information about a well-learned 
concept of personal significance to them—a favorite celebrity. Our 
goal was to test how exposure to new information about an estab-
lished semantic concept would affect dreams. It is challenging 
to identify categories of pre-existing knowledge common across 
participants with diverse interests and backgrounds. In this case, 
the use of celebrity information leveraged a category of semantic 
knowledge common to most young adult college students, many 
of whom have a strong interest in at least some celebrities.

In this study, participants read novel information regarding a 
favorite celebrity of theirs and then were repeatedly awakened 
to report dreams across the subsequent 3 nights in their home 
environment. Our primary hypothesis was that exposure to novel 
information about a favorite celebrity would cause participants 
to dream about remote memories related to this individual. 
Morning questionnaires additionally queried participants about 
other recent or remote episodic memories that they believe influ-
enced their dream. We expected that, independent of dreams 
about the celebrity, participants would also report dreams that 
combined features other recent experiences with fragments of 
semantically related remote memory.

Materials and Methods
Participants
Participants were N = 34 undergraduate students at Furman 
University (94.12% female, mean age = 20.0 ± 1.39 SD, age range: 
18–24 years).

Procedures
Overview
This study was conducted remotely during the COVID-19 pan-
demic, utilizing Zoom for participant–researcher meetings, a 
smartphone app for dream sampling (Expiwell, www.expiwell.
com), and Qualtrics for administration of surveys and delivery 
of stimuli. This research was approved by the Furman University 
Institutional Review Board.

www.expiwell.com
www.expiwell.com
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Participants read a mix of real and fabricated entertainment news 
articles. The critical manipulation was that experimental group par-
ticipants read a fabricated entertainment news story created spe-
cifically for them, containing novel information about a favorite 
celebrity they had listed on a screening survey >2 weeks earlier.

Following exposure to the entertainment news articles, partici-
pants were experimentally awoken using their smartphone across 
the next 3 nights, reporting up to 5 dreams per night. Each morning, 
participants completed a questionnaire asking for detailed reports 
of the memory sources for each dream reported the night before.

Screening
Interested participants completed a screening survey, which included 
demographic questions, the Mindful Attention and Awareness scale 
[41], the daydream frequency subscale of the Imaginal Processes 
inventory [42], and a 40-question “Media Preferences Inventory” 
created specifically for this study. This lengthy survey was for the 
sole purpose of distracting attention from the critical question of 
interest, which asked participants whether they had “favorite” 
celebrities, and if so, to list up to three favorites. To be invited to 
complete the remainder of the study, participants had to indicate 
at least one favorite celebrity on the screening survey. The celebrity 
was required to be an entertainment or sports figure with at least 
100-k followers on Twitter. It was also permitted that the “celebrity” 
could be a group (e.g. a band or sports team). It was required that 
participants not list any favorite celebrities that were planned to 
appear in the standard set of news articles given to all participants 
later in the study. Participants were also required to report that they 
typically recall at least one dream per month and to indicate that 
they have a smartphone with at least 15 MB of free space to down-
load and install the Expiwell experience sampling app.

Experimental manipulation
The next phase of the study began a minimum of 2 weeks after 
participants submitted the screening survey. This was designed 
to minimize the probability that participants would become 
aware that study materials intentionally incorporated informa-
tion about their specific favorite celebrities, as supplied on the 
screening survey. Participants first completed a ~1-hour video call 
with the project manager (T.T.), who explained study procedures, 
walked participants through installing the Expiwell experience 
sampling app on their phone, led them through a series of prac-
tice dream reports, and explained how to complete the dream 
questionnaire each morning. The 3 experimental nights were 
then scheduled at a time of the participants’ choosing, during a 
time when they expected to be keeping a regular sleep schedule.

The evening before the first night of dream collection, par-
ticipants completed a Qualtrics survey in which they read and 
answered questions about 10 different tabloid entertainment 
news articles, including a mix of 6 real and 4 fabricated celeb-
rity news stories. The real articles were taken from web sources 
(including TMZ, NME, ET, and SkyNews), and the fake articles 
were fictitious creations which used the same website headers, 
fonts, and advertisements to create the illusion of a genuine 
article. Both real and fabricated articles were short-format and 
fit on a single screen, with a word count between 150 and 200, 
excluding text in the headline and advertisements (mean word 
count = 170.1, SD = 9.9). Screenshots of the full set of articles 
can be found with our publicly posted study materials on Open 
Science Framework at https://osf.io/mj43y/.

