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A B S T R A C T   

We spend approximately-one third of our lives sleeping, and spontaneous thoughts dominate 
around 20–50% of our waking life, but little is known about the relation between the two. Studies 
examining this relationship measured only certain aspects of sleep and certain forms of sponta-
neous thought, which is problematic given the heterogeneity of both conceptions. The scarce 
literature suggests that disturbed sleep and the frequency of spontaneous waking thoughts are 
associated, however this could be caused by shared variance with negative affect. We report a 
comprehensive survey study with a large range of self-reported sleep and spontaneous thought 
measures (N = 236), showing that poorer sleep quality, more daytime-sleepiness, and more 
insomnia symptoms, consistently predicted higher tendencies to engage in disruptive spontaneous 
thoughts, independently of trait negative affect, age and gender. Contrarily, only daytime 
sleepiness predicted positive-constructive daydreaming. Findings underscore the role of sleep for 
spontaneous cognition tendencies.   

1. Introduction 

We all sleep, hopefully, every single day. The time we spend sleeping should represent approximately-one third of our day (7–8 h), 
but modern life and society commonly disturb our sleep quality and sleep schedules affecting our physical, cognitive and emotional 
functioning (Wild, Nichols, Battista, Stojanoski, & Owen, 2018). On the other hand, spontaneous waking thoughts such as mind 
wandering, daydreaming and involuntary memories represent around 20–50% of our waking time (Kane et al., 2007; Seli et al., 2018). 
Although spontaneous thoughts can serve important functions like future planning, they can also decrease task performance and cause 
dramatic accidents (Stawarczyk, François, Wertz, & D’Argembeau, 2020). The effects of sleep on many aspects of cognition are well 
understood (Killgore, 2010). However, whether and how sleep influences the experience of spontaneous thoughts in waking life re-
mains unclear. 

The sparse literature on the relationship between sleep and spontaneous waking cognition shows that people reporting more 
disturbed sleep (e.g., poorer sleep quality, more insomnia symptoms, and more daytime sleepiness), and an evening chronotype also 
reported higher frequencies of mind wandering (Carciofo, Song, Du, Wang, & Zhang, 2017; Stawarczyk & D’Argembeau, 2016), as well 
as a greater tendency to engage in spontaneous thoughts (see Cárdenas-Egúsquiza & Berntsen, 2022, for a review). Moreover, 
experimentally induced sleep deprivation is associated with higher frequencies of mind wandering episodes (Poh, Chong, & Chee, 
2016). However, the underlying mechanisms for this relationship remain unknown and controversial. Some researchers propose that 
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impaired executive functioning, associated with poor sleep, explains the subsequent increase of disruptive spontaneous thoughts (e.g., 
Stawarczyk & D’Argembeau, 2016). Others have suggested that it is a matter of negative affectivity triggered by poor sleep (Carciofo, 
Du, Song, & Zhang, 2014b), while others suggest it might be a conjoint influence of both factors (Marcusson-Clavertz, Kjell, Kim, 
Persson, & Cardeña, 2020; Robison, Miller, & Unsworth, 2020). In the present study, we aimed to examine whether different self- 
reported sleep outcomes are associated with the tendency to engage in a wide variety of spontaneous thoughts, when controlling 
for the tendency to experience negative affect. 

1.1. Sleep and spontaneous thought 

Sleep is an endogenous and recurring behavioral and biological phenomenon regulated by the circadian clock and the sleep-wake 
homeostasis (Franken & Dijk, 2009). Sleep is multidimensional, including aspects such as sleep quality and disturbances, sleep timing 
(e.g., bedtime/wake-up time), and sleepiness, simultaneously coexisting (Buysse, 2014; Wallace et al., 2019). Spontaneous cognition is 
also a multifaceted construct defined as spontaneously arising internal thoughts, such as personal concerns, future tasks, memories and 
pleasant fantasies that shift our mind away from the current task (Singer, 1974; Smallwood & Schooler, 2006, for other definition see 
Christoff, Mills, Andrews-Hanna, Irving, Thompson, Fox, & Kam, 2018). These forms of internal mentation are also known in the 
literature as mind wandering, daydreaming, and involuntary mental time travel (Berntsen, 2019; Seli et al., 2018). 

Given its multifaceted nature, the conceptualization of spontaneous cognition is debated (Berntsen, 2019; Berntsen, 2021; Christoff 
et al., 2018; Fox & Christof, 2018; Seli et al., 2018). It is beyond the aim of the present study to resolve this debate. Here we focus 
primarily on the kinds of spontaneous waking thoughts that have been examined in relation to sleep, namely mind wandering 
(Smallwood & Schooler, 2006), daydreaming (Giambra, 1993), poor attentional control daydreaming, guilty-fear of failure day-
dreaming and positive constructive daydreaming (Antrobus, Singer, & Greenberg, 1966; Huba, Segal, & Singer, 1977; Singer, 1966). In 
addition, we examine involuntary mental time travel, which refers to involuntary, spontaneously arising memories (Berntsen, 1996) as 
well as involuntary imaginations of possible future experiences (Berntsen & Jacobsen, 2008). Table 1 provides an overview of the 
different conceptions and measures of spontaneous thoughts that were examined in the present study. 

Most studies examining the relation between sleep and spontaneous thought have focused on what may be called disruptive 
spontaneous thought –that is, spontaneously arising thoughts associated with an inability to concentrate on an ongoing task, un-
productive outcomes and often negatively valenced emotion, such as unintentional mind wandering, and poor attentional control 
daydreaming (Blouin-Hudon & Zelenski, 2016; Marcusson-Clavertz, Cardeña, & Terhune, 2016; Cárdenas-Egúsquiza & Berntsen, 
2022). Only few studies (e.g. Carciofo et al., 2014b; Starker & Hasenfeld, 1976) had examined the relation between sleep and positive 
constructive daydreaming, that is, “playful, wishful imagery, and planful, creative thought” (McMillan, Kaufman, & Singer, 2013, p. 1; 
see Table 1). 

In a recent systematic review of twenty-one studies assessing the relationship between sleep outcomes and spontaneous cognition, 
we showed two consistent findings across survey and experimental studies, and across distinct conceptualizations and measures of 
sleep and spontaneous cognition (Cárdenas-Egúsquiza & Berntsen, 2022). First, subjective measures of poor sleep quality (Carciofo 
et al., 2017; Denis & Poerio, 2017), sleep disturbances including insomnia and nightmares (Marcusson-Clavertz, West, Kjell, & Somer, 
2019; Starker, 1985); daytime sleepiness (Carciofo et al., 2014b; Stawarczyk & D’Argembeau, 2016), a tendency towards eveningness 
(Carciofo et al., 2014a, 2014b); and experimentally induced sleep deprivation (Poh et al., 2016) were associated with increased state 
and trait-level measures of disruptive spontaneous thoughts. Second, in contrast, self-reported measures of disturbed sleep were 

Table 1 
Overview of the spontaneous thoughts measured in the present study.  

Spontaneous thought Definition Measure used 

Mind wandering 
(General) 

The interruption of task-focus by deliberative or spontaneous task-unrelated thoughts 
(TUTs, Mrazek et al., 2013; Smallwood & Schooler, 2006). 

The Mind Wandering Questionnaire 
(MWQ, Mrazek et al., 2013) 

Daydreaming (General) An unintended shift in attention from an ongoing physical or mental task or from a 
perceptual response to external stimulation toward task-unrelated images and thoughts 
(TUITs), that attract attention (Giambra, 1993; Singer, 1966) 

The Daydream Frequency Scale 
(DDFS, Giambra, 1993, adapted from  
Singer & Antrobus, 1977) 

Deliberative Mind 
wandering 

Deliberately direct our conscious train of thought away from the task at hand, particularly 
if the task at hand is not sufficiently engaging (Carriere et al., 2013; Seli et al., 2016). 

Mind Wandering: Deliberate (MW-D,  
Carriere et al., 2013) 

Spontaneous Mind 
wandering 

Spontaneous capture of attention to a train of thought wholly unrelated to our present 
experience. Inadvertent or uncontrolled mind wandering behavior (Carriere et al., 2013; 
Seli et al., 2016) 

Mind Wandering: Spontaneous (MW- 
S, Carriere et al., 2013) 

Involuntary mental time 
travel 

Memories of past events and images of possible future events that arise involuntarily, that 
is, with no preceding attempt to produce them (Berntsen, 1996; Berntsen & Jacobsen, 
2008; Berntsen et al., 2015). 

Involuntary Autobiographical 
Memory Inventory (IAMI, Berntsen 
et al., 2015) 

Poor attentional control 
daydreaming 

Daydreams as mind wandering and drifting thoughts, related to be easily distracted, lose 
interest and become bored. Inability to concentrate on either the ongoing thought or the 
external task (Huba et al., 1982; McMillan et al., 2013) 

Short Imaginal Process Inventory 
(SIPI; Huba et al., 1982). 

Guilty-fear of failure 
daydreaming 

Daydreams with depressing, frightening, panicking qualities. Obsessive, anguished 
fantasies (Huba et al., 1982; McMillan et al., 2013) 

Short Imaginal Process Inventory 
(SIPI; Huba et al., 1982). 

Positive constructive 
daydreaming 

Vivid-visual daydreams that are worthwhile, playful, wishful imagery, and planful, 
creative thought (Huba et al., 1982; McMillan et al., 2013) 

Short Imaginal Process Inventory 
(SIPI; Huba et al., 1982).  
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unrelated to positive constructive daydreaming (Carciofo et al., 2017; Starker, 1985; Starker & Hasenfeld, 1976; but see Carciofo et al., 
2014b). 

