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Cognitive models of insomnia propose that attentional vigilance for threat during the pre-

sleep period may play a causal role in insomnia by elevating physiological and psychological 

arousal to produce a state that is incompatible with the initiation of sleep [1]. Consistent with 

such theoretical accounts, studies have confirmed that insomnia is associated with patterns of 

biased attention favouring sleep-related threatening information [2].  

Converging research has shown that attentional bias assessment methodologies, such as 

the attentional probe task, can be converted to attentional bias modification (ABM) tasks. Using 

such tasks it has been shown that modification of biased attention for threat can achieve 

therapeutic benefits in conditions where this bias is implicated, including anxiety and mood 

disorders [3]. Of specific relevance to the current research is the observation that a single session 

of computer-based ABM can have immediate effects on anxiety and stress reactivity [3]. 

Therefore, we sought to assess whether targeted delivery of an ABM task during the pre-sleep 

period could reduce symptoms of insomnia and the cognitive symptoms of pre-sleep arousal.  

Invitations were extended to individuals from the University of Western Australia School 

of Psychology participant pool who had identified worry-related insomnia as a problem (n=236, 

n=41 accepted). Inclusion criteria (met by n=36) were access to an iPhone, high levels of 

insomnia symptoms on the Pittsburgh Sleep Quality Index (PSQI  ≥ 5; [4]), completing at least 

four of five ABM/Control sessions during the study, and consistent accuracy on the attentional 

probe task (>70%). Participants were randomly allocated to the ABM (n=18, 12 female) or 

Control condition (n=18, 15 female).  

The study spanned eight days (seven nights). The first two days served as a baseline 

period in which participants completed self-report measures and wore the sleep monitor, but did 

not complete the ABM or control task. These initial baseline days were followed by five 



consecutive ‘Task Completion Days’ in which participants completed, immediately prior to bed, 

an ABM task (ABM condition) or a non-training control task (Control condition) on their 

smartphone. Both tasks employed 48 word-pairs comprising sleep-related threat words paired 

with non-threat words. The task format was similar to standard ABM tasks used in prior studies 

(see [3]), with task parameters adapted for use on an iPhone. On each trial an initial fixation 

cross was followed by two vertically aligned words, one threatening sleep-related word and one 

neutral word. After 500ms the word-pair was replaced by a probe appearing in the location of 

one of the words. Participants discriminated probe identity (horizontally or vertically aligned 

dots) by tapping the corresponding horizontal or vertical arrow icon at the bottom of the iPhone 

screen. In the ABM condition, probes always appeared opposite the threat word to encouraged 

attentional avoidance of sleep-related threat. In the Control condition and on assessment trials, 

probes replaced the threat and neutral words with equal frequency, so as not to encourage any 

pattern of selective attention. On Task Completion Days 1 to 5, participants completed 384 trials 

prior to sleep each night (approximately 15 minutes). Of these, 288 were ABM/Control trials and 

96 were assessment trials randomly dispersed within the latter half of the ABM/Control trials. 

An index of attentional bias to threat was computed across assessment trials in a manner 

consistent with past studies (see [3]). Further details of task parameters, stimulus creation, 

experimental methodology, and additional discussion of findings are available in supplementary 

online material (http://www.psychology.uwa.edu.au/research/care/research/ClarkePPS). 

On the first day of the study participants completed the trait version of the State-Trait 

Anxiety Inventory (STAI-T; [5]), the Penn State Worry Questionnaire (PSWQ; [6]) and the 

Pittsburgh Sleep Quality Index (PSQI; [4]), while baseline attentional bias was assessed with 96 

trials of the attentional probe assessment task. On all days, participants completed the cognitive 

http://www.psychology.uwa.edu.au/research/care/research/ClarkePPS


subscale of the Pre-Sleep Arousal Scale (PSAS-C; [7]) prior to sleep (following probe-task 

completion on Task Completion Days). Additionally, we assessed time taken to fall asleep (sleep 

onset latency), and frequency of waking both objectively, with a wireless electrophysiological 

monitor (EPSM;  [8]), and subjectively via a sleep diary (see [9]). The latter also provided 

ratings of overall sleep quality (from 1-Very bad, to 5-Very good). Finally, changes in insomnia-

related anxiety between Day 1 and 8 were assessed using the Anxiety and Preoccupation about 

Sleep Questionnaire (APSQ; [10]). 

