
Consciousness and Cognition 102 (2022) 103333

Available online 25 May 2022
1053-8100/© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Sleep well, mind wander less: A systematic review of the 
relationship between sleep outcomes and spontaneous cognition 

Ana Lucía Cárdenas-Egúsquiza *, Dorthe Berntsen 
Department of Psychology and Behavioral Sciences, Center on Autobiographical Memory Research, Aarhus University, Denmark   

A R T I C L E  I N F O   

Keywords: 
Disturbed sleep 
Circadian rhythms 
Mind wandering 
Daydreaming 
Involuntary memories 

A B S T R A C T   

Despite an upsurge of research on spontaneous cognition, little is known about its associations 
with sleep-related outcomes. This systematic review, following PRISMA guidelines, examined the 
relationship between sleep and spontaneous thoughts, across different definitions and measure-
ments of sleep outcomes and spontaneous cognition, and a diversity of methodologies. Twenty- 
one articles with survey and/or experimental designs were identified. Self-reported disturbed 
sleep—comprising poor sleep quality, more insomnia symptoms, more daytime sleepiness and a 
tendency towards eveningness—and experimentally induced sleep deprivation were associated 
with a tendency to engage in disruptive mind wandering and daydreaming, but not positive- 
constructive daydreaming. Findings regarding circadian fluctuation in spontaneous thoughts 
were mixed and inconclusive. This systematic review bridges the gap between the sleep and 
spontaneous cognition research by contributing to the understanding of potential psychological 
and cognitive mechanisms of spontaneous cognition, as well as by elucidating the emotional and 
cognitive consequences of disturbed sleep.   

1. Introduction 

We spend approximately one third of our time either sleeping or attempting to do so. If we do not sleep as long and as well as we need, we 
may experience several unpleasant or distressing consequences, such as difficulties concentrating while performing a task (Liu et al., 2014; 
Martella et al., 2011). While awake, spontaneous cognition, such as mind wandering and daydreaming, dominates as much as 20–50% of 
our waking life (Kane et al., 2007; Seli et al., 2018). During the last ten years, there has been an upsurge of research on spontaneous thoughts 
(e.g., Fox & Christof, 2018; Smallwood & Schooler, 2006, 2015). However, and in spite of their ubiquity and importance for our lives, the 
possible link between sleep and spontaneous cognition remains unknown. The present review aims to answer whether the characteristics of 
our sleep, such as its quality and duration, influence the experience of spontaneous thoughts in waking life. 

Although the relationship between sleep outcomes and spontaneous thoughts has received relatively little direct investigation, we 
believe it is timely to review what is currently known on this topic for several important reasons. First, despite the use of a wide variety 
of methodologies and conceptualizations regarding sleep outcomes and spontaneous thoughts, there appears to be a consistent 
relationship between disturbed sleep (e.g., poor sleep quality, insomnia, nightmares, sleepiness, and short sleep duration) and at least 
some forms of spontaneous cognition (Stawarczyk & D’Argembeau, 2016; Stawarczyk et al., 2020). Second, the present review 
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highlights the importance of theoretically distinguishing between different conceptualizations of spontaneous thoughts, notably be-
tween positively-valenced daydreaming versus disruptive mind wandering and daydreaming, as they seem to relate differently to measures 
of sleep (e.g., Carciofo et al., 2017; Denis & Poerio, 2017; Starker, 1985). Third, a person might consider him- or herself as a morning 
(lark) or evening (night owl) type, and, thus, perform better at a specific time-of-day (Adan et al., 2012; Roenneberg et al., 2003), yet 
little is known as to how such chronotypes may influence the experience of spontaneous thoughts. Fourth, given the well-documented 
effects of sleep on several cognitive domains (Killgore, 2010), the present review also informs the debate regarding the role of ex-
ecutive functions in spontaneous thoughts (McVay & Kane 2010; Smallwood, 2013; Smallwood & Schooler, 2006; Watkins, 2008). 

1.1. Conceptualizations and measures of sleep-related outcomes 

Sleep is an important physiological process controlled by the circadian clock and the sleep-wake homeostasis, which determine the 
sleep-wake circadian rhythm (Franken & Dijk, 2009). Circadian rhythms are physical, mental, and behavioral changes that follow a 
daily (24-hour) cycle, and primarily respond to the light/dark cycle, but are also influenced by the social time (Schulz & Steimer, 
2009). As this systematic review studied the broad and multidimensional concept of sleep (Wallace et al., 2019), we addressed not only 
variables related to the sleep period itself, such as sleep latency or sleep duration, but also considered sleep-related processes during 
waking life, such as sleepiness across the day and circadian preferences (chronotypes and time-of-day effect). 

In the following sections, we review sleep measures and concepts that have been employed in studies on the relationship between 
sleep and spontaneous cognition. Because most of the studies examining this relationship have used self-report measures of sleep (with 
a few exceptions to be specified), we focus on those. One of the most commonly examined sleep outcomes is subjective sleep quality, 
which is a term without a clear definition (Krystal & Edinger, 2008). However, it may be described as one’s satisfaction with the sleep 
experience, integrating aspects of sleep initiation (sleep latency or sleep onset), sleep maintenance (amount and duration of awak-
enings over the night), sleep duration, feeling refreshed upon awakening, and daytime sleep-related function (Kline, 2013). One widely 
used instrument for measuring sleep quality is the Pittsburg Sleep Quality Index (PSQI), which assesses sleep quality over the last 
month (Buysse et al., 1989). The PSQI measures different aspects of sleep quality: overall sleep quality, sleep latency, sleep duration, 
sleep efficacy, and daytime sleep-related dysfunction. Another instrument reported in the literature is the Sleep Condition Indicator 
(SCI), for which participants answer thinking about a typical night in the past month (Espie et al., 2014). The SCI probes general sleep 
quality, sleep onset, waking during sleep, and the effect of sleep on various aspects of life. Finally, the Groningen Sleep Quality Scale 
(GSQS; Teoh et al., 2020) measures sleep quality based on “last night’s sleep” on a true–false scale, via examining the number of 
awakenings, troubles falling asleep and sleep duration. 

Yet another sleep outcome is “sleep disturbances,” which has its own definition and instruments. Sleep disturbances refer to sleep 
difficulties, including difficulty falling asleep and staying asleep, insomnia, nightmares, somnolence or daytime sleepiness, and par-
asomnias (Cormier, 1990). The questionnaires often used to assess this outcome include the subscale of the PSQI regarding sleep 
disturbances, the Patient-Reported Outcomes Measurement Information System (PROMIS) Sleep disturbance scale short form (Yu 
et al., 2012), and the Insomnia Severity Index (Bastien et al., 2001). Within the construct of sleep disturbances, daytime sleepiness is 
commonly measured by the Epworth Sleepiness Scale (Johns, 1991), while sleepiness during a task may be assessed by the Karolinska 
Sleepiness Scale (Åkerstedt & Gillberg, 1990). Additionally, sleep duration (also known as sleep quantity, and operationalized as usual 
hours of sleep per night or hours of sleep in a particular night) has been described as a sleep outcome by itself. It may be measured by 
asking participants, “How many hours do you usually sleep at night?“ (Kunzendorf et al., 1983) or “How many hours of sleep did you 
get last night?” (Robison et al., 2020). 

Few studies (Harrington, Ashton, Sankarasubramanian, Anderson, & Cairney, 2021; Mikulincer et al., 1990; Poh et al., 2016) have 
used an experimental approach by sleep depriving participants in a controlled-laboratory manner. Experimentally induced sleep 
deprivation in the laboratory typically consists of keeping participants awake during one or more nights and testing their performance 
on a task the following day. 

Only a few studies have considered chronotype as a sleep-related measure, despite the fact that it defines several sleep-related 
outcomes, such as bed- and wake-up times (Carciofo et al., 2014a; 2014b; Verwoerd & Wessel, 2007). Chronotypes are the behav-
ioral manifestation of the individual circadian rhythm reflected in one’s personal daily activity patterns and sleep/wake schedules 
(Roenneberg et al., 2003; Roenneberg et al., 2007). Humans may be classified into three chronotypes: morning or early-types 
(colloquially referred to as larks), evening or late-types (referred to as night owls) and intermediate or neither-types (Adan et al., 
2012). There are numerous questionnaires and ways to measure chronotypes. The studies reviewed here reported either the full (19 
items) version of the Morningness-Eveningness questionnaire (MEQ) by Horne and Östberg (1976), or its reduced version (rMEQ) by 
Adan and Almirall (1991), which includes five items taken from the full version. The scales address daily preferences for practicing 
physical and mental activities, as well as subjective alertness after wake-up time and before bedtime. 

The time-of-day effect is likewise measured and conceptualized in different ways. First, the concept of circadian fluctuation refers 
to a daily pattern of variation of cognitive and physical performance (Schmidt et al., 2007). It may be measured by applying everyday 
life experience sampling, where participants respond to probes sent throughout the day in order to measure the everyday pattern of, for 
instance, mind wandering episodes (Smith et al., 2018). Second, and related to chronotypes, the notions of preferred and non-preferred 
time-of-day refer to the period when our physical and cognitive functions are in their peak or at their lowest levels, respectively, 
affecting our performance. In that sense, morning types reach their peak in the first part of the day, whereas evening types perform 
their best during the latter part of the day (Roenneberg et al., 2007). The studies reviewed here asked participants to retrospectively 
indicate the time of day when mind wandering, daydreaming, or involuntary memories were most likely to occur (Carciofo et al., 
2014a; Verwoerd & Wessel, 2007). 
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1.2. Conceptualizations and measures of spontaneous cognition 

There are several conceptual and methodological ambiguities associated with spontaneous thought (e.g., Berntsen, 2019; Christoff 
et al., 2018; Seli et al., 2018). Here we limit our introductory review to measures that have been employed in relation to research on 
sleep. 

The scientific study of daydreaming was introduced by Singer (1966). He defined daydreaming as “a shift of attention away from an 
ongoing physical or mental task or from a perceptual response to external stimulation toward some internal stimulus” (p. 3). Singer and 
colleagues (Antrobus et al., 1966; Huba et al., 1977; Singer, 1966) identified three dimensions of daydreaming: the first being negative 
and concerned with guilt and fear of failure; the second being positive and constructive, serving as a source of problem-solving, 
creativity, and future planning; and the third one reflecting poor attentional control and the general tendency to mind wander, be 
easily distracted, and be bored. The third dimension is the one that has dominated contemporary mind wandering/daydreaming 
research1 (Berntsen, 2019), focusing almost exclusively on mind wandering conceived and described by Giambra (1993) as task- 
unrelated images and thoughts (TUITs) during an ongoing task. Smallwood and Schooler (2006) defined mind wandering as when 
“executive components of attention appear to shift away from the primary task, leading to failures in task performance and superficial 
representations of the external environment” (p. 946). More recently, however, Stan and Christoff (2018) identified three different 
conceptualizations of mind wandering: stimulus-independent thought, task-unrelated thought, and freely moving thought. Exact 
definitions are still debated (Seli et al., 2018; Christoff et al., 2018). 

This conceptual diversity is reflected in the instruments developed to assess mind wandering and daydreaming. With regard to trait- 
level measures of mind wandering and daydreaming, the Imaginal Process Inventory (IPI) by Singer and Antrobus (1970), and its short 
version (SIPI) by Huba et al. (1982), have three subscales measuring the three dimensions of daydreaming described above: Guilt-Fear 
of Failure daydreaming; Positive-Constructive daydreaming, also called positive-vivid and problem solving daydreaming; and Poor 
Attentional Control daydreaming, also called Anxious-Distractable or simply mind wandering. The Daydreaming Frequency Scale 
(DDFS), adapted from the IPI (see Giambra, 1993) is a widely used measure of mind wandering defined in terms of TUITs. More 
recently, Somer et al. (2016) designed the 16-item Maladaptive Daydreaming Scale (MDS-16), which aims to assess “pathological 
fantasizing, characterized by time-consuming thoughts and behaviors, as well as related dysfunction and distress” (p. 87). The Mind- 
Wandering Questionnaire (MWQ) created by Mrazek et al. (2013) considers mind wandering as “the interruption of task-focus by task- 
unrelated thought” (p. 3). 

Finally, when addressing state-level mind wandering in the laboratory or everyday life, the most common and direct measurement 
of mind wandering is experience sampling, which consists of periodically interrupting individuals with thought probes during a 
laboratory task or daily activities, asking them to report whether their attention was on-task or on task-unrelated concerns just before 
they received the probe (Seli et al., 2016; Smallwood & Schooler, 2006). The Cognitive Interference Questionnaire (CIQ) and the 
Thought Occurrence Questionnaire (TOQ), both developed by Sarason et al. (1986), have also been used in experimental designs 
(Mikulincer et al., 1990). The CIQ obtains self-reports of cognitive interference immediately after performance in a task, and the TOQ 
measures the general tendency to experience intrusive thoughts. 

