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Increased attention allocation 
to stimuli reflecting end‑states 
of compulsive behaviors 
among obsessive compulsive 
individuals
Dana Basel , Moriah Magen  & Amit Lazarov *

Attentional research in OCD has focused solely on threat stimuli, assumed to provoke related 
obsessions and ensuing compulsions. OCD‑related stimuli depicting the completion of compulsive acts 
(“end‑states”) have yet to be examined. Past research also neglected to explore the reliability of tasks 
used. Here, attention allocation to both stimuli types was examined. Participants with high (HOC) 
and low (LOC) levels of obsessive–compulsive symptoms freely viewed three blocks of 30 two‑by‑
two picture matrices, each including two OCD‑related (cleaning\checking\ordering) and two neutral 
pictures, presented for eight seconds, while their gaze was recorded. Participants completed two 
task versions – one with traditional threat stimuli and one with novel stimuli signaling compulsions 
end‑states. Only the end‑state version yielded significant results, showing that HOC participants, 
compared to LOC participants, spent significantly more time fixating on OCD‑related stimuli. Results 
remained significant after controlling for anxiety, stress, and depression. Task reliability was high. 
OCD‑related stimuli signaling end‑states of compulsive behavior should be incorporated in attentional 
research in OCD.

Obsessive compulsive disorder (OCD) is a chronic and debilitating disorder with a lifetime prevalence of 2 to 
3%1. It is characterized by obsessions – recurrent persistent thoughts, impulses, or images that are experienced 
as intrusive and inappropriate, causing marked anxiety or distress; and by compulsions – repetitive behaviors or 
mental acts that the person feels driven to perform in response to an obsession, or according to rules that must 
be applied  rigidly2. OCD is associated with significant impairments in various life domains, including work, 
home, relationships, and social  functioning1. Similar impariments are also noted in individuals with high levels 
of OCD  symptoms3–5, who are considered as being at increased risk for later development of clinical  OCD6.

Cognitive models of the disorder posit that misinterpretation of benign or otherwise “normal” intrusive 
thoughts contribute to the development and maintenance of the  disorder7,8. According to these models, a “nor-
mal” intrusive thought becomes an obsession when the individual interprets the occurrence or content of the 
intrusion as a sign of personal responsibility for causing or preventing harm to oneself or  others9. These misin-
terpretations result in a range of outcomes, including preferential attention allocation to stimuli related to one’s 
 obsessions10, which, in turn, may increase intrusions reoccurrence and maintain obsessional thoughts and beliefs, 
motivating compulsive  behaviors11,12.

The aforementioned biased attention allocation may manifest in easier or faster detection of OCD-related 
cues and stimuli (i.e. vigilance). For example, an OCD patient with checking symptoms might more easily/rapidly 
detect a turned on stove within an array of other appliances. Alternatively, biased attention may also manifest 
in later more goal-directed attentional processes, such as greater sustained attention on OCD-relevant stimuli 
(attentional maintenance). Here, a patient with contamination symptoms might maintain visual attention on 
a seemingly dirty cup within an array of cleaned dishes. Importantly, these two attention biases, vigilance and 
maintenance, are not mutually exclusive, and may operate conjointly – a patient with OCD may display facilitated 
threat detection, followed by difficulty to disengage attention once threat has been  detected13. Trying to ascertain 
these biased attentional processes in OCD, research employing eye-tracking methodology has been increasingly 
 used11,14–18. In these studies, OCD and non-OCD participants are usually presented with OCD-related stimuli, 
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coupled with neutral stimuli, while their gaze is continuously recorded. Different facets of eye-data (e.g. fixations) 
are then used to compare participants’ visual attention patterns.

