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Abstract 

Background and objectives: Cognitive bias to sleep-related information is thought to be a 

core feature of sleep disturbances. The bias may enhance pre-sleep arousal, such as excessive 

worry about sleeplessness, which prevents people from initiating normal sleep onset. The 

present study focused on (a) attention bias toward sleep-related stimuli and (b) difficulty in 

updating working memory for sleep-related stimuli as two possible mechanisms underlying 

pre-sleep cognitive arousal.  

Method: Participants (n = 61, a community sample) completed a dot-probe task (with 

sleep-related and matched control word stimuli) and a 1-back and 2-back task (with 

sleep-related and non-sleep-related pictorial stimuli).  

Results: For the dot-probe task, the results showed no significant association between 

pre-sleep cognitive arousal and sleep-related attention bias. However, the results of the 

2-back task suggest that pre-sleep arousal is associated with decreased interference by 

sleep-related stimuli in maintaining non-sleep-related information. That is, individuals with 

higher levels of pre-sleep arousal are more efficient at processing sleep-related materials.  

Limitations: The non-clinical nature of the sample may limit the clinical implications of the 

findings. 

Conclusions: Although the current results cannot be explained by the extant cognitive 

theories of insomnia, we offer an alternative explanation based on the idea of worry as mental 

habit: mental processes that occur frequently (e.g., repetitive thoughts about sleep) require 

less cognitive resource. Therefore, sleep-related information may be processed easily without 

consuming much cognitive effort. 

Keywords; sleep, arousal, worry, attention bias, working memory 
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1. Introduction 

Cognitive models of insomnia (Espie, Broomfield, MacMahon, Macphee, & Taylor, 2006; 

Harvey, 2002) have highlighted the role of excessive preoccupation with sleep in the 

development and maintenance of insomnia symptoms. Research has shown increased levels 

of worry and symptom-focused rumination (e.g., “If I cannot sleep well tonight, I will not be 

able to concentrate on my work tomorrow.”) in individuals with sleep disturbances, compared 

to good sleepers (Gross & Borkovec, 1982; Harvey, 2001; Thomsen, Mehlsen, Christensen & 

Zachariae, 2003; Carney, Edinger, Meyer, Lindman, & Istre, 2006). Such sleep- or 

insomnia-related cognition is particularly problematic when it occurs in pre-sleeping hours 

(e.g., Nicassio, Mendlowitz, Fussell, & Petras, 1985), because thinking about sleep(lessness) 

and the possible consequences of poor sleep, along with general problem-solving and 

personal issues (self-focusing), are significant predictors of increased sleep latency (Takano, 

Sakamoto, & Tanno, 2014; Wicklow & Espie, 2000) and nighttime physiological arousal 

(Takano, Ueno, & Tanno, 2014). 

As a possible mechanism underlying excessive worry about sleep, researchers have 

investigated attention bias toward sleep-related information in individuals with sleep 

disturbances and clinical levels of insomnia. Studies have suggested that these individuals’ 

attention is easily captured by and/or inefficiently disengaged from sleep-related stimuli (e.g., 

focusing on a clock to calculate how many hours they have slept; Woods, Marchetti, Biello, 

& Espie, 2009). One theory proposes that such attention bias could result in excessive 

monitoring of internal and external cues of sleep, which further triggers worry and rumination 

about sleeplessness and daytime dysfunctions (Harvey, 2002). Experimental studies have 

examined this sleep-related attention with various types of cognitive tasks, such as the 

dot-probe task, Posner task, and change blindness task (for a review, see Harris et al., 2015). 

Overall, the results support the presence of a sleep-related attentional bias in individuals with 
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sleep disturbances (e.g., Jansson-Fröjmark, Bermås, & Kjellén, 2012; Jones, Macphee, 

Broomfield, Jones, & Espie, 2005; Marchetti, Biello, Broomfield, MacMahon, & Espie, 

2006; MacMahon, Broomfield, & Espie, 2006; Woods et al., 2009).  

However, sleep-related attention bias seems to be a more fragile phenomenon than 

initially expected, as more recent studies have failed to replicate attention bias in insomnia 

and non-clinical poor sleepers (e.g., Spiegelhalder et al., 2010, 2016). Two 

attention-bias-modification studies also failed to detect attention bias using the dot-probe task 

(Clarke, et al., 2016; Lancee, Yasiney, Brendel, Boffo, Clarke, & Salemink, 2017). This is 

probably because “sleep-related stimuli” is a multi-faceted construct. Sleep-related stimuli 

were originally developed from an investigation of pre-sleep cognition (MacMahon et al., 

2006; Wicklow & Espie, 2000), which included both negatively valenced and emotionally 

neutral stimuli (e.g., tired, fatigue, dream, bed). Although even emotionally neutral 

sleep-related stimuli can be a target of selective attention (Harris et al., 2015), a recent Stroop 

study using “non-affective” sleep-related stimuli failed to detect significant differences 

between good and poor sleepers in response latency to sleep-related words (Barclay & Ellis, 

2013). This is a good strategy to control the effect of emotional valence, but the non-affective 

sleep-related stimuli do not cover “threatening signs” of insomnia (e.g., exhausted, aroused, 

restless). Thus, in the present study, we used the “original” set of sleep-related stimuli (e.g., 