In spite of these consistent findings, the research field is hampered by a scarcity of studies and a heterogeneous approach to the 
relationship between sleep and spontaneous cognition, with dissimilar conceptualizations and measures of both concepts (Cárdenas- 
Egúsquiza & Berntsen, 2022). Therefore, there is a need for a more systematic and comprehensive approach, aiming at integrating the 
wide variety of concepts and measures previously used. The present study was designed to fulfil this need. 

1.2. Sleep and negative affect 

Negative affect is a broad concept that involves the experience of emotional distress and a wide range of negative emotions such as 
anger, contempt, disgust, guilt and fear (Stringer, 2013). Trait negative affect (i.e. the dispositional tendency toward negative affect) is 
described as “a general dimension of subjective distress and unpleasurable engagement” (Watson, Clark, & Tellegen, 1988; p. 1063). 
Both state and trait negative affect has been associated with mood disorders, anxiety disorders, and personality disorders (Stringer, 
2013). 

The association between self-reported sleep and both state and trait negative affect is generally well documented (Bouwmans, Bos, 
Hoenders, Oldehinkel, & de Jonge, 2017; Prather, Bogdan, & Hariri, 2013; although see Zhang et al., 2021, for conflicting results). 
Specifically, poor sleep quality and insomnia symptoms have been related to negative affect, anxiety, and depression (Johnson, Roth, & 
Breslau, 2006; Ramsawh, Stein, Belik, Jacobi, & Sareen, 2009). Likewise, daytime sleepiness has been associated with depressive 
symptoms (Hayley, Williams, Berk, Kennedy, Jacka, & Pasco, 2013) and negative affect (Benham & Charak, 2019; Smith et al., 2018). 
Furthermore, people with an evening chronotype – who show late bed and wake-up times, and who consistently report poorer sleep 
quality and more daytime sleepiness (Juda, Vetter, & Roenneberg, 2013; Selvi et al., 2010) – tend to report more emotional and 
psychological problems, such as anxiety, stress, and depression (Taylor & Hasler, 2018). Morning people, in contrast, report better 
sleep quality and more positive affect (Biss & Hasher, 2012). Finally, social jetlag, defined as the discrepancy between the biological 
clock (i.e. chronotype) and the social clock (school, work, social life) (Wittmann, Dinich, Merrow, & Roenneberg, 2006) is higher 
among evening chronotypes (Roenneberg, Allebrandt, Merrow, & Vetter, 2012) and associated with poor sleep quality, depression and 
depressive mood (Beauvalet et al., 2017; Levandovski et al., 2011; Wittmann et al., 2006). In the present study, eveningness and social 
jetlag were considered a measure of disturbed sleep, as both show consistent associations with poorer sleep quality. 

1.3. Spontaneous thoughts and negative affect 

Robust evidence suggests that the prevalence of, and the tendency to engage in, most forms of spontaneous thoughts are related to 
state and trait negative affectivity (Berntsen, Rubin, & Salgado, 2015; Giambra & Traynor, 1978; Kane et al., 2017; Killingsworth & 
Gilbert, 2010; Smallwood, O’Connor, Sudbery, & Obonsawin, 2007). Concretely, Kane et al. (2007) and Kane et al. (2017) found that 
people were more likely to report mind-wandering episodes when they were experiencing feelings related to negative affect, such as 
anxiety, sadness, irritability or confusion. Giambra and Traynor (1978) showed a positive relationship between poor-attentional 
daydreaming style and measures of depression, as well as between guilt-fear of failure daydreaming style and measures of depres-
sion. Conversely, inverse relationships were found between positive-constructive daydreaming style and depressive symptoms 
(Giambra & Traynor, 1978). Similarly, Carciofo et al. (2014b) and Carciofo et al. (2017) found that poor attentional control day-
dreaming was positively related to trait negative affect whereas problem-solving (positive-constructive) daydreaming was unrelated to 
trait negative affect. With respect to involuntary mental time travel, the frequency of both involuntary memories and involuntary 
future projections has shown positive relationships with trait negative affect, emotional distress, and negative thinking styles (Berntsen 
et al., 2015; del Palacio-Gonzalez & Berntsen, 2019). 

1.4. Previous studies addressing sleep, negative affect and spontaneous thought 

The studies reviewed so far typically have examined the association between two of the three factors of interest here. We were able 
to identify only two studies that have directly examined the associations between measures of sleep, negative affect and spontaneous 
thought in one research project. Carciofo et al. (2014b) and Carciofo et al. (2017) showed that mind wandering/daydreaming were 
predictors of trait negative affect, and subjective sleep quality was found to be a significant mediator of these relationships. Addi-
tionally, Carciofo et al. (2014b) found that chronotype was a mediator of the relationship between the tendency to mind wander/ 
daydream and trait positive affect. Although the work of Carciofo and colleagues illuminated associations between measures of sleep, 
affectivity, and spontaneous thought, they did not examine the notion that subjective sleep measures and chronotype may be inde-
pendent and powerful predictors of the tendency to engage in spontaneous thoughts, rather than just mediators. Moreover, Carciofo 
and colleagues used a limited set of self-reported measures of spontaneous thought and sleep, compared to the ones reported in 
previous research in the field (see Cárdenas-Egúsquiza & Berntsen, 2022, for a review). For instance, they did not include positive 
constructive daydreaming nor daytime sleepiness in their statistical models. 

A.L. Cárdenas-Egúsquiza and D. Berntsen                                                                                                                                                                        



Consciousness and Cognition 105 (2022) 103401

4

1.5. The present study: Aims and hypotheses 

The present study is unique by including all self-reported validated measures of spontaneous thought, sleep quality, insomnia and 
chronotype that we could identify in the previous literature on this relationship (Cárdenas-Egúsquiza & Berntsen, 2022, for a review). 
At the same time, we examine the association between these measures and the dispositional tendency toward negative and positive 
affect, in one focused research endeavor. 

Hypotheses and study questions were preregistered in the following link: https://osf.io/hfy8d/ or https://osf.io/cgsfd. 
Our main goal was to examine whether subjective sleep measures would be associated with a tendency to engage in a variety of 

spontaneous thoughts even after controlling for trait negative affectivity. To address this question, we applied a systematic and 
comprehensive approach. We aimed to include all self-report measures of sleep and spontaneous thought that had been examined in 
the previous literature as part of separate research endeavors. Moreover, we included social jetlag as a subjective sleep measure, never 
examined before in relation to spontaneous cognition; as well as the Involuntary Autobiographical memory Inventory (IAMI; Berntsen 
et al., 2015) as a trait measure of spontaneously arising memories and future imaginations, never studied before in relation to sleep. 

We hypothesized that: 

• Subjective measures of disturbed sleep, — i.e. self-reported poorer sleep quality, more daytime sleepiness, more insomnia symp-
toms, a tendency towards eveningness and more social jetlag — would be associated with a higher tendency to engage in disruptive 
spontaneous thoughts, but not positive constructive daydreaming.  

• Subjective measures of disturbed sleep would be associated with higher tendencies toward negative affect.  
• A higher tendency to engage in disruptive spontaneous thoughts, but not positive constructive daydreaming, would be associated 

with higher tendencies toward negative affect.  
• Subjective measures of disturbed sleep would be significant predictors of the tendency to engage in disruptive spontaneous 

thoughts, independently of negative affect tendencies. 

2. Methods 

2.1. Participants 

We pre-registered that we would collect data from 200 to 250 participants from CloudResearch Prime Panels, an Internet-based 
research platform designed to recruit participants for the social and behavioral sciences (Litman, Robinson, & Abberbock, 2017). 
We received 292 responses. As pre-registered, we excluded 31 who failed to pass the 4 attention checks inserted in four of the 
questionnaires (e.g. “If you are reading this item attentively, select the option: Once a week or more, else the survey will terminate at 
this point”); then we excluded 24 who answered an open-question (“Finally, please briefly describe whether and how your night 
dreams relate to your daydreams or mind wandering experiences”) with random words or incoherence, suggesting bot-like answers; 
additionally, we excluded one participant who took less than 7 min to answer the survey. The remaining sample was 236 participants, 
121 men, 113 women and 2 who reported “transgender”. Mean age 41.32 (SD = 11.73, range 24–73). Their mean number years of 
education was 15.45 (SD = 2.04, range 12–22). All participants indicated that they reside in the USA. The study was conducted in 
accordance with current professional ethical guidelines and was reviewed by the Local Ethics Committee at the Center on Autobio-
graphical Memory, Department of Psychology and Behavioural Sciences, Aarhus University. 

