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INSOMNIA IS ESTIMATED TO AFFECT APPROXIMATE-
LY 10% OF THE ADULT POPULATION1 AND IS CHAR-
ACTERIZED BY DIFFICULTIES WITH INITIATING AND/
or maintaining sleep, or non-restorative sleep, accompanied by 
daytime impairment.2 Primary insomnia (PI), a largely exclu-
sionary diagnosis of poor sleep, ruling out psychiatric, medical 
and additional sleep-related pathology, is estimated to affect up 
to 3% of the adult population.3,4

It is widely assumed that PI develops, and is maintained, by 
an interaction between both psychological and physiological 
factors,5 and several have been identified, including elevated 
brain metabolism during peri-sleep onset and NREM sleep,6 
increased 24-h metabolic rate,7 heightened cognitive arousal,8 
and greater dysfunctional beliefs and attitudes about sleep and 
consequences of sleep loss.9

Recent cognitive models of PI10-12 emphasize the role of 
sleep-related cognitive arousal, in particular, selective atten-
tion to internal/external sleep-related cues, in the etiology and 
maintenance of poor sleep. Specifically, it has been argued that 
the attentional systems of patients with PI become abnormally 
sensitive to sleep-related information, which in turn triggers 
a cascade of processes leading the poor sleeper to engage in 
ruminative processes,13 and direct effort and intention towards 

sleeping.12 This enhanced focus and preoccupation with sleep, 
coupled with attempts to directly control sleep initiation, it is 
argued, has the net effect of inhibiting sleep initiation and main-
tenance.

Several studies have investigated selective attention to sleep-
related cues in PI using a number of computerized tasks, includ-
ing the emotional Stroop and visual dot probe paradigms.14-21 
These hallmark measures of attentional bias are often assumed 
to be equivalent measures of the same construct. However, most 
studies that administered both tasks in the same sample came 
to differing results.22-26 The emotional Stroop task measures the 
degree to which people are slower in responding to the color of 
concern-related words than to the color of neutral words. This 
involves the implicit competition between emotional content of 
the word and the subsequent naming of color. However, due to 
partly inconsistent results, it has been questioned whether the 
emotional Stroop task is a pure measure of preferential atten-
tion.27 The visual dot probe task, on the other hand, is a more 
direct measure of attention allocation, reflecting the scanning of 
a visual field. In this task, participants are required to indicate 
the location of a probe stimulus that appears in the location of 
one of two previously presented images, one concern-related 
and one neutral.

The majority of studies support the notion that poor sleep-
ers show an attentional bias for sleep-related stimuli relative 
to normal sleeping controls. There is also some emerging evi-
dence that sleep-related attentional bias is specific to primary 
insomnia, and not merely an artifact of any sleep disorder17,18,28 
or frequency of concept usage.20  Finally, recently presented 
conference data reveal reductions in attentional bias scores 
after cognitive behavior therapy for insomnia, in parallel with 
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improvements in sleep, relative to a wait-list control group.29 
In sum, these findings suggest that enhanced attentional focus 
towards sleep-related cues may be involved in the development 
and maintenance of chronic primary insomnia, though more 
work is needed to further assess causality and mediating fac-
tors.

To date, no study has investigated the relationship between 
sleep-related attentional bias and objective sleep parameters. 
Such data may help inform how sleep affects attention alloca-
tion to sleep stimuli, as well as the converse relationship (i.e., 
how sleep-related attentional bias subsequently impacts sleep). 
For example, patients presenting with an elevated preoccupa-
tion/biased processing of sleep stimuli, prior to sleep onset, 
may subsequently experience a more perturbed sleep; possi-
bly reflecting a primed negative schema, triggering cognitive/
emotional arousal, which then interferes with sleep initiation/
maintenance.