MacMahon et al., 2006) with matched control stimuli in terms of valence and arousal in the 

dot-probe paradigm (one of the most widely used attention-bias tasks; cf. Bar-Haim, Lamy, 

Pergamin, Bakermans-Kranenburg, & van Ijzendoorn, 2007). This stimulus set covers both 

emotionally negative and neutral materials reflecting the contents of pre-sleep cognitions 

(Taylor, Espie, & White, 2003; Wicklow & Espie, 2000), which allowed us to determine 

whether attention is specifically biased to sleep-related threatening information or merely the 

negative features of those stimuli. 
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Although attention bias has been a target of many studies examining cognitive 

(dys)functions in sleep disturbances, other cognitive processes could also be relevant to 

pre-sleep worry and rumination. Given the persistent nature of insomnia-related cognition, 

difficulty in updating working memory (WM) is a candidate mechanism to explain the 

“stickiness” of sleep-related thinking. WM is a cognitive system that allows temporary 

storage and mental manipulation of information, which must balance two functions that are 

often in conflict with each other: maintenance and updating (Kessler & Oberauer, 2014; 

Rac-Lubashevsky & Kessler, 2016). The maintenance function refers to the limited storage 

capacity of WM, which keeps relevant information actively accessible. Moreover, it prevents 

the interference from irrelevant internal (e.g., long-term memory) and external (e.g., 

perceptual) input. The updating function refers to the ability to rapidly manipulate 

information held in WM when required, by adding new, relevant information and/or 

discarding information that is no longer relevant (Ecker, Oberauer, & Lewandowsky, 2014; 

Ecker, Lewandowsky, & Oberaurer, 2014).  

Maintenance and updating are two conflicting demands, as they are indicators of 

stability versus flexibility, respectively. Computational models propose that there is a 

dynamic and selective input-gating mechanism that regulates the switching between these 

two functions (e.g., Frank, Loughry, & O’Reilly, 2001; O’Reilly, 2006). When the gate is 

open, available information can enter WM, thereby allowing rapid updating. When the gate is 

closed, the current information in WM is maintained, while irrelevant information is 

prevented from entering. Evidence from previous research shows that switching between the 

WM functions of maintenance and updating, and therefore opening or closing the gate, 

results in an increased response time, or “switch cost” (Kessler & Oberauer, 2014, 2015).  

Specific biases and impairments in WM updating have been observed in individuals 

with depression and anxiety, which are also characterized by persistent cognition such as 
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rumination and worry (e.g., Joormann & Gotlib, 2008; Segal, Kessler, & Anholt, 2015; 

Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008). Experimental studies using emotional 

n-back tasks, which measure the ability to maintain and update emotional information (e.g., 

happy and sad faces), have suggested that depressed individuals tend to be slower to 

disengage from sad stimuli and faster to disengage from happy stimuli in comparison to 

healthy controls (Levens & Gotlib, 2010). Moreover, those individuals seem to have greater 

difficulty in removing irrelevant, negative information from WM and this interference is also 

associated with depressive rumination (Joormann & Gotlib, 2008). Other studies suggest that 

rumination and worry are associated with general deficits in WM updating that are not 

limited to emotional processing (e.g., Meiran, Diamond, Toder, & Nemets, 2017; Gustavson 

& Miyake, 2016). Given the potential role of persistent cognition in sleep disturbances (Espie 

et al., 2006; Harvey, 2002), it can be hypothesized that pre-sleep worry would be associated 

with an inability to maintain and update WM particularly for sleep-related information. 

In summary, the present study tests the associations between pre-sleep worry and (a) 

attention bias to sleep-related stimuli, as measured by the dot-probe task, and (b) difficulty 

updating WM for sleep-related information, as measured by the n-back tasks. For attention 

bias, we had two (mutually exclusive) hypotheses. If people with higher levels of pre-sleep 

arousal show a greater attention bias to sleep-related stimuli, we could conclude that 

sleep-specific attention bias is independent of general emotional factors. However, if 

sleep-related attention bias is contaminated by emotional factors (and the bias can be 

attributed to vigilance to negatively valenced stimuli), the dot-probe performance should not 

correlate with pre-sleep arousal as our sleep-related and control stimuli are matched in 

valence and arousal. The second hypothesis was that individuals with higher (vs. lower) 

levels of pre-sleep arousal would significantly differ in their performances on the n-back 

(1-back and 2-back) tasks. In these tasks, participants are required to maintain and update 
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WM in response to sequential presentation of sleep-related and non-sleep-related pictorial 

stimuli. Participants were asked to indicate whether the type (sleep-related or 

non-sleep-related) of stimulus of the current trial was the same as, or different than, that of 

the n-back trial. For the 1-back task, we predicted that individuals with higher levels of 

pre-sleep worry would show greater difficulty in removing sleep-related information from 

their WM. This persistency would be reflected in longer response times and lower accuracy 

for trials where participants had to switch from a sleep-related (n-1th trial) to a control 

stimulus (n-th trial; i.e., switch cost). For the 2-back task, we predicted that individuals with 

higher levels of pre-sleep worry would show greater interference from a sleep-related 

stimulus on the n-1th trial (reflected in longer response times and lower accuracy) when 

maintaining control stimuli between the n-2 and n-th trial. 