2.2. Materials 

In order to avoid conceptual overlap and collinearity among the included measures, we performed a pilot study via CloudResearch 
Prime Panels (N = 50) where we included the full set of scales that have been used by previous work studying the relationship between 
sleep outcomes and spontaneous cognition (Cárdenas-Egúsquiza & Berntsen, 2022). As pre-registered, participants who took part in 
the pilot study were not able to enter the link of the actual Survey in CloudResearch Prime Panels. First, we confirmed the reliability of 
the scales and the applicability of the design in our study population. We identified high inter-correlations between some of the sleep 
measures. The Patient-Reported Outcomes Measurement Information System, (PROMIS) Sleep disturbance short form (Yu et al., 
2012), the Sleep Condition Indicator (SCI; Espie, Kyle, Hames, Gardani, Fleming, & Cape, 2014), and the Insomnia Severity Index (ISI; 
Bastien, Vallières, & Morin, 2001) showed high correlations (Cutoff of r > 0.50, Cohen, 1988) with the widely used Pittsburg Sleep 
Quality Index (PSQI; Buysse, Reynolds, Monk, Berman, & Kupfer, 1989; r = − 0.81; r = 0.73; r = 0.83, respectively) suggesting 
substantial measurement overlap. The PROMIS sleep disturbance short form measures similar attributes as the PSQI, and the authors of 
the PROMIS acknowledged that the PSQI might be a more comprehensive measure of sleep quality and sleep disturbances (Yu et al., 
2012). Therefore, we decided to leave the PROMIS sleep disturbance short form out in the Survey. The SCI (Espie et al., 2014) and the 
ISI (Bastien et al., 2001) are commonly used instruments to assess insomnia symptomatology. Their concurrent validity has been 
demonstrated (Espie et al., 2014), and they showed an inter-correlation of r = − 0.87 in the pilot study, suggesting only one of them 
should be included. To decide between the SCI and the ISI, we performed two searches on PsycInfo with the keywords “The insomnia 
severity index” and “The Sleep Condition Indicator”, separately, finding 393 and 15 results, respectively. This strongly suggested that 
the ISI is a more established research tool than the SCI. 
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Although the ISI correlated strongly with the PSQI, they cannot be directly comparable or exchangeable. The PSQI is a global 
measure of sleep and, even though it has been used as a proxy measure of insomnia, it was not developed for that purpose (Bastien 
et al., 2001; Buysse et al., 1989). In fact, there is some consensus in the sleep research literature, that the ISI and the PSQI are both 
essential and separate measures of sleep. The sleep aspects measured by the PSQI (global sleep) and the ISI (insomnia symptoms) are 
related and complementary, but conceptually distinct (Buysse, Ancoli-Israel, Edinger, Lichstein, & Morin, 2006). Therefore, we 
included both the ISI and the PSQI in the Survey. We added a measure of Social Jetlag. Following our pre-registered exploratory 
purposes, we included a measure of number of naps per week. 

The spontaneous cognition measures did not show high inter-correlations in the pilot survey (23 of 28 rs ≤ 0.50, all rs ≤ 0.75, 
Cohen, 1988). Therefore, in the Survey, we included the whole set of scales used by previous work (Cárdenas-Egúsquiza & Berntsen, 
2022) and we added a measure of involuntary mental time travel, the Involuntary Autobiographical Memory Inventory (IAMI) in order 
to better examine the full conceptual range of spontaneous cognition tendencies. The survey then included the following tests. 

The Pittsburgh Sleep Quality Index (PSQI; Buysse et al., 1989). The PSQI is a widely used 19-item self-report scale assessing sleep 
quality over the last month based on 7 components: subjective sleep quality, sleep latency, sleep duration, sleep efficacy, sleep dis-
turbances, use of sleep medication and daytime dysfunction. Each component is scored on a scale of 0–3, where a higher score indicates 
more problems on the corresponding component (e.g., a score of 3 on the sleep efficacy component indicates worse sleep efficacy than 
a score of 2). Each component score is derived from one or more of the scale items. Summing the seven components gives a global sleep 
quality score (range 0–21). 

The Epworth Sleepiness Scale (ESS; Johns, 1991). The ESS is an 8-item scale, which measures the general level of daytime sleepiness. 
Subjects have to rate, on a scale from 0 to 3 (0 = Would never doze, 3 = High chance of dozing), how likely they would doze off or fall 
asleep in eight different daily life situations, such as while watching TV or sitting and reading. Total scores range 0–24. A higher score 
indicates greater sleep propensity. 

The Insomnia severity index (ISI; Bastien et al., 2001). The ISI is a brief 7-item screening measure of insomnia. Subjects self-rated the 
severity of their insomnia problem(s), how worried they are with those problems, to what extent those problems interfere with their 
daily functioning, how noticeable to others those problems are and how satisfied they are with their sleep pattern. Items are rated on a 
5-point Likert scale ranging from 0 to 4. The wording of the response options differs among the items but higher ratings always 
correspond to higher sleep related difficulties. 

The Morningness-Eveningness questionnaire (MEQ; Horne & Östberg, 1976). The MEQ is a widely employed 19-item self-report 
questionnaire addressing daily preferences for practicing physical and mental activities and the subjective alertness after wake 
time and before bed time. Items are answered on a four or five point scale. The sum gives a score ranging from 16 (clear eveningness) 
and 86 (clear morningness). The cut-offs used in the present study were the ones validated for middle-aged workers (Taillard, Philip, 
Chastang, & Bioulac, 2004): Evening type: from 16 to 52: Intermediate type: from 53 to 64; and Morning type: from 65 to 86. 

Social Jetlag (SJL; Wittmann et al., 2006). Social jetlag refers to the (de)synchronization between the biological clock and the social 
clock and it is operationalized as the (ir)regularity in sleep/wake schedules between work days and free days (Wittmann et al., 2006). 
Four questions were asked: (1) During workdays, at what time do you go to bed? (2) During workdays, at what time do you wake up? 
(3) During free days, such as weekends, at what time do you go to bed? (4) During free days, such as weekends, at what time do you 
wake up? Social jetlag was calculated with the formula described by Wittmann et al. (2006): absolute difference between the midpoint 
of sleep on free days (MSF) and the midpoint of sleep on weekdays (MSW): 

SJL = [MSF − MSW]
*  

*MSF and MSW were calculated by the following formula: 

(Bedtime+(sleep duration/2)).

A higher difference between MSF and MSW indicates more social jetlag. 
The Mind Wandering Questionnaire (MWQ; Mrazek, Phillips, Franklin, Broadway, & Schooler, 2013). The MWQ is a self-report 

measure consisting of five items assessing overall mind wandering tendencies. A sample item is “I have difficulty maintaining focus 
on simple or repetitive work”. Items are answered on a six-point rating scale ranging from 1 = Almost never to 6 = Almost always. 
Mean scores are reported where a higher score indicates more tendency to mind wander. 

The Daydreaming Frequency Scale (DDFS; Giambra, 1993, adapted from Singer & Antrobus, 1977) is a 12-item questionnaire 
addressing the frequency of daydreaming in everyday life. A sample item is: ‘‘I lose myself in active daydreaming’’. Each item is 
answered on a 5-point scale (0–4) indicating frequency. The sum score can range from 0 to 48 where higher scores indicate higher 
frequency of daydreaming in everyday life. 

The Spontaneous and Deliberate Mind Wandering Scales (MW-S; MW-D; Carriere, Seli, & Smilek, 2013). An 8-item self-report measure 
of deliberate (4 items) and spontaneous (4 items) mind wandering. Both the deliberative (MW-D) and spontaneous (MW-S) mind 
wandering measures are scored using a 7-point Likert scale ranging from rarely (1) to a lot (7); or from not at all true (1) to very true 
(7). Sample item for MWD is: “I allow my thoughts to wander on purpose”. Sample item for MWS is: “I find my thoughts wandering 
spontaneously. Responses indicating a higher value reflect a greater tendency to deliberately/spontaneously engage in mind wan-
dering in everyday life. Mean scores are reported. 

Involuntary Autobiographical Memory Inventory (IAMI; Berntsen et al., 2015). The IAMI consists of 20 items assessing the frequency 
of neutral tendencies for involuntary mental time travel to past and future personal experiences. The items are rated on a scale ranging 
from 0 = Never to 4 = Once an hour or more. We used the scale’s mean score, collapsed for future and past events, where higher scores 
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indicate higher tendency to involuntarily mental time travel. 
Short Imaginal Process Inventory (SIPI; Huba, Singer, Aneshensel, & Antrobus, 1982). The SIPI is a 45-item self-report on day-

dreaming. The inventory assesses three dimensions of daydreaming and inner experience style, namely positive and constructive 
daydreaming (PO-DD), guilt-fear of failure daydreaming (GF-DD), and poor attentional control (mind-wandering; AT-DD). Each scale 
consists of 15 items that are rated on a five-point scale from 1 = definitely untrue or strongly uncharacteristic of me, to 5 = very true or 
strong or characteristic of me. Higher sum scores in a daydreaming dimension indicate a higher tendency to experience it. 

The Positive and Negative Affect Schedule (PANAS; Watson et al., 1988). The PANAS measures trait or general affect and consists of 10 
words assessing positive affect (PA), and 10 words addressing negative affect (NA). Items are rated on a scale ranging from 1 = Very 
slightly or not at all, to 5 = Extremely. Both PA and NA total scores range from 10 to 50. We used the original instruction of “Indicate to 
what extent you GENERALLY feel this way, that is how you feel ON AVERAGE”. Watson et al. (1988) stated that higher PA scores 
indicate more of a positive affect whereas lower NA scores indicate less of a negative affect. 

Naps per week. For exploratory purposes, we asked participants one question: How many days per week do you take a nap? Response 
options where from 0 to 7. 

2.3. Procedure 

Participants were recruited on November 2020 via CloudResearch and data collection was conducted by using the survey platform 
Qualtrics. The project was described as an online study about people’s sleep habits and people’s experience of various kinds of mental 
activity, such as thinking about their past, planning, daydreaming, and mind wandering. Participants accessed a secure link with the 
questionnaires, which were completed in the following interleaved order: MEQ, MWQ, ISI, DDFS, SJL, PSQI, MW-D, MW-S, ESS, SIPI, 
naps per week, IAMI and PANAS. Informed consent was obtained electronically. The average completion time was 29.96 min (SD =
19.58). All participants were compensated with USD 3.0. 