Participants in the ABM and Control Groups did not differ significantly in gender 

(p>.10), age, or any baseline measures, with the exception of sleep quality (see Table 1). All 

daily measures were subjected to an ABM condition (ABM/Control) by Probe Task Day (1-5) 

mixed model ANOVA. Results revealed main effects of ABM condition showing that, compared 

to those in the Control condition, those in the ABM condition reported significantly lower pre-

sleep arousal (on the PSAS-C), and better overall sleep quality (a reversal of the baseline 

difference). Additionally, EPSM measures showed that those in the ABM condition fell asleep 

faster and woke less often during the night compared to controls. No other significant main 

effects or interactions were observed (all F<1.7, all p>.15, see Table 1 for means and between-

group differences). 

Changes in sleep-related anxiety (APSQ) were assessed via a condition (ABM/Control) 

by assessment time (pre/post-assessment) mixed model ANOVA, which showed a significant 

interaction effect, F(1,34)=5.44, p=.03, η2=.16. This interaction was carried by a significant 

decrease in APSQ scores from pre-assessment (M=61.61, SD=18.00) to post-assessment 

(M=40.72, SD=13.38) in the ABM group, t=3.86, p<.01, d=1.32, that did not approach 

significance for the pre-assessment (M=61.50, SD=17.88) to the post-assessment (M=56.17, 



SD=14.34) in the Control group, t=1.36, p=.19, d=0.33. In summary, as compared to the Control 

condition, participants who completed ABM training reported less pre-sleep arousal, fell asleep 

faster, woke less often during the night, reported better overall sleep quality, and showed 

significant reductions in sleep-related anxiety from before to after the five-day program.  

Although these effects are entirely consistent with the positive effects of ABM on 

relevant sleep measures, we did not also observe significant change in attentional bias. While this 

may represent a genuine absence of bias change, the consistency of effects across separate sleep 

measures suggests that ABM was having the intended effect. It is possible therefore that iPhone-

based assessment coupled with the relatively small sample size may not have been sufficient to 

detect bias changes. Indeed, a post-hoc power analysis suggests that in order to detect a medium 

sized between-group effect in attentional bias it would be necessary to recruit a sample with 

more than 50 participants.  

Overall, these results suggest that attentional bias modification targeting vigilance for 

sleep-related threat during the pre-sleep period has the capacity to reduce cognitive arousal and 

improve insomnia symptoms, providing a crucial step towards establishing a novel intervention 

for insomnia. Given the small sample size, replication with a larger sample will be crucial before 

it is possible to draw firm conclusions about potential benefits of ABM for insomnia. 

Nevertheless the results provide encouragement that targeted ABM could be used not only as a 

potential treatment for insomnia, but also with other conditions that implicate attentional bias 

(and consequent anxious arousal), as being acutely problematic at specific points in time. These 

findings therefore not only highlight a novel target for ABM in insomnia, but also a novel 

method of ABM by targeting acute rather than enduring change in attentional bias. 
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Table 1. Comparison of participant characteristics, mean baseline daily measures, and mean Probe Task daily measures between 

active ABM and control groups. 
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 Participant Characteristics   Baseline Days measures    Task Completion Days measures 

ABM Condition 

                 

M 19.89 50.00 51.11 18.16  20.94 2.47 41.46 2.29 28.94 1.94 -14.8  17.56 3.43 31.34 1.76 29.50 1.42 7.65 

SD 2.95 8.68 6.07 11.64  4.59 0.55 25.17 1.49 15.57 1.40 22.8  6.66 0.77 22.70 1.07 31.40 1.24 29.64 

Control Condition                   

M 18.33 54.72 53.78 14.00  24.44 3.06 46.00 2.65 36.49 1.76 -5.01  22.46 2.91 53.48 3.05 39.22 1.16 -0.58 

SD 2.06 8.36 8.21 6.87  6.49 0.59 32.99 2.46 26.07 1.13 27.66  7.63 0.95 42.95 2.07 42.55 1.04 19.01 

Comparison              
       

t 1.83 1.66 1.11 1.31  1.87 3.08 0.46 0.53 1.05 0.50 1.17  2.45 3.34 2.65 2.34 1.02 0.69 0.99 