In the current study we assessed the relationship between 
sleep-related attentional bias and subsequent sleep quality, 
measured by objective PSG, in patients with primary insomnia. 
Although exploratory, our primary aim was to better understand 
the “feed-forward” impact of attentional bias on sleep param-
eters, hypothesizing a negative impact on subsequent sleep. 
Our secondary objectives were to better unpick the well docu-
mented poor versus normal-sleeper differential attentional bias 
using 2 hallmark measures of this effect (the visual dot probe 
task and the emotional Stroop task) across clinically referred 
PIs and normal sleepers. We hypothesized that insomnia pa-
tients exhibit a preferential attention allocation to sleep-related 
stimuli in both tasks. One final aim of the study was to assess 
the degree of relationship between the 2 attention tasks.

METHODS

Participants
Thirty patients meeting diagnostic criteria for PI, according 

to DSM-IV-TR,2 and 30 good sleeping controls were included 
in the present study. All patients with primary insomnia who 
were referred to our sleep disorders clinic by their primary care 
providers between July 2006 and June 2008, were screened 
systematically for study participation. Before entering the pro-
tocol, all patients underwent our standard physical and psychi-
atric examination, excluding those with medical, psychiatric 
or occult sleep disorder pathology. As 8 patients received only 
ambulant diagnostics and treatment, polysomnographic record-
ings were performed in a sub-group of 22 PI patients. Healthy 
controls were recruited from hospital staff or friends/relatives 
of hospital staff. None of the participants had experience of par-
ticipating in attentional bias tasks. The study was conducted in 
accordance with the Declaration of Helsinki. All subjects gave 
their informed written consent prior to inclusion in the study. 
The study protocol was approved by the local ethics committee 
of the University of Freiburg Medical Center.

Attentional Bias Tasks
Two computerized reaction time tasks, a visual dot probe 

task30 and an emotional Stroop task31 were administered on a 
17-inch monitor (43.2 cm) using the Presentation® software 
(Neurobehavioral systems, http://www.neurobs.com/).

In the visual dot probe task, 2 pictorial stimuli were simul-
taneously presented for 500 ms on the left and right side of 
the screen. On disappearance of the pictures, a probe (a white 
dot) subsequently appeared in the same spatial location as one 
of the stimuli previously presented. The participants were re-
quired to indicate, as quickly as possible, the location of the 
probe (left or right side of the screen) using designated left 
and right buttons with the corresponding index finger. Par-
ticipants completed 80 experimental trials, each commencing 
with the presentation of a central fixation cross for 500 ms. 
Stimuli consisted of 40 sleep-related pictures (bedrooms) and 
120 control pictures (kitchens, living rooms, and bathrooms) 
that were matched in terms of brightness and complexity us-
ing the GIMP software (GNU Image Manipulation Program, 
http://www.gimp.org/). The complexity matching was per-
formed by applying an edge-detect filter and quantifying the 
amount of pixels in edges. The stimulus set was an extension 
of those pictures that have been used in our previous investi-
gations.20,21 All pictures were resized to the same dimensions 
(5.6 inches wide, 4.2 inches high). The presentation of the pic-
tures was randomized with the constraint that a sleep-related 
picture was always coupled with a control picture, resulting 
in 40 pairs of sleep-neutral, and 40 pairs of neutral-neutral 
pictures. The presentation of the probes was randomized with 
the constraint that the probes did not appear more than 4 times 
in a row on the same side. Prior to the start of the experimen-
tal trials, subjects were given 24 practice trials with visual 
feedback (i.e., “Correct” or “Incorrect” was displayed on the 
screen for 1000 ms) in which colored boxes were presented 
instead of pictures.