2.4. Plan of analysis 

As pre-registered, we first performed Pearson product-moment bivariate correlations between the self-reported sleep measures and 
the spontaneous thought measures. The key question we next wished to address was whether sleep measures would predict sponta-
neous thought tendencies, when controlling for trait negative affect, and their covariance. To pursue this question, we conducted 
hierarchical multiple regression analyses. 

We ran two sets of 8 separate hierarchical regression analyses, which correspond to the eight measures of spontaneous thought 
considered as distinct dependent variables in the two sets of analyses. Regarding independent variables, for all the analyses age, gender 
and negative affect were controlled in step 1. In order to decide which sleep measures should be included in step 2, we tested for their 
multicolinearity by the variance inflation factor (VIF). There were no high correlations between the sleep predictors (all VIFs ≤ 1.48), 
except for the PSQI and the ISI, which showed a VIF = 2.7 indicating considerable collinearity between the PSQI and ISI (cutoffs by 
Johnston, Jones, & Manley, 2018). This, together with recommendations in the sleep literature of treating them as distinct measures 
(Buysse et al., 2006) justified the need of performing two sets of hierarchical regressions. Thus, in the first set of analyses, step 2 
consisted of the following sleep measures: sleep quality (PSQI), daytime sleepiness (ESS), chronotype (MEQ) and social jetlag (SJL) 
(Table 3). In the second set of analyses, step 2 consisted of the sleep measures of Insomnia symptoms (ISI), daytime sleepiness, 
chronotype and social jetlag (Table 4). Thus, we conducted 16 hierarchical multiple regression analyses with the aim to show and 
replicate patterns of association across multiple analyses, and thereby demonstrate consistency and systematicity in the results across 
different conceptualizations and measurements of spontaneous thought. 

In addition to the test of multicollinearity described above, we examined the other assumptions of multiple regression. We tested 
whether the residuals in the models were normally distributed by looking at normal probability plots of residuals (P–P plots). All 
showed dots lying close to the diagonal line (Please see supplementary Material, Figs. S1 and S2). Regarding the assumption of in-
dependence of errors, Durbin-Watson tests for the 16 analyses ranged from 1.98 to 2.14, which suggested that the residuals were 
uncorrelated (Cutoffs by Field, 2013). We tested linearity and homoscedasticity of the two sets of analyses by plotting the standardized 
residuals against the standardized predicted values. The figures suggested that at each level of the predictors, the variance of the 
residual terms are constant (Field, 2013). Please see supplementary material, Figs. S3 and S4. All the analyses were performed with 
SPSS version 27. 

Regarding missing data, we identified 8 missing data points for component 5 (sleep disturbance) of the PSQI and one ambiguous 
data in component 4 (sleep efficacy) of the PSQI. Thus, the PSQI global score has 9 missing data points. Moreover, we identified two 
ambiguous answers in the questions assessing Social Jetlag (one of these is the same one from PSQI component 4), therefore the social 
jetlag measure has 2 missing data points. 

3. Results 

Means, standard deviations and internal consistencies of the included psychometric measures listed above are presented in Table 2. 
All measures showed acceptable to high reliability (Cronbach’s α between 0.76 and 0.96). 
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3.1. Relationship between subjective sleep outcomes and spontaneous thoughts 

First, Table 2 shows that the 5 sleep measures were not highly correlated (9 of 10 rs ≤ 0.50, Cohen, 1988), suggesting that they 
measure distinct attributes of sleep. The inter-correlation of 0.76 between the PSQI and the ISI is substantial, but still leaves the two 
scales with some independent variance, consistent with recommendations of treating them as separate measures (Buysse et al., 2006). 
Table 2 also shows that the 8 spontaneous thoughts measures generally were not highly correlated (19 of 28 rs ≤ 0.50; 24 of 28 rs ≤
0.65; all rs ≤ 0.71, Cohen, 1988), consistent with previous research and the pilot study. This suggested that each spontaneous thought 
is distinguishable from the others and thus requires its own analysis. 

Measures of subjective sleep and spontaneous thoughts correlated systematically. Table 2 shows that self-reported poorer sleep 
quality (higher PSQI global score1) correlated with higher tendencies to engage in all spontaneous thoughts, except positive 
constructive daydreaming (PO-DD, r = − 0.04). Self-reported daytime sleepiness (ESS) showed a similar pattern as sleep quality; 
however, it differed on its relationship with positive constructive daydreaming showing that more daytime sleepiness (higher ESS 
scores) correlated with a higher tendency to engage in positive constructive daydreaming (r = 0.21). More self-reported insomnia 
symptoms (higher ISI scores) were related to higher tendencies of all spontaneous thoughts, except positive constructive daydreaming 
(r = − 0.06) and deliberative mind wandering (r = 0.09). 

With respect to chronotype (MEQ) and social jetlag (SJL), results indicated that a self-reported tendency towards eveningness 
(lower MEQ scores) and more self-reported social jetlag were associated with higher tendencies of almost all spontaneous thoughts, 
except for deliberate mind wandering, involuntary mental time travel and positive constructive daydreaming. 

In sum, measures of disturbed sleep (i.e., poorer sleep quality, more daytime sleepiness, more insomnia symptoms, a tendency 
towards eveningness and more social jetlag), correlated with a higher tendency to engage in disruptive spontaneous thought (i.e., mind 
wandering, daydreaming, spontaneous mind wandering, guilt-fear of failure daydreaming, and poor attentional control daydreaming, 
Cárdenas-Egúsquiza & Berntsen, 2022), and involuntary mental time travel. In contrast, a tendency to engage in positive constructive 
daydreaming showed no relationship with sleep quality, insomnia symptoms, chronotype and social jetlag. As an exception, more 
daytime sleepiness was related to a higher tendency to positive constructive daydreaming. 

Following our pre-registered aim to explore the relationship between naps per week and spontaneous thought tendencies, results 
showed that more naps per week was only associated with a higher tendency to daydream (DDFS, r = 0.15) and guilt-fear of failure 

Table 2 
Descriptive and correlations between sleep outcomes and spontaneous thoughts, and positive/negative affect.   

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1. PSQI  
global+

1               

2. ESS  0.22**  1              
3. ISI  0.76**  0.27**  1             
4. MEQ  − 0.28**  − 0.04  − 0.24**  1            
5. SJL in  

hours++

0.17**  0.12  0.17**  − 0.50**  1           

6. MWQ  0.49**  0.28**  0.46**  − 0.28**  0.26**  1          
7. DDFS  0.32**  0.29**  0.24**  − 0.21**  0.22**  0.44**  1         
8. MWD  0.21**  0.17**  0.09  − 0.05  0.07  0.26**  0.67**  1        
9. MWS  0.31**  0.24**  0.26**  − 0.15*  0.18**  0.46**  0.69**  0.65**  1       
10. IAMI  0.28**  0.27**  0.26**  − 0.05  0.11  0.29**  0.66**  0.49**  0.62**  1      
11. AT-DD  0.49**  0.28**  0.48**  − 0.30**  0.25**  0.71**  0.55**  0.35**  0.62**  0.50**  1     
12. GF-DD  0.28**  0.25**  0.30**  − 0.19**  0.23**  0.34**  0.35**  0.31**  0.44**  0.41**  0.52**  1    
13. PO-DD  − 0.04  0.21**  − 0.06  0.03  0.04  − 0.00  0.46**  0.65**  0.38**  0.41**  0.09  0.16*  1   
14. PA  − 0.24**  0.01  − 0.28**  0.27**  − 0.19**  − 0.41**  − 0.18**  0.03  − 0.11  0.01  − 0.41**  − 0.07  0.26**  1  
15. NA  0.40**  0.34**  0.49**  − 0.23**  0.18**  0.48**  0.40**  0.14*  0.40**  0.39**  0.49**  0.49**  − 0.02  − 0.17**  1  

Mean  6.01  6.05  6.78  57.09  1.27  2.20  29.65  3.81  3.37  1.66  40.15  30.01  48.72  31.35  15.07 
SD  3.80  3.71  5.31  10.84  1.17  0.89  10.59  1.68  1.51  0.84  11.91  10.33  9.85  8.71  6.33 
α  0.78  0.76  0.88  0.86  –  0.89  0.95  0.93  0.90  0.96  0.90  0.88  0.83  0.92  0.92 

Note: PSQI: Pittsburgh Sleep Quality Index; EES: Epworth Sleepiness Scale; ISI: insomnia severity index; MEQ: Morningness-Evening Questionnaire; 
SJL: Social jetlag; MWQ: Mind Wandering Questionnaire; DDFS: Daydreaming Frequency Scale; MWD: Mind Wandering-Deliberate; MWS: Mind 
wandering Spontaneous; IAMI: Involuntary autobiographical Memories Inventory; AT-DD: Poor Attentional control daydreaming; GF-DD: Guilt and 
Fear of Failure daydreaming; PO-DD: Positive-Constructive daydreaming; PA: Positive Affect; NA: Negative Affect. 

+ N = 227. 
++ N = 234. 
* p <.05. 
** p <.01. 