Control participants each saw a standard set of 10 articles. 
Experimental participants saw the same set of articles, except that 

one of the fake articles in the standard set was replaced with an 
article about their favorite celebrity, individually created for that 
participant. The story about their favorite celebrity was always 
either about a TikTok video they had just posted following the 
“Wipe it Down” dance trend, or a donation they had just made 
to the Red Cross, depending on which would be most realistic for 
that particular celebrity. We used a fabricated instead of a real 
story to ensure that the information was novel for the participant. 
Other fabricated news stories were also included, to ensure that 
the fabricated article about a favorite celebrity did not stand out 
stylistically. In the control group, no articles mentioned a favorite 
celebrity.

After reading each article, participants responded to 4 ques-
tions. The first was a multiple-choice question testing compre-
hension of and memory for the content of the article. Participants 
performed well on these questions (mean 81.07% correct, ±12.86% 
SD). Participants also rated their level of interest in the article, 
whether they had previously heard of the celebrity discussed in 
the article, and their level of interest in that celebrity.

Dream collection
Across the next 3 nights, participants were awoken via a text 
alarm 4 times during the night, at which point they were 
prompted to record their dream experience using the Expiwell 
app. The timing of awakenings was individualized for each par-
ticipant’s self-reported sleep schedule. During the experimen-
tal nights, participants reported a mean bedtime of 00:23 ± 
74.37 min (SD) and a mean wake time of 09:11 ± 105.99 min (SD). 
After excluding the first hour after their normal bedtime and the 
last hour before their normal wake time, alarms were scheduled 
to occur 34%, 55%, 70%, and 85% through the remaining interval 
of participants’ self-reported habitual sleep phase. This sched-
ule, focusing on sleep during middle portion of the night, was 
selected to maximize the probability that participants would be 
asleep at the time of the alarm, and to cause reports to be col-
lected from a variety of sleep stages, including REM sleep, during 
which rates of dream recall are high [43]. Participants were addi-
tionally encouraged to record one further report upon awaken-
ing in the morning if they had any additional content to report. 
This led to a maximum of 5 opportunities per night to report a 
dream experience. However, participants usually did not provide 
this many reports, as during this challenging pandemic- era field 
study, it was common that participants not wake up in response 
to some of the alarms, did not respond to some of the alarms, or 
did not successfully complete and upload the experience sam-
pling form. In total, 149 reports were collected, including 58 on 
night 1, 55 on night 2, and 36 on night 3. The reasons for the 
lower number of dreams contributed on night 3 are uncertain, 
but this could have been driven by a decline in participant moti-
vation across the course of this 3-day study. Figure 1 describes 
the number of successfully collected reports by night and awak-
ening number.

When participants were awoken by the alarm, they opened the 
Expiwell app and made an audio recording of “everything that was 
going through their mind” just before the alarm, in as much detail 
as they could remember. They were assured that it was alright if 
the dream had very little content, or if they could not remember 
anything they had been dreaming, but they were encouraged to 
take a moment and remember the dream before they attempted 
a recording. Once they completed the recording, they were asked 
if they felt they had been asleep or awake when they heard the 
alarm go off.

https://osf.io/mj43y/
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Morning dream survey
Participants received a follow-up survey about their dreams 
within an hour of their habitual wake time each morning and 
were asked to complete it as soon as possible. This survey asked 
about their sleep schedule the previous night and then showed 
the transcript of each of the previous nights’ dreams, one by one. 
For each dream, participants were asked whether “this dream, or 
any part of it, originated in a specific past experience of yours?” 
Participants were specifically instructed that “we are interested 
in specific experiences that happened at a particular place and 
time. For example, taking a biology final exam last Tuesday is a 
specific experience that happened at a particular place and time. 
However, the general idea of being worried about your grades is 
not a specific experience that happened at a particular place and 
time.” If they answered this question in the affirmative, partici-
pants then described up to 3 episodic memory sources for each 
dream, described which specific part of the dream they felt the 
source was related to, indicated how long ago the experience 
occurred (yesterday/in the last week/in the last month/in the last 
year/>1 year ago/do not know), how certain they were that the 
dream was caused by this experience, as well as how important 
and how emotional the experience was. When more than one 
experience was listed as the origin of a single dream, the partic-
ipant also rated how strongly related these experiences were to 
each other (separately for each pair of experiences).