2. Method 

2.1. Participants 

Sixty-one participants (50 women and 11 men; mean age = 22.2, SD = 3.6 years) 

were recruited from a large sample pool of a university, which covers its students and 

community living in the city and surrounds. There was no requirement for participation 

except that participants had to be fluent in Dutch. For their participation, participants received 

monetary compensation, either 10 or 20 euros, depending on their performance on a 

decision-making task (see also section 2.5 Procedure).  

Although we did not have a good prior for an expected effect size of the n-back tasks, 

power analysis with G*power (Faul, Erdfelder, Lang, & Buchner, 2007) suggested that the 

required sample size was n = 26 - 59 to detect a correlation of 0.35 - 0.50 under alpha = 0.05 

and beta = 0.80. We assumed a moderate-to-large effect for the association between pre-sleep 

arousal and task performances (including the dot-probe and n-back tasks), because a recent 

review (Harris et al., 2015) suggested that the effect of the sleep-related attentional bias 
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ranges from moderate to large sizes (e.g., d = .74 for attention bias measured by the dot-probe 

task, Jansson-Fröjmark et al., 2012). 

2.2. Measures 

2.2.1. Pittsburgh Sleep Quality Index (PSQI; Buysse, Reynolds, Monk, Berman, 

& Kupfer, 1989). The PSQI was used to assess subjective sleep disturbances over the past 

month. The PSQI is a self-report questionnaire consisting of 19 items that are grouped 

together into seven component scores: subjective sleep quality, sleep onset latency, sleep 

duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and 

daytime dysfunction. Each score reflects experienced difficulty in that aspect of sleep, which 

is arranged to range from 0 (no difficulty) to 3 (severe difficulty). Summation of all 

component scores yields a global score. In the current study, the global score showed an 

acceptable level of internal consistency (α = .61). 

2.2.2. Pre-Sleep Arousal Scale (PSAS; Nicassio et al., 1985). The PSAS assesses 

perceived cognitive and somatic arousal prior to falling asleep. This scale consists of 16 items, 

of which 8 items measure somatic arousal (e.g., dry feeling in mouth or throat) and the other 

8 items measure cognitive arousal (e.g., worry about falling asleep). Participants indicate the 

extent to which they generally experience each item when trying to fall asleep on a 5-point 

scale (1 = not at all, 5 = extremely). In the current study, the PSAS had good internal 

consistency for both the cognitive (α = .77) and somatic arousal subscale (α = .84). 

2.3. Dot-probe task 

Attention bias to sleep-related stimuli was assessed using the dot-probe task. Each 

trial started with a fixation cross, displayed at the center of a computer screen for 500 ms. 

This fixation display was followed by a word pair, which appeared on the left and right side 

of the screen (i.e., 5° from the fixation to the center of the stimulus) for 500 ms (cf. Bar-Haim 

et al., 2007; however, see also Cooper & Langton, 2006). The word pairs were either a 
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combination of sleep-control or control-control words. The sleep words were adapted from 

previous studies (MacMahon, et al., 2006), for example bed, rest, and exhausted. The control 

words were selected from a large database of Dutch words (Moors et al., 2013) and were 

matched with the sleep words in length, valence, arousal, and frequency (see the Appendix). 

Immediately after the offset of the word stimuli, a target probe was presented in the place that 

one of the stimuli previously occupied. Participants were instructed to indicate the location of 

the probe by pressing the “1” (left) or “3” (right) key on a standard keyboard. After the 

participant’s response, a fixation cross was presented for 1000 ms. Participants performed 

four practice trials, followed by 160 main trials consisting of 40 congruent, 40 incongruent, 

and 80 neutral trials in a random order. In the congruent trials, the probe appeared on the 

same side of the sleep stimulus, whereas in the incongruent trials, the probe appeared on the 

opposite side of the sleep stimulus. In the neutral trials, only the control stimuli were 

presented on the screen. Attention bias score was calculated for each participant by 

subtracting the RT in the congruent trials from that in the incongruent trials.  

2.4. N-back tasks 

To measure the specific ability to update sleep-related information in WM, we 

designed a sleep-related n-back task, adapted from the emotional n-back tasks (Levens & 

Gotlib, 2010; Pe, Koval, & Kuppens, 2013). In a typical n-back task, participants are 

presented with a series of stimuli that are displayed sequentially on a computer screen. 

Participants are asked to indicate whether the stimulus of the current trial is the same as, or 

different than, that of the n-back trial. In the present study, we used sleep-related and 

non-sleep-related (i.e., garden-related) stimuli in the 1-back and 2-back paradigm (Figure 1). 

Both the 1-back and 2-back tasks consisted of 96 main trials, separated equally into four 

blocks (24 trials each). Before performing the main trials, participants practiced 24 trials that 

were not scored. On each trial, participants viewed a single image (either sleep-related or 
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garden-related) that was presented centrally for 500 ms, which was followed by a blank grey 

screen that lasted for 2500 ms. They were instructed that they would see pictures in a 

sequential manner, and that the stimuli were objects that are typically found in a bed room 

(sleep-related) or in a garden (garden-related). In the 1-back task, participants matched the 

type (“sleep” or “garden”) of stimuli between the current and 1-back trial by pressing the “1” 

key (“same”) and the “3” key (“different”). Similarly, in the 2-back task, they matched the 

stimulus type between the current and 2-back trial. Participants were told that they may “lose 

their place” in the sequence of trials and forget which image was presented in the preceding 

trial. They were instructed, if this occurred, to start over—to view the current image and then 

start responding again from the second image on (Levens & Gotlib, 2010). 