p .08 .11 .28 .20  .07 .01* .64 .60 .29 .68 .25  .02* <.01* .01* .02* .31 .49 .33 

d 0.61 0.55 0.37 0.44  0.62 1.03 0.15 0.18 0.35 0.14 .39  0.68 0.60 0.64 0.78 .26 0.23 0.33 
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Creation of experimental word stimuli  

Research assessing the presence of attentional bias in 

insomnia has consistently employed paired word stimuli 

that contain a threatening member, which communicates a 

meaning relevant to the concerns of those with sleep 

disturbance, and an emotionally neutral stimulus member 

(see [1]). In line with this, we included 48 threatening sleep-

related words characteristic of pre-sleep worry thoughts, 

paired with neutral words matched for length and spoken 

frequency [2] for the purpose of modification and 

assessment of attentional bias. The threat words were 

selected from an initial pool of 96 candidate words. These 

words were generated on the basis of three factors identified 

by Wicklow and Espie [3] as core themes relevant to pre-

sleep worry consistently reported by individuals with 

insomnia: active problem solving (e.g. thoughts about the 

negative consequences of poor sleep), present-state 

monitoring (e.g. thoughts about bodily functions), and 

reactivity to external stimuli (e.g. thoughts about 

environmental factors disturbing sleep). All 96 candidate 

words were rated by 12 independent judges using a 7-point 

scale on emotional valence, from 1 (Very negative) to 7 

(Very positive) and relatedness to sleep concerns, from 1 

(Not at all) to 7 (Extremely). The final selected threat words 

were rated to be strongest in negative valence (M = 2.35, 

SD = 0.78) and most relevant to sleep concerns (M = 4.67, 

SD = 0.93). The word pairs were randomised and divided 

into two separate stimulus subsets (Subset A and Subset B). 

For half the participants in each condition Subset A was 

used in the training/control component and Subset B was 

used in the assessment component of the task, while the 

remaining participants received the reverse allocation. The 

use of different stimuli in the training and assessment 

components ensures that any change in attentional bias can 

be attributed to the class of stimulus and not to specific 

stimuli themselves. These stimuli are provided in 

Supplementary Table 1. 
 
Probe task parameters 

We sought to use an attentional probe training 

paradigm as this type of task has been successfully 

employed in past research to modify patterns of biased 

attention for threat [4, 5], and it has been used to establish 

the presence of attentional bias for threat in insomnia [1]. 

Trials on the probe task all shared a common structure. Each 

trial began with a white fixation cross (+) on a black 

background presented in the center of the screen for 500ms. 