To date, only a small number of eye-tracking-based attentional studies has been conducted in OCD, all using 
OCD-related threat stimuli (e.g. a dirty toilet) assumed to provoke corresponding obsessions (e.g. contamina-
tion obsessions) due to their threatening nature (for a review  see16). Although evidence for vigilance is relatively 
 limited14,15, most studies support attentional maintenance to OCD-related threat stimuli among obsessive–com-
pulsive  individuals16 (cf.15). Yet, while providing initial support for biased attention allocation in OCD, extant 
studies are characterized by two methodological shortcomings. First, most did not examine the psychometric 
properties of applied tasks and measures, with only one study addressing this important issue, but showing only 
moderate  reliability11. Reliable tasks and measures are essential to inspire confidence in obtained  results19–24, and 
is considered a major barrier in the advancement of attention  research21. Second, most studies presented only 
two stimuli  simultaneously16. However, more complex visual displays are needed to increase the generalizability 
of observed results to real-world settings, which usually involve more than two competing  stimuli25,26. Moreover, 
eye-tracking measures are affected by stimuli array size, with different gaze pattern emerging when using simple 
vs. more complex visual  displays26,27.

As noted above, all extant attentional studies in the field used OCD-related stimuli depicting situations 
aimed at provoking related  obsessions16, echoing the phenomenology of OCD, according to which the disorder 
is characterized by obsession-related anxiety and/or  distress28. Yet, obsession-related anxiety is often followed 
by the performance of corresponding compulsive behaviors, leading to relief and decreased distress, even if 
short  lived29, reflective of negative-reinforcement  processes28. Indeed, attentional research has shown increased 
attention allocation toward negatively-reinforced  stimuli30–36. Thus, one intriguing question worth exploring is 
whether OCD-related stimuli depicting “end-states” of compulsive behavior (e.g. a perfectly clean and spotless 
sink) would result in attention allocation patterns similar to those noted for traditionally-used OCD-related 
threat  stimuli16. As one’s environment is not exclusively comprised of clearly “threatening” cues, this important 
aspect needs to be examined. However, to date, no study has addressed this issue experimentally.

Here, we examined attention allocation patterns of participants with high and low levels of OCD symptoms to 
two types of stimuli, compared to neutral stimuli – traditional OCD-related threat stimuli, widely used in previ-
ous studies to provoke  obsessions16, and novel stimuli depicting end-states of compulsive behaviors. To try and 
address the heterogeneity of OCD, stimuli included cleaning, checking, and ordering cues, similar to previous 
studies in the  field17,18. In addition, addressing the aforementioned methodological limitations, we: (1) assessed 
the task’s reliability (i.e. internal consistency), across and within groups; and (2) used complex visual displays of 
four co-presented stimuli, two OCD-related and two neutrals. Based on past research in the  field16, we expected 
that compared to non-OC participants, OC participants would show an attention allocation pattern favoring 
threat OCD-related stimuli, over neutral ones. As no study to date has explored attention allocation toward OCD-
related stimuli depicting end-states of compulsive behaviors, we had no specific predictions for this stimuli type.

Method
Participants. Three hundred and thirty-seven students were screened using the Obsessive–Compulsive 
Inventory-Revised (OCI-R37) at the beginning of the academic year. Those scoring at the top of the OCI-R dis-
tribution comprised the high obsessive–compulsive (HOC) group, contingent on having a score > 27, which is 
above the clinical cutoff score on this scale (OCI-R =  2137), denoting severe  OCD38. Only those scoring above the 
clinical cutoff score of 21 also on the day of their participation, held several weeks following the initial screening, 
were enrolled in the study. As score fluctuations between the two time points (the beginning of the academic 
school year and the day of participation, which may be held several weeks later) are quite possible, OCI-R 
score > 27 during the first time point increased the probability of OCI scores remaining above 21 in the second 
time-point. Out of those scoring above 27, only three potential participants were not enrolled in the study due 
to a drop in their OCI-R score on the day of their participation. The low obsessive–compulsive (LOC) group 
consisted of those scoring at the bottom of the distribution, contingent on having an OCI-R score < 10, as a score 
below 15 is considered as reflecting minimal obsessive–compulsive  symptoms38. The final sample included 60 
participants: Thirty in the HOC group (Mage = 23.53 years, SD = 1.25, range = 21–26 years; 7 men), and 30 in the 
LOC group (Mage = 23.77 years, SD = 2.09, range = 21–31 years; 9 men). Three LOC participants were excluded 
from analyses due to technical difficulties related to the eye-tracking apparatus, which precluded data collection. 
Participants provided informed consent and received course credit for participation.