We made four sets of pictorial stimuli: two were sleep-related, and the other two were 

garden-related images, which were used across both 1-back and 2-back tasks. Each of the 

“sleep” sets contained 12 grayscale images of different objects that can typically be found in a 

bedroom or are related to pre-sleep activities (i.e., alarm clock, baby crib, bathrobe, bed, 

blanket, hot water bottle, lamp, pajamas, pillow, slippers, teddy bear, and toothbrush). Both 

sets covered the same 12 categories of sleep-related objects, but images in the same object 

category were not perceptually identical (e.g., two different alarm clocks). Most of the object 

categories were adapted from a previous study of Jones et al. (2005), which also used 

sleep-related objects that are highly representative of a sleep environment. 

Two sets of control (garden-related) stimuli were constructed using the same 

procedure of sleep-stimulus selection. A garden was assumed to be a “neutral” counterpart for 

a bedroom, as it is also a part of a house, but is not related to sleeping. Both sets of 

garden-related stimuli also covered 12 different object categories (i.e., animal, birdhouse, 

firewood, garden chair, gnome, child’s toy, leaf, plant, rain boots, tool, tree, and tree fruit). 

Similar to the sleep-related stimuli, two perceptually different images for each object 
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category were grouped into two different stimulus sets. In each block of the two n-back tasks 

(four blocks per task), we presented one set of sleep-related images and one set of 

garden-related images
1
 (i.e., 24 stimuli in total). 

In the 1-back task, there were four trial types in terms of the sequence of stimuli for 

n-1 and n-th trials: sleep-sleep, garden-garden, sleep-garden, and garden-sleep. The former 

two are “stay” trials, in which participants maintain the same stimulus type over the two 

consecutive trials; the latter two are “switch” trials, in which participants have to update their 

WM from a previous to a new stimulus type. It was expected that the “switch” trials would 

require a greater cost (increased RT and decreased accuracy) than the “stay” trials (Kessler & 

Oberauer, 2014, 2015). Thus, the differences in RT and accuracy (a) between the 

sleep-garden and sleep-sleep trials, and (b) between the garden-sleep and garden-garden trials 

reflect cognitive costs to update WM (a) from sleep to garden, and (b) from garden to sleep 

representations, respectively. To balance the frequency of all four trial types, the order of 

stimulus presentation was quasi-randomized. 

The 2-back task had eight possible trial sequences as combinations of sleep and 

garden stimuli for n-2, n-1, and n-th trials. We were specifically interested in the following 

four trial types: sleep-sleep-sleep, garden-garden-garden, sleep-garden-sleep, and 

garden-sleep-garden. In the former two “stay” trials, participants have to maintain a same 

(either sleep or garden) representation across the three consecutive trials. The latter two 

“interference” trials require participants to update WM in the n-1th trial. The “odd” stimulus 

in this in-between trial interferes with the maintenance of a same representation from n-2 to 

n-th trial. Thus, the differences in RT and accuracy between the sleep-sleep-sleep and 

sleep-garden-sleep trial reflect the extent to which a “garden” stimulus interferes with 

                                                   
1 Prior to the experiment, a small group of students (n = 7), who were blinded to the purpose 

of the experiment, sorted the stimuli into sleep-related vs. garden-related categories. All the 

students sorted each image into the intended category, which assures that our stimuli do not 

have any ambiguity in interpreting them as being sleep-related or garden-related. 
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maintaining a “sleep” representation, whereas the differences between garden-garden-garden 

and garden-sleep-garden trials specifically indicate the extent of interference by a “sleep” 

stimulus in “garden” processing. As with the 1-back task, all different trial types occurred at 

an almost equal frequency with a quasi-randomized presentation order. 

2.5. Procedure 

Participants were invited to the laboratory individually. Upon arrival, the procedure 

of the experiment was explained to them and they provided written informed consent. 

Subsequently, they received a bundle of questionnaires, including the PSQI and PSAS. After 

completing the questionnaires, participants performed three computer tasks: the dot-probe 

task, the n-back tasks, and the pay-per-view task. The present study was a part of a larger 

study concerning mental health and cognitive problems, which included other questionnaires 

and a cognitive task (i.e., the pay-per-view task) that are not reported here. Although the order 

of the three computer tasks was randomized across participants, the 1-back task was always 

performed before the 2-back task. Finally, participants were debriefed about the purpose of 

the experiment. All study protocols were approved by an institutional review board. 

3. Results 

Descriptive statistics and correlations of questionnaire measures are shown in Table 

1. There were 28 participants with clinically significant levels of sleep disturbances that 

exceeded the cut-off score (> 5 on the PSQI). In line with a previous study (Nicassio et al., 

1985), participants with higher levels of sleep disturbances (the PSQI scores) reported greater 

levels of pre-sleep arousal both on the somatic and cognitive subscales (Table 1). There were 

significant group differences between the high vs. low PSQI groups split by the cut-off, 

t(45.9) = 4.41 for cognitive arousal and t(32.5) = 5.09 for somatic arousal.  