1 Associations between PSQI components and spontaneous thoughts are shown in Table S1 in Supplementary Material 1, and generally showed the 
same pattern of results as PSQI global score. 
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daydreaming (GF-DD, r = 0.24). Due to the weak and few significant correlations found, and considering the non-standardized 
measure of napping used here, we decided not to include naps per week in the following analyses. 

3.2. Relationships between subjective sleep outcomes, spontaneous thoughts and trait affectivity 

Concerning the relationship between sleep measures and positive (PA) and negative (NA) affect (Table 2), results indicated that 
self-reported poorer sleep quality, more insomnia symptoms, a higher tendency towards eveningness and more social jetlag were 
associated with a higher tendency toward negative affect and a lower tendency toward positive affect. Daytime sleepiness was also 
related to higher negative affect tendencies (r = 0.34), but, in contrast to the other variables, unrelated to positive affect tendencies (r 
= 0.01). 

Regarding spontaneous thoughts, higher tendencies to engage in mind wandering, daydreaming, deliberative and spontaneous 
mind wandering, involuntary mental time travel, guilt-fear of failure daydreaming, and poor attentional control daydreaming were 
consistently related to a higher tendency toward negative affectivity. In contrast, a tendency to engage in positive constructive 
daydreaming was unrelated to negative affect tendencies (r = − 0.02) but related to higher positive affect tendencies (r = 0.26). 

3.3. The relationship between subjective sleep outcomes and spontaneous thoughts, controlling for trait negative affect 

Given the consistent correlations found between self-reported spontaneous thoughts and negative affect, and self-reported 
disturbed sleep and negative affect, we wanted to test the robustness of the relationships between subjective sleep outcomes and 
spontaneous thoughts when controlling for trait negative affect. To do so, we ran two sets of 8 hierarchical regression analyses, 
corresponding to the 8 spontaneous thought measures as dependent variables. Age, gender and negative affect were controlled in step 
1. The first set of hierarchical regressions analyses included the subjective measures of sleep quality, daytime sleepiness, chronotype 
and social jetlag in step 2 (Table 3). The second set of hierarchical regressions analyses included the same measures, except for the 
measure of sleep quality being replaced by the measure of insomnia symptoms (Table 4). We did not include sleep quality and insomnia 
symptoms in the same regression analysis due to their multicollinearity (VIF = 2.7).2 

3.3.1. Subjective sleep quality, daytime sleepiness, chronotype and social jetlag predicting each measure of spontaneous thought 
Table 3 shows that the sleep measures included in step 2 added around 10% of variance to the model of mind wandering (MWQ) 

and to the model of poor attentional control daydreaming (AT-DD, ΔR2 = 0.12; ΔR2 = 0.11, respectively), reaching significant models 
that explained around 40% of the variance in the tendency for experiencing mind wandering (final R2 = 0.41) and the tendency for 
experiencing poor attentional control daydreaming (final R2 = 0.42). The sleep measures included in step 2 also added a significant 
(but minor) amount of variance to the models of daydreaming (DDFS), deliberative mind wandering (MW-D), spontaneous mind 
wandering (MW-S), involuntary mental time travel (IAMI), and positive constructive daydreaming (PO-DD) (ΔR2s range = 0.04 −
0.06). The exception to this pattern was guilt-fear of failure daydreaming (GF-DD), where sleep measures did not explain a significant 
amount of variance that was not already explained by age and trait negative affect. 

Concerning individual predictors, self-reported poorer sleep quality (higher scores in PSQI) consistently predicted a higher ten-
dency to engage in almost all spontaneous thoughts even when controlling for age, gender and trait negative affect. The exceptions 
were the clearly emotionally valenced daydreaming measures: Guilt-fear of failure daydreaming and positive constructive day-
dreaming that were not predicted by sleep quality. More self-reported daytime sleepiness predicted a higher tendency to engage in 
mind wandering, daydreaming and involuntary mental time travel even after controlling for age, gender and trait negative affect. 
Daytime sleepiness also revealed a unique relationship with positive constructive daydreaming, where more daytime sleepiness 
predicted higher tendencies for positive constructive daydreams. Chronotype and social jetlag did not explain a significant amount of 
variance in any of the spontaneous thought measures that was not already explained by sleep quality, daytime sleepiness, negative 
affect, age and gender. 

3.3.2. Subjective insomnia symptoms, daytime sleepiness, chronotype and social jetlag predicting each measure of spontaneous thought 
The analyses in which measures of insomnia replaced measures of sleep quality showed largely similar results (Table 4) regarding 

how much variance the sleep measures included in step 2 added to the models of mind wandering (MWQ, ΔR2 = 0.09; final R2 = 0.39) 
and poor attentional control daydreaming (AT-DD, ΔR2 = 0.09; final R2 = 0.40). The sleep measures also added a significant (but 
lower) amount of variance to the models of daydreaming (DDFS), involuntary mental time travel (IAMI), and positive constructive 
daydreaming (PO-DD) (ΔR2s range = 0.04 - 0.06). Consistent with the previous set of analyses including the PSQI (Table 3), the sleep 
measures did not explain a significant amount of variance in the tendency to engage in guilt-fear of failure daydreaming that was not 
already explained by age and trait negative affect. Unlike the previous set of analyses, the sleep measures did not explain a significant 
amount of variance in the tendency to engage in deliberative mind wandering (MW-D) and spontaneous mind wandering (MW-S) that 
was not already explained by age and trait negative affect. 

2 Note that when running an additional set of 8 hierarchical regression analyses adding the PSQI and the ISI simultaneously in step 2, the PSQI 
remained a significant predictor of 6 spontaneous thoughts. In response to requests from an anonymous reviewer, we conducted a series of extra 
exploratory analyses in which a composite scale of the PSQI and the ISI was correlated with the other measures and added as predictor in step 2 of an 
extra set of 8 hierarchical regressions, see Supplementary Material (Tables S2 and S3). 
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Table 3 
Hierarchical regressions of sleep outcomes (except ISI) on each spontaneous thought.   

MWQ DDFS MW-D MW-S IAMI AT-DD GF-DD PO-DD 

B 
(SE) 

β B 
(SE) 

β B 
(SE) 

β B 
(SE) 

β B 
(SE) 

β B 
(SE) 

β B 
(SE) 

β B 
(SE) 

β 

Step 1 
Constant 8.48 

(1.6)  
26.35 
(3.37)  

19.31 
(2.27)  

11.69 
(1.90)  

21.02 
(5.58)  

33.73 
(3.54)  

26.68 
(3.13)  

59.58 
(3.43)  

Age − 0.09 
(0.03)  

− 0.19** − 0.15 
(0.05)  

− 0.17** − 0.15 
(0.04)  

− 0.27*** − 0.12 
(0.03)  

− 0.23*** − 0.04 
(0.09)  

− 0.03 − 0.25 
(0.06)  

− 0.25*** − 0.15 
(0.05)  

− 0.17** − 0.19 
(0.06)  

− 0.23*** 

Gendera 2.09 
(0.61)  

0.20*** 0.14 
(1.29)  

0.01 0.57 
(0.87)  

0.04 1.22 
(0.73)  

0.10 − 0.88 
(2.13)  

− 0.03 3.06 
(1.35)  

0.13* − 1.52 
(1.20)  

− 0.07 − 0.87 
(1.31)  

− 0.04 

NA 0.35 
(0.05)  

0.42*** 0.62 
(0.10)  

0.38*** 0.09 
(0.07)  

0.09 0.32 
(0.06)  

0.34*** 1.02 
(0.17)  

0.38*** 0.81 
(0.11)  

0.43*** 0.77 
(0.10)  

0.47*** − 0.12 
(0.10)  

− 0.08  

R2 0.29  0.19  0.09  0.21  0.15  0.31  0.28  0.06  
ΔR2 0.29***  0.19***  0.09***  0.21***  0.15***  0.31***  0.28***  0.06**   

Step 2 
Constant 7.91 

(2.57)  
22.53 
(5.70)  

15.65 
(3.89)  

8.24 
(3.27)  

7.16 
(9.53)  

34.21 
(5.71)  

20.78 
(5.43)  

54.41 
(5.85)  

Age − 0.07 
(0.03)  

− 0.15** − 0.12 
(0.06)  

− 0.14* − 0.16 
(0.04)  

− 0.28*** − 0.11 
(0.03)  

− 0.22*** − 0.04 
(0.09)  

− 0.02 − 0.22 
(0.06)  

− 0.22*** − 0.12 
(0.05)  

− 0.14* − 0.19 
(0.06)  

− 0.23*** 

Gendera 1.70 
(0.57)  

0.16** − 0.32 
(1.26)  

− 0.02 0.21 
(0.86)  

0.02 0.97 
(0.72)  

0.08 − 1.65 
(2.10)  

− 0.05 2.17 
(1.26)  

0.09 − 1.74 
(1.20)  

− 0.08 − 0.93 
(1.29)  

− 0.05 

NA 0.20 
(0.05)  

0.24*** 0.40 
(0.11)  

0.24*** − 0.01 
(0.08)  

− 0.01 0.23 
(0.06)  

0.24*** 0.74 
(0.19)  

0.28*** 0.50 
(0.11)  

0.26*** 0.67 
(0.11)  

0.41*** − 0.23 
(0.12)  

− 0.15* 

PSQI 0.44 
(0.08)  

0.32*** 0.48 
(0.18)  

0.17* 0.35 
(0.13)  

0.20** 0.26 
(0.11)  

0.17* 0.75 
(0.31)  

0.17* 1.00 
(0.18)  

0.32*** 0.25 
(0.18)  