The study protocol was approved by the Research Ethics Council of Tel Aviv University. We only invited 
participants with normal or corrected-to normal vision, excluding usage of multi-focal eyewear to prevent eye-
tracking calibration difficulties.

Measures. Participants were assessed for obsessive compulsive symptoms (OCI-R37), depression, stress, and 
anxiety (Depression, Anxiety and Stress Scales-21; DASS-2139).

Obsessive–compulsive symptoms. Obsessive–compulsive symptoms were measured using the OCI-R37, an 
18-item self-report questionnaire assessing obsessive–compulsive symptoms. Participants indicate their level 
of distress associated with each symptom on a 5-point Likert scale ranging from 0 (not at all) to 4 (very much), 
resulting in a 0-to-72 total score. The OCI-R has been shown to have good validity, test–retest reliability and 
internal consistency in both  clinical37,40,41 and non-clinical  samples42,43. Internal consistency in the present study 
was 0.94.



3

Vol.:(0123456789)

Scientific Reports |        (2023) 13:12190  | https://doi.org/10.1038/s41598-023-39459-x

www.nature.com/scientificreports/

Depression, anxiety, and stress symptoms. Depression, anxiety, and stress symptoms were measured by using 
the Depression, Anxiety and Stress Scales-21 (DASS-2139). The DASS-21 is a 21-item self-report questionnaire 
yielding three sub-scales of seven items each, assessing dimensional components of depression, anxiety and 
stress. Each individual item is rated on a 4-point scale ranging from 0 (the item does not apply to me at all) to 3 
(the item applies to me very much or most of the time), on which participants indicate how much the statement 
applied to him/her experience over the past week. The DASS-21 has been shown to have high reliability, validity 
and internal consistency in both clinical and non-clinical  groups39,41,44–46. Internal consistency in the present 
study was 0.93, 0.86, and 0.93, for the depression, anxiety and stress subscales, respectively.

Attention allocation task. Attention allocation was assessed using a well-validated and widely used free-
viewing eye-tracking  task13,19,25 adapted for the purpose of the current study. The task was designed and executed 
using the Experiment Builder software (version 2.1.140; SR Research Ltd., Ottawa, Ontario, Canada). Following 
a previous study employing a similar attention allocation assessment task and  approach47,48, we included three 
different blocks, each focusing on a different prominent OCD  theme49 – a checking block, a cleaning block, and 
an ordering/symmetry block – delivered in a counterbalanced manner within each group. For each block, 12 
OCD-related and 12 neutral chromatic pictures were used, from which 30 different 2-by-2 matrices were pre-
pared. Each stimulus extends 255-by-225 pixels, including a 10-pixel white margin frame, for an overall matrix 
size of 550-by-550 pixels. Each single picture appeared 5 times per block. Single pictures appeared randomly at 
any position within the matrix while ensuring that each picture appeared only once in a given matrix. Different 
neutral pictures were used across the three blocks to eliminate familiarity effects.

Each trial began with a centrally presented fixation-cross mandating a 1-s fixation for the matrix itself to 
appear. Then the matrix appeared for 8 s, followed by a 2-s inter-trial-interval. Participants were instructed to 
look freely at the matrix until it disappeared. A 2-min break was introduced between blocks to reduce fatigue. 
Each block preceded by a 5-point eye-tracking calibration followed by a 5-point validation procedure.