3.1. Dot-probe task 

Premature responses (RT < 200 ms, 52 trials across all participants) were excluded 
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from statistical analyses. Participants made correct responses for more than 99 % of trials 

(Table 2). The attention bias score (i.e., difference in RT between the congruent vs. 

incongruent condition) was not significantly correlated with sleep measures, the PSQI, and 

PSAS (Table 3). These null correlations suggest that attention bias to sleep-related stimuli 

cannot be observed by the controlled stimulus set, where sleep-related and non-sleep-related 

words are matched in valence and arousal.  

3.2. N-back tasks 

Before performing specific statistical analyses, we eliminated premature responses 

(RT < 200 ms; 4 trials in the 1-back and 6 trials in the 2-back task across all participants). 

Furthermore, the data of 14 participants were excluded from analyses for the following 

reasons: responses of three participants were not recorded because of device malfunction, and 

the remaining 11 participants did not respond for the majority of trials (> 50%) in either the 

1-back (n = 2), 2-back (n = 6), or both tasks (n = 3). These participants typically used a 

specific response strategy (e.g., responding only once every three trials in the 2-back task), 

which was considered an unreliable measure of WM functions. 

The mean accuracy and RT are shown in Table 3. As preliminary analyses, we 

performed two-way ANOVAs on accuracy and RT of the 1-back task with stimulus type 

(“sleep” vs. “garden” at n-1th trial) and trial type (“switch” vs. “stay”) both as within-person 

factors. The ANOVA on accuracy revealed significant main effects of the stimulus type, 

F(1,46) = 19.28, p < .001, ηp
2
 = 0.30, and the trial type, F(1,46) = 6.69, p = .01, ηp

2
 = 0.13, 

but no significant interaction between the stimulus type and trial type, F(1,46) = 2.39, p = .13, 

ηp
2
 = 0.05. The ANOVA on RT showed a similar result pattern: significant main effects of the 

stimulus type, F(1,46) = 20.41, p < .001, ηp
2
 = 0.31, and the trial type, F(1,46) = 48.60, p 

< .001, ηp
2
 = 0.51, and a significant interaction between the stimulus type and trial type, 

F(1,46) = 17.17, p < .001, ηp
2
 = 0.27. This significant interaction was due to a greater 
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difference between garden-sleep vs. garden-garden trials, t(46) = 6.98, dz = 1.02, than that 

between sleep-garden vs. sleep-sleep trials, t(47) = 3.86, dz = 0.56. Overall these results 

suggest that (a) the “switch” trials are more difficult than the “stay” trials in term of accuracy 

and RT, and that (b) switching from garden to sleep takes longer than switching from sleep to 

garden. 

For the 2-back task, similar two-way ANOVAs were performed on accuracy and RT 

with the trial type (stay vs. interference) and stimulus type (sleep vs. garden, at n-2th trial) 

both as within-person factors. For response accuracy, the ANOVA showed a significant main 

effect of the trial type, F(1,46) = 10.75, p < .001, ηp
2
 = 0.19, but no significant main effect of 

the stimulus type, F(1,46) = 1.38, p = .25, ηp
2
 = 0.03, or interaction, F(1,46) = 2.72, p = .11, 

ηp
2
 = 0.06. The ANOVA on RT showed similar results: a significant main effect was found for 

trial type, F(1,46) = 21.27, p < .001, ηp
2
 = 0.32, but not for the stimulus type, F(1,46) = 1.24, 

p = .27, ηp
2
 = 0.03, or interaction, F(1,46) = 0.47, p = .50, ηp

2
 = 0.01. These results suggest 

that participants’ responses are interfered with by an “odd” stimulus at n-1th trial while 

maintaining a same stimulus representation between n-2 and n-th trials. 

Correlational analysis (see Table 3) showed no significant associations between the 

sleep measures and switch costs (i.e., differences between the switch vs. stay trials) in the 

1-back task. However, in the 2-back task, the sleep-interference score in RT (i.e., difference 

between the garden-sleep-garden vs. garden-garden-garden trials) was negatively correlated 

with the measures of pre-sleep cognitive (r = -0.33, p = 0.025) and somatic arousal (r = -0.39, 

p = 0.006). The base response speed (RT in GGG trials) was not significantly correlated with 

the PSAS measures (rs < .07, ps > .63). Although the directions of the correlations were 

opposite to our hypothesis (i.e., arousal factors are associated with increased interference by 

sleep stimuli), these results suggest that participants with higher levels of pre-sleep arousal 

experience less interference from sleep-related stimuli in processing/maintaining 
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non-sleep-related information. This can be viewed as a lack of normative interference (Figure 

2), as people without pre-sleep arousal typically had an interference effect (longer RT in the 

“interference” relative to “stay” trials). If we correct the alpha level for multiple tests (four 

2-back parameters * two pre-sleep arousal measures), the Bonferroni-corrected alpha is 0.05 / 

8 = 0.0062. Under this criterion, the correlation between the sleep-interference score and 

somatic arousal remained statistically significant. 

Note that none of the accuracy scores were significantly correlated with the sleep 

and arousal measures (Table 3). This inconsistency is likely because most of the errors 

observed in the current study were commission errors (74%; participants pressed an incorrect 

button). Therefore, omission errors (participants incorrectly did not press a button) were less 

frequent, although the number of omission errors, but not commission errors, is known to 

correlate with RT measures in WM tasks (Muel, 2017). The RT and accuracy indices may 

reflect different phenomena, with RT reflecting a delay in updating WM and accuracy 

indicating a response inhibition or influence of false memory. 