The emotional Stroop task was identical to one previously 
used to investigate attentional bias in insomnia, and used the 
exact same stimuli.21 In each trial, a written word (either a 
sleep-related or neutral word) was presented in the center of the 
screen, in one of 4 possible colors (red, green, blue, yellow). 
Participants were instructed to respond by pressing a button 
of corresponding color with the index finger of their dominant 
writing hand. Responses were recorded using a designated but-
ton box. Stimuli were composed of 10 sleep-related words and 
30 neutral words. Both word sets were matched carefully in 
terms of word length, syllables, word type and frequency of 
occurrence in the German language. Words were presented in 
each of the four colors, resulting in 160 experimental trials. 
Randomization of word and color meant that the same word or 
color would not appear more than twice in a row. Similar to the 
visual dot probe task there was a block of 24 practice trials to 
familiarize participants with the task.

Polysomnography
Twenty-two participants underwent 2 consecutive nights 

of PSG sleep monitoring. The first night served as an adapta-
tion and screening night to rule out sleep apnea, PLMS, and 
occult sleep disorder pathology. The second night was used 
for the present analysis. A standard laboratory procedure and 
PSG montage were followed. Sleep was recorded on 24-chan-
nel Sagura EEG-polysomnographs for 8 h from “lights out” 
(23:00) until “lights on” (07:00). All recordings included EEG 
(C3-A2; C4-A1), EOG (horizontal and vertical), and EMG 
(submental), and were scored visually by experienced raters 
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according to the criteria of Rechtschaffen and Kales.32 During 
the adaptation night, all participants were screened for apneas 
and periodic leg movements by monitoring abdominal and 
thoracic effort, nasal airflow, oximetry, and bilateral tibialis 
anterior EMG. No participant was excluded on the basis of 
PSG evaluation. Sleep recordings were evaluated for the fol-
lowing parameters of sleep continuity: total sleep time; sleep 
efficiency: ratio of TST to time in bed * 100 %; sleep onset 
latency: time from lights out until sleep onset (defined as first 
epoch of stage 2); number of awakenings; arousal index: num-
ber of arousals per hour.33 Sleep architecture parameters were 
amounts of stages 1, 2, slow wave sleep (SWS), and REM 
sleep as percentages of sleep period time (time from sleep on-
set until final awakening).

Procedure
The attentional bias tasks were carried out in the evening be-

tween 16:15 and 22:15 in a quiet, well-lit room. Directly before 
commencing the tasks, participants filled in the PSQI to assess 
the previous month’s subjective sleep quality. The primary in-
vestigator then instructed participants, verbally, on task order 
(first visual dot probe task, then emotional Stroop task) and na-
ture of required responses for each task. Participants were asked 
to respond as quickly as possible without making mistakes. Ver-
bal instructions followed a standardized protocol. Throughout 
the duration of the experiment, the investigator remained in the 
room, keeping as quiet as possible, and directed visual atten-
tion away from the computer monitor. On completion of the 
tasks, participants completed the SSS to assess subjective state 
sleepiness, and were debriefed on the underlying aims of the 
research. Total task duration was approximately 25 min.

The sub-sample (n = 22) of patients who underwent PSG re-
cordings completed the exact described experimental protocol 
on the second evening, prior to the experimental sleep labora-
tory night. All investigations in this sub-sample were carried 
out between 18:30 and 19:45 to carefully keep the time of mea-
surement constant for the correlation with the subsequent PSG 
data.

Analysis
All trials with errors were excluded from the analyses. Ad-

ditionally, response times that exceeded each person’s mean by 
> 3 standard deviations were eliminated as outliers. In the emo-
tional Stroop task, attentional bias scores were calculated for 
each participant as the mean response latency to sleep-related 
stimuli minus the mean response latency to neutral stimuli. Pos-
itive attentional bias scores indicate vigilance for sleep-related 
stimuli because performance is expected to be disrupted by pro-
cessing of concern-related information.