0.09 − 0.05 
(0.19)  

− 0.02 

ESS 0.17 
(0.08)  

0.12* 0.47 
(0.18)  

0.17** 0.22 
(0.12)  

0.12 0.17 
(0.10)  

0.11 0.67 
(0.30)  

0.15* 0.25 
(0.18)  

0.08 0.19 
(0.17)  

0.07 0.68 
(0.18)  

0.26*** 

MEQ − 0.02 
(0.03)  

− 0.05 0.00 
(0.07)  

0.00 0.05 
(0.05)  

0.08 0.03 
(0.04)  

0.06 0.16 
(0.12)  

0.10 − 0.06 
(0.07)  

− 0.06 0.05 
(0.07)  

0.05 0.06 
(0.07)  

0.06 

SJL 0.35 
(0.28)  

0.08 0.75 
(0.63)  

0.08 − 0.12 
(0.43)  

− 0.02 0.31 
(0.36)  

0.06 0.86 
(1.05)  

0.06 0.42 
(0.63)  

0.04 1.00 
(0.60)  

0.11 0.02 
(0.65)  

0.00  

R2 0.41  0.25  0.14  0.25  0.20  0.42  0.30  0.12  
ΔR2 0.12***  0.06**  0.05*  0.04*  0.05**  0.11***  0.02  0.06**  

Note: N = 223; PSQI: Pittsburgh Sleep Quality Index; ISI: insomnia severity index; EES: Epworth Sleepiness Scale; MEQ: Morningness-Evening Questionnaire; SJL: Social jetlag; MWQ: Mind Wandering 
Questionnaire; DDFS: Daydreaming Frequency Scale; MWD: Mind Wandering-Deliberate; MWS: Mind wandering Spontaneous; IAMI: Involuntary autobiographical Memories Inventory; AT-DD: Poor 
Attentional control daydreaming; GF-DD: Guilt and Fear of Failure daydreaming; PO-DD: Positive-Constructive daydreaming; NA: Negative Affect. 

a Men = 1; Women = 2; transgender (N = 2) was excluded from the analyses. 
* p ≤ 0.05. 
** p ≤ 0.01. 
*** p ≤ 0.001. 
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Table 4 
Hierarchical regressions of sleep outcomes (except PSQI) on each spontaneous thought.   

MWQ DDFS MW-D MW-S IAMI AT-DD GF-DD PO-DD 

B 
(SE) 

β B 
(SE) 

β B 
(SE) 

β B 
(SE) 

β B 
(SE) 

β B 
(SE) 

β B 
(SE) 

β B 
(SE) 

β 

Step 1 
Constant 8.44 

(1.58)  
26.85 
(3.31)  

19.47 
(2.26)  

11.81 
(1.89)  

20.94 
(5.46)  

34.19 
(3.47)  

26.36 
(3.09)  

59.55 
(3.39)  

Age − 0.09 
(0.03)  

− 0.19*** − 0.16 
(0.05)  

− 0.18** − 0.15 
(0.04)  

− 0.27*** − 0.12 
(0.03)  

− 0.23*** − 0.04 
(0.09)  

− 0.03 − 0.26 
(0.06)  

− 0.25*** − 0.14 
(0.05)  

− 0.16** − 0.19 
(0.06)  

− 0.22*** 

Gendera 2.06 
(0.60)  

0.19*** 0.06 
(1.25)  

0.00 0.44 
(0.85)  

0.03 1.09 
(0.71)  

0.09 − 0.98 
(2.06)  

− 0.03 2.82 
(1.31)  

0.12* − 1.53 
(1.17)  

− 0.07 − 0.96 
(1.28)  

− 0.05 

NA 0.36 
(0.05)  

0.42*** 0.62 
(0.10)  

0.37*** 0.10 
(0.07)  

0.09 0.33 
(0.06)  

0.35*** 1.04 
(0.17)  

0.39*** 0.82 
(0.11)  

0.44*** 0.78 
(0.09)  

0.48*** − 0.11 
(0.10)  

− 0.07  

R2 0.30  0.19  0.09  0.21  0.15  0.31  0.28  0.05  
ΔR2 0.30***  0.19***  0.09***  0.21***  0.15***  0.31***  0.28***  0.05**   

Step 2 
Constant 9.15 

(2.55)  
24.38 
(5.57)  

16.70 
(3.86)  

9.24 
(3.21)  

10.34 
(9.26)  

37.87 
(5.60)  

21.88 
(5.28)  

54.40 
(5.67)  

Age − 0.07 
(0.03)  

− 0.15** − 0.13 
(0.06)  

− 0.15* − 0.16 
(0.04)  

− 0.28*** − 0.11 
(0.03)  

− 0.22*** − 0.04 
(0.09)  

− 0.02 − 0.23 
(0.06)  

− 0.23*** − 0.12 
(0.05)  

− 0.13* − 0.19 
(0.06)  

− 0.22*** 

Gendera 1.66 
(0.57)  

0.16** − 0.20 
(1.24)  

− 0.01 0.26 
(0.86)  

0.02 0.89 
(0.72)  

0.07 − 1.60 
(2.07)  

− 0.05 1.91 
(1.25)  

0.08 − 1.76 
(1.18)  

− 0.09 − 0.91 
(1.26)  

− 0.05 

NA 0.20 
(0.05)  

0.23*** 0.43 
(0.12)  

0.26*** 0.03 
(0.08)  

0.03 0.25 
(0.07)  

0.26*** 0.79 
(0.19)  

0.30*** 0.46 
(0.12)  

0.25*** 0.67 
(0.11)  

0.41*** − 0.19 
(0.12)  

− 0.12 

ISI 0.29 
(0.06)  

0.28*** 0.17 
(0.14)  

0.08 0.10 
(0.10)  

0.08 0.13 
(0.08)  

0.11 0.37 
(0.23)  

0.11 0.66 
(0.14)  

0.29*** 0.16 
(0.13)  

0.08 − 0.10 
(0.14)  

− 0.05 

ESS 0.15 
(0.08)  

0.10 0.50 
(0.18)  

0.18** 0.24 
(0.12)  

0.13 0.17 
(0.10)  

0.11 0.64 
(0.29)  

0.14* 0.26 
(0.18)  

0.08 0.17 
(0.17)  

0.06 0.68 
(0.18)  

0.26*** 

MEQ − 0.03 
(0.03)  

− 0.06 − 0.01 
(0.07)  

− 0.01 0.04 
(0.05)  

0.07 0.03 
(0.04)  

0.05 0.13 
(0.12)  

0.08 − 0.08 
(0.07)  

− 0.07 0.04 
(0.07)  

0.04 0.05 
(0.07)  

0.05 

SJL 0.38 
(0.29)  

0.08 0.76 
(0.63)  

0.09 − 0.09 
(0.43)  

− 0.02 0.32 
(0.36)  

0.06 0.87 
(1.04)  

0.06 0.43 
(0.63)  

0.04 1.01 
(0.59)  

0.11 0.01 
(0.64)  

0.00  

R2 0.39  0.24  0.11  0.24  0.19  0.40  0.30  0.11  
ΔR2 0.09***  0.05**  0.03  0.03  0.04*  0.09***  0.02  0.06**  

Note: N = 231; PSQI: Pittsburgh Sleep Quality Index; ISI: insomnia severity index; EES: Epworth Sleepiness Scale; MEQ: Morningness-Evening Questionnaire; SJL: Social jetlag; MWQ: Mind Wandering 
Questionnaire; DDFS: Daydreaming Frequency Scale; MWD: Mind Wandering-Deliberate; MWS: Mind wandering Spontaneous; IAMI: Involuntary autobiographical Memories Inventory; AT-DD: Poor 
Attentional control daydreaming; GF-DD: Guilt and Fear of Failure daydreaming; PO-DD: Positive-Constructive daydreaming; NA: Negative Affect. 

a Men = 1; Women = 2; transgender (N = 2) was excluded from the analyses. 
* p ≤ 0.05. 
** p ≤ 0.01. 
*** p ≤ 0.001. 
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With respect to individual predictors, contrary to sleep quality, more self-reported insomnia symptoms (higher ISI scores) predicted 
a higher tendency to engage in only two types of spontaneous thoughts: mind wandering as measured by the MWQ and poor atten-
tional control daydreaming, after controlling for age, gender and trait negative affect. Self-reported daytime sleepiness, chronotype 
and social jetlag showed the same results as in Table 3. 

To sum up, the regression analyses indicated that self-reported disturbed sleep predicted higher tendencies for experiencing 
disruptive and, specially, poor attention-related mind wandering and daydreaming, even when controlling for trait negative affect, age 
and gender. The clear exceptions were positive constructive daydreaming, which was only predicted by more daytime sleepiness; and 
guilt-fear of failure daydreaming, which was not predicted by any sleep measure, when controlling for trait negative affectivity. 
Additionally, sleep quality appeared to be the sleep measure with the most robust relationships with disruptive spontaneous thoughts 
after controlling for age, gender and negative affect. 