4. Discussion 

The present study examined whether participants with higher (vs. lower) levels of pre-sleep 

arousal, particularly for the cognitive component (i.e., worry), differ in (a) attention bias 

toward sleep-related information and (b) the ability to update sleep-related stimuli in WM. In 

accordance with cognitive models of insomnia (Espie et al., 2006; Harvey, 2002), we 

hypothesized that pre-sleep arousal would be associated with attention bias to sleep-related 

stimuli and an impaired ability to update WM. The results, however, showed that pre-sleep 

arousal is not associated with attention bias as measured by the dot-probe task. Furthermore, 

no significant association was found between pre-sleep arousal and inflexibility to update 

WM (i.e., switching cost) in the 1-back task with sleep-related and control (garden-related) 

stimuli. Although these findings suggest that neither attention bias nor difficulty in removing 
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sleep-related information from WM is relevant to pre-sleep arousal, the results of the 2-back 

task showed a significant negative association between pre-sleep arousal and interference by 

sleep-related stimuli when maintaining non-sleep-related information. Although this negative 

association is opposite to our prediction, it implies that rather than experiencing more 

interference by (and less efficient in inhibiting) an irrelevant sleep-related stimulus, 

participants with higher levels of pre-sleep arousal seem to experience less interference by 

(and more efficient in inhibiting) a sleep-related distractor when processing non-sleep-related 

information. 

Attention bias to sleep-related stimuli has been a topic in the insomnia-cognition 

literature (e.g., Espie et al., 2006; Harvey 2002). However, recent studies call into question 

whether attentional bias is actually a core feature of insomnia (e.g., Spiegelhalder et al., 

2016). In the present study, we used matched control stimuli to eliminate potential 

contamination by emotional (negative valence and arousal) factors. In line with the null 

findings of Barclay and Ellis (2013) with “non-affective” sleep-related stimuli, we found no 

significant associations between the attention bias score and self-report sleep measures. These 

results may suggest that attention bias in sleep disturbances is more influenced by emotional 

factors (negative valence) than by the sleep-relatedness of the stimuli (i.e., content factor). 

Another possible explanation for this failure to detect sleep-related attention bias is that the 

bias score of the dot-probe task is sometimes not stable to parameterize individual differences 

in attention functioning. Recent studies claim that the attention bias score has limited 

reliability for internal consistency and test-retest reliability (with negative stimuli: 

Kappenman, MacNamara, & Proudfit, 2015; Schmukle, 2006; Van Bockstaele, Verschuere, 

Koster, Tibboel, De Houwer, & Crombez, 2011; with sleep-related stimuli: Lancee et al., 

2017). In line with these arguments, we found a low split-half reliability for the attention bias 

score, r = 0.09, in the current study. Although there is at least one dot-probe study that 
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reported acceptable reliability for the bias score (Bar-Haim et al., 2010), this low-reliability 

issue is becoming widely recognized (Van Bockstaele et al., 2014) and poses a concern in the 

replicability and reproducibility of the attention-bias findings
2
. One might think that the 

non-clinical nature of our sample could also explain the absence of attention bias. Indeed, 

most of the studies that found significant sleep-related attention bias examined people with 

primary insomnia (Woods et al., 2009; MacMahon et al., 2006), although some other “clinical” 

studies failed to detect attention bias (Lancee et al., 2017; Spiegelhalder et al., 2016). More 

importantly, the reliability issue of the dot-probe task was observed across different 

experimental settings, such as clinical vs. nonclinical samples and word vs. pictorial stimuli 

(for a review, see Rodebaugh et al., 2016). This poor psychometric property of the task would, 

therefore, lie behind the replication failures as a more fundamental and common issues in the 

field. 

While extant studies on sleep-related cognition have mainly focused on attention 

functioning (Harris et al., 2015; Jansson-Fröjmark et al., 2013; Woods et al., 2009), the 

present study is among the first to examine whether a sleep-related bias is present in other 

cognitive domains, i.e., WM updating. Along with the literature of WM updating and 

persistent negative cognition (Joormann & Gotlib, 2008; Levens & Gotlib, 2010), we 

predicted that individuals with pre-sleep worry would show slower disengagement from 

sleep-related stimuli and greater difficulty in keeping irrelevant (sleep-related) information 

from entering WM. However, the results of the 2-back task suggest the opposite pattern for 

the association, that is, pre-sleep arousal is associated with less interference from 

sleep-related stimuli. Interestingly, both the cognitive and somatic arousal measures seem to 

be correlated with this decreased interference effect. More rigorous tests with a corrected 

                                                   
2
 New attention-bias indices are proposed to resolve the reliability issue (Zvielli et al., 2014, 2016). 

Although some of them demonstrated a good reliability (Rodebaugh et al., 2016), the new indices are not 

recommended to use for empirical purposes due to the inability to uncouple measurement error from true 

bias scores (Kruijt, Field, & Fox, 2016). 
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alpha for multiple tests suggested that the correlation with somatic, but not cognitive, arousal 

is reliably associated with the interference effect. This may imply that the efficient processing 

is more relevant to increased somatic arousal, which in general influences attention and 

memory systems (e.g., Sharot & Phelps, 2004). However, we do not see substantial 

differences in the magnitude of the correlations (rs = 0.31 vs. 0.39), and these two types of 

arousal are known to be strongly associated (e.g., Nicassio et al., 1985). Worry enhances 

physiological arousal (Pieper, Brosschot, van der Leeden, & Thayer, 2010) and perceiving 

autonomic arousal may further fuel anxiety and worry. The current study is not equipped to 

dissociate the effects of cognitive and somatic arousal, but it would be interesting to employ 

specific manipulations to induce cognitive (e.g., Wuyts et al., 2012) and somatic arousal (e.g., 

Tang & Harvey, 2004) in future research. 