The study included two versions of the task described above. One version contrasted neutral pictures with pic-
tures evoking obsession-related anxiety/discomfort, such as a dirty sink. We termed this version the "traditional" 
version, as it presented traditional OCD-related threat pictures (see Fig. 1a for an example of a single matrix, per 
block). The alternative version, which we termed the "end-state" version, contrasted neutral pictures (different 

Figure 1.  An example of a single matrix for the (a) traditional stimuli block; and (b) end-state stimuli block 
[Checking block (left), cleaning block (middle); ordering block (right)]. In each matrix each type of stimuli 
comprises a separate area of interest (AOI).
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from the ones used in the three blocks of the traditional version, again, to eliminate familiarity effects) with 
OCD-related stimuli depicting end-states of compulsive behaviors, such as a spotless sink (see Fig. 1b for a matrix 
example per block). Each matrix consisted of four stimuli – two neutral pictures and two OCD-related pictures.

Pictures used. Neutral pictures were taken from the International Affective Picture System  (IAPS50) and 
the Nencki affective picture system by discrete emotional categories (NAPS  BE51), both providing valence and 
arousal scores ranging from 1 (low) to 9 (high). We chose pictures rated between 4-to-6 on valence, reflecting 
neutral valence, coupled with low arousal levels, ranging between 2 and 4. The final 36 neutral pictures had a 
mean valence rating of 5.2, and a mean arousal score of 3.7. Traditional threat OCD pictures were chosen from 
two well-validated OCD-specific datasets – the Maudsley Obsessive–Compulsive Stimuli Set  (MOCSS52) and the 
Berlin Obsessive Compulsive Disorder-Picture  Set53. In total 36 stimuli were selected, consisting of 12 pictures 
per category (i.e. checking, cleaning, ordering). End-states pictures were assembled specifically for the present 
study, and retrieved from the internet. We aimed at finding pictures that would "mirror" the traditional picture 
set, namely, 36 OCD-relevant pictures but that signal end-states of compulsive behaviors (12 per category). For 
example, for a picture of a dirty sink, a matching image would be that of a shiny clean one, and a picture of a 
turned-on gas knob would be mirrored by a clearly visible “off ” sign. First, a dataset of 42 pictures per OCD-
type was prepared (for a total 126 pictures). Next, two psychologists with expertise in diagnosing and treating 
OCD rated each picture according to its relevance to checking, cleaning, and ordering. The final pictures chosen 
for each block were those rated as highly relevant to the specific OCD theme represented in the corresponding 
block, by both raters, while ensuring low scores on the two alternative themes.

Discomfort rating. To assess subjective discomfort experienced while viewing the OCD-related pictures, 
a computerized questionnaire was prepared and administered following the eye-tracking task – the Subjective 
Discomfort Questionnaire (SDQ). Specifically, the OCD-related pictures were presented one by one, with expe-
rienced discomfort (i.e. “how much discomfort do you experience”) per picture assessed using a 100-mm Visual 
Analog Scale (VAS), anchored with “much discomfort” on the right side and “no discomfort” on the left. Partici-
pants were then asked to place a vertical mark that best described the way they feel while viewing the picture. The 
VAS score was measured in millimeters from the left anchor of the scale to the subject’s  mark54. Scores ranged 
between 0 and 100, with higher scores indicating higher levels of experienced discomfort. Total SDQ score was 
computed separately for each picture type by averaging the corresponding 36 pictures, for a total score ranging 
from 0 to 100. Cronbach’s alpha was 0.97 for the traditional items, and 0.94 for the end-state SDQ.

For each participant we then computed a discomfort difference score to assess the difference in experienced 
discomfort between the two stimuli types, by subtracting the score of the end-state picture from the score of the 
traditional picture, such that higher scores denoted larger reductions in experienced discomfort.