An additional category of spontaneous thought is involuntary (spontaneously arising) memories (Berntsen, 1996). In the literature 
on the relationship between sleep outcomes and spontaneous thought, involuntary memories have been assessed using the Involuntary 
Memory Questionnaire (IMQ), where participants reported the most prominent involuntary/intrusive memory in the past week 
(Verwoerd & Wessel, 2007), as well as the Impact of Event Scale (developed by Horowitz et al., 1979, and used by Verwoerd & Wessel, 
2007). 

Following the literature, in the present systematic review, we distinguish between the concepts of disruptive mind wandering and 
daydreaming (or disruptive spontaneous thoughts) and positive-constructive daydreaming. Disruptive mind wandering and daydreaming 
refers to spontaneously arising self-generated thoughts that are related to the inability to concentrate on the ongoing task or activity, to 
unproductive outcomes and/or to negatively-valenced emotions. In contrast, positive-constructive daydreaming refers to spontane-
ously arising self-generated thoughts that are playful and planful, are related to productive outcomes for one’s well-being and to 
positively-valenced emotions (Blouin-Hudon & Zelenski, 2016; Marcusson-Clavertz et al., 2016; McMillan et al., 2013; Singer, 1974). 

We also distinguish disruptive spontaneous thought from perseverative cognition such as rumination and worry (also called 
intrusive thoughts) because the latter are negative repetitive thought processes that remain fixed on a single theme or topic and are 
considered dysfunctional alterations of spontaneous thought (Clancy et al., 2020; Christoff et al., 2016; Fox & Christof, 2018; Watkins, 
2008). Thus, we did not include worry and rumination in the present systematic review. 

1.3. Potential underlying mechanisms of the relationship between sleep and spontaneous thoughts 

What may explain a putative relationship between sleep measures and spontaneous thought? One possibility is changes in exec-
utive functions. Evidence suggests that poor sleep quality, sleep disturbances, sleepiness, and sleep deprivation impair executive 
functioning, specifically executive control (Anderson et al., 2009; Fortier-Brochu et al., 2012; Martella et al., 2011; Nebes et al., 2009; 
Wilckens et al, 2014). Likewise, Kane and colleagues propose that mind wandering episodes result from a failure of the executive 

1 Following previous literature, we here do not distinguish between mind wandering and daydreaming. Both are considered “spontaneous 
thoughts that are task-unrelated and decoupled from current sensory perceptions” (Stawarczyk, 2018) and thus are included in the umbrella term 
“spontaneous cognition”, which is used in the present systematic review. 
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control system to suppress off-task thoughts from reaching consciousness (Kane & McVay, 2012; McVay & Kane 2010, although see 
Smallwood & Schooler, 2006). Consistent with this claim, Kane et al. (2007) and McVay & Kane (2009) found that people with su-
perior executive control report less frequent mind wandering both in and out of the laboratory; whereas Kane et al. (2017) found that 
this applied only to mind wandering episodes measured in laboratory settings. 

Another possibility is negative affectivity. Sleep deprivation, poor sleep quality and insomnia have been associated with negative 
affect, anxiety, and depression (Johnson et al., 2006; Kahn-Greene et al., 2007; Ramsawh et al., 2009; although see Zhang et al., 2021, 
for conflicting results). Similarly, the prevalence of mind wandering, daydreaming, and involuntary memories has also been found to 
be related to measures of negative affect and distress (Berntsen et al., 2015; Killingsworth & Gilbert, 2010; Smallwood et al., 2009). 

Finally, a less examined mechanism suggested by Cárdenas-Egúsquiza & Berntsen (2022) refers to pressing current concerns such as 
financial or social problems, or recent stressful events, which have been found to influence sleep quality and/or cause insomnia (Van 
Laethem et al., 2015), and increase the tendency to engage in waking spontaneous thought (Klinger, 2009). 

1.4. Research aim and hypotheses 

The present systematic review aimed to examine the consistency of findings in the relationship between sleep and spontaneous 
thoughts across the different definitions and measurements of sleep outcomes and spontaneous cognition, as well as across the di-
versity of methodological approaches. 

We hypothesized that poor sleep quality, greater sleep disturbances, increased levels of sleepiness, shorter sleep duration (i.e. all 
together considered as “disturbed sleep”), and experimentally induced sleep deprivation would be related to an increase in the general 
tendency for experiencing disruptive spontaneous thoughts in daily life and during laboratory tasks, because disturbed sleep and sleep 
deprivation would impair executive control processes to prevent spontaneous thoughts to come to mind, as well as increase the 
tendency toward negative affect. However, and in line with our aim to distinguish between different forms of spontaneous cognition, 
we expected positive-constructive daydreaming to relate differently to measures of disturbed sleep, due to the fact that positive- 
constructive daydreaming is associated with positive affect rather than negative affectivity, and that previous studies found no as-
sociation between insomnia and positive-constructive daydreaming (Starker, 1985; Starker & Hasenfeld, 1976). 

Regarding chronotypes, prior research suggests that evening types have poorer sleep quality and more daytime sleepiness (Selvi 
et al., 2010; Selvi et al., 2012; Vardar et al, 2008), show more impulsivity (Caci et al., 2005), have less inhibitory control (Stolarski 
et al., 2013), and have more emotional and psychological problems, such as anxiety, stress, and depression (Taylor & Hasler, 2018). In 
contrast, morning types report better sleep quality and positive affect (Biss & Hasher, 2012; Howell et al., 2008; Vollmer et al., 2017). 
Therefore, we considered eveningness as a proxy of disturbed sleep and we thus expected a relationship between a tendency towards 
eveningness and higher frequencies of disruptive mind wandering and daydreaming. 

With respect to chronotypes and the time-of-day effect, Lustig et al. (2007) indicated that optimal performance on many tasks 
occurs at the preferred time-of-day (morning for morning-types, evening for evening-types), with errors and inhibition failures 
occurring more frequently at the non-preferred time-of-day. Therefore, and following the notion that some types of spontaneous 
thoughts occur due to inhibition and executive failures (McVay & Kane, 2010), we expected a chronotype × time-of-day interaction, 
where morning and evening types would report more mind wandering, daydreaming, and involuntary memories at their non-preferred 
time-of-day; that is, evening types in the morning and morning types in the evening. 

The overarching question of whether sleep (its quality, disturbance and duration) influences the experience of spontaneous 
thoughts in waking life is relevant to the understanding of the psychological and cognitive mechanisms of spontaneous cognition. 
Moreover, answering this question might help to elucidate the emotional and cognitive consequences of disturbed sleep. 

2. Method 

In order to provide a comprehensive framework, the current systematic review employed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al., 2009) and its updated guidelines (Page et al., 2021), which 
objectively assesses indications of the quality of included studies. 

In this section, as well as in the Results section, we decided to separate the concept of time-of-day effect from the other sleep 
outcomes because time-of-day represents a very distinct aspect of sleep. The time-of-day effect on spontaneous cognition refers to the 
fluctuation of spontaneous thought across the day, whereas the other sleep outcomes relate to the general tendency for experiencing, or 
the overall frequency of, spontaneous thoughts. In the “Information sources and search” segment of the Methods section, they are 
considered together because the time-of-day effect and the other sleep outcomes are included in the key term: “circadian rhythms”. 

For an overview of the abbreviations used in the Methods and Results sections, please see Abbreviations. The abbreviations used in 
the tables are defined at the bottom of each table. 

2.1. Eligibility criteria 

2.1.1. Eligibility criteria for studies assessing the relationship between sleep-related outcomes and spontaneous thoughts 
We selected studies that included adult participants and presented at least one statistical analysis on the relationship between a 

sleep outcome and, at least, one type of spontaneous thought (ST). Henceforth, this was designated the target relationship: Sleep is 
related to spontaneous thoughts (sleep->ST). The studies had to measure at least one of the following sleep outcomes: sleep quality, 
sleep duration, sleep disturbances, sleepiness, insomnia, nightmares, chronotype or sleep deprivation. In addition, the studies had to 
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measure the general tendency to experience, or the frequency of at least one of the following types of spontaneous thought: Mind- 
wandering (MW), daydreaming (DD), or intrusive/involuntary memory. We included studies that used a survey or experimental2 

design, but only with non-clinical samples. Clinical and non-adult samples were excluded because we were interested in the rela-
tionship between sleep and spontaneous thought in healthy adult cognition. Likewise, studies that considered spontaneous thought 
related to psychopathology, such as rumination or worry (See Clancy et al., 2020 for a review of the association between sleep and 
worry/rumination), as well as spontaneous thought related to a specific event, such as an analogue or real trauma/stressor (See 
Davidson & Pace-Schott, 2021 for a review of the role of sleep in intrusive memories in post-traumatic stress disorder), were also 
excluded because they are considered dysfunctional alterations of spontaneous thought (Fox & Christof, 2018). Studies that measured 
spontaneous thought specifically during the pre-sleep period were also excluded because they did not measure the overall relationship 
between disturbed sleep and spontaneous thought, which was the focus of the present review. 

We did not include dissertations or meeting abstracts because unpublished studies and/or non-peer-reviewed work have less 
rigorous quality control (Schmucker et al., 2017). We also did not include book chapters, books, or review articles, as we aimed for the 
conclusions of the present review to be based only on original, empirical data. No restrictions for publication date were used in order to 
reduce the phenomenon of academic forgetting (Berntsen & Rubin, 2020). 

Articles were excluded by examining the title, abstract, or full text version based on the following criteria: if they were not written 
in English; not published in a scholarly peer-reviewed journal; were dissertations, reviews, books or books chapters; used clinical or 
non-adult samples; measured spontaneous thought related to psychopathology or as an analogue or real trauma/stressor; measured 
pre-sleep spontaneous thought; did not assess the general tendency to experience or the frequency of spontaneous thought; or, did not 
provide a statistical analysis on the target relationship. Finally, to avoid including the same data twice, we excluded articles if the data 
of interest had been published in a previous study. All the excluded studies and the primary reason for their exclusion are presented in 
Table 1. 

2.1.2. Eligibility criteria for studies assessing time-of-day effect on spontaneous thought 
The eligibility criteria for studies measuring time-of-day effects were mostly the same as for the ones assessing sleep-related 

outcomes. We only changed the following points: selected studies had to report at least one statistical analysis on the time-of day 
effect on at least one type of spontaneous thought. Selected studies had to measure at least one of the following time-of day effect 
variables: Chronotype, operationalized as preferred and non-preferred time of day, the time-of-day itself, or circadian fluctuation. 

2.2. Information sources and search 

A search of the relevant articles via the following databases was conducted: PsycInfo, PubMed, Scopus, and Web of Science. Key 
words and combination of key words were used to search the electronic databases: (sleep OR circadian OR chronotype OR “time of 
day“) AND (“involuntary memory” OR “intrusive memory” OR “mind wander*“ OR “day dreaming” OR “spontaneous thought”). See 
Table 2 for full key words used in each database. The first search date was March 10, 2020. This search identified 16 articles meeting 
the inclusion criteria (see Fig. 1). 

In order to improve the quality of the literature search strategy, a special search on March 23, 2020 using Medical Subject Headings 
(MeSH) for sleep and circadian rhythms was performed in PubMed. However, the 19 articles found using this strategy were already 
identified by the previous literature search. MeSH search included the following key words: (“sleep“[MeSH Terms] OR “circadian 
rhythm”[MeSH Terms] OR “chronotype“ OR “time of day”) AND (“involuntary memory“ OR “mind wandering” OR “day dreaming“ 
OR “spontaneous thought”). Additional relevant studies were identified by searching the reference lists of selected studies. 

A second search was conducted July 20, 2021, in order to update the review and identify more recently published papers. This 
search identified 5 additional articles to be included in the review (see Fig. 2). 

2.3. Study selection and data collection processes 

After performing the initial literature searches, each study title and abstract was screened for eligibility. Full text of relevant studies 
was then retrieved and examined for eligibility. The PRISMA flow diagram (Moher et al., 2009) and its updated version (Page et al., 
2021) provide detailed information about the study selection process (see Figs. 1 and 2). 

Information extracted from the twenty-one included studies was analyzed and recorded in spreadsheets, including the following 
data: First author and year of publication, N (% of females), Study design, Sleep outcome or time-of-day variable, sleep-outcome 
assessment (Cronbach’s α if reported) or time-of-day assessment, Type of spontaneous thought measured, spontaneous thought 
assessment, main finding regarding the target relationship, and effect size of the target relationship (See Tables 3, 4, and 5). 

We did not conduct a meta-analysis given the heterogeneity of measures and methodologies used in the reviewed articles, making a 
meta-analysis less feasible and meaningful. 