Exit questionnaire
Finally, after 3 nights of dream reporting were completed, partici-
pants completed an exit questionnaire. This questionnaire asked 
participants whether they suspected that any of the articles they 
read were fictitious, if they noticed that a favorite celebrity of 
theirs was discussed in one of the articles, and if they had looked 
up information about the articles during the study. Debriefing 
information was also included at the end of this questionnaire.

Dream report scoring
Transcribed dreams were scored by three independent raters, blind 
to experimental condition. Alongside reports from the current 
study, raters also scored a set of reports from a similar prior study 
in our lab, in which participants were not shown any news articles. 
This set of reports (referred to as the “Nonexposure” group) served 
as a control for exposure to entertainment news in general.

For each report, raters first determined whether it contained 
content. Dreams were considered to be “content-filled” if partici-
pants described any mental content at all, as opposed to indicat-
ing that they could not remember or were not dreaming. For all 

content-filled reports, raters then determined whether the report 
included the following:

1. Content that was directly celebrity-related. This included 
direct mention of specific celebrities, including:
(a) The participant’s specific, target favorite celebrity.
(b) Another specific celebrity from the entertainment news 

articles.
(c) Other celebrities not among those mentioned in the 

articles.
2. Content that was indirectly celebrity-related, without men-

tion of any specific celebrity. (Example provided to raters: “I 
was talking to a famous person, but I can’t remember who 
it was”).

3. Article-related content. This could include images or sensa-
tions directly or indirectly related to any other element of 
the news articles. (Example provided to raters: “I was play-
ing golf with a friend and he ripped his pants, like in the 
articles you had me read”).

4. Study-related content. This could include images or sensa-
tions directly about the study procedures (the experience 
sampling app, the alarms, reporting dreams) or more indi-
rectly related content of persons, objects, locations, or 
actions similar to those in the study. (Example provided to 
raters: “I was recording something”).

5. Mention of remote episodic memories related to the task or 
experiment. This included content referencing partici-
pants’ personal past experiences with celebrities, research 
studies, or article-related content. (Example provided to 
raters: “I was thinking about the last time I did a dream 
study like this”).

To allow raters to know which target favorite celebrity should be 
considered in scoring, reports were scored in triads, with raters 
receiving all reports from one experimental condition participant, 
one control group participant, and one nonexposure group partic-
ipant as a set (unlabeled), along with a copy of the target favorite 
celebrity article that had been read by the experimental participant.

Interrater reliability was high, with 95.1% agreement on 
whether a report contained content, 80.4% agreement on deter-
mining the presence of celebrity-related content (encompassing 
categories 1–4 above), 84.8% agreement on article-related con-
tent, and 87.0% agreement on study-related content. Agreement 
on the mention of past experiences related to celebrities, research 
studies, and article content was 99.4%, 99.1%, and 99.4%, respec-
tively. Final scores for analysis were based on a two-thirds major-
ity. Three-way disagreements were resolved through discussion 
and consensus.

Figure 1. Reports submitted by night and time of night. Number of reports successfully submitted across each of the 3 nights of the study, by the 
time of night.
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Results
A total of 149 dream reports were collected across the course of 
the study, with each participant contributing an average of 5.52 ± 
2.68 SD reports. Of these, 134 (89.93%) were content-filled, with the 
remainder consisting of inability to recall (e.g. “There was noth-
ing”/“I don’t remember”). Upon awakening, participants indicated 
that they had been asleep in 75.18% of cases, awake in 15.6% of 
cases, and unsure in 9.22% of cases. As “awake” responses may 
have been the result of sleep state misperception, all reports are 
considered together in the following, regardless of subjective 
evaluation of sleep state [44].

No effect of celebrity news exposure on dream 
content
The experimental manipulation did not significantly affect 
dream content (Figure 2). Dreams that mentioned specific celebri-
ties were rare. No participant dreamed about the target “favorite” 
celebrity, and only one (in the control group) dreamed about a 
specific celebrity from the news articles. Because of this, the sta-
tistical analysis considered dreams with a specific mention of any 
celebrity under the single category of “directly celebrity-related” 
(see Matherials and Methods).