Eye‑tracking measures. Fixations were defined as at least 100 ms of stable fixation within 1-degree visual 
angle. For each matrix we defined two Areas of Interest (AOI’s) – a neutral AOI (i.e. the neutral pictures) and an 
OCD-related AOI. Total dwell time was calculated by summing the total fixation duration on each AOI across 
matrices (in seconds), reflecting sustained attention – the degree to which attention is held by a specific type of 
stimulus, once  detected24. First fixation latency was calculated by averaging the latency to first fixations, in mil-
liseconds, per AOI. First fixation location was measured by counting the number of times the first fixation was 
in each AOI. These two measures reflect facilitated detection, or vigilance (i.e. the ease or speed in which specific 
stimuli is detected). A greater proportion of first fixations on one type of stimuli over the other, or shorter laten-
cies to first fixate on that type, are considered evidence of  vigilance24.

Eye tracking apparatus. Eye-tracking data was collected and recorded using the remote head-free high-
speed EyeLink Portable-Duo apparatus and the Experiment Builder software (SR-research, Ottawa, Ontario, 
Canada). Participants were seated approximately 700  mm away from the screen. Real-time monocular eye-
tracking data was recorded at 500 Hz, with a 1920X1080-pixel display resolution. Eye-tracking data was pro-
cessed using EyeLink Data Viewer software (SR-research, Ottawa, Ontario, Canada).

Procedure. Participants were tested individually in a quiet room at the university. After providing informed con-
sent, they were seated in front of the eye-tracking apparatus and told that during this task they will be presented with 
different matrices of different stimuli, appearing one after the other. They were also informed that before the appear-
ance of each matrix a fixation cross would be shown at the center of the screen, on which they should fixate to make the 
matrix itself appear. They were then presented with a demonstration of this contingency. Following this demonstra-
tion, participants were instructed to look freely at each matrix in any way they choose until it disappears, and the task 
commenced. Participants were randomized to completed either the traditional task version or the end-state version. 
Following the completion of the task participants were requested to fill out the corresponding SDQ.

A week following the first session participants returned to the lab and completed the task version they did 
not complete during the first session. Order of task versions was counterbalanced across participants. Following 
the completion of Session 2, participants filled out the questionnaires, and were then thanked and debriefed.

Data analysis. A sample of 60 has a power of 80% to detect a Group-by-AOI (see above) interaction at an 
alpha level of 0.05, of an effect size similar to that reported in previous studies of attention allocation in OCD 
(ranging between 0.12 and 0.2011,18). Hence, 30 participants per group was determined as the target sample size 
for this study. Power analysis was performed using G*Power 3.1.9.455. Independent samples t-tests compared 



5

Vol.:(0123456789)

Scientific Reports |        (2023) 13:12190  | https://doi.org/10.1038/s41598-023-39459-x

www.nature.com/scientificreports/

between-groups descriptive characteristics, with a chi-square test used to compare groups on gender distribu-
tion.

To examine group differences on attention allocation as a unified process we first performed a 2-by-3-by-
2-by-2 multivariate analysis of variance (MANOVA), with group (HOC, LOC) as a between-subjects factor, 
and Block (checking, cleaning, ordering), Condition (traditional, end-state), and AOI (OCD-related, neutral) 
as within-subject factors. Next, to examine group differences on the different eye-tracking variables of attention 
allocation, we performed a similar 2-by-3-by-2-by-2 repeated measures ANOVA for each dependent measure. 
To further explore the stability of emergent attention allocation patterns across time, we also conducted a time-
course analysis by adding Epoch as a second within-subject variable (i.e. Epochs 1 to 4). Specifically, we divided 
each 8-s trial into four 2-s time  epochs15,56,57.

To address OCD subtyping and related attentional allocation to corresponding stimuli types, we conducted 
an exploratory analysis using specific OCD-subtypes scores from the OCI-R as the grouping variable (see Sup-
plementary Material for a detail description of group composition and criteria), rather than the OCI-R total score 
(for a similar data analyses plan,  see11). Specifically, we explored the three main OCD subtypes, namely, cleaning, 
checking, and ordering (We did not explore the other OCD subtypes per the OCI-R – obsessing, neutralizing 
and hoarding). Accordingly, three separate repeated-measures ANOVAs were carried out, one per block, with 
Group (per sub-type; see below) as a between-subjects factor, and Condition (traditional, end-state), and AOI 
(OCD-related, neutral) as within-subject factors.