2 By experimental design we referred to studies that measured spontaneous thoughts using laboratory tasks. 
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Table 1 
Excluded articles.  

Study (first author and 
year) 

Review 
article 

ST related to 
psychopathology 

Specific 
ST after 
analogue 
or real 
trauma/ 
stressor 

Pre- 
sleep/ 
Pre- 
arousal 
cognition 

Not 
providing a 
stats 
analysis of 
the target 
relationship 

Not assessing 
the general 
tendency to 
experience or 
the frequency 
of ST 

Clinical 
sample 

Non- 
adult 
sample 

Reused 
data from 
previous 
article 

Andrillon et al. (2019) x         
Davidson and Pace- 

Schott (2021) 
x         

Fazekas and Nemeth 
(2020) 

x         

Fazekas (2021) x         
Fazekas et al. (2021) x         
Fox and Christof (2018) x         
Jubera-Garcia et al. 

(2021)s 
x         

Windt (2021) x         
Clancy et al. (2020)  x        
Baker et al. (2015)  x        
Guastella and Moulds 

(2007)  
x        

Thomsen et al. (2003)  x        
Zoccola et al. (2009)  x        
Azza et al. (2020)   x       
Cohen et al. (2017)   x       
Kanstrup et al. (2021)   x       
Kleim et al. (2016)   x       
Luik et al. (2019)   x       
Hall et al. (1997)   x       
Ney et al. (2021)   x       
Porcheret et al. (2015)   x       
Porcheret et al. (2019)   x       
Porcheret et al. (2020)   x       
Short et al. (2020)   x       
Sopp et al. (2019a)   x       
Sopp et al. (2019b)   x       
Sopp et al. (2021)   x       
Sopp et al. (2021)   x       
Werner et al. (2020)   x       
Wilhelm et al. (2021)   x       
Woud et al. (2018)   x       
Ballesio et al. (2020)    x      
Harvey (2000)    x      
Harvey and Payne (2002)    x      
Scullin et al. (2021)    x      
Wicklow and Espie 

(2000)    
x      

Andrillon et al. (2021)     x     
Bigelsen et al. (2016)     x     
Carciofo and Song (2019)     x     
Carciofo (2020)     x     
Carciofo (2021)     x     
Fanning et al. (2016)     x     
Galéra et al. (2012)     x     
Gil-Jardiné et al. (2017)     x     
Ottaviani and 

Couyoumdjian 
(2013)     

x     

Ottaviani et al. (2015)     x     
Shillington et al. (2021)     x     
Stawarczyk et al. (2020)     x     
Watling and Watling 

(2021)     
x     

Werner et al. (2021)     x     
Zhou and Lei (2018)     x     
Fox et al (2013)      x    
Perogamvros et al. 

(2017)      
x    

D’Anselmo et al. (2020)       x   
Helfer et al. (2019)       x   
Madiouni et al. (2020)       x   

(continued on next page) 
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Table 1 (continued ) 

Study (first author and 
year) 

Review 
article 

ST related to 
psychopathology 

Specific 
ST after 
analogue 
or real 
trauma/ 
stressor 

Pre- 
sleep/ 
Pre- 
arousal 
cognition 

Not 
providing a 
stats 
analysis of 
the target 
relationship 

Not assessing 
the general 
tendency to 
experience or 
the frequency 
of ST 

Clinical 
sample 

Non- 
adult 
sample 

Reused 
data from 
previous 
article 

Frank et al. (2021)        x  
Spruyt et al. (2019)        x  
Carciofo et al. (2016)         x  

Table 2 
Keywords used in each database.   

PsycInfo PubMed Scopus Web of Science 

Keywords (sleep OR circadian OR 
chronotype OR “time of day“) 
AND (“involuntary memory” 
OR “intrusive memory” OR 
(“mind wander“ OR “mind 
wandering” OR “mind 
wanders“) OR “day dreaming” 
OR “spontaneous thought”) 

(sleep OR circadian OR 
chronotype OR “time of day“) 
AND (“involuntary memory” 
OR “intrusive memory“ OR 
“mind wander*” OR “day 
dreaming“ OR “spontaneous 
thought”) 

(TITLE-ABS-KEY (sleep OR 
circadian OR chronotype OR 
“time of day“) AND TITLE- 
ABS-KEY (“involuntary 
memory” OR “intrusive 
memory“ OR “mind wander” 
OR “day dreaming“ OR 
“spontaneous thought”) 

TOPIC: (sleep OR circadian OR 
chronotype OR “time of day“) 
AND TOPIC: (“involuntary 
memory” OR “intrusive 
memory“ OR “mind wander” 
OR “day dreaming“) 

Items found on search date: 
March 10, 2020 

36 49 62 54 

Items found on search date: 
July 20, 2021 

57 58 70 77  

Fig. 1. Flow diagram of the study selection process in March 2020.  
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3. Results 

3.1. Publication bias 

Following previous work (Gehrt et al., 2018), we addressed the issue of publication bias by plotting a bar chart of the reported p-values of 
correlation coefficients and other statistical tests described in Tables 3, 4, and 5 (see Fig. 3). We used the common p-value cutoffs of p <. 05, 
p <.01, p <.005 and p >.05 in order to measure how many of the reported p-values fell into each cutoff category. As showed in Fig. 3, there is 
no evidence of a publication bias in which reported results at the p <.05 boundary are the most frequent. Out of the 90 illustrated p-values, 
27 (30%) have p <.005; 16 (17.8%) have p <.01, 17 (18.9%) have p <. 05 and 30 (33.3%) did not meet the threshold of statistical sig-
nificance (p >.05). Thus, there is no indication of build-up to the just significant side of the p <.05 boundary. We also performed p-curve 
analyses (see supplementary material Figs. S1 and S2; Simonsohn et al., 2014a; 2014b), which showed similar results as the bar chart. The p- 
curves indicate that there are more low (p <.01) than high (p <.05) significant p-values, indicating the presence of evidential value and truly 
significant p-values. This suggests that the findings reported in the present systematic review are not the product of publication bias. 

New studies included in the 
updated review in July 2021 
(n = 5) 

Records screened 
(n = 164) 

In
cl

ud
ed

 

Total studies included in updated 
review by July 2021 (n = 21) 

Records excluded 
(n = 110) 

Records identified from 
Databases (n = 262) 

Full-text articles excluded with 
reasons (n=52): 

Already reviewed or 
excluded in previous version 
(n = 29) 
Review articles (n=5) 
ST related to  
Specific ST after trauma 
(n=6) 
Pre-sleep cognition (n=1) 
Not providing a stats (n=9) 
Clinical sample (n=1) 
Non-adult sample (n=1) 

Records removed before 
screening: 

Duplicate records removed:  
(n =98) 

Records identified from: 
Citation searching (n = 4) 

Reports assessed 
for eligibility 
(n = 4)

Full-text articles assessed for 
eligibility (n = 54) 

Studies included in the 
previous version of this 
review (n = 16). See 
Figure 1. 

Identification of new studies via databases and registers 

Reports 
excluded with 
reasons (n=1): 
Review article 
(n=1) 

Identification of new studies via other methods
Sc

re
en

in
g

Id
en

tif
ic

at
io

n 
Previous studies 

Fig. 2. Flow diagram of the updated study selection process in July 2021.  

Fig. 3. Bar chart of the p-values of correlation coefficients and other statistical tests reported in the reviewed articles. 
Note: When available, we included p-values of statistical tests performed with subscale scores, rather than global scores to avoid redundant results. 
Thus, from Carciofo et al. (2014b) and Carciofo et al. (2017), we excluded correlations with PSQI global score, and included all correlations with 
PSQI subscale scores. Exact p-values (e.g. p =.002) reported by some articles were classified by the authors into one of the four displayed p-value 
cut-offs. Several articles did not provide an exact p-value for the reported statistical tests, but they indicated that the statistical tests were significant 
with p below a certain threshold (e.g., “p <.01”). These cases were included in their corresponding p-value cut-off. N for illustrated p-values = 90. 
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3.2. Overview 

We first examine the relationship between sleep outcomes and spontaneous thoughts based on 17 included studies. Of those 17, 8 
reported data only from surveys, 6 only from experiments (i.e. laboratory tasks), and 3 from both surveys and experiments. For the sake 
of clarity, we decided to describe the results by type of data: survey (Table 3) or experimental (Table 4). We then review the time-of- 
day effect on spontaneous thoughts based on five studies (Table 5; Carciofo et al. (2014a) was included in Table 3 and Table 5 because 
they assessed both the relationship between chronotype and mind wandering, and the chronotype*time-of-day interaction). 

3.3. The relationship between sleep-related outcomes and spontaneous thoughts 

3.3.1. Survey data 
Table 3 shows the 11 studies that reported survey data and used self-rated questionnaires to assess the relationship between sleep- 

related outcomes and spontaneous thoughts. Thus, these studies measured trait-level spontaneous thought, that is self-reports of the 
tendency for experiencing spontaneous thought in daily life. All the studies assessed disruptive mind wandering and daydreaming and 
5 of the 11 studies included a measure of positive daydreaming, such as problem-solving daydreaming or positive-constructive day-
dreaming. Moreover, the 11 studies measured the following sleep-related outcomes: sleep quality, sleep disturbances, insomnia, 
nightmares, sleepiness, sleep duration, and chronotype. 

With respect to sleep quality, Carciofo et al. (2014b) and Carciofo et al. (2017)3 using the Pittsburg Sleep Quality Index (PSQI), 
Denis and Poerio (2017) using the Sleep Condition Indicator (SCI) and Teoh et al. (2020) applying the Groningen Sleep Quality Scale, 
consistently found that poorer sleep quality was significantly related with a higher tendency to mind wander and daydream (rs range 
0.15 - 0.39). Specifically, longer sleep latency and more daytime sleep-related dysfunction were associated with more disruptive mind 
wandering and daydreaming (rs range 0.19 - 0.37). Another consistent result among Carciofo et al. (2014b), Carciofo et al. (2017) and 
Denis and Poerio (2017) was a non-significant relationship between sleep quality and positive daydreaming (rs range 0.03 - 0.03). One 
exception was Carciofo et al.’s (2014b) finding where more daytime sleep-related dysfunction was associated with less problem- 
solving daydreaming (r = − 0.13). In sum, these studies provided evidence for a reliable relationship between sleep quality and the 
tendency to engage in disruptive mind wandering and daydreaming, but not positive-constructive daydreaming. 

Concerning sleep disturbances, by using the PSQI (Carciofo et al., 2014b; Carciofo et al., 2017), the Sleep disturbance scale from 
PROMIS (Marcusson-Clavertz et al., 2019), or the Insomnia Severity Index (Stawarczyk & D’Argembeau, 2016), findings repeatedly 
indicated that greater sleep disturbances were significantly related to a higher frequency of disruptive mind wandering and day-
dreaming experiences in daily life (rs range 0.16 - 0.32). Moreover, Marcusson-Clavertz et al. (2019) showed that greater sleep dis-
turbances during one night predicted increased mind wandering during the following day, but this was not the case for maladaptive 
daydreaming. 

Consistent with these findings, Starker and Hasenfeld (1976) and Starker (1985), by using independent scales to assess insomnia 
and nightmares, showed that more insomnia and more nightmares were related to higher tendencies of two daydreaming styles: Guilt- 
Fear of Failure and Poor Attentional Control (rs range 0.29 - 0.40), but not of Positive-Constructive (or positive-vivid) form of day-
dreaming (rs range 0.03 - 0.09). Moreover, Starker and Hasenfeld (1976) examined childhood sleep disturbances and found that 
subjects who had more childhood sleep disturbances reported higher rates of Guilty-Dysphoric and Anxious-Distractable (rs range 0.27 
- 0.38), but not more Positive-Vivid daydreaming style in their present lives (r = 0.03). 

Only Carciofo et al. (2014b) assessed whether subjective sleepiness in daily life measured by the Epworth Sleepiness Scale, related 
to the tendency for experiencing spontaneous thoughts. Findings revealed that subjects who reported more sleepiness in various daily 
situations, showed more disruptive mind wandering (r = 0.33) and daydreaming (r = 0.24), but less positive-constructive daydreaming 
tendencies (r = - 0.21). 

In sum, although using different instruments, these studies demonstrate that poorer subjective sleep quality and more subjective 
sleep disturbances are associated with higher tendencies for experiencing disruptive mind wandering and daydreaming, but not 
positive constructive daydreaming. 

Another sleep outcome is sleep duration, which showed less conclusive results regarding its relationship with spontaneous 
thoughts. On the one hand, Kunzendorf et al. (1983) found that fewer self-reported hours of sleep were significantly related with more 
self-reported hours spent on daydreaming per day (r = − 0.53). On the other hand, Robison et al. (2020) did not find a significant 
relationship between self-report hours of sleep and the frequency of daydreaming (r = − 0.08). Likewise, Carciofo et al. (2014b) and 
Carciofo et al. (2017) found that the PSQI component of sleep duration was unrelated to mind wandering and daydreaming (rs range =
− 0.02 - -0.10). 