Chi-squared tests revealed no effect of experimental condition 
on directly celebrity-related dreams (χ2 = 1.39, p = .513, Cramer’s 
V = 0.08). Dreams from the nonexposure group were more often 
judged as indirectly related to celebrities than dreams form in 
the current study (χ2 = 6.29, p = .043, Cramer’s V = 0.16), but the 
control and experimental groups did not differ from each other 
on this measure (χ2 = 0, p = 1.000, Cramer’s V = 0). There was no 
effect of experimental condition on dreams about other aspects 
of the articles (χ2 = 1.96, p = .470, Cramer

′
s V = 0.09) or 

about the research study itself (χ2 = 2.68, p = .293, Cramer’s 
V = 0.11). No dreams contained mention of “remote episodic 
memories” related to celebrities, the entertainment news arti-
cles, or the experiment.

On the exit questionnaire, a handful of participants reported sus-
pecting that some of the news articles they viewed might be fake 
(n = 4 in the Control group and n = 3 in the Experimental group). 
Participants in the Experimental group were likely to notice that one 

of the articles mentioned a favorite celebrity of theirs (n = 12), but 
only n = 4 reported suspecting that this article was created specifi-
cally for them. N = 5 participants in each group reported looking up 
information about the news articles during the 3-day study.

Other episodic memory sources of dreams
While the news article manipulation had little if any effect on 
dreams, participants frequently identified other past episodic 
memories as sources of their dream content. On the morning 
dream survey, participants identified 59.7% (n = 80) of content- 
filled reports as originating from at least one specific past epi-
sode. Each participant identified a memory source for an average 
of n = 3.33 ± 1.83 SD dreams.

As illustrated in Figure 3, recent episodes from the previ-
ous day or week were more commonly identified as a dream 
source, relative to remote episodes. While the association 
between temporal origin of the episode and participants’ confi-
dence in its connection to the dream did not reach significance 
(F(4,111) = 2.37, p = .057, η2p = 0.08), confidence was numerically 
higher for recent memory sources (mean certainty for sources 
from yesterday = 80.18, SD = 24.75; last week = 71.81, SD = 19.27; 
last month = 67.47, SD = 26.36; last year = 61.00, SD = 33.77; >1 
year = 62.50, SD = 27.52). Temporal origin was not related to the 
perceived emotion (F(4,111) = 0.55, p = .701, η2p = 0.02) or impor-
tance (F(4,111) = 1.47, p = .215, η2p = 0.05) of an episode.

Confidence in memory source identification
The distribution of certainty ratings was strongly left-skewed, with 
a modal rating of 100% confidence in the association between a 
memory source and a dream. Experiences more confidently asso-
ciated with a dream were also rated as more important life expe-
riences (r = .19 (116), p = .035). In contrast, the emotional valence 
of an experience was unrelated to how confidently participants 
associated it with a dream (r(116) = −.02, p = .804).

Co-occurrence of multiple episodic sources in the same 
dream
Of dreams with at least one identified waking source, 38.75% 
(n = 31) were associated with 2 or more memories, as shown in 

Figure 2. Effect of condition on incorporation of entertainment news articles into dreaming. Experimental condition had no significant effect on 
dreaming about celebrities (either those specifically represented in the news articles or other celebrities) and no effect on dream content related 
to other aspects of the entertainment news articles. Dreams in the nonexposure group contained more content judged to be indirectly related to 
celebrities. Dream content related to the study itself also did not differ by experimental condition.
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Figure 4A. In just over half of these dreams (n = 16), participants 
reported a semantic relationship between the co-occurring mem-
ory sources Figure 4B.

Dreams with multiple memory sources sometimes combined 
past episodes originating from different time points, for exam-
ple combining a recent with a more remote memory (Figure 4C). 
Most commonly, dreams were described as originating both from 
an episode from yesterday and from a separate episode within 
the past week. This particular combination of temporal sources 
was also the one with the highest rating for semantic similarity 
(Figure 4D). As one example of a dream that combines multiple 
semantically related sources from different time points, one par-
ticipant reported the following:

Dream: I had dreamt that I was home, and I looked outside in 
our yard and uh, there were a ton of turkeys, uh, and I was 
just having a conversation with my dad about, um, hunting 
turkeys for Thanksgiving, um, and that was pretty much it.

Experience 1, yesterday: Yesterday night, before bed, I was on the 
phone with a friend, I shared how when I was little I used 
to call “cookies” “turkeys”

Experience 2, in the last week: Last week, my dad and I were hik-
ing behind our house and saw turkeys like we always do. We 
had a conversation about hunting around Thanksgiving.

Experience 3, in the last week: Two days ago, I was at my grand-
parents’. They talked about how they had heard there 
would be a turkey shortage at Thanksgiving. They made 
dinner for my brother and I, they were looking for a turkey 
to fix, but couldn’t find one when they to the store, we had 
chicken instead.