Reliability of the eye-tracking measures was assessed for three variants of the total dwell time measure, as 
done in previous studies using the same  task47 – total dwell time on the OCD-related AOI; total dwell time on 
the neutral AOI; and percent dwell time on the OCD-related AOI (DT%). Internal consistency was examined 
using Cronbach’s α. This was done for the entire sample, and separately for each group, treating each trial (i.e. 
each matrix) as a single item. Finally, an independent-sample t test was used to examine group difference on 
discomfort difference scores.

As three independent variables were within-subject variables (i.e. Block, Condition, AOI), the MANOVA was 
conducted using the ’stats’ package in R (version 4.3.1). All other statistical analyses were conducted using SPSS 
(IBM; version 25.0) and were 2-sided, using α of 0.05. Effect sizes are reported using p values for ANOVAs and 
Cohen’s d for mean comparisons. Bonferroni correction was applied to multiple comparisons.

Results
Demographic characteristics. Demographic and clinical characteristics of the groups are described in 
Table 1. Significant group differences were noted on all clinical measures, all ps < 0.001. No group differences 
emerged for age or gender distribution. (As hoarding is no longer considered an OCD symptom/subtype per 
DSM-5, we recalculated the OCI-R total score of each group without the three Hoarding items. The HOC group 
score still remained significantly higher than the LOC group score (HOC: M = 30.03, SD = 7.16, LOC: M = 6.77, 
SD = 4.23, t(55) = 14.71 p = .00, Cohen’s d = 3.90). Exploring the score range per group showed no overlap between 
groups (HOC: range = 19–46; LOC: range = 0–16)).

Eye‑tracking measures. The Group × Condition × AOI × Block interaction was not significant F(3, 
605) = 1.07, p = 0.37. However, a significant Group × Condition × AOI emerged, F(3, 605) = 5.46, p < 0.001, afford-
ing the exploration of specific dependent variables via separate three ANOVAs.

Table 1.  Demographic and clinical characteristics of the two groups. Different superscripts signify differences 
between groups at p < 0.001. LOC low obsessive–compulsive tendencies, HOC high obsessive–compulsive 
tendencies, OCI-R obsessive–compulsive inventory-revised, DASS-21 depression, anxiety and stress scales-21.

Measure

LOC group 
(n = 27)

HOC group 
(n = 30)

M SD M SD

Age 23.67a 2.15 23.57a 1.30

Gender ratio (M:W) 7:20a – 7:23a –

OCI-R

 Total score 8.74a 5.39 35.43b 8.18

 Subscale scores

  Washing 0.74a 1.13 5.17b 2.76

  Obsessing 1.48a 1.67 6.57b 2.73

  Hoarding 1.96a 1.58 5.40b 2.50

  Ordering 2.04a 1.89 7.73b 1.85

  Checking 1.78a 1.69 7.10b 2.72

  Neutralizing 0.74a 0.94 3.47b 2.95

 DASS-21

  Depression 0.96a 1.16 4.83b 5.20

  Anxiety 0.70a 0.86 5.00b 4.15

  Stress 2.26a 2.06 9.23b 5.58
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Sustained allocation (total dwell time). The omnibus Group (HOC, LOC) × Block (checking, cleaning, 
ordering) × Condition (traditional, end-state) × AOI (OCD-related, neutral) interaction was not significant F(2, 
54) = 3.06, p = 0.17. However, a significant Group × Condition × AOI emerged, F(1, 55) = 4.89, p = 0.03, η2

p = 0.08, 
indicating differential dwell time patterns of the two groups for the OCD-related and the neutral AOIs, across the 
two conditions. We therefore collapsed across blocks for the remaining analyses. This interaction remained sig-
nificant after introducing depression, anxiety and stress scores as covariates, F(1,52) = 4.10, p = 0.048, η2

p = 0.07.
Follow-up analyses of the Group × AOI interaction per Condition (traditional, end-state), revealed a signifi-

cant interaction in the end-state condition, F(1, 55) = 4.50, p = 0.04, η2
p = 0.08, but not in the traditional condition, 