4. Discussion 

We examined associations between different self-reported aspects of sleep, a variety of spontaneous thoughts tendencies and trait 
affect in a comprehensive survey study. The findings generally agreed with our predictions. First, subjective measures of disturbed 
sleep were consistently associated with higher tendencies to engage in disruptive spontaneous thoughts, but not positive constructive 
daydreaming. Second, subjective measures of disturbed sleep were associated with higher tendencies toward negative affect and lower 
tendencies to positive affect. Third, higher tendencies to engage in disruptive spontaneous thoughts were related to higher trait 
negative affect, whereas a tendency toward positive constructive daydreaming was related only to more positive affect. Fourth, 
subjective measures of disturbed sleep were significant predictors of disruptive, and, especially, poor attention-related spontaneous 
thoughts, above and beyond negative affect tendencies, age and gender. The emotionally valenced daydreaming styles showed 
different patterns: a tendency toward positive constructive daydreaming was predicted only by subjective daytime sleepiness. A 
tendency toward guilt-fear of failure daydreaming was not predicted by any of the subjective sleep measures, but it was predicted by 
higher negative affect tendencies. 

The study adds to the literature by showing that the relationship between self-reported disturbed sleep and the tendency to engage 
in disruptive spontaneous thoughts is not driven solely by negative affect. Self-reported sleep quality, daytime sleepiness, and insomnia 
symptoms predicted a tendency to engage in various forms of spontaneous thoughts, beyond negative affect tendencies, age and 
gender. This suggests other mechanisms behind the relationship between subjective sleep and spontaneous thought tendencies, besides 
shared associations with negative affect. First, self-reported poor sleep quality (Nebes, Buysse, Halligan, Houck, & Monk, 2009), 
insomnia (Liu et al., 2014) and daytime sleepiness (Anderson, Storfer-Isser, Taylor, Rosen, & Redline, 2009) have been related to 
reduced executive cognitive control. Impaired executive control in people suffering from disturbed sleep could reduce their ability to 
prevent the mind from wandering. This is consistent with the executive-failure account of mind wandering, which proposes that mind 
wandering episodes occur due to failures in the executive control system (McVay & Kane, 2010). Second, poor sleep quality, insomnia 
symptoms and daytime sleepiness have been associated with disrupted connectivity of the resting state, default mode network (DMN, 
Killgore et al., 2015; Nie et al., 2015; Tashjian, Goldenberg, Monti, & Galván, 2018). Poor sleep has also been associated with altered 
connectivity of attentional networks (Tomasi et al., 2009). Speculatively, both changes may be associated with an increased tendency 
to engage in mind wandering (e.g., Christoff, Gordon, Smallwood, Smith, & Schooler, 2009; Poerio et al., 2017; Van Calster, D’Ar-
gembeau, Salmon, Peters, & Majerus, 2017). Third, poor sleep quality increases sleep pressure (i.e. the increasing need for sleep per 
time awake) and this, in turn, increases the occurrence of local sleep-like activity in specific brain areas and networks involved in 
specific tasks (Cajochen, Brunner, Krauchi, Graw, & Wirz-Justice, 1995; Muto et al., 2016). Local sleep-like activity in task-specific 
brain areas has been proposed as a neurophysiological marker of mind wandering experiences (Andrillon et al., 2019; Jubera- 
Garcia, Gevers, & Van Opstal, 2021). Another speculative possibility is that an increase in the tendency for experiencing sponta-
neous thoughts may be a compensatory or restorative response to a lack of good sleep, equivalent to REM-sleep compensation 
(Carciofo et al., 2014b; Scullin & Gao, 2018). Finally, pressing current concerns, such as financial or social problems or recent stressful 
events, may influence sleep quality and/or cause insomnia (Van Laethem et al., 2015) and at the same time increase the tendency to 
engage in spontaneous thought when being awake (Klinger, 2009). Further research is needed to clarify whether and how these 
mechanisms interact with one another to regulate the tendency for experiencing spontaneous thoughts. 

The tendency to engage in positive constructive daydreaming was not associated with, nor predicted by, any of the disturbed sleep 
measures, except for daytime sleepiness. This is consistent with previous research that failed to find an association between sleep 
quality and problem-solving daydreaming (Carciofo et al., 2014b; Denis & Poerio, 2017); between insomnia and positive constructive 
daydreaming (Starker & Hasenfeld, 1976; Starker, 1985) and between a tendency towards eveningness and problem-solving day-
dreaming (Carciofo et al., 2014b). These findings agree with the view that positive constructive daydreaming is a distinct form of 
spontaneous thought. It may serve as a source of problem solving, future planning, creativity and fantasy (Antrobus et al., 1966; Huba 
et al., 1977; Singer, 1966), as well as being related to compassion, simulating another person’s perspective and deriving meaning from 

A.L. Cárdenas-Egúsquiza and D. Berntsen                                                                                                                                                                        



Consciousness and Cognition 105 (2022) 103401

12

events and experiences (Immordino-Yang, Christodoulou, & Singh, 2012). Therefore, and as suggested by Cárdenas-Egúsquiza and 
Berntsen (2022), positive constructive daydreaming may differ from disruptive spontaneous thoughts by at least two specific features. 
First, people who report higher tendencies to engage in positive constructive daydreaming also report higher tendencies toward 
positive affect, showing that this type of spontaneous thought is related to positively valenced emotions (Carciofo et al., 2014b), 
whereas most other forms of spontaneous thought are associated with negative affectivity (e.g., Killingsworth & Gilbert, 2010). 
Second, positive constructive daydreams may more often be initiated intentionally (Seli, Risko, & Smilek, 2016; Seli et al., 2017). 
People may frequently engage in positive daydreaming, such as planning an activity or solving a problem, in a deliberative fashion, 
which would then require executive functions to decouple from a current task or activity in order to sustain the daydream (Smallwood, 
2013; Smallwood & Schooler, 2006). 

In this line, one would expect people reporting disturbed sleep to show lower tendencies to engage in positive constructive day-
dreaming, due to reduced executive functioning. This is consistent with Carciofo et al. (2014b) who found more subjective daytime 
sleepiness related to less problem solving daydreaming. In the present study, however, we unexpectedly found more daytime sleep-
iness to be associated with higher tendencies to engage in positive constructive daydreaming. This discrepancy may reflect that the 
measure used in the present study assessed a broader concept of positive constructive daydreaming (i.e. fantasy, imagination, vivid 
imagery; McMillan et al., 2013) than problem solving and future planning as examined by Carciofo et al. (2014b). 

The raw correlations showed consistent associations between self-reported measures of disturbed sleep and tendencies to engage in 
guilt-fear of failure daydreaming. However, disturbed sleep measures did not predict guilt-fear of failure daydreaming when con-
trolling for negative affect tendencies in the regression analyses. This suggests that the association between self-reported insomnia 
symptoms and guilt-fear of failure daydreaming found in previous research (Starker, 1985; Starker & Hasenfeld, 1976) might have 
been driven by negative affectivity and not by insomnia symptomatology itself. This would be consistent with the maladaptive and 
negatively valenced nature of the guilt and fear-of-failure daydreaming style, which involves depressing, frightening and panicking 
daydreams related to fearing and failing responsibilities, failing loved ones, aggressing others and lying (Antrobus et al., 1966; Huba 
et al., 1977; McMillan et al., 2013; Singer, 1966). 

Finally, younger age appeared to be a robust predictor of higher tendencies to engage in all the spontaneous thoughts measured in 
this study, except for involuntary mental time travel. This supports prior observations of decreased prevalence of mind wandering and 
daydreaming in older adults (Berntsen et al., 2015), and a less clear age-related decline for involuntary remembering (Berntsen, 
Rasmussen, Miles, Nielsen, & Ramsgaard, 2017; Maillet & Schacter, 2016). 

The present study holds limitations. First, the cross-sectional and self-report nature of our data prevents reasoning about causality 
as well as generalizability to experimental studies. Here we used subjective measures of sleep, spontaneous thoughts and affectivity. 
We acknowledge that trait and state-level measures capture different aspects of the same phenomenon. However, we note that our 
results agree with previous survey and experimental studies measuring both trait and state-level sleep and spontaneous cognition 
(Cárdenas-Egúsquiza & Berntsen, 2022). Nonetheless, a bidirectional relationship in which the tendency to engage in spontaneous 
thoughts predicts the quality and duration of sleep is a possibility that should be further explored (Marcusson-Clavertz et al., 2019). 
Second, the influence of sleep duration (considered an aspect of sleep quality, Buysse et al., 1989; Kline, 2013) on the frequency of 
spontaneous thoughts was not examined in depth in the present study (but see the Supplementary Material Table S1 on correlations 
with sleep duration) and previous research has revealed inconsistent results (Robison et al., 2020; Walker & Trick, 2018). Third, we 
only applied the widely used PANAS to assess trait negative affectivity and its relation to spontaneous thoughts and sleep outcomes. 
However, other measures strongly related to negative affect, such as trait neuroticism, have been associated with more mind wan-
dering, poorer sleep quality and a tendency towards eveningness (Carciofo, 2020; Carciofo & Jiang, 2021; Carciofo, Yang, Song, Du, & 
Zhang, 2016). Lastly, we acknowledge that the data were collected in November 2020, when lockdown restrictions to reduce the 
spread of the Covid-19 virus were still in place in several states in the United States of America, which may have influenced the findings 
(Leone, Sigman, & Golombek, 2020; Simor et al., 2021). However, most of our results are consistent with previous research performed 
before the Covid-19 pandemic, suggesting that the relationships between subjective sleep outcomes and the tendency to engage in 
spontaneous thoughts are not contextual and seem to remain even during unusual situations. 