In the visual dot probe task, attentional bias scores were cal-
culated for each participant using the following equation:

Attentional bias score = mean(RT(SL/DR),RT(SR/DL))-
mean(RT(SR/DR),RT(SL/DL))

where RT is reaction time, S is the sleep-related picture, D is 
the dot probe, L is the left side of the screen, and R is the right 
side of the screen.34 Accordingly, for example, RT(SL/DR) 
refers to the reaction times of those trials in which the sleep-
related picture was presented on the left side and the dot probe 
appeared on the right side. As in the emotional Stroop task, pos-

itive attentional bias scores indicate vigilance for sleep-related 
stimuli.

Between-group differences in attentional bias scores were 
analyzed using independent t-tests with statistical thresholds at 
p < 0.05 (2-tailed). Correlational analyses between attentional 
bias scores and PSG derived sleep variables as well as between 
attentional bias scores from both tasks were exploratory in na-
ture with a statistical threshold of p < 0.05 (2-tailed) for each 
analysis.

RESULTS

Participants
The insomniac group consisted of 20 women and 10 men 

(age 46.9 ± 14.9 years, range 20-77 years). Two had problems 
initiating sleep only, 3 had problems maintaining sleep only, 
and the remaining 25 had problems both initiating and main-
taining sleep. Average duration of primary insomnia was 11.3 
± 8.9 years (range 1-35 years). Mean scores on the Pittsburgh 
Sleep Quality Index (PSQI35) and Stanford Sleepiness Scale 
(SSS36) were 13.3 ± 3.4 and 2.9 ± 1.0, respectively. The mean 
body mass index (BMI) in the insomniac group was 22.7 ± 
3.7 kg/m2. In terms of secondary school education, 6 patients 
had the highest school-leaving certificate (German “Abitur”), 
13 had the German “Realschulabschluss” (middle level), and 
11 had the German “Hauptschulabschluss” (lowest level). All 
but 3 patients (medication: zopiclone, zolpidem, doxepin) were 
free of any psychoactive drugs potentially influencing sleep ≥ 2 
days prior to the investigation.

Healthy controls (21 women and 9 men, age 48.3 ± 12.9 
years, range 22-68 years) had mean PSQI and SSS scores of 3.9 
± 1.7 and 1.8 ± 0.9. Mean BMI was 23.9 ± 3.3 kg/m2. Six had 
the Abitur, 14 the Realschulabschluss, and 10 the Hauptschu-
labschluss.

There were no significant group differences for sex distri-
bution (χ2 test, χ2

1 = 0.08, p = 0.78), age (t-test, t29 = −0.38, 
p = 0.71), BMI (t-test, t29 = −1.29, p = 0.20) or level of educa-
tion (Wilcoxon-Test, W29 = 462, p = 0.85). The groups differed 
significantly in their mean PSQI scores (t-test, t29 = 13.52, p < 
0.001) and SSS scores (t-test, t29 = 4.26, p < 0.001), with the PI 
group demonstrating higher PSQI and SSS scores.

Twenty-two of the 30 PI patients were additionally inves-
tigated using polysomnography (age 44.6 ± 14.2 years, range 
20–77 years). Average duration of primary insomnia in this 
sub-sample was 9.5 ± 7.5 years. Their mean PSQI score was 
13.5 ± 3.2. SSS scores were 2.9 ± 1.0. Mean BMI was 21.8 ± 
3.5 kg/m2. Five of them had an educational level of Abitur, 10 
had a Realschulabschluss, and 7 had a Hauptschulabschluss.

Visual Dot Probe Task
The mean reaction time was 501 ± 155 ms across all partici-