The two studies that measured chronotype (Carciofo et al., 2014a; 2014b) consistently showed that a tendency towards eve-
ningness was significantly, though weakly, associated with a higher tendency for experiencing mind wandering and daydreaming. 
Conversely, a tendency towards morningness was related with lower rates of mind wandering and daydreaming (rs range − 0.16 - 
-0.20). However, no significant correlation was found between chronotype and problem-solving daydreaming (r = 0.05). 

Overall, when reviewing the relationship between self-report sleep and trait-level spontaneous thoughts, survey data suggested that 
individuals who generally experienced “disturbed sleep”, that is individuals with poorer sleep quality, more sleep disturbances such as 

3 We contacted one author in order to ask for non-published correlations regarding Positive constructive daydreaming. 
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Table 3 
Included articles assessing the relationship between sleep-related outcomes and spontaneous thoughts using survey methods.  

Study (first author 
and year) 

N (% 
females) 

Study design Sleep outcome Sleep-outcome 
assessment (Cronbach’s 
α if reported) 

Type of spontaneous 
thought measured 

Spontaneous thought 
assessment 

Main Findings (target 
relationship) 

Effect size 

Carciofo et al. 
(2014a) 

1852 
(64.1% 
females) 

Survey Chronotype rMEQ (α = 0.61) MW, DD as SITs and TUTs DF and MW scales 
from the IPI 

Eveningness -> higher DF, MW, 
and attention-related cognitive 
errors.  
Chronotype significant predictor 

for DF and MW 

r = − 0.189*** (rMEQ-DF)+, 
r = − 0.200***(rMEQ-MW)+

Carciofo et al. 
(2014b) 

673 
(70.28% 
females) 

Survey Chronotype, sleep 
quality, sleepiness 

rMEQ (α = 0.61), PSQI 
(α = 0.66), ESS (α =
0.66) 

MW, DD as SITs and TUTs 
and PS-DD 

DF, MW and PS-DD 
scales from the IPI 

Tendency to Eveningness-> more 
freq. MW and DD. 
Poorer sleep quality, longer sleep 
latency, less sleep efficiency, 
more sleep disturbance and more 
daytime dysfunction-> More MW 
and DD        

Non-Sig. Sleep duration->MW 
and DD   

Non-Sig. chronotype and any 
PSQI component -> Problem- 
solving DD     

Sleepiness-> more DD and MW 
More Sleepiness and more 
daytime dysfunction-> less 
problem-solving DD. 

r = − 0.165* (rMEQ-DF)+, 
r = − 0.207**(rMEQ-MW)+

r = 0.344*** (Global SQ-DF), 
r = 0.394*** (Global SQ-MW), 
r = 0.255*** (Sl. latency-DF), 
r = 0.272*** (Sl. latency-MW), 
r = 0.142* (Sl. efficiency-DF), 
r = 0.131* (Sl. efficiency-MW), 
r = 0.209**(Sl. Disturb.- DF), 
r = 0.165** (Sl. Disturb- MW), 
r = 0.353*** (Day.dysfunc.-DF), 
r = 0.375***(Day.dysfunc-MW). 
r = − 0.109 (Sl. Duration-DF), 
r = − 0.028 (Sl. Duration-MW). 
r = 0.054 (rMEQ-PS-DD), 
r = − 0.047 (Global SQ-PS-DD), 
r = − 0.08 (Sl. latency- PS-DD), 
r = 0.012 (Sl.efficiency-PD-DD), 
r = − 0.022 (Sl. Disturb-PS-DD).  

r = 0.246*** (Sleepiness-DF), 
r = 0.331*** (Sleepiness-MW). 
r = − 0.214*** (Sleepiness-PS- 
DD), 
r = − 0.134*(Day.dysfunc.-PS- 
DD) 

Carciofo et al. 
(2017) 

254 
(77.6% 
females). 

Survey/ 
experimental 

Sleep quality PSQI (α =0.56) DF, MW as SITs and TUTs 
and PS-DD. 

DF, MW and PS-DD 
scales from the IPI. 

Poorer sleep quality, longer sleep 
latency, less sleep efficiency and 
more daytime dysfunction->
More MW and DD.     

Non-Sig. Sleep duration->MW 
and DD 
Non-Sig. Sleep disturbances-> DF 
Sleep disturbances-> more MW 
Non-Sig. Sleep quality, any PSQI 
component-> PS-DD. 

r=0.284*** (Global SQ-DF), 
r=0.272*** (Global SQ-MW), 
r=0.231*** (Sl. latency-DF), 
r=0.194*** (Sl. latency-MW), 
r=0.168** (Sl. efficiency-DF), 
r=0.105* (Sl. efficiency-MW), 
r=0.308*** (Day.dysfunc.-DF), 
r=0.349*** (Day.dysfunc-MW). 
r= 0.06 (Sl. Duration-DF), 
r=0.03 (Sl. Duration-MW). 
r=0.094 (Sl. Disturb- DF), 
r=0.104* (Sl. Disturb- MW). 
r=0.037 (Global SQ-PS-DD), 
r=0.029 (Sl. latency- PS-DD), 
r=-0.010 (Sl.efficiency-PD-DD), 
r=-0.102 (Day.dysfunc.-PS-DD), 
r=0.126 (Sl. Disturb-PS-DD). 

(continued on next page) 
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Table 3 (continued ) 

Study (first author 
and year) 

N (% 
females) 

Study design Sleep outcome Sleep-outcome 
assessment (Cronbach’s 
α if reported) 

Type of spontaneous 
thought measured 

Spontaneous thought 
assessment 

Main Findings (target 
relationship) 

Effect size 

Denis & Poerio 
(2017) 

1928 (53% 
females) 

Survey Sleep quality Sleep Condition 
Indicator (SCI), (α =
0.86). 

DF and Positive 
constructive daydreaming 

DF from the IPI and 
Positive Constructive 
Daydreaming scale 
(PC-DD) 

Poorer sleep quality-> more 
Daydreaming frequency. Non-Sig. 
sleep quality-> Positive 
constructive daydreaming  

r= -0.15*** (SQ-DF)+

r=0.03 (SQ-PCDD) 

Kunzendorf et al. 
(1983) 

56 (no 
gender 
details) 

Survey Sleep duration Single question: “How 
many hours do you 
usually sleep at night?“ 

DD Single question: “How 
many hours per day do 
you daydream?“ 

Less hours of sleep-> more DD. r = -0.53*** +

Marcusson- 
Clavertz et al. 
(2019) 

126 (93.6 
% females) 

Longitudinal 
survey 

Sleep disturbances PROMIS Sleep 
disturbance scale short 
form applied once a day 
for 7 consecutive days 

MW as internal 
distractions, maladaptive 
DD 

MWQ, MDS-16 applied 
once a day for 7 
consecutive days 

Greater sleep disturbances->
more MW and maladaptive DD 
overall.  

Greater sleep disturbances ->
increased MW the following day.  

Non-Sig. Sleep disturbances-> DD 
the following day.  

r = 0.29*** (Sl. Disturb- MW) 
r = 0.23** (Sl. Disturb- 
maladaptive DD)   

Robison et al. 
(2020) 

332 (no 
gender 
details) 

Survey/ 
experimental 

Sleep duration 4 questions specially 
designed for the study. 

MW as TUTs. DF scale from IPI Non-Sig. hours of sleep-> DF. r=-0.08 (hours of sleep- DF)+

Starker (1985) 103 
(55.3% 
females) 

Survey Insomnia and 
nightmares 

Scales specially 
designed for the study 
(Insomnia: α =0.90, 
nightmares: α = 0.93) 

Three types of DD: 
Positive-Constructive, 
Guilt-Fear of Failure, and 
Poor Attentional Control. 

Abbreviated IPI More Insomnia-> More Guilt-Fear 
of Failure and Poor Attentional 
control.  

More nightmares -> More Guilt- 
Fear of Failure and Poor 
Attentional control.   

Non-Sig. Insomnia and 
nightmares -> Positive- 
Constructive DD. 
Not altered when gender was 
considered.  

r=0.31** (Insomnia- Guilt-Fear 
of Failure) 
r = 0.40** (Insomnia-Poor 
Attentional Control).  

r=0.39**(Nightmares- Guilt-Fear 
of Failure) 
r = 0.32** (Nightmares- Poor 
Attentional Control).  

r= 0.07 (Insomnia-PC-DD) r=
0.13 (Nightmares- PC-DD) 

(continued on next page) 
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Table 3 (continued ) 

Study (first author 
and year) 

N (% 
females) 

Study design Sleep outcome Sleep-outcome 
assessment (Cronbach’s 
α if reported) 

Type of spontaneous 
thought measured 

Spontaneous thought 
assessment 

Main Findings (target 
relationship) 

Effect size 

Starker & 
Hasenfeld 
(1976) 

99 (50.5% 
females) 

Survey Insomnia, 
nightmares and 
Childhood sleep 
disturbances 

Scales specially 
designed for the study. 

Three types of DD: 
Positive-Vivid, Guilty- 
Dysphoric, Anxious- 
Distractable 

Singer-Antrobus IPI More insomnia-> more Guilty- 
Dysphoric and Anxious- 
Distractable DD style.   

More nightmares-> more Guilty- 
Dysphoric and Anxious- 
Distractable DD style.  

More childhood sleep 
disturbances (CSD) 
-> more Guilty-Dysphoric and 
Anxious-Distractable DD style. 
Non-Sig. Insomnia, nightmares, 
childhood sleep disturbances->
PV-DD 

r= 0.290** (Insomnia-Guilty 
Dysphoric) 
r=0.292** (Insomnia- Anxious 
Distractable)  

r= 0.316** (Nightmares- Guilty 
Dysphoric) 
r=0.252* (Nightmares- Anxious 
Distractable).  

r= 0.384*** (CSD-Guilty 
Dysphoric) 
r=0.271*** (CSD- Anxious 
Distractable)  

r= 0.08 (insomnia- PV-DD) 
r= -0.09 (nightmares- PV-DD) 
r=0.03 (CSD- PV-DD) 

Stawarczyk and 
D’Argembeau 
(2016) 

95 (69.5% 
females) 

Survey/ 
experimental 

Sleep-related 
disturbances in 
daily life 

The ISI (α =0.85) MW as TUTs DF scale from the IPI 
and TCQ. 

More Sleep-related disturbances 
in daily life-> higher frequency of 
MW in daily life. 

r= 0.32*** 

Teoh et al. (2020) 270 
(73.3% 
females) 

Survey Sleep quality The GSQS (α= 0.84) MW MWQ Less sleep quality->more MW r= − 0.21**+

Note: rMEQ: reduced Morningness-Evening Questionnaire; MW: Mind wandering; DD: Daydreaming; DF: daydreaming Frequency; SITs: Stimulus-independent thoughts; TUTs: task-unrelated thoughts; 
SQ: sleep quality; IPI: Imaginal Process Inventory; PS-DD: problem-solving DD; PSQI: Pittsburgh Sleep Quality Index; EES: Epworth Sleepiness Scale; PROMIS: Patient-Reported Outcomes Measurement 
Information System; ISI: insomnia severity index; The GSQS: Groningen Sleep Quality Scale; MWQ: Mind Wandering Questionnaire, MDS-16: The 16 item Maladaptive Daydreaming Scale; PC-DD: 
Positive-Constructive DD; PV-DD: Positive-Vivid daydreaming; CSD: Childhood sleep disturbances; TCQ: Thought Characteristics Questionnaire.; * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.005; +correlations 
inverted to generate Fig. 4. 
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insomnia symptoms, who report more sleepiness in daily life and who have a tendency towards eveningness, showed a higher tendency 
for experiencing disruptive mind wandering and daydreaming. Individuals’ self-reported sleep duration, however, showed a less clear 
association with the tendency to engage in spontaneous thoughts. Fig. 4 displays the frequency of correlation coefficients, described in 
Table 3, for the relationship between measures of disturbed sleep and measures of disruptive mind wandering and daydreaming. The 
figure showed a relatively normal distribution with a clear peak between 0.20 and 0.39, indicating a moderate correlation between 
sleep outcomes and disruptive mind wandering and daydreaming. 

In contrast, the five studies that measured positive constructive daydreaming reported weak and mostly non-significant correlation 
coefficients with sleep outcomes (rs range 0.03 - 0.09). One exception was Carciofo et al. (2014b) who reported a negative correlation 
of r = − 0.21 between daily sleepiness and problem solving daydreaming, and a negative correlation of r = − 0.13 between daytime 
sleep-related dysfunction and problem solving daydreaming, suggesting a reduction in positive daydreaming with poorer sleep quality. 
Overall, positive daydreaming appears to be an exception from the otherwise consistent positive association between disturbed sleep 
and disruptive spontaneous cognition. 