5. Conclusion 

The present study showed that self-reported disturbed sleep predicts the tendency to engage in a wide range of spontaneous waking 
thought, independent of trait negative affectivity, age and gender. Possible underlying mechanisms include changes in the executive 
control functioning and local-sleep activity as well as pressing current concerns that may affect both sleep and the tendency to engage 
in spontaneous cognition during waking life. Noteworthy exceptions from this general pattern were positive constructive day-
dreaming, which was associated only with self-reported daytime sleepiness, and guilt-fear of failure daydreaming, which was predicted 
solely by trait negative affect. Overall, the findings underscore the heterogeneity of the spontaneous cognition and provide evidence 
that sleep (quality, disturbances and timing) is intimately related to the tendency to mind wander, daydream and experience invol-
untary memories. 
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Simor, P., Polner, B., Báthori, N., Sifuentes-Ortega, R., Van Roy, A., Albajara Sáenz, A., et al. (2021). Home confinement during the COVID-19: Day-to-day associations 

of sleep quality with rumination, psychotic-like experiences, and somatic symptoms. Sleep, 44(7), zsab029. 
Singer, J. L. (1966). Daydreaming: An introduction to the experimental study of inner experience. Crown Publishing Group/Random House.  
Singer, J. L. (1974). Daydreaming and the Stream of Thought: Daydreams have usually been associated with idleness and inattentiveness. Now, however, through an 

empirical research program, their general function and adaptive possibilities are being elucidated. American Scientist, 62(4), 417–425. 
Singer, J. L., & Antrobus, J. S. (1970). Imaginal processes inventory: ETS m 1977. 
Smallwood, J. (2013). Distinguishing how from why the mind wanders: A process–occurrence framework for self-generated mental activity. Psychological Bulletin, 139 

(3), 519. 
Smallwood, J., O’Connor, R. C., Sudbery, M. V., & Obonsawin, M. (2007). Mindwandering and dysphoria. Cognition Emotion, 21(4), 816–842. 
Smallwood, J., & Schooler, J. W. (2006). The restless mind. Psychological Bulletin, 132(6), 946. 
Smith, S., Rossdale, J., Serry, Y., Sekaran, A., Drakatos, P., & Steier, J. (2018). Multiple dimensions of excessive daytime sleepiness. Journal of Thoracic Disease, 10 

(Suppl 1), S170. 
Starker, S. (1985). Daydreams, Nightmares, and insomnia: The relation of waking fantasy to sleep disturbances. Imagination, Cognition and Personality, 4(3), 237–248. 
Starker, S., & Hasenfeld, R. (1976). Daydream styles and sleep disturbance. The Journal of Nervous and Mental Disease, l63(6), 391–400. https://doi.org/10.1097/ 

00005053-197612000-00002 
Stawarczyk, D., & D’Argembeau, A. (2016). Conjoint influence of mind-wandering and sleepiness on task performance. Journal of Experimental Psychology: Human 

Perception and Performance, 42(10), 1587–1600. https://doi.org/10.1037/xhp0000254 
Stawarczyk, D., François, C., Wertz, J., & D’Argembeau, A. (2020). Drowsiness or mind-wandering? Fluctuations in ocular parameters during attentional lapses. 

Biological Psychology, 156, 107950. 
Stringer, D. M. (2013). Negative Affect. In M. D. Gellman, & J. R. Turner (Eds.), Encyclopedia of Behavioral Medicine. New York, NY: Springer. https://doi.org/10.1007/ 

978-1-4419-1005-9_606.  
Taillard, J., Philip, P., Chastang, J. F., & Bioulac, B. (2004). Validation of Horne and Ostberg morningness-eveningness questionnaire in a middle-aged population of 

French workers. Journal of Biological Rhythms, 19(1), 76–86. 
Tashjian, S. M., Goldenberg, D., Monti, M. M., & Galván, A. (2018). Sleep quality and adolescent default mode network connectivity. Social Cognitive and Affective 

Neuroscience, 13(3), 290–299. https://doi.org/10.1093/scan/nsy009 
Taylor, B. J., & Hasler, B. P. (2018). Chronotype and mental health: Recent advances. Current Psychiatry Reports, 20(8), 59. 
Tomasi, D., Wang, R. L., Telang, F., Boronikolas, V., Jayne, M. C., Wang, G. J., et al. (2009). Impairment of attentional networks after 1 night of sleep deprivation. 

Cerebral Cortex, 19(1), 233–240. 
Van Calster, L., D’Argembeau, A., Salmon, E., Peters, F., & Majerus, S. (2017). Fluctuations of attentional networks and default mode network during the resting state 

reflect variations in cognitive states: Evidence from a novel resting-state experience sampling method. Journal of Cognitive Neuroscience, 29(1), 95–113. 
Van Laethem, M., Beckers, D. G., Kompier, M. A., Kecklund, G., van den Bossche, S. N., & Geurts, S. A. (2015). Bidirectional relations between work-related stress, 

sleep quality and perseverative cognition. Journal of Psychosomatic Research, 79(5), 391–398. 
Walker, H. E. K., & Trick, L. M. (2018). Mind-wandering while driving: The impact of fatigue, task length, and sustained attention abilities. Transportation Research 

Part F: Traffic Psychology and Behaviour, 59, 81–97. https://doi.org/10.1016/j.trf.2018.08.009 
Wallace, M. L., Buysse, D. J., Redline, S., Stone, K. L., Ensrud, K., Leng, Y., et al. (2019). Multidimensional sleep and mortality in older adults: A machine-learning 

comparison with other risk factors. The Journals of Gerontology: Series A, 74(12), 1903–1909. 
Watson, D., Clark, L. A., & Tellegen, A. (1988). Development and validation of brief measures of positive and negative affect: The PANAS scales. Journal of Personality 

and Social Psychology, 54(6), 1063–1070. 
Wild, C. J., Nichols, E. S., Battista, M. E., Stojanoski, B., & Owen, A. M. (2018). Dissociable effects of self-reported daily sleep duration on high-level cognitive abilities. 

Sleep, 41(12), zsy182. 

A.L. Cárdenas-Egúsquiza and D. Berntsen                                                                                                                                                                        

https://doi.org/10.1016/j.neuropsychologia.2015.11.017
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0350
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0350
https://doi.org/10.1038/s41598-020-65739-x
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0360
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0360
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0365
https://doi.org/10.1037/a0018298
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0375
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0375
https://doi.org/10.1126/science.aad2993
https://doi.org/10.1093/geronb/gbn037
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0390
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0390
https://doi.org/10.1093/scan/nsx041
https://doi.org/10.1037/xge0000207
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0410
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0410
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0415
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0415
https://doi.org/10.1016/j.cognition.2019.104078
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0425
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0430
https://doi.org/10.1177/0956797616634068
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0440
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0440
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0450
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0450
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0455
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0455
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0465
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0465
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0470
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0475
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0475
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0490
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0490
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0495
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0500
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0510
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0510
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0520
https://doi.org/10.1097/00005053-197612000-00002
https://doi.org/10.1097/00005053-197612000-00002
https://doi.org/10.1037/xhp0000254
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0535
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0535
https://doi.org/10.1007/978-1-4419-1005-9_606
https://doi.org/10.1007/978-1-4419-1005-9_606
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0550
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0550
https://doi.org/10.1093/scan/nsy009
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0565
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0575
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0575
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0580
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0580
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0590
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0590
https://doi.org/10.1016/j.trf.2018.08.009
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0600
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0600
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0605
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0605
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0610
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0610


Consciousness and Cognition 105 (2022) 103401

16

Wittmann, M., Dinich, J., Merrow, M., & Roenneberg, T. (2006). Social jetlag: Misalignment of biological and social time. Chronobiology International, 23(1–2), 
497–509. 

Yu, L., Buysse, D. J., Germain, A., Moul, D. E., Stover, A., Dodds, N. E., et al. (2012). Development of short forms from the PROMIS™ sleep disturbance and sleep- 
related impairment item banks. Behavioral Sleep Medicine, 10(1), 6–24. 

Zhang, J., Ten Brink, M., Kreibig, S. D., Gilam, G., Goldin, P. R., Manber, R., et al. (2021). Individual differences in perceived sleep quality do not predict negative 
affect reactivity or regulation. Biological Psychology, 164, 108149. 

A.L. Cárdenas-Egúsquiza and D. Berntsen                                                                                                                                                                        

http://refhub.elsevier.com/S1053-8100(22)00133-7/h0615
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0615
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0620
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0620
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0625
http://refhub.elsevier.com/S1053-8100(22)00133-7/h0625

	Sleeping poorly is robustly associated with a tendency to engage in spontaneous waking thought
	1 Introduction
	1.1 Sleep and spontaneous thought
	1.2 Sleep and negative affect
	1.3 Spontaneous thoughts and negative affect
	1.4 Previous studies addressing sleep, negative affect and spontaneous thought
	1.5 The present study: Aims and hypotheses

	2 Methods
	2.1 Participants
	2.2 Materials
	2.3 Procedure
	2.4 Plan of analysis

	3 Results
	3.1 Relationship between subjective sleep outcomes and spontaneous thoughts
	3.2 Relationships between subjective sleep outcomes, spontaneous thoughts and trait affectivity
	3.3 The relationship between subjective sleep outcomes and spontaneous thoughts, controlling for trait negative affect
	3.3.1 Subjective sleep quality, daytime sleepiness, chronotype and social jetlag predicting each measure of spontaneous thought
	3.3.2 Subjective insomnia symptoms, daytime sleepiness, chronotype and social jetlag predicting each measure of spontaneous ...


	4 Discussion
	5 Conclusion
	Funding
	Data statement
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Appendix A Supplementary material
	References