pants, 492 ± 132 ms in the PI group and 509 ± 174 ms in the 
control group with no significant group difference (t-test, t29 = 
−0.59, p = 0.56). Data loss due to errors 1.2%: 1.3% in the PI 
group and 1.0 % in healthy controls. An additional 1.3% of data 
was excluded due to outlier identification—1.3% in the PI group 
and 1.4% in the control group. Neither the number of errors 
(t-test, t29 = −0.55, p = 0.59) nor the number of outliers (t-test, t29 
= 0.55, p = 0.58) differed significantly between groups.
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investigating for the first time the association with subsequent 
PSG defined sleep parameters. In terms of these PSG analyses 
in the PI group, to our surprise, we found a significant positive 
correlation between attentional bias scores on the visual dot 
probe task and total sleep time, sleep efficiency, and percentage 
of slow wave sleep, as well as a significant negative correla-
tion with the number of awakenings, measured the subsequent 
night. In contrast, we did not find any significant correlation 
between attentional bias scores on the emotional Stroop task 
and PSG defined sleep parameters. Additionally, corroborat-
ing previous work,12 we found evidence of significantly higher 
attentional bias scores in the PI group compared with healthy 
controls on the emotional Stroop task. Yet, against our predic-
tion, insomnia patients demonstrated only a tendency towards 
sleep-related attentional bias in the visual dot probe task, in-
dicating medium to small effect sizes. Of final note, there was 
no significant correlation between the attentional bias scores 
from both tasks.

This is the first study to assess, and observe, relationships 
between attentional bias scores and subsequent objective mea-
sures of sleep. At the outset of the study, we presumed if any 
relationships existed between attentional bias and sleep, that 
these would be negative, i.e., higher sleep-related attentional 
bias would be associated with poorer sleep. The data of the 
visual dot probe task, however, are in the opposite direction, 
so that higher attentional bias looks to be related to markers of 
improved sleep continuity. These findings pose difficulties for 
models positing that high levels of attentional bias and related 
arousal lead to disruptions of subsequent sleep. An alternative 
interpretation of these data, though still requiring further ex-
ploration, is that attentional bias, as measured by the visual dot 
probe task, is affected by sleep pressure, perhaps associated 
with an underlying craving for sleep. That is, those who had 
accumulated a large sleep debt caused by disrupted or non-
restorative sleep (over preceding nights) are more likely to 
show increased attentional bias scores because they are “ho-
meostatically” craving sleep.12 This enhanced build up of sleep 
pressure then translates into increases in SWS, increased total 
sleep time and sleep efficiency, and less frequent awakenings, 
the following night. That is, sleep cues may have some incen-
tive value, acquiring motivational salience in a similar manner 
as alcohol cues do for subjects with alcohol dependence.37

A valid criticism of this account, of course, is how does one 
know that the PI group are in fact sleep deprived? Clearly, to 
fully elucidate a craving explanation for sleep-related atten-
tional bias, relations need to be further investigated in both 
“feedforward” and “feedback” directions. Our data and inter-
pretation are therefore limited because we only relate attention-
al bias to subsequent sleep. Nevertheless, given the consistency 
of direction and strength of associations across several mea-
sures of sleep continuity, coupled with intuitive appeal,12 we 
think it is reasonable to further postulate a role for craving in 
sleep-related attentional bias, beyond existing published work. 
In this regard, only two studies have partially contributed to 
defining relations between sleep/sleep pressure and attentional 
bias. The first one failed to find within-subject attentional bias 
for sleep words relative to neutral words, in a sleep-deprived 
group of students.19 More recently, consistent with the crav-
ing model, we found that state sleepiness partly mediated 

For both groups, the mean attentional bias scores of the vi-
sual dot probe task are presented in Figure 1. Attentional bias 
scores were 8.9 ± 30.5 ms for the PI group and −7.6 ± 41.6 ms 
for the control group with the group comparison failing to reach 
statistical significance (t-test, t29 = 1.75, p = 0.085). The effect 
size of this difference was small to medium (Cohen d = 0.45).

The association between attentional bias scores in the visual 
dot probe task and PSG parameters are presented in Table 1. As 
listed in Table 1, attentional bias scores in the visual dot probe 
task correlated significantly positive with total sleep time, sleep 
efficiency and amount of slow wave sleep. A significant nega-
tive correlation was observed between attentional bias scores 
and the number of awakenings.