Although our findings do not fit the extant cognitive theories of insomnia (Espie et 

al., 2006; Harvey, 2002), an alternative explanation can be found in the literature of 

depressive rumination and anxious worry. Van Lier, Vervliet, and Raes (2015) used a dual 

task paradigm to test if an induced maladaptive (vs. adaptive) thinking style influences WM 

performance. They found that the maladaptive (or abstract ruminative) thinking does not 

interfere with WM functions for individuals with depressive symptoms, suggesting that the 

maladaptive thinking has been automated in depressed individuals and thus consumes less 

WM capacity. Hertel (2004) considered persistent cognition as a mental habit, a process that 

occurs without conscious awareness, effort, and mental efficiency (Bargh, 1994). The last 

dimension, mental efficiency, presumes that a habitual mental process tends to require 

relatively low cognitive resources. Such habitual negative thinking is more resistant to 

change, because it is often out of conscious control (Watkins & Nolen-Hoeksema, 2014). 

This “mental habit” view of persistent cognition could explain our findings that individuals 

with higher levels of pre-sleep worry experience less interference from sleep-related stimuli. 



AROUSAL AND SLEEP-RELATED COGNITION                               19 

 

Given that these individuals frequently tend to worry and ruminate about their sleep(lessness) 

(Harvey, 2002), this pre-occupation with sleep may eventually become a mental habit that 

does not require extensive cognitive resource when processing sleep-related information.  

There are some limitations to consider in the present study. First, we did not control 

the saliency of the pictorial stimuli in the n-back tasks. This might influence the task 

performances, particularly for the 1-back task, where we observed significantly longer RTs in 

“garden” trials than “sleep” trials. Another important issue in the n-back task is that a 

substantial number of participants could not perform the 2-back task with sufficient accuracy 

(> 50%). Although we did not prevent participants from using a specific response strategy 

(i.e., responding every three trials) that caused extremely low response accuracy, such a 

specific response strategy should not have been mentioned in the instructions (cf. Levens & 

Gotlib, 2010). Third, the current 2-back task cannot capture the “n+1 lure” effect (e.g., 

Szmalec, Verbruggen, Vandierendonck, & Kemps, 2011), which may be also relevant to 

perseverative cognition (or difficulty in eliminating unnecessary information from WM). It is 

known that responses are interfered with when a newly presented item is different from the 

n-back item but same to one of its neighbors (e.g., A-B-C-A, where the current stimulus is 

same to that at the n-3 back trial). This interference effect cannot be formulated in our n-back 

tasks because there were only two stimulus types (sleep vs. non-sleep). Given that similar 

“n+1” effects with emotional stimuli were observed in depression (Levens & Gotlib, 2010), 

future research needs to clarify if this response interference would take place in the context of 

sleep and insomnia. Fourth, most of our participants were female university students, which 

may limit the generalizability of our findings. Given that women are more vulnerable to sleep 

problems than men (e.g., Zhang & Wing, 2006), future research needs to examine whether 

our results reflect a gender-specific phenomenon. 

Nevertheless, our findings, particularly of the 2-back task, open a novel perspective 
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that people with higher levels of pre-sleep arousal have a better ability to process 

sleep-related stimuli. This finding could imply that frequent worry and rumination about 

sleep eventually becomes a mental habit that no longer requires extensive cognitive recourse 

to process sleep-related information. Although the non-clinical nature of our sample may 

limit the clinical impact of our findings, there was a high prevalence of participants who 

reported clinically significant levels of sleep disturbances (46%; above the cut-off of the 

PSQI, > 5) in the present study. The fact that many of the participants were university 

students may partly explain the high prevalence of significant sleep problems (Lund, Reider, 

Whiting, & Prichard, 2010). This echoes the importance of investigating sleep problems in a 

young population, but further research in clinical samples is still warranted to gain more 

insight into cognitive processes in people with insomnia and sleep disorders.  
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Table 1. 

Descriptive Statistics and Correlations Between Measures of Sleep and Pre-sleep arousal (N 

= 61) 

Measure M SD 

Correlations with 

PSQI PSAS Cog 

PSQI 5.64 2.44   

PSAS Cog 19.74 6.14 .61*  

PSAS Som 12.43 4.48 .61* .43* 

Note. PSQI = Pittsburgh Sleep Quality Index; PSAS Cog / Som = Pre-sleep Arousal Scale - 

Cognitive / Somatic subscale. * p < .01. 
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Table 2 

Means (and SD) of Task Performances on the Dot-probe and N-back Tasks 

Task and Trial types Accuracy Response time (ms) 

Dot-probe task   

  Congruent 0.99 (0.02) 408.3 (56.2) 

  Incongruent 0.99 (0.02) 406.9 (52.1) 