Time of night effects on memory sources
As shown in Figure 5, the temporal origin of dream sources did 
not vary significantly by time of night (F(4,78.45) = 0.24, p = .917, 
η2p = 0.01). However, among dreams with multiple memory sources, 
there was a trend for sources to be more strongly related to each 
other later in the night (Spearman’s rho = 0.36, p = .057; Figure 6).

Discussion
Experimental manipulation
Encountering information about a favorite celebrity did not 
trigger- related dreams. Only a single participant dreamed about 

a celebrity represented in the study materials, and given the 
nonzero rate of celebrity dreams in the nonexposure set, this may 
have been a chance occurrence. Thus, in this paradigm, we found 
no evidence that exposure to new information about an estab-
lished concept triggers dream incorporation.

Other approaches of presenting updates to an established 
semantic memory might be more successful. It could be that 
the short, simple articles used here did not drive new learning 
intensely enough to impact dreams. Alternatively, participants 
may not have been as personally invested in the information as 
we expected, causing overall attention to and engagement with 
the materials to be lower than in prior studies showing success-
ful incorporation of presleep learning tasks. Future studies might 
pursue other ways of introducing updates to established seman-
tic memory that leverage engaging game-like tasks, involve more 
intensive learning, or increase the emotional and personal signif-
icance of study materials in other ways.

Memory source combinations
Still, these data provide useful information about how recent 
and remote memory fragments are incorporated into dreams. As 
expected, participants traced the majority of dreams to at least 
one past episodic memory, and often to more than one distinct 
episode. In about half of dreams with multiple sources, the com-
ponent memories were perceived as at least somewhat semanti-
cally related to each other. These sources most often were drawn 
from different time frames, for example being traced to both an 
experience from the night before and an experience from the pre-
vious weeks, months, or years. We interpret this as evidence that 
recent experiences from the previous days can trigger dreams 
that incorporate related remote and semantic memory fragments 
via a spreading activation process.

In wake or sleep, recalling a memory requires that a neural 
representation of that memory be “reactivated” in the brain. It 
remains unknown whether the form of reactivation that causes 
dreams of recent experience is the same, or even similar to the 
form of memory reactivation thought to account for sleep’s mne-
monic benefits [45]. But still, we presume that dreams incorporat-
ing elements of recent experience signify that neural networks 
encoding those memory elements must be in some way active 
in the sleeping brain. Thus, our current data suggest that during 
sleep, neural ensembles representing elements of participants’ 
recent experience become co-activated with those representing 
features of related remote and semantic memory. Speculatively, 
this could be a functional process relevant to the integration of 
new information into existing cortical networks during sleep.

These observations are consistent with Stickgold and Zadra’s 
NEXTUP (Network Exploration to Understand Possibilities) model 
of dreaming [46]. A core feature of NEXTUP is the proposal that 
the sleeping brain strengthens connections between memories, 
including between recent experiences and remote memories, as 
well as semantic memories, concerns, thoughts, and feelings. 
Together with other recent studies [23, 47], our current data sup-
port the notion that during dreaming, the sleeping brain activates 
connections between distinct-related memory networks. This can 
be seen in cases where participants identify multiple semanti-
cally related memory sources for a single dream. Speculatively, 
in such cases, overlap between the memory representations 
may have driven their co-activation. Of course, this speculation 
is tempered by the fact that cases of strong semantic similar-
ity between co-occurring memory sources were found only in a 
minority of dreams. Participants frequently perceived only a weak 

Figure 3. Temporal origin of participant-identified dream sources. 
Participants were asked to identify the probable episodic memory 
sources of each dream. For each source, participants indicated when the 
episode had occurred. Recent episodic sources were more commonly 
identified than remote episodic sources.
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relationship between the memories contributing to a dream, and 
about half the time, they thought that the co-occurring memories 
were entirely “unrelated” to each other.

Temporal origin of memory sources did not 
change across the night
A handful of influential early studies reported that early night 
dreams are likely to reference recent memories, whereas late 
night dreams are likely to reference memories originating the 
longer past [48]. This has suggested to contemporary researchers 
that the engagement of memory systems might change system-
atically across the course of the night, and indeed, similar obser-
vations have been reported in at least one recent study [47].