Two words then appeared in white text for 500ms, one 

threat and one neutral, vertically aligned and separated by 

25mm. Immediately following the termination of this 

display a visual probe comprising two small red dots  

Supplementary Table 1. Word stimuli employed in the 

attentional probe task. The threat word is the first member 

of each pair 

Stimulus Word Pairs 

Subset A Subset B 

Acheǂ - Melt 

Afraidǂ - Artist 

Agitated* - Carriers 

Alarm~ - Spray 

Angryǂ - Curve 

Anxietyǂ - Express 

Confuse - Drawers 

Conflictǂ - Advanced 

Deliriousǂ - Fragments 

Desperateǂ - Aesthetic 

Disastrousǂ - Curriculum 

Disengagedǂ - Nonfiction 

Disorderǂ - Compost 

Distractǂ - Brochure 

Distressǂ - Creature 

Drowsy* - Umpire 

Exhausted* - Developed 

Fatigue* - Passive 

Hopelessǂ - Borrowed 

Illness* - Mustard 

Inadequateǂ - Initiative 

Irrationalǂ - Flashlight 

Irritableǂ - Appliance 

Jitteryǂ - Thermos 

Lazyǂ – Hint 

Lethargy* - Teaspoon 

Medication - Bottleneck 

Inept - Sedan 

Nightmareǂ - Volunteer 

Overactiveǂ - Clearances 

Panickyǂ - Infuser 

Restlessǂ - Receiver 

Sadǂ - Cup 

Sick* - Pull 

Sleepless* - Advisable 

Sleepy* - Wallet 

Sluggishǂ - Decorate 

Snoringǂ - Charity 

Stress* - Links 

Sufferǂ - Branch 

Tenseǂ - Trick 

Timeǂ - Look 

Tiredǂ - Plain 

Unpleasantǂ - Expedition 

Wakefulǂ - Trolley 

Work* - Life 

Workload* - Handbags 

Worryǂ - Theme 

*Active problem-solving, ǂPresent-state monitoring, 

~Environmental reactivity  [cf. 3] 

 

 

oriented either horizontally (..) or vertically (:) appeared in 

the location vacated by one of the words. Threat word 

position (upper/lower) and probe type (horizontal/vertical 

probe) was randomised within the constraint that an equal 

number of each probe type was presented, and the threat 

word appeared equally often in the upper and lower 

position. Participants discriminated probe identity by 

tapping the corresponding horizontal or vertical arrow icon 

at the bottom of the display (see Figure 1).  

Across the 384 trials completed on Task Completion 

Days 1-5 before bed each night, for 288 trials (12 repetitions 

of 24 words pairs), the position of the probe was contingent 

on the allocated condition. For those in the ABM condition, 

visual probes consistently replaced neutral words to 



encourage attentional avoidance of threat. Conversely, for 

those in the control condition, the task was identical in all 

aspects with the exception that visual probes replaced threat 

and neutral words with equal frequency on each trial. The 

remaining 96 trials in each condition (4 repetitions of 24 

words pairs) were attentional assessment trials where probes 

replaced the threatening and neutral member of word pairs 

with equal frequency. While a continuous block of 

attentional assessment trials permits a discrete period of 

attentional assessment, there is also the possibility that such 

a discrete block of trials can potentially disrupt/compromise 

an acquired pattern of attentional selectivity and any 

associated effects. As such, and consistent with the 

approach of a number of previous studies [e.g. 6, 7, 8] 

assessment trials were incorporated into the training trials 

by randomly dispersing the 96 attentional assessment trials 

in the latter half of the training trials. Reaction time data 

derived from the attentional probe assessment trials was 

prepared in a manner consistent with previous studies [9, 

10]. Specifically, to limit the influence of outlying data, 

trials with incorrect responses (4.16% of trials) or latencies 

less than 200ms (0.25% of trials) or greater than 2000ms 

(1.52% of trials) were removed. 

 

Electrophysiological sleep monitor 

We employed a commercially available electro-

physiological sleep monitoring system (EPSM; Zeo, Inc., 

Newton, MA, USA). The EPSM uses dry silver-coated 

fabric to collect electrophysiological signals from the 

forehead with a single bi-polar channel located at 

approximately Fp1-Fp2 [11]. Research comparing sleep 

measures derived from this EPSM device with 

polysomnography has revealed a high degree of 

concordance, particularly in relation to sleep and 

wakefulness measures [92.6% and 91.1% respectively; 12].  

 

Experimental Procedure 

Prior to the commencement of the study, participants 

were told only that the study sought to examine the 

relationship between sleep disturbance, worry, and patterns 

of cognitive information processing and were not alerted to 

the presence of the alternative experimental conditions. The 

attentional probe task application was installed on 

participants’ iPhones, along with links to the pre-sleep and 

sleep diary questionnaire measures. Participants were given 

detailed instructions on how to access these measures and 

how to complete the attentional probe task. They then 

completed 96 attentional probe assessment trials. Lastly, 

participants were provided instructions in the use of the 

electrophysiological sleep monitor (EPSM) and observed 

the correct way to fit the device, charge the headband, and 

how to set up the bedside base station. Participants were 

instructed that on all days, prior to sleep each night they 

should complete the pre-sleep questionnaire via the app, 

wear the EPSM from the moment they intended to go to 

sleep until morning, and upon waking update their daily 

sleep diary. In addition, they were instructed to complete the 

attentional probe task prior to the pre-sleep questionnaire 

measure each night from the third to the final day (Task 

Completion Days 1-5). At the follow-up session (8 days 

after the pre-assessment) participants completed the post-

assessment questionnaire measures, the EPSM system was 

returned, and the attentional probe task application was 

removed from participants’ iPhones. In addition, 

participants were debriefed about the purpose and design of 

the study.  