F(1, 55) = 0.41, p = 0.52 (see Fig. 2a and b for the traditional and end-state conditions, respectively).
Simple effects analyses for the end-state condition using independent t-tests showed that the HOC group 

spent significantly more time fixating on the OCD-related AOI (M = 291.82, SD = 47.27), compared with the LOC 
group (M = 263.71, SD = 31.74), t(55) = 2.60 p = 0.01, Cohen’s d = 0.69. No significant differences were found for 
the neutral AOI, t(55) = 1.32 p = 0.19. Exploring the stability of the Group-by-AOI interaction across time of the 
end-state task version showed no Epoch-related significant results. Specifically, the Group-by-Block-by-AOI-
by-Epoch, and the Group-by-AOI-by-Epoch interaction effects were not significant, F(6, 50) = 0.47, p = 0.82, and 
F(3, 53) = 1.16, p = 0.33, respectively. These non-significant Epoch-related effects reflect a consistent pattern of 
attention allocation across stimuli presentation.

Internal consistency for total dwell time on each AOI, and for DT%, were high for the full sample, ranging 
from 0.83 to 0.89, and within groups, ranging from 0.74 to 0.93 (See Table 2 for full results).

While the Group × Block × Condition × AOI was not significant when grouping participants based on total 
OCI-R scores, we conducted an exploratory within-block analyses using specific OCD-subtypes scores from 
the OCI-R as the grouping variable (for a similar data analyses approach,  see11. Our exploratory within-block 
analyses revealed a significant Group × Condition × AOI interaction effect only for the cleaning block. These 
results are reported in full and discussed in the online Supplementary Material.

Vigilance (first fixation measures). For first fixation location, the omnibus Group (HOC, LOC) × Block 
(checking, cleaning, ordering) × Condition (traditional, end-state) × AOI (OCD-related, neutral) interaction 
was not significant F(2, 54) = 0.45, p = 0.64, as well as the Group × Condition × AOI interaction, F(1, 55) = 1.29, 
p = 0.26. Similarly, for latency to first fixation, the omnibus interaction was not significant F(2, 54) = 1.07, p = 0.35, 
as was the Group × Condition × AOI interaction, F(1, 55) = 1.32, p = 0.25.
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Figure 2.  Total dwell time (in seconds) by Area of interest (AOI) and Group collapsed across blocks: (a) the 
traditional stimuli condition; and (b) the end-state stimuli condition. Error bars denote standard error of the 
mean. OCD obsessive–compulsive disorder, HOC high obsessive–compulsive tendencies, LOC low obsessive–
compulsive tendencies.
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Discomfort difference score. A significant group difference emerged, t(53) = 4.67, p < 0.001, Cohen’s 
d = 1.26, showing a higher mean difference in subjective discomfort scores in the HOC group, MHOC = 40.05, 
SD = 12.65, compared to the LOC group, MLOC = 24.07, SD = 12.68. Exploring subjective discomfort differences 
separately for each block showed similar results – checking block: MHOC = 23.53, SD = 12.63, MLOC = 14.40, 
SD = 14.21, t(53) = 2.51, p = 0.01, Cohen’s d = 0.67; cleaning block: MHOC = 48.89, SD = 16.40, MLOC = 35.14, 
SD = 16.99, t(53) = 3.05, p = 0.004, Cohen’s d = 0.82; ordering block: MHOC = 46.02, SD = 21.40, MLOC = 22.67, 
SD = 13.80, t(53) = 4.85, p < 0.001, Cohen’s d = 1.29.