In the current study, we found no evidence that the tempo-
ral origin of dream memory sources varied by the time of night. 
However, if there is a true association between time-of-night 
and the temporal origin of memory sources, we could have been 

ill-positioned to detect it because our data do not include many 
early-night dreams. In fact, recent observations from Picard-
Deland et al. [47] suggested that the time-of-night effect is driven 
specifically by a high proportion of recent memory sources in 
the 1st third of the night, a time frame underrepresented in the 
current data. Additionally, if the effect of time of night on dream 
memory sources varies by sleep stage, the fact that the sleep 
stage of dream reports in the current study is unknown could 
have obscured our ability to detect this effect.

Future directions
Determining the features of a presleep task that causes its 
incorporation into dream content
The particular features of a presleep learning task, which medi-
ate its incorporation into subsequent dreams, remain poorly 
understood. This is highlighted by the failure of our experimental 
manipulation to affect dream content, which is not unique among 

Figure 4. Co-occurrence of multiple memory sources within single dreams. (A) While dreams were most commonly traced to a single episodic 
memory source, 39% incorporated multiple past episodes. (B) When multiple past episodes appeared together in a dream, participants most often 
perceived these experiences as unrelated to each other. However, there were notable exceptions, as discussed below. (C) Raw number of dreams 
referencing multiple episodic memory sources originating from different time points. (D) Mean semantic relatedness of memory source combinations 
by temporal origin. Numbers are the average participant rating of semantic relatedness for all possible pairs of memory sources appearing together in 
a single dream. yearplus = memory sources from more than 1 year ago.
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similar investigations. In addition to the older literature reviewed 
in the introduction, a number of more recent investigations have 
also found limited or no direct incorporation of presleep tasks 
into dream content [49–52]. It remains unclear whether the par-
ticular experimental tasks employed in these studies lack some 
key feature that drives incorporation, or alternatively, whether 
these null results can be attributed to more general factors such 
as sampling error, measurement error, or the participant popula-
tions under study.

In part, our understanding has been hampered by a lack of a 
systematized, consistent approach. Remarkably, no studies cited 
in the current paper have been subject to a direct replication, nor 

have two utilized the exact same learning task. Thus, the sta-
bility of incorporation rates across samples remains unknown. 
To remedy this situation, further rigorous experimental studies 
that systematically manipulate the features of presleep tasks 
are required. It is often proposed that features of a task such 
as the amount/type of new learning, or the level of interactiv-
ity, emotion, or personal relevance account for its incorporation 
into dreaming. But none of these features have yet been isolated 
and demonstrated to reliably affect dreaming across multiple 
studies.

Does the coactivation of multiple memories in dreaming 
serve a function?
Potentially, coactivating recent and semantically related remote 
memories during sleep could facilitate the integration of new 
information into existing knowledge structures, a hypothesized 
function of sleep-dependent memory consolidation [29–36, 
38, 39]. To test whether dreams that combine multiple memo-
ries reflect, this function would require measuring changes in a 
remote memory after participants dream about it in association 
with related recent experiences. This approach presents many 
methodological challenges, too numerous to list here. But poten-
tially, these could be overcome with the help of creative tech-
niques that boost the reliability with which presleep experiences 
trigger dreams of remote memory, using targeted memory reac-
tivation [53] and/or volitional control of dreaming in experienced 
lucid dreamers [54–56]. Future studies should continue to explore 
whether memory representations, and the connectivity between 
them, may be altered as a consequence of their coactivation dur-
ing dreaming.

Effect of sleep stage on memory source activation
A limitation of the current study is that, because we were unable 
to use polysomnography, the stage of sleep during which dreams 
occurred is unknown. It is likely that some reports were collected 
during wakefulness. Within sleep, these at-home awakenings 
may have been biased toward collecting dreams from lighter 
sleep stages, from which participants were more likely to success-
fully awaken. The sleep stages from which dream reports were 
collected may have influenced the results we present here, as 
there is reason to believe that the activation of memory sources 
during sleep varies by sleep stage [23]. Future studies should con-
tinue to examine this. For example, the NEXTUP model predicts 
that weakly associated memory networks should be especially 
likely to become coactive during REM, as opposed to NREM sleep.

Conclusions
In summary, despite the failure of the main experimental manip-
ulation, we report several theoretically relevant observations 
surrounding the co-occurrence of memory fragments from mul-
tiple waking sources in dreams. Speculatively, dreams that incor-
porate memories drawn from multiple time frames may reflect 
sleep’s role in updating remote and semantic memory networks 
with new information gleaned from recent experience, a putative 
function of sleep.
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