  Neutral 0.99 (0.02) 409.2 (55.0) 

1-back task   

  GG 0.84 (0.18) 789.1 (193.4) 

  GS 0.79 (0.20) 893.9 (231.4) 

  SS 0.93 (0.10) 764.6 (170.7) 

  SG 0.91 (0.08) 805.4 (190.9) 

2-back task   

  GGG 0.87 (0.13) 836.9 (244.1) 

  GSG 0.75 (0.23) 938.8 (245.7) 

  SSS 0.85 (0.15) 830.4 (228.2) 

  SGS 0.81 (0.19) 912.2 (260.8) 

Note. G = garden-related stimulus, S = sleep-related stimulus; GS = a garden-related stimulus 

at the n-1th trial, followed by a sleep-related stimulus at the n-th trial. N = 61 for the 

dot-probe task; N = 47 for the n-back tasks. 
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Table 3 

Correlations between Task Performance on the Cognitive Tasks and Sleep Measures 

Tasks Indices PSQI PSAS 

Cognitive 

arousal 

PSAS 

Somatic 

arousal 

Dot-probe Bias score (Incongruent - Congruent) .04 -.01 .11 

1-back Accuracy    

  Switch to Sleep (GS – GG) .10 -.06 .26 

  Switch to Garden (SG – SS) .28 .12 .05 

 Response time    

  Switch to Sleep (GS – GG) -.04 .00 -.14 

  Switch to Garden (SG – SS) .03 -.17 -.04 

2-back Accuracy    

  Interference by Sleep (GSG – GGG) .05 -.08 .04 

  Interference by Garden (SGS – SSS) .12 .06 .07 

 Response time    

  Interference by Sleep (GSG – GGG) -.26 -.33* -.39** 

  Interference by Garden (SGS – SSS) .27 .11 .10 

Note. PSQI = Pittsburgh Sleep Quality Index; PSAS = Pre-sleep Arousal Scale. G = Garden 

stimulus; S = Sleep stimulus. ** p < .01, * p < .05. N = 61 for the dot-probe task; N = 47 for 

the n-back tasks. 
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Figure 1 

Example trials for the 1-back (Panel A) and 2-back (Panel B) tasks. 
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(A) 

 

(B) 

 

Figure 2 

Interference by sleep stimuli in the 2-back task as a function of pre-sleep cognitive arousal 

(Panel A) and somatic arousal (Panel B). Plotted values are jittered by random noise.   
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Appendix 

Sleep-related and control stimuli that were used in the dot-probe task are presented in Table 

A1 with the scores of the valence and arousal, which were rated on a 7-point scale (1 = very 

negative / unpleasant and 7 = very positive / pleasant; 1 = very passive / calm to 7 = very 

active / aroused). The valence and arousal scores were well correlated between the sleep and 

control words (r = .71 for valence, r = .61 for arousal), indicating that negative sleep words 

were paired with negative non-sleep words. 

 

Table A1. 

Sleep-related and Non-sleep-related Stimuli Presented in the Dot-probe Task (with Valence 

and Arousal Scores) 

Sleep words Valence Arousal Neutral words Valence Arousal 

Hoofdkussen 

(pillow) 

3.90 3.40 Vrachtwagen  

(truck) 

3.80 4.50 

Uitgeput 

(exhausted) 

2.41 2.47 Beledigd  

(offended) 

2.38 2.53 

Rusten  

(to rest) 

5.34 1.89 Vissen  

(to fish) 

4.17 3.69 

Droom 

(dream) 

5.61 3.77 Schip  

(ship) 

4.50 4.23 

Bed  

(bed) 

5.11 2.34 Vol  

(full) 

4.20 2.27 

Laken  

(sheet) 

4.25 2.95 Oever  

(bank) 

4.45 2.97 

Wakker  4.89 4.69 Nummer  4.14 3.34 
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(awake) (number) 

Geeuwen  

(to yawn) 

3.46 2.94 Druppen  

(to drip) 

3.57 3.87 

Doodmoe  

(exhausted) 

2.16 1.75 Nederig  

(humble) 

3.55 2.81 

Donker  

(dark) 

3.34 3.5 Gebouw  

(building) 

4.19 3.31 

Klok 

(clock) 

4.13 3.54 Bril 

(glasses) 

3.95 3.02 

Snurken  

(to snore) 

2.59 3.87 bijster  

(very) 

3.59 3.9 

Actief  

(active) 

5.09 3.52 Zilver  

(silver) 

5.08 3.50 

Slapen  

(to sleep) 

5.50 1.91 Plaats  

(place) 

4.23 3.22 

Nacht  

(night) 

4.47 2.86 Water  

(water) 

4.95 3.78 

Wekken  

(to arouse) 

3.66 4.84 Zweren  

(to swear) 

3.39 4.59 

Woelen  

(to toss) 

3.23 5.16 Kuisen  

(to clean) 

3.69 4.75 

Onrustig  

(restless) 

2.69 5.25 Verwaand  

(conceited) 

2.27 3.84 

Dutje  

(nap) 

3.09 3.4 Baard  

(beard) 

4.06 3.17 

Vermoeiend  

(tiresome) 

2.63 4.11 Autoriteit  

(authority) 

3.52 4.73 
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Mean 3.92  3.41  3.88 3.58 

SD 1.10 1.05  0.70 0.72 

 