Emotional Stroop Task
The mean reaction time was 864 ± 210 ms across all partici-

pants: 883 ± 206 ms in PI and 844 ± 211 ms in healthy controls 
with no significant group difference (t-test, t29 = 1.12, p = 0.27). 
Data loss included 1.1% of data due to errors—0.7% in the PI 
group and 1.5% in healthy controls. There was a significant 
group difference in the number of errors (t-test, t29 = −2.28, 
p = 0.03). An additional 2.6% of data was excluded due to outlier 
identification—2.7% in PI and 2.5% in the control group, with 
no significant group difference (t-test, t29 = 0.62, p = 0.54).

Attentional bias scores were −0.6 ± 19.7 ms for the PI group 
and −11.4 ± 22.0 ms for the control group (see Figure 1). The 
between-group difference was significant (t-test, t29 = 2.02, p = 
0.048) with a medium effect size (Cohen d = 0.52).

Correlation analyses between the attentional bias scores 
of the emotional Stroop task and the PSG parameters are pre-
sented in Table 1. In these analyses, no significant correlation 
has been observed. Pearson correlation between the attentional 
bias scores of the 2 tasks was not significant across all partici-
pants (r = 0.05, t58 = 0.35, p = 0.73), in the PI group (r = −0.09, 
t28 = −0.50, p = 0.62), or in the control group (r = 0.04, t28 = 0.21, 
p = 0.83).

DISCUSSION
The present study aimed at further understanding sleep-re-

lated attentional bias in individuals with primary insomnia by 
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Figure 1—Attentional bias scores (with standard errors) for patients with 
primary insomnia (PI, black bars) and healthy controls (grey bars) in the 
visual dot probe task (VDP) and emotional Stroop task (EST). Between-
group t-tests revealed no significance in the visual dot probe task (p = 
0.085) and a significance in the emotional Stroop task (p = 0.048).

PI (VDP) Controls (VDP) PI (EST) Controls (EST)
 Group (task) 
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in the visual dot probe task; this task did however produce a 
higher variance in scores.

Several limitations of the present study have to be addressed. 
First, we did not measure polysomnographic parameters in the 
control group. Therefore, conclusions about the interactions 
between sleep-related attentional bias and polysomnographic 
parameters can only be drawn for individuals with insomnia. 
However, our main intention was to further shed light on the 
possibility that sleep-related attentional bias may negatively 
interact with subsequent sleep in primary insomnia. Accord-
ing to this, we focussed on measuring PSG parameters in the 
patient group specifically.

Second, the PIs in the present study are a heterogeneous 
group, including patients with medication, different sub-types 
of insomnia (sleep initiating problems, sleep maintenance 
problems) and large ranges for age and of duration of disor-
der. This leads, however, to a higher ecological validity of the 
results, and it is important to note, that many of the studies 
concerning sleep-related attentional bias in insomnia have re-
cruited non-clinical samples.16-18 Future studies should address 
the question whether sleep-related attentional bias differs in 
sub-groups of insomnia.

As we had the hypothesis that sleep-related attentional bias 
has a negative effect on subsequent sleep, we restricted the 
PSG measurements to the night following the attentional bias 
measures. Accordingly, we cannot draw conclusions about the 
impact of a preceding good or bad night on attentional bias 
scores. Future studies are needed to investigate reciprocal ef-
fects between sleep-related attentional bias and objectively 
measured sleep in long-term studies.