3.3.2. Experimental data 
Table 4 describes the nine studies that reported experimental data about the relationship between sleep-related outcomes and 

spontaneous thoughts. 
Six studies assessed sleep via self-report and measured state-level mind wandering, that is task-unrelated thoughts (TUTs) occurring 

during different laboratory tasks. The Sustained Attention to Response Task (SART) is typically used to assess TUTs with thought 
probes, but other tasks has been reported. Carciofo et al. (2017) found that subjects who reported poorer sleep quality, longer sleep 
latency, less sleep efficiency, more sleep disturbances, and more daytime sleep-related dysfunction showed more TUTs during the 
SART (rs range 0.20 - 0.32). Likewise, Stawarczyk and D’Argembeau (2016) showed that participants with higher levels of sleepiness 
during the SART reported more TUTs while performing the SART (r = 0.30). Marcusson-Clavertz et al. (2020) found that subjects who 
reported more sleep disturbances had higher odds of reporting TUTs during a visuospatial 2-back task. Contradicting this pattern of 
findings, Robison et al. (2020) found that sleep duration on the night before performing several tasks including the psychomotor 
vigilance task (PVT), did not correlate with the frequency of mind wandering episodes reported during the tasks (rs range 0.05 - 0.11). 
Unsworth et al. (2021) partially supported Robinson et al’s (2020) results by finding no association between previous night’s sleep 
duration and frequency of TUTs during the PVT on the following day, while shorter sleep duration the night before was associated with 
more TUTs during the SART and the Stroop task (r = − 0.13). 

Using a different experimental approach, Walker and Trick (2018) showed that fewer hours of sleep the previous night significantly 
correlated with a higher frequency of mind wandering while performing a driving task on the following day (r = − 0.34). 

Two studies assessed the effects of experimentally induced sleep deprivation on the frequency of mind wandering during laboratory 
tasks. However, these studies used different experimental designs and manipulations. Mikulincer et al. (1990) applied a 72-hour sleep 
loss protocol to 11 male subjects. Before beginning the experiment, subjects completed the Thought Occurrence Questionnaire (TOQ) 
in order to be classified as having a high (High-TOQ) or a low (Low-TOQ) general tendency to experience intrusive thoughts. Subjects 
then performed attentional tasks every two hours for 72 h, while their task-irrelevant thoughts and mind wandering episodes during 
the tasks were measured. Results indicated that as sleep loss increased, more task-irrelevant thoughts and mind wandering episodes 

Fig. 4. Histogram of correlation coefficients regarding the association between measures of disturbed sleep and disruptive mind wandering and 
daydreaming, based on survey data. 
Note: We applied the same criterion as in Fig. 3 regarding subscale scores. N for illustrated correlation coefficients = 43. For the cases reporting a 
negative correlation coefficient between a sleep outcome and a spontaneous thought (e.g. less sleep quality -> more mind wandering), which were 
conceptually equivalent to the positive correlation coefficients between a disturbed sleep outcome and a spontaneous thought (e.g. more insomnia 
-> more mind wandering), we inverted the negative coefficients to be comparable with the positive ones. Eight coefficients were inverted (marked 
with the symbol + in Table 3). 
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Table 4 
Included articles assessing the relationship between sleep-related outcomes and spontaneous thoughts using laboratory tasks.  

Study (first 
author and year) 

N (% 
females) 

Study design Sleep outcome Sleep-outcome 
assessment 
(Cronbach’s α if 
reported) 

Type of spontaneous 
thought measured 

Spontaneous thought 
assessment 

Main Findings (target 
relationship) 

Effect size 

Carciofo et al. 
(2017) 

673 
(70.28% 
females) 

Survey and 
experimental 

Sleep quality PSQI (α = 0.56) MW as TUTs Thought probes in the 
SART. 

Poor sleep quality in general->
more TUTs in the SART. 
Longer sleep latency-> more 
TUTs in the SART. 
Less sleep efficiency-> more 
TUTs in the SART. 
More sleep disturbances->
more TUTs in the SART. 
More daytime dysfunction->
more TUTs in the SART. 

r = 0.328*** (Global 
SQ- TUTs) 
r = 0.285** (Sl. 
latency-TUTs) 
r = 0.208* (Sl. 
efficiency- TUTs) r =
0.213* (Sl. disturb.- 
TUTs) 
r = 0.204* (Day. 
Dysfun- TUTs) 

Harrington et al. 
(2021) 

60 (59.3% 
females) 

Experimental Sleep deprivation Sleep group (n = 29) 
and sleep- 
deprivation group (n 
= 30) 

Intrusive memories Memory intrusions during a 
think/ no-think (TNT) 
paradigm.  

Sleep deprived group -> more 
intrusions than sleep group 

F(1, 57) = 5.55*, p 
=.022, ηp2 = 0.09  

Marcusson- 
Clavertz et al. 
(2020) 

571  
(57.8% 
females)  

Experimental  Sleep 
disturbances  

PROMIS  TUTs 
Thought probes during the 
Visuospatial 2-Back task 

More sleep disturbances->
higher odds of reporting TUTs 
during the task.  

More sleep disturbances->
higher odds of reporting 
unguided thoughts during the 
task 

B (SE)○ 
= 0.23 

(0.08)**; Cohen’s d 
= 0.13 

Mikulincer et al. 
(1990) 

11 males 
0 females 

Experimental Sleep deprivation 72 h of sleep 
deprivation. 

General tendency to 
experience intrusive 
thoughts, and task- 
irrelevant thoughts and 
MW during attentional 
tasks 

- Prior to lab tasks: TOQ to 
asses frequency of intrusive 
thoughts and define High- 
TOQ (N=6) and low-TOQ 
(N=5). 
- After lab tasks: CIQ to 
retrospectively assess 
frequency of task-irrelevant 
thoughts and MW 
experienced during 
attentional tasks 

Increase in sleep loss-> more 
task-irrelevant thoughts and 
MW during the tasks among 
high-TOQ, but not among low- 
TOQ subjects. 

F(2,18)=10.90**, p 
<.01; ηp2= 0.54 
(task-irrelevant). 
F(2,18)=3.78*, p 
<.05, ηp2=0.29 
(MW) 
The ηp2s were 
calculated by the 
authors of this 
systematic review 

Poh et al. (2016) 46 (47.8% 
females) 

Experimental Sleep deprivation Rested-wakefulness 
(RW) group and total 
sleep deprivation of 
1 night (TSD) group. 

MW as TUTs Thought probes within the 
Visual Search Task 

TSD group -> more likely to 
report having TUTs in the high 
but not in the low load 
condition.   

TSD group-> reduced meta- 
awareness of TUTs in high and 
low load conditions. 

t(44)= 3.25***, 
d =0.98 (TSD vs RW 
high load condition) 
t(44)=0.89, p=.377 
(TSD vs RW low load 
condition)  

(continued on next page) 
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Table 4 (continued ) 

Study (first 
author and year) 

N (% 
females) 

Study design Sleep outcome Sleep-outcome 
assessment 
(Cronbach’s α if 
reported) 

Type of spontaneous 
thought measured 

Spontaneous thought 
assessment 

Main Findings (target 
relationship) 

Effect size 

Robison et al. 
(2020) 

332 (no 
gender 
details) 

Survey and 
experimental 

Sleep duration Previous night’s 
sleep (“How many 
hours of sleep did 
you get last night?”) 

Intentional and 
unintentional MW as 
TUTs. 

Thought probes during 8 
tasks including PVT, visual 
search, 1–3 back as high or 
low task demand. 

Non-Sig. hours of sleep-> MW 
in low and high task demands. 
Non-Sig. hours of sleep->
intentional MW and 
unintentional MW. 

r=-0.06 (Low) 
r=-0.11 (High)  

r=-0.05 (Intentional 
r=-0.09 
(Unintentional) 

Unsworth et al. 
(2021) 

358 (no 
gender 
details) 

Experimental Sleep duration Previous night’s 
sleep (“How many 
hours of sleep did 
you get last night?”) 

MW as TUTs. Thought probes during 4 
tasks 

Less hours of sleep -> more 
TUTs in Stroop 
Less hours of sleep -> more 
TUTs in SART 
Non sig. Hours of sleep-> TUTs 
in PVT and whole WM report 

r= − 0.12*  

r= − 0.13*  

r=-0.06 
r=-0.06 

Stawarczyk and 
D’Argembeau 
(2016) 

95 (69.5% 
females) 

Survey and 
experimental 

Sleepiness on 
task, Sleep- 
related 
disturbances in 
daily life 

KSS during the 
SART. The ISI for 
Sleep-related 
disturbances in daily 
life 

MW as TUTs Thought probes during the 
SART. 

More sleepiness-> More TUTs 
during the SART. 
Non-Sig. Sleep-related 
disturbances in daily life->
TUTs during the SART. 
Sleepiness had no influence on 
the phenomenological features 
of TUTs. 

r=0.30***(KSS- 
TUTs)  

r= -0.01 (ISI- TUTs) 

Walker and Trick 
(2018) 

40 (77.5% 
females) 

Experimental Sleep duration Self-report hours of 
sleep and tiredness 

MW as Off-task 
attentional shift 

Thought-probes during 
simulated driving 

Less hours of sleep the previous 
night -> more MW while 
driving. 

r=-0.34*(Hours of 
sleep- MW) 

Note: PSQI: Pittsburgh Sleep Quality Index; MW: Mind wandering; DD: Daydreaming; DF: daydreaming Frequency; SITs: Stimulus-independent thoughts; TUTs: task-unrelated thoughts; SART: Sustained 
Attention to Response Task; SQ: sleep quality; PROMIS:: Patient-Reported Outcomes Measurement Information System; PVT: psychomotor vigilance task; TOQ: Thought Occurrence Questionnaire; CIQ: 
Cognitive Interference Questionnaire; KSS: Karolinska sleepiness scale, ISI: insomnia severity index; WM: working memory; * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.005; ○Tests not inputted to the p-curve 
application. 

A
.L. Cárdenas-Egúsquiza and D. Berntsen                                                                                                                                                                        



Consciousness and Cognition 102 (2022) 103333

16

during the tasks were reported, but only among the High-TOQ group. However, these results should be interpreted with caution, given 
the extremely small group sizes (Low-TOQ n = 5 and High-TOQ n = 6). In contrast, Poh et al. (2016) employed a one-night procedure 
where one group of participants were totally sleep deprived during that night while the other group rested normally. Participants then 
performed an attentional task on the following day. Findings showed that the sleep-deprived group was more likely to report having 
TUTs only during a high-load condition of the attentional task. This group also exhibited reduced meta-awareness of TUTs in the high 
and low load conditions of the task. 

Harrington et al. (2021) also used a one-night sleep deprivation approach but in this case to study the frequency of memory in-
trusions during a Think-No Think (TNT) paradigm. In this study, participants learned emotionally negative and neutral scenes with a 
TNT task before a night of either normal sleep or total sleep deprivation. The following day participants performed the TNT task but 
with the instruction of suppressing memory intrusions of the negative or neutral scenes. Overall, the sleep-deprived group reported 
more memory intrusions than the sleep group. Thus, taken together, the three sleep-deprivation studies suggest that experimentally 
induced sleep deprivation increases the frequency of disruptive spontaneous thoughts (TUTs and memory intrusions) in laboratory 
settings. 

In sum, and in spite of very different study designs, the experimental data replicated the results from the survey data by consistently 
suggesting that poorer sleep quality, sleepiness, and sleep deprivation were associated with an increase in the frequency of disruptive 
spontaneous thoughts during laboratory tasks (rs range 0.21 - 0.32). Mixed findings were reported as to whether shorter self-reported 
sleep durations the previous night were associated with more mind wandering episodes while performing a task on the following day 
(rs range 0.06 - 0.34). 

3.3.3. Summary 
In spite of highly varied methodologies, survey and experimental data consistently show a positive association between disturbed 

sleep and higher frequencies of both trait and state spontaneous thought, that is higher reports of spontaneous thought generally in 
daily life as well as in response to a laboratory task. Importantly, such positive associations appeared to be present only for disruptive 
spontaneous thought. Positive-constructive daydreaming showed no consistent correlations with disturbed sleep. Moreover, findings 
were inconclusive regarding the influence of sleep duration on mind wandering and daydreaming. With respect to chronotypes, survey 
data suggested that having a tendency towards eveningness was associated with experiencing more disruptive mind wandering and 
daydreaming in daily life. 