Fig 1. Example trial of the attentional probe task delivered via iPhone. 



Supplementary Discussion 
Assessment of Attentional Bias 

Unlike measures of sleep quality, pre-sleep arousal, 

sleep onset latency, and number of wakings, we did not also 

observe consistent change in measures of attentional bias in 

line with each condition. While it is possible that this pattern 

of findings represents a genuine absence of bias change, the 

consistent pattern of effects across a number of separate 

measures suggests that ABM was having the intended effect 

on sleep and arousal. These effects therefore provide 

support for the alternative possibility, that the intended bias 

change may have been achieved but not detected.   

Of relevance to this is the fact that attentional bias was 

assessed using smartphones. The use of smartphones in the 

current study provided a convenient and highly accessible 

method of delivering ABM at the precisely intended time. 

However, greater flexibility in task delivery comes at the 

potential expense of greater precision for assessing 

attentional bias. ABM induced changes in attentional bias 

commonly occur within the range of 10-20 milliseconds [9, 

13]. Computer-based tasks delivered in laboratory settings 

allow for precise control across a range of factors relevant 

to the assessment of attentional bias (e.g. stimulus viewing 

distance, reaction time measurement, etc.). As smartphones 

have not been validated as a means of assessing patterns of 

biased attention, this could potentially account for our 

failure to confirm attentional bias change in line with the 

assigned attentional training condition. To permit more 

precise assessment of attentional bias future research could 

employ pre and post-intervention computer-based 

assessments to confirm changes in attentional bias. 

However, it is possible that if the attention bias modification 

task resulted in only very acute, rather than enduring change 

in attentional bias for sleep-related threat, then lab-based 

assessment may not show a between-group change in 

Fig 3. Change in sleep-related anxiety from pre-

assessment to post-assessment for the Attentional Bias 

Modification and Control groups. Pre-assessment 

between group comparison: t=0.02, p=.98, d=0.01; post-

assessment between group comparison t=3.34, p<.01, 

d=1.11. 

Fig 2. Daily sleep measures for participants in the Attentional Bias Modification and Control conditions showing group 

differences on the pre-sleep arousal scale (A: t=2.45, p=.02, d=0.68), self-rated sleep quality (B: t=3.34, p<.01, d=0.60), sleep-

monitor assessed sleep onset latency in minutes (C: t=2.65, p=.01. d=0.64) and sleep-monitor assessed number of wakings 

(D: t=2.34, p=.02, d=0.78). 

Results 
The following includes graphical representations of key findings described in the main manuscript.  



attentional bias, even if such a change is achieved using the 

iPhone ABM task. For this reason it may be ideal to include 

a comparison computer-based pre-sleep training and 

assessment of attentional bias to confirm change in 

attentional bias in response to the ABM task.  
 

Effects on Self-Report and Object Sleep Measures 

While the positive impact of ABM was demonstrated 

on objective measures obtained from sleep monitors and 

from participants’ ratings of sleep quality in general, there 

was no observed effects on self-report measures of sleep 

onset or frequency of waking. However, as previously 

noted, the tendency towards misperception of sleep 

outcomes characteristic of poor sleepers [14] means that 

such self-report measures requiring retrospective estimates 

of the time taken to lose consciousness, or the frequency of 

waking, are unlikely to be reliable indices of sleep. Indeed, 

the presence of significant effects on both objective 

measures obtained from sleep monitors, and on self-report 

measures of arousal and sleep quality provides 

encouragement that ABM was having the intended effect. 

These findings are particularly noteworthy given the brief 

implementation of ABM and the non-pharmacological 

nature of the intervention, and suggest that the ABM 

procedure was successful in briefly reducing cognitive 

arousal symptoms, allowing greater ease of sleep onset and 

more restful sleep. 
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