In conclusion, this study provides further support for the 
concept of sleep-related attentional bias in primary insomnia. 
Specifically, we found that sleep-related attentional bias, as 
measured with a pictorial dot probe task, correlated with poly-
somnographic measures of sleep pressure in the subsequent 
night. In contrast, sleep-related attentional bias in the verbal 
emotional Stroop task was not correlated with PSG parame-
ters. Further understanding sleep-related attentional bias as a 
core concept, relevant to the development and maintenance of 
primary insomnia, might bear the potential to contribute to the 
development of novel and more specific cognitive interven-
tions to treat this prevalent sleep disorder.

attentional bias in a large sample of 
university students.21 Importantly, both 
studies used Stroop paradigms, whereas 
in the current study it seems likely that 
the pictorial dot-probe, and particularly 
the presentation of bed stimuli, directly 
influenced the attention of those under 
sleep pressure. Future work should as-
sess dot-probe performance in an ex-
perimentally sleep restricted/deprived 
group, and normal sleeping controls, 
as well as individuals with insomnia, 
across good and poor nights, to deter-
mine if and how transient motivational 
state mediates attentional bias effects.

Differing results from the visual dot 
probe and emotional Stroop paradigms 
used in the same sample are not an uncommon finding within 
the psychopathology literature—data from populations with 
anxiety disorders, chronic pain or alcohol dependence reveal 
a similar pattern of results.22-26 To our knowledge, very few 
published studies exist demonstrating significant correlations 
between these two hallmark measures of attentional bias.38,39 
Thus, it seems likely that the tasks tap different dimensions 
of attention. The visual dot probe task is a more direct mea-
sure of attention allocation, reflecting the scanning of a visual 
field. However, in anxious individuals, a vigilance-avoidance 
pattern of anxiety-related attentional bias has been observed 
depending on stimulus exposure durations of the visual dot 
probe task.34,40 This pattern might also be evident in sleep-
related attentional bias, possibly obscuring group differences 
and correlation analyses; and therefore should be investigated 
in future studies. The emotional Stroop task, on the other hand, 
involves the implicit competition between emotional content 
of the word and the subsequent naming of color; reduced in-
hibitory functioning towards semantically salient stimuli may 
thus result in delayed information processing. It is noteworthy 
though, that the emotional Stroop task may not be a “pure” 
measure of attention allocation, as cognitive avoidance effects 
have also been implicated in the mediation of performance.27 
An analogy of “spotlight of attention” has been suggested for 
illustrating the difference between the two tasks, with the visu-
al dot probe task reflecting the scanning of a spotlight and the 
emotional Stroop task reflecting a stationary spotlight where 
the information at the focus must be disentangled.22

An alternative explanation for the observed difference is 
that the results depend on the stimulus material that has been 
used in the present study. While pictures of beds were used 
in the visual dot probe task, verbal material was presented in 
the emotional Stroop task. As the group difference to healthy 
controls was more pronounced in the emotional Stroop para-
digm, it might be that attentional bias in insomnia is linked 
to ruminative processes that are more likely to be triggered 
by verbal stimuli, rather than sleep-related objects. This ex-
planation is however at odds with previously published work 
demonstrating large attentional bias effects using the pictorial 
flicker paradigm with a pair of slippers and a teddy bear as 
sleep-related stimuli.16,17 Of note, in our study, the absolute dif-
ference between the mean attentional bias scores was greater 
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Table 1—Results of the correlation analyses between psg parameters and attentional bias scores in both 
attentional bias tasks

VDP Task correlations Stroop Task correlations
mean ± SD r values P values r values P values

Total sleep time (min) 371.0 ± 75.4 0.47 0.027 −0.22 0.331
Sleep efficiency (%) 77.3 ± 15.8 0.46 0.030 −0.22 0.323
Sleep onset latency (min) 23.3 ± 24.3 −0.28 0.199 0.24 0.272
Number of awakenings 35.8 ± 20.2 –0.49 0.021 0.34 0.121
Arousal index / TST (/h) 14.2 ± 6.1 −0.12 0.601 0.25 0.263
Stage I (%) 8.8 ± 4.3 −0.18 0.425 0.14 0.527
Stage II (%) 50.3 ± 11.3 0.13 0.554 –0.15 0.500
Stage SWS (%) 5.6 ± 6.2 0.56 0.006 −0.11 0.626
Stage REM (%) 18.8 ± 5.6 0.20 0.376 −0.22 0.318 D
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