3.4. Time-of-day effect on spontaneous thought 

Table 5 shows the five studies that assessed time-of-day effects on spontaneous thought experiences. Giambra et al. (1989) applied 
an experimental design where six women performed a vigilance task every two hours for twenty-four hours. During the task, par-
ticipants had to respond to probes for reporting deliberate or spontaneous task-unrelated images and thoughts (TUITs). The authors 
found that the circadian changes in spontaneous TUITs’ frequency followed a sinusoidal function distribution: the frequency was low 
in the early morning, then went high from late morning to early afternoon and again decreased in the late evening. The authors 
indicated that no analyses were performed on the frequency of deliberate TUITs because four participants reported zero or almost zero 
deliberate TUITs. 

More recently, Smith et al. (2018) tested whether mind wandering fluctuates in reliable patterns over the course of the day by 
conducting an everyday life experience sampling study. The authors disentangled three dimensions or conceptualizations of mind 
wandering: Freedom of movement in thought, task-unrelated thought, and stimulus-independent thought. Unlike Giambra et al. 
(1989), Smith et al. (2018) found that episodes of freedom of movement in thought fluctuated across the day as a cubic function, with 
lower ratings in the early morning and afternoon and higher ratings around midday and evening. The circadian fluctuation of stimulus- 
independent thoughts resembled more of a quadratic function, whereas daily fluctuation of task-unrelated thoughts had a linear 
quality to the pattern. The study also showed that the daily patterns of freedom of movement in thought were similar during weekdays 
and weekends. For the other two dimensions, the authors visually inspected the data and indicated that task-unrelated thought also 
had a similar circadian fluctuation between weekdays and weekends, whereas stimulus-independent thought did not. 

Rasmussen et al. (2015) explored the frequency of involuntary memories through three ecological studies where participants were 
given a mechanical counter (Study 1) or a smartphone (Studies 2 and 3) and were instructed to report every time they experienced an 
involuntary memory during their daily activities within a 24 h time window. Results showed that involuntary memories happened 
frequently throughout the waking hours of the day (from approximately 7 a.m. to 11p.m.) but were more dominant in the middle of the 
day: during 11 a.m. and 7p.m. in study 2 and from 7 a.m. to 3p.m. in study 3, thus demonstrating an uneven fluctuation of involuntary 
memories across the waking hours. 

Conflicting results were reported between the two studies that assessed a chronotype × time-of-day interaction by retrospectively 
testing whether spontaneous thought mostly occurred during the preferred or the non-preferred time-of-day. Carciofo et al. (2014a) 
found that participants reported more mind wandering and daydreaming at their non-preferred time of day, with this effect being 
stronger among morning types. In contrast, Verwoerd and Wessel (2007) did not find a significant relationship between the time-of- 
day when participants reported experiencing the highest frequency of intrusive memories and their chronotype. 

3.4.1. Summary 
Studies regarding the circadian fluctuation of spontaneous thought are few and findings are mixed. The daily frequency of the 

different conceptualizations of spontaneous thought showed a plausible circadian pattern. Similarly, there are limited studies assessing 
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Table 5 
Included articles assessing time-of-day effect on spontaneous thoughts.  

Study (first 
author and 
year) 

N (% females) Study design Time-of-day 
variable 

Time-of-day assessment Type of spontaneous 
thought measured 

Spontaneous 
thought 
assessment 

Main Findings Effect size 

Carciofo et al. 
(2014a) 

1852 (64.1% 
females) 

Survey Chronotype 
and time-of- 
day 

rMEQ and time-of-day 
question in each ST scale: “At 
what time of the day do you 
think that you are most  

likely to daydream/ mind 
wander?“ 

MW, DD as SITs and 
TUTs 

DF and MW scales 
from the IPI 

More DD and MW at the 
non-preferred time of 
day.  

The time-of-day effect 
was stronger in morning- 
types compared to 
evening-types 

Kendall’s tau b○ 
= 0.148*** 

(DD) 
Kendall’s tau b○ 

= 0.224*** 
(MW) 

Giambra et al. 
(1989) 

6 females Experimental Circadian 
fluctuation 

The vigilance task repeated 
every two hours for twenty- 
four hours. 

MW as TUITs. 
Deliberate and 
spontaneous TUITs 

Thought probes 
every 29 s in the 
vigilance task. 

Circadian changes in 
spontaneous TUITs 
frequency follow a 
sinusoidal function 
distribution. 

The parameter estimates for 
the simple sinusoidal 
equation: F○

= 0.57, M = 6.82, 
RI = − 1.28, P = 1.56 

Rasmussen 
et al. 
(2015) 

Study 1: 50 
(40% females) 
Study 2: 50 
(40% females) 
Study 3: 60  
(40% females) 

Experimental Time-of-day Participants had to press a 
button on the smart phone 
each time they had an 
involuntary memory during 
one normal day in their lives 

Involuntary memories Self-report of 
involuntary 
memories 

Study 2: Dominance of 
involuntary memories in 
the time slots from 11.am. 
To 7p.m. 
Study 3: Dominance of 
involuntary relative to 
voluntary memories in 
the time slots from 11.am. 
To 3p.m. 

X2 (3) = 15.29***, p <.002, 
N = 355; Cramer’s V = 0.208 
(compared to an even 
distribution) 
X2 (3) = 6.45, p =.09, N =
340; Cramer’s V = 0.138 
(compared to an even 
distribution) 

Smith et al. 
(2018) 

Study 1: 144 
Study 2: 165 (no 
gender details) 

Everyday life 
experience 
sampling 

Circadian 
fluctuation 

Participants were probed 
randomly throughout the day 
for five days as they went 
about their regular routines. 

MW as Freedom of 
movement in thought, 
TUTs and SITs 

Thought probes 
across the day 

Freedom of movement in 
thought fluctuates across 
the day as a cubic 
function. 
SITs as a quadratic 
function. 
TUTs as a linear function. 

B (SE)○ 
= 0.059 (0.02)*** 

(Freedom of movement in 
thought). 
B (SE)○ 

= − 0.09 (0.02) *** 
(SITs) 
B (SE)○ 

= 0.056 (0.02)** 
(TUTS) 

Verwoerd & 
Wessel 
(2007) 

413 (69% 
females) 

Survey Chronotype 
and time-of- 
day 

MEQ. Asked which period(s) 
of the day the intrusions were 
most noticeable to them. Used 
a timescale with 30 min 
intervals (range: 0–24h) 

Involuntary/intrusive 
memories as the most 
prominent involuntary 
memory in the past 
week 

IMQ and IES Non-Sig. MEQ-> Time of 
the day when people 
experienced the highest 
frequency of intrusions. 

t(99) = 0.42, p =.67, 
d=0.112 (people who 
experienced intrusions in the 
morning vs. people who 
experienced intrusions in the 
evening). 
The d was calculated by the 
authors of this systematic 
review 

Note: rMEQ: reduced Morningness-Evening Questionnaire; MW: Mind wandering; DD: Daydreaming; DF: daydreaming Frequency; SITs: Stimulus-independent thoughts; TUTs: task-unrelated thoughts; 
IPI: Imaginal Process Inventory; MEQ: Morningness-Evening Questionnaire; IMQ: Involuntary Memory Questionnaire; IES: Impact of Event Scale; * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.005; ○Tests not inputted 
to the p-curve application. 
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the interaction between chronotype and the time-of-day effect. Therefore, no conclusions could be drawn about the occurrence of 
spontaneous thoughts during the preferred or non-preferred time-of-day of chronotypes. 

4. Discussion 

This review demonstrated consistent findings in the relationship between sleep and spontaneous thoughts, across different 
methodologies and distinct conceptualizations of sleep outcomes and spontaneous cognition. In support of our hypotheses, the ma-
jority of the disturbed sleep outcomes showed a robust association with disruptive mind wandering and daydreaming, regardless of the 
approach used (survey or experimental). Specifically, self-reported poor sleep quality, sleep disturbances, including insomnia, 
nightmares and sleepiness, a tendency towards eveningness, and experimentally induced sleep deprivation, were related to a higher 
frequency of disruptive mind wandering and daydreaming. In contrast, the same sleep measures did not show a clear relationship with 
positive-constructive daydreaming. Additionally, sleep duration did not show consistent associations with the tendency to engage in 
spontaneous thoughts. Finally, a time-of-day effect provided some evidence for a circadian pattern for some, but not all, dimensions of 
spontaneous thought. 

There are several possible explanations for the consistent association between poor sleep (both self-reported and experimentally 
induced via deprivation) and frequency of disruptive mind wandering and daydreaming. First, disruptive spontaneous cognitions, such 
as unintentional mind wandering, attentional lapses and intrusive memories, are associated with reduced executive control, especially 
in laboratory studies (Harrington et al., 2021; Kane et al., 2007, 2017). Likewise, poor sleep quality has been associated with impaired 
working memory and inhibitory control (Nebes et al., 2009; Wilckens et al., 2014). Sleepiness is associated with poorer executive 
functioning (Anderson et al., 2009), while insomnia correlates with impairment in working memory and executive control functions 
(Fortier-Brochu et al., 2012; Liu et al., 2014). Evening people, who generally report poorer sleep quality and more daytime sleepiness 
(Selvi et al., 2010; Selvi et al., 2012; Vardar et al., 2008), also show less inhibitory control (Stolarski et al., 2013). Similarly, studies 
have reported negative effects of sleep deprivation or sleep loss on executive functioning (Goel et al., 2009; Jones & Harrison, 2001; 
Nilsson et al., 2005). This suggests that an underlying mechanism for the relationship between disturbed sleep and disruptive spon-
taneous cognition may be impaired executive control caused by disturbed sleep. In other words, individuals who report poor sleep 
quality, insomnia symptoms, daytime sleepiness, an evening chronotype, and who undergo sleep deprivation in the laboratory, may 
find it more difficult to focus attention on the current task and inhibit disruptive and interfering spontaneous thoughts. These results 
can be seen to challenge the executive-demand account of mind wandering by Smallwood and Schooler (2006), who argue that mind 
wandering occurs when executive control shifts away from a primary task to the processing of internal thoughts, thus assuming that 
mind wandering requires executive resources. In that view, people who experience disturbed sleep, and thus have less executive re-
sources available for mind wandering, should report less frequent spontaneous thoughts. Our results, however, showed the opposite 
pattern (except for positive-constructive daydreaming). Therefore, our findings are consistent with the executive control failure ac-
count by McVay and Kane (2010), which states that mind wandering, defined as a form of attentional lapse, more often occurs when 
executive resources are low, specifically when control processes are insufficient to deal with off-task thought. 

Second, and more speculatively, our results can also be seen as consistent with a novel mind wandering account, which suggests 
that the initiation of some instances of mind wandering occurs due to a phenomenon known as local sleep in primary task-related 
specific networks (Andrillon et al., 2019; Jubera-Garcia et al., 2021). Local sleep refers to transient neurophysiological states char-
acterized by sleep-like activity (slow-wave oscillations) in specific brain regions or neuronal networks during wakefulness (Vyazovskiy 
et al., 2011). Local sleep has been associated with impaired task performance (Bernardi et al., 2015; Quercia et al., 2018; Vyazovskiy 
et al., 2011), it can be induced by sleep deprivation (Andrillon et al., 2019), and it increases with sleep pressure, which is the increasing 
need for sleep by time awake (Cajochen et al., 1995; Muto et al., 2016). Therefore, another underlying mechanism of the relationship 
found in the present study may be that poor sleep quality, sleepiness, insomnia, and sleep deprivation increase sleep pressure, which at 
the same time would induce local sleep in primary task-related brain regions. According to Jubera-Garcia et al. (2021), this would 
cause “the task-related areas to go “offline” and the brain to enter its default mode activity, which is related to the experience of mind 
wandering” (p. 4). 

A third underlying mechanism may be mental health and affect. Poor sleep quality, insomnia, a tendency towards eveningness and 
sleep deprivation, have been associated with negative affect, anxiety, and depression (Johnson et al., 2006; Kahn-Greene et al., 2007; 
Ramsawh et al., 2009; Taylor & Hasler, 2018; although see Zhang, et al., 2021). Similarly, the prevalence of mind wandering, day-
dreaming, and involuntary memories are associated with the experience of negative affect (Berntsen et al., 2015; Killingsworth & 
Gilbert, 2010; Smallwood et al., 2009). 

Fourth, individual differences in personality should also be taken into account when interpreting the relationship between chro-
notypes and the experience of mind wandering and daydreaming. Evening people score higher in openness and novelty seeking, while 
morning people score higher in conscientiousness (Adan et al., 2012). Likewise, guilt and fear-of-failure daydreaming has been 
associated with less conscientiousness, whereas positive-constructive daydreaming has been associated with openness to experience 
(Zhiyan & Singer, 1997). This might partially explain the lower frequency of disruptive daydreaming and mind wandering among 
morning people. 

The other main finding concerned the absence of a positive association between disturbed sleep and positive-constructive day-
dreaming. In other words, while poor sleep quality, sleepiness, insomnia and eveningness seemed to increase the frequency of 
disruptive mind wandering and daydreaming, they were not associated with the frequency of positive-constructive daydreaming. This 
finding could have at least three explanations. First, the association between positive-constructive daydreaming and positive affect, 
and positively-valenced emotions (Carciofo et al., 2014b) renders positive-constructive daydreaming different from other types of 
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spontaneous thoughts, that are mostly associated with negative affectivity. 
Second, it is possible that positive-constructive daydreaming is dissociated from disruptive mind wandering and daydreaming, 

because the former may be intentional rather than unintentional (e.g., Seli et al., 2016; Seli et al., 2017), such that people, to a greater 
extent, volitionally engage in positive daydreams to solve problems or plan an activity. In order to maintain a positive daydreaming 
experience, executive functions may be needed to sustain decoupling from the surrounding, external reality; which will be consistent 
with the executive-demand account of mind wandering (Smallwood, 2013; Smallwood & Schooler, 2006). Thus, positive-constructive 
daydreaming might have a different relation with executive functions than disruptive mind wandering and daydreaming. However, if 
this second explanation is true, we should expect a negative relationship between disturbed sleep and positive-constructive day-
dreaming: individuals who experience more disturbed sleep and thus impaired executive functions should report less positive day-
dreams. Yet, such relationship has not been shown in the present systematic review (see Carciofo et al., 2014b for an exception). 

Third, the null relationship between sleep and positive constructive daydreaming may also reflect methodological issues. The 
relation between sleep and positive constructive daydreaming has been measured only in few studies. In all, positive constructive 
daydreaming has been measured only at the trait level (by applying the Problem-Solving Daydreams or Positive Constructive Day-
dreaming scales from the Imaginal Process Inventory) in relation to self-reported sleep (Carciofo et al., 2014b, Carciofo et al., 2017; 
Denis & Poerio, 2017). In contrast, the relation between sleep and disruptive mind wandering has been studied more extensively, using 
both survey and experimental measures. 

Given the plurality of findings, we suggest that depending on the conceptualization of mind wandering and daydreaming, executive 
functions will be required in different ways and thus, disturbed sleep may influence each conceptualization differently. Likewise, the 
interrelations between positive affectivity, sleep and executive functions should be explored. 

Concerning the relationship between sleep duration and spontaneous thoughts, results are less clear and less consistent than the 
findings described for sleep quality. At least two explanations are possible. Sleep duration and sleep quality have shown only weak 
intercorrelations (Kaplan et al., 2017; Pilcher et al., 1997). Sleep duration, although mostly assessed by self-reports, may be seen as a 
more objective measure than sleep quality (Kaplan et al., 2017); thus, they might measure different aspects of the sleep experience. 
Moreover, previous work have suggested a u-shaped relationship where too short and too long sleep duration (that is less, or more, 
than 7–8 h per night) are associated with impaired executive functioning (Kronholm et al., 2009; Wild et al., 2018) and negative mood 
(Hyakutake et al., 2016; Ohayon et al., 2013). However, non-linear models that would have captured u-shaped associations were not 
examined in the included studies. 

In sum, there is a need for a more systematic and comprehensive approach to the study of the relationship between sleep and 
spontaneous thoughts. Future research should attempt to distinguish as well as integrate the wide variety of conceptualizations and 
measures of sleep and spontaneous cognition described in this systematic review. This approach might contribute to assessing the 
specific influence of each sleep outcome on each spontaneous thought and clarify the underlying mechanisms of such influences. 

With respect to daily fluctuations of mind wandering episodes, evidence suggested a plausible circadian pattern for two dimensions 
of mind wandering: stimulus-independent thought and freedom of movement in thought (Smith et al., 2018). However, for the mind 
wandering dimension of task-unrelated images and thoughts, results were mixed (Giambra et al., 1989; Smith et al., 2018). Both 
Giambra et al. (1989) and Smith et al. (2018) argued that the circadian pattern of mind wandering experiences resembles the circadian 
rhythm of body temperature, which has been related to daily fluctuations of cognitive functions such as attention, alertness, and visuo- 
spatial attention (Carrier & Monk, 2000; Fimm et al., 2016; Valdez et al., 2008; Wright et al., 2002). The frequency of involuntary 
memories across the day has been assessed only by Rasmussen et al. (2015) and it showed that involuntary memories were more 
frequently in the middle of the day. This circadian distribution of involuntary memories can be seen to match the distribution of some 
dimensions of mind wandering as reported by Smith et al (2018) and Giambra et al. (1989). However, more research is needed to 
replicate this isolated finding. 

Regarding the interaction between chronotype and time-of-day in spontaneous cognition, contradictory results were found. One 
study showed that mind wandering and daydreaming were reported with higher frequencies during the non-preferred time-of-day of 
chronotypes; that is, when participants’ physical and cognitive functions were at their lowest levels (Carciofo et al., 2014a). In 
contrast, involuntary memories were not reported at the non-preferred time of day of chronotypes (Verwoerd & Wessel, 2007). This 
may be due to the fact that involuntary memories are not as frequent as mind wandering or daydreaming experiences (Rasmussen & 
Berntsen, 2011), and, thus, it may be harder to identify a chronotype by time-of-day interaction. 

4.1. Limitations of studies to date 

The prevalence of subjective and self-reported measures of sleep and spontaneous thought in the included articles is a relevant 
limitation, due to common method and social desirability biases linked to self-reports (Marcusson-Clavertz & Kjell, 2018). In the 
present systematic review, only three studies applied acute sleep deprivation procedures, however no study reported objective sleep 
measures such as sleep polysomnography or actigraphy. Likewise, no study performed neuroimaging techniques such as EEG, fMRI and 
pupillometry, which have been used to identify potential neural signatures of spontaneous thoughts (Groot et al., 2021). Therefore, 
future research should integrate objective and neurophysiological techniques to better understand the relationship between sleep and 
spontaneous cognition. 

Little attention has been paid to the content and phenomenological dimensions of mind wandering and daydreaming episodes in 
relation to sleep measures, such as intentionality, function, temporal orientation, and temporal distance. One exception is Stawarczyk 
and D’Argembeau (2016), who included these measures in connection with the thought probes presented during an attentional task. 
However, no significant relationships were found between sleepiness and any of the phenomenological dimensions mentioned above. 
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Nonetheless, it is known that mind wandering experiences tend to be more future-oriented, and that they sometimes are intentional 
(Baird et al., 2011; Berntsen et al., 2015; Seli et al., 2016; Stawarczyk et al, 2011). Future attempts should examine whether sleep 
outcomes distinctively influence spontaneous thoughts depending on their intentionality, function and content. 

Age is another crucial variable that has received little attention, although it is well established that circadian rhythms and sleep 
quality change with aging (Anderson et al., 2014; Mander et al., 2017; Myers & Badia, 1995). For instance, children tend to be 
morning-oriented, whereas during adolescence a tendency towards eveningness occurs. Adults then experience a reorientation to-
wards morningness, especially in older age (Anderson et al., 2014; Roenneberg et al., 2007). Similarly, the frequency of mind wan-
dering and daydreaming episodes declines with age, whereas involuntary memories show a less clear pattern (Berntsen et al., 2015). 
Therefore, further work is needed to explore distinct influences of sleep on spontaneous thoughts across the lifespan. For example, 
Spruyt et al. (2019) found that the role of sleep duration and regularity of sleep on mind wandering episodes (defined as lapses of 
attention) increase with age. 

Moreover, gender should be considered in future research assessing the relationship between sleep outcomes and spontaneous 
thoughts, given evidence suggesting gender differences in chronotypes and other sleep outcomes (Galland et al., 2017; Polo-Kantola 
et al., 2016; Tonetti et al., 2008), as well as in the experience of mind wandering, daydreaming, and involuntary memories (Mar et al., 
2012; Rubin & Berntsen, 2009). 

Additionally, Marcusson-Clavertz et al. (2019) suggested that maladaptive daydreaming might be associated with other unusual 
sleep experiences, such as nightmares, lucid dreaming, and sleep paralysis. Only Starker (1985) and Starker and Hasenfeld (1976) 
measured nightmares and found that individuals who reported more nightmares also reported more guilt-fear of failure and poor 
attentional control daydreaming. In this line, evidence suggests that evening-types are more likely to experience nightmares (Nielsen, 
2010; Selvi et al., 2012). 

The causal direction of the relationship between sleep outcomes and spontaneous cognition is still unclear and cannot be clarified 
based on the present systematic review. Here, we aimed to review how sleep (its quality, disturbance and duration) is related to 
subsequent spontaneous thoughts (sleep-> ST). However, the correlational nature of most of the data does not preclude that it could be 
the other way around; that is, spontaneous thoughts may influence the quality, disruption, and duration of sleep. For example, 
Ottaviani and Couyoumdjian (2013) found that a higher occurrence of mind wandering, assessed by thought sampling throughout the 
day, predicted sleep latency that evening (but see Marcusson-Clavertz et al., 2019 for different findings). Carciofo et al. (2014b) 
mentioned that it would be plausible that more mind wandering or daydreaming causes poorer sleep quality and less positive affect, 
which may predict a greater tendency towards eveningness. 

Finally, from a methodological perspective, some of the sleep-related scales used in the included studies showed low internal 
consistency, such as the PSQI (Cronbach’s α range 0.56 - 0.66), the rMEQ (Cronbach’s α = 0.61), and the ESS (Cronbach’s α = 0.66). 
The lack of a high reliability of the mentioned scales is a caveat that future research should address. 

4.2. Limitations of the present review 

The present review should be evaluated with a number of limitations in mind. First, we did not include clinical studies, such as 
those involving attention-deficit/hyperactivity disorder (ADHD) patients. For instance, Helfer et al. (2019) found that poor sleep 
quality exacerbates mind wandering in these patients, while Madiouni et al. (2020) showed a higher level of sleepiness was related to 
mind wandering among ADHD patients. Moreover, eveningness has been associated with more symptoms of ADHD and inattention 
(Voinescu et al., 2012). Thus, the relationship between sleep, chronotypes, ADHD, and mind wandering needs further investigation. 
Second, fatigue and arousal levels have been found to be predictors of mind wandering (Robison et al., 2020; Stawarczyk & D’Ar-
gembeau, 2016; Unsworth & Robison, 2018) and both are related to sleep (Tinajero et al., 2018; White, 2004). However, we did not 
consider fatigue nor high or low arousal as sleep-related outcomes, because these states could be triggered by different conditions 
besides sleep, including stress, mood disorders and physical (in)activity (White, 2004). Third, we only included peer-reviewed studies 
published in English, and we excluded unpublished dissertations. However, the latter is unlikely to have influenced the results, since 
we identified only three unpublished dissertations that reported findings consistent with ours. Fourth, although cultural studies should 
be considered in future work in order to generalize the results, it is a strength that the studies included in this review reported on 
samples from different cultural backgrounds, such as China, North America, Europe, and Israel. Finally, and most importantly, the 
present review is based on relatively few studies using a large variety of methodologies and measurements. In spite of the consistent 
findings regarding the relationship between disturbed sleep and disruptive spontaneous thought, more studies are needed to sub-
stantiate this finding, identify causal mechanisms and potential interventions. 

4.3. Conclusion 

The present systematic review bridged the gap between the research fields of sleep and spontaneous cognition by demonstrating an 
association between disturbed sleep and spontaneous thought. This association has been found in both survey studies using self-report 
measures and in experimental studies. Thus, a robust association exists across studies using different methodologies and populations. 
Specifically, self-reported poor sleep quality, insomnia symptoms, sleepiness and eveningness were associated with an increase in the 
tendency and frequency of disruptive mind wandering and daydreaming, but were unrelated to positive-constructive daydreaming. 
Similarly, experimentally induced sleep deprivation was associated with higher frequencies of mind wandering episodes and intrusive 
memories during laboratory tasks. The small number of studies prevented firm conclusions regarding the underlying mechanisms of 
these relationships; however, changes in executive functions and mood caused by poor sleep are strong candidates. Finally, because the 
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present review demonstrated that disturbed sleep shows different relationships with different types of spontaneous thought (e.g., 
disruptive versus positive-constructive daydreaming), spontaneous cognition should not be conceived as a unitary construct, at least 
not when measured in relation to sleep. 
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Adan, A., & Almirall, H. (1991). Horne & Östberg morningness-eveningness questionnaire: A reduced scale. Personality and Individual Differences, 12(3), 241–253. 
https://doi.org/10.1016/0191-8869(91)90110-W 

Adan, A., Archer, S. N., Hidalgo, M. P., Di Milia, L., Natale, V., & Randler, C. (2012). Circadian typology: A comprehensive review. Chronobiology international, 29(9), 
1153–1175. https://doi.org/10.3109/07420528.2012.719971 

Åkerstedt, T., & Gillberg, M. (1990). Subjective and objective sleepiness in the active individual. International Journal of Neuroscience, 52(1–2), 29–37. https://doi.org/ 
10.3109/00207459008994241 

Anderson, B., Storfer-Isser, A., Taylor, H. G., Rosen, C. L., & Redline, S. (2009). Associations of Executive Function With Sleepiness and Sleep Duration in Adolescents. 
Pediatrics, 123(4), e701–e707. https://doi.org/10.1542/peds.2008-1182 

Anderson, J., Campbell, K. L., Amer, T., Grady, C. L., & Hasher, L. (2014). Timing is everything: Age differences in the cognitive control network are modulated by 
time of day. Psychology and Aging, 29(3), 648–657. https://doi.org/10.1037/a0037243 

Andrillon, T., Burns, A., Mackay, T., Windt, J., & Tsuchiya, N. (2021). Predicting lapses of attention with sleep-like slow waves. Nature Communications, 12(1), 1–12. 
https://doi.org/10.1038/s41467-021-23890-7 

Andrillon, T., Windt, J. M., Silk, T., Drummond, S., Bellgrove, M., & Tsuchiya, N. (2019). Does the mind wander when the brain takes a break? Local sleep in 
wakefulness, attentional lapses and mind-wandering. Frontiers in Neuroscience, 13, 949. https://doi.org/10.3389/fnins.2019.00949 

Antrobus, J. S., Singer, J. L., & Greenberg, S. (1966). Studies in the stream of consciousness: Experimental enhancement and suppression of spontaneous cognitive 
processes. Perceptual and Motor Skills, 23(2), 399–417. 

Azza, Y., Wilhelm, I., & Kleim, B. (2020). Sleep early after trauma: A target for prevention and early intervention for posttraumatic stress disorder? European 
Psychologist, 25(4), 239–251. https://doi.org/10.1027/1016-9040/a000401 

Baird, B., Smallwood, J., & Schooler, J. W. (2011). Back to the future: Autobiographical planning and the functionality of mind-wandering. Consciousness and 
Cognition, 20(4), 1604–1611. https://doi.org/10.1016/j.concog.2011.08.007 

Baker, L. D., Baldwin, D. S., & Garner, M. (2015). Daytime intrusive thoughts and subjective insomnia symptoms. Psychiatry Research, 229(3), 1038–1042. https://doi. 
org/10.1016/j.psychres.2015.02.022 

Ballesio, A., Ghezzi, V., Vacca, M., Ottaviani, C., & Lombardo, C. (2020). Effects of presleep cognitive intrusions on subjective sleep and next-day cognitive 
performance in insomnia. Behavior Therapy, 51(5), 688–699. https://doi.org/10.1016/j.beth.2019.09.003 

Bastien, C. H., Vallières, A., & Morin, C. M. (2001). Validation Of the Insomnia Severity Index as an outcome measure for insomnia research. Sleep medicine, 2(4), 
297–307. https://doi.org/10.1016/S1389-9457(00)00065-4 

Bernardi, G., Siclari, F., Yu, X., Zennig, C., Bellesi, M., Ricciardi, E., … Tononi, G. (2015). Neural and behavioral correlates of extended training during sleep 
deprivation in humans: Evidence for local, task-specific effects. Journal of Neuroscience, 35(11), 4487–4500. https://doi.org/10.1523/JNEUROSCI.4567-14.2015 

Berntsen, D. (1996). Involuntary autobiographical memories. Applied Cognitive Psychology, 10, 435–454. https://doi.org/10.1002/(SICI)1099-0720(199610)10: 
5<435::AID-ACP408>3.0.CO;2-L 

Berntsen, D. (2019). Spontaneous future cognitions: An integrative review. Psychological Research Psychologische Forschung, 83(4), 651–665. https://doi.org/10.1007/ 
s00426-018-1127-z 

Berntsen, D., & Rubin, D. C. (2020). Academic Forgetting. Journal of Applied Research in Memory and Cognition, 9(1), 52–57. https://doi.org/10.1016/j. 
jarmac.2019.12.003 

Berntsen, D., Rubin, D. C., & Salgado, S. (2015). The frequency of involuntary autobiographical memories and future thoughts in relation to daydreaming, emotional 
distress, and age. Consciousness and Cognition, 36, 352–372. https://doi.org/10.1016/j.concog.2015.07.007 

Bigelsen, J., Lehrfeld, J. M., Jopp, D. S., & Somer, E. (2016). Maladaptive daydreaming: Evidence for an under-researched mental health disorder. Consciousness and 
Cognition, 42, 254–266. https://doi.org/10.1016/j.concog.2016.03.017 

Biss, R. K., & Hasher, L. (2012). Happy as a lark: Morning-type younger and older adults are higher in positive affect. Emotion, 12(3), 437. https://doi.org/10.1037/ 
a0027071 

Blouin-Hudon, E. M. C., & Zelenski, J. M. (2016). The daydreamer: Exploring the personality underpinnings of daydreaming styles and their implications for well- 
being. Consciousness and Cognition, 44, 114–129. https://doi.org/10.1016/j.concog.2016.07.007 

A.L. Cárdenas-Egúsquiza and D. Berntsen                                                                                                                                                                        

https://doi.org/10.1016/j.concog.2022.103333
https://doi.org/10.1016/0191-8869(91)90110-W
https://doi.org/10.3109/07420528.2012.719971
https://doi.org/10.3109/00207459008994241
https://doi.org/10.3109/00207459008994241
https://doi.org/10.1542/peds.2008-1182
https://doi.org/10.1037/a0037243
https://doi.org/10.1038/s41467-021-23890-7
https://doi.org/10.3389/fnins.2019.00949
http://refhub.elsevier.com/S1053-8100(22)00065-4/h0040
http://refhub.elsevier.com/S1053-8100(22)00065-4/h0040
https://doi.org/10.1027/1016-9040/a000401
https://doi.org/10.1016/j.concog.2011.08.007
https://doi.org/10.1016/j.psychres.2015.02.022
https://doi.org/10.1016/j.psychres.2015.02.022
https://doi.org/10.1016/j.beth.2019.09.003
https://doi.org/10.1016/S1389-9457(00)00065-4
https://doi.org/10.1523/JNEUROSCI.4567-14.2015
https://doi.org/10.1002/(SICI)1099-0720(199610)10:5<435::AID-ACP408>3.0.CO;2-L
https://doi.org/10.1002/(SICI)1099-0720(199610)10:5<435::AID-ACP408>3.0.CO;2-L
https://doi.org/10.1007/s00426-018-1127-z
https://doi.org/10.1007/s00426-018-1127-z
https://doi.org/10.1016/j.jarmac.2019.12.003
https://doi.org/10.1016/j.jarmac.2019.12.003
https://doi.org/10.1016/j.concog.2015.07.007
https://doi.org/10.1016/j.concog.2016.03.017
https://doi.org/10.1037/a0027071
https://doi.org/10.1037/a0027071
https://doi.org/10.1016/j.concog.2016.07.007


Consciousness and Cognition 102 (2022) 103333

22

Buysse, D. J., Reynolds, C. F., Monk, T. H., Berman, S. R., & Kupfer, D. J. (1989). The Pittsburgh Sleep Quality Index: A new instrument for psychiatric practice and 
research. Psychiatry Research, 28(2), 193–213. https://doi.org/10.1016/0165-1781(89)90047-4 
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Gil-Jardiné, C., Née, M., Lagarde, E., Schooler, J., Contrand, B., Orriols, L., et al. (2017). The distracted mind on the wheel: Overall propensity to mind wandering is 

associated with road crash responsibility. PLoS ONE, 12(8), e0181327. https://doi.org/10.1371/journal.pone.0181327 
Goel, N., Rao, H., Durmer, J. S., & Dinges, D. F. (2009). Deprivation. Semin Neurol, 29(4), 320–339. https://doi.org/10.1055/s-0029-1237117 
Groot, J. M., Boayue, N. M., Csifcsák, G., Boekel, W., Huster, R., Forstmann, B. U., & Mittner, M. (2021). Probing the neural signature of mind wandering with 

simultaneous fMRI-EEG and pupillometry. NeuroImage, 224, 117412. https://doi.org/10.1016/j.neuroimage.2020.117412 
Guastella, A. J., & Moulds, M. L. (2007). The impact of rumination on sleep quality following a stressful life event. Personality and Individual Differences, 42(6), 

1151–1162. https://doi.org/10.1016/j.paid.2006.04.028 

A.L. Cárdenas-Egúsquiza and D. Berntsen                                                                                                                                                                        

https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1016/j.psychres.2004.02.019
https://doi.org/10.1093/sleep/18.10.890
https://doi.org/10.1080/07420528.2020.1798978
https://doi.org/10.1080/09291016.2019.1680935
https://doi.org/10.1080/07420528.2019.1608225
https://doi.org/10.1080/09291016.2013.790651
https://doi.org/10.1371/journal.pone.0091285
https://doi.org/10.1371/journal.pone.0091285
https://doi.org/10.1016/j.paid.2016.11.033
https://doi.org/10.1371/journal.pone.0149963
https://doi.org/10.1081/CBI-100102108
https://doi.org/10.1081/CBI-100102108
https://doi.org/10.1038/nrn.2016.113
https://doi.org/10.1016/j.tics.2018.07.004
https://doi.org/10.1080/17437199.2019.1700819
https://doi.org/10.1016/j.bbr.2016.10.039
http://refhub.elsevier.com/S1053-8100(22)00065-4/h0190
https://doi.org/10.2147/NSS.S277647
https://doi.org/10.1007/s40675-020-00200-z
https://doi.org/10.1111/jsr.12441
https://doi.org/10.1136/bmjopen-2013-004183
https://doi.org/10.2196/mhealth.5855
https://doi.org/10.1098/rstb.2019.0700
https://doi.org/10.1098/rstb.2019.0700
https://doi.org/10.3389/fneur.2020.565673
https://doi.org/10.1098/rstb.2019.0686
https://doi.org/10.1098/rstb.2019.0686
https://doi.org/10.1111/bjop.12143
https://doi.org/10.1111/bjop.12143
https://doi.org/10.1016/j.smrv.2011.03.008
https://doi.org/10.3389/fnhum.2013.00412
http://refhub.elsevier.com/S1053-8100(22)00065-4/h0250
http://refhub.elsevier.com/S1053-8100(22)00065-4/h0250
https://doi.org/10.1007/s12671-021-01594-9
https://doi.org/10.1111/j.1460-9568.2009.06723.x
https://doi.org/10.1111/j.1460-9568.2009.06723.x
https://doi.org/10.1136/bmj.e8105
https://doi.org/10.1016/j.sleh.2017.02.001
https://doi.org/10.1016/j.cpr.2018.07.006
https://doi.org/10.1016/0531-5565(93)90073-M
https://doi.org/10.2190/1ECY-9JDW-MXNW-KMWC
https://doi.org/10.1371/journal.pone.0181327
https://doi.org/10.1055/s-0029-1237117
https://doi.org/10.1016/j.neuroimage.2020.117412
https://doi.org/10.1016/j.paid.2006.04.028


Consciousness and Cognition 102 (2022) 103333

23

Hall, M., Buysse, D. J., Dew, M. A., Prigerson, H. G., Kupfer, D. J., & Reynolds, C. F., III (1997). Intrusive thoughts and avoidance behaviors are associated with sleep 
disturbances in bereavement-related depression. Depression and Anxiety, 6(3), 106–112. https://doi.org/10.1002/(SICI)1520-6394(1997)6:3<106::AID-DA3>3.0. 
CO;2-B 

Harrington, M. O., Ashton, J. E., Sankarasubramanian, S., Anderson, M. C., & Cairney, S. A. (2021). Losing Control: Sleep Deprivation Impairs the Suppression of 
Unwanted Thoughts. Clinical Psychological Science, 9(1), 97–113. https://doi.org/10.1177/2167702620951511 

Harvey, A. G. (2000). Pre-sleep cognitive activity: A comparison of sleep-onset insomniacs and good sleepers. British Journal of Clinical Psychology, 39(3), 275–286. 
https://doi.org/10.1348/014466500163284 

Harvey, A. G., & Payne, S. (2002). The management of unwanted pre-sleep thoughts in insomnia: Distraction with imagery versus general distraction. Behaviour 
Research and Therapy, 40(3), 267–277. https://doi.org/10.1016/S0005-7967(01)00012-2 

Helfer, B., Cooper, R. E., Bozhilova, N., Maltezos, S., Kuntsi, J., & Asherson, P. (2019). The effects of emotional lability, mind wandering and sleep quality on ADHD 
symptom severity in adults with ADHD. European Psychiatry, 55, 45–51. https://doi.org/10.1016/j.eurpsy.2018.09.006 
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