Discussion
This is the first study to date to examine attention allocation to two types of OCD-related stimuli, compared to 
neutral ones – traditional threat stimuli (assumed to provoke related obsessions) and end-state stimuli (depicting 
end-states of compulsions). Specifically, gaze patterns of participants with high and low levels of OC symptoms 
were assessed and compared while freely viewing different matrices comprised of OCD-related and neutral 
pictures. While no differences in attention allocation patterns emerged in the traditional task version, results 
showed that HOC participants, compared to LOC participants, spent more time fixating on end-state stimuli. 
The task exhibited good-to-excellent psychometric properties, across and within groups, increasing our confi-
dence in obtained results.

The traditional task version yielded no significant findings – not for first fixation measures of vigilance (first 
fixation location and latency), nor for attentional maintenance (total dwell time). While the lack of evidence 
for vigilance is in line with previous studies in the  field16, the lack of evidence for a maintenance bias is diver-
gent from most prior  studies16. What may explain this divergence of results? One possible explanation may be 
related to the complexity of the visual display used (i.e. number of co-presented stimuli) – while most extant 
studies presented only two stimuli at once, the current study used more complex visual displays containing four 
co-presented stimuli in each trial. The fact that the only other study that failed to find evidence for attentional 
maintenance in OCD is also the only one that used displays of four co-presented  stimuli15 further strengthen this 
interpretation. This explanation is also in line with attentional research suggesting that eye-tracking measures are 
affected by the number of presented stimuli, such that gaze differences are more readily detected when partici-
pants are presented with simple and limited visual  displays26,27. Still, more research using more complex displays 
as used in the present study is now needed to further validate present findings. A second possible reason may be 
that the traditional stimuli were also more salient for the non-OC participants due to their visual nature and/or 
content, thereby capturing their attention. For example, while a picture of a filthy toilet may be threatening for 
OC individuals, it may also be more salient for non-OC individuals (compared with neutral pictures), limiting 
the possibility to detect group differences in attention allocation. Yet, as the traditional threat stimuli were taken 
from two validated OCD-specific  datasets52,53, widely-used in previous studies in the field which showed group 
differences in attentional  maintenance16, makes this latter possibility, in our view, less likely.

Unlike the traditional task, significant evidence for a maintenance bias emerged in the end-state version, 
with HOC participants dwelling longer on OCD-related stimuli, compared with LOC participants. Results also 
showed this attention allocation pattern to be stable across time. Two possible explanations may underlie this 
results pattern – increased threat sensitivity and/or reward-related processes. According to first, end-state stimuli 
may have evoked obsession-related distress among OC participants, as these stimuli are still OCD-relevant (even 
if to a lesser extent than the traditional ones), thereby capturing their  attention11,18. Thus, a clean spotless sink 
may still have instigated related obsessions about contamination among OC participants. Conversely, for non-
OC participants, unlike the traditional stimuli, end-state stimuli have no increased saliency. This possibility is 
in line, for example, with research in OCD that use “end-states” stimuli (e.g. a turned-off gas stove) to explore 
OCD-related checking  compulsions58,59. Relatedly, while end-states stimuli may indeed signal the completion of 
the compulsive act, they may still then trigger subsequent obsessions and/or the need to perform another com-
pulsive act. Clinical experience shows that when performing compulsions (e.g. compulsively cleaning a toilet), 
the end of one compulsion may become a trigger for the next compulsion (e.g. a clean toilet becomes a visual 
trigger for further cleaning the toilet) creating a series of compulsive  acts60–63. According to the second possibil-
ity, attentional maintenance may reflect the relief “brought on” by end-states stimuli, capturing OC participants’ 
attention due to their (negatively-reinforced) rewarding nature. Relatedly, present result also showed a higher 

Table 2.  Internal consistency. DT dwell time, DT% = percentage of dwell time spent on OCD-related stimuli 
out of the total dwell time spent on both the OCD-related and the neutral stimuli.

Full sample LOC group HOC group

(n = 57) (n = 27) (n = 30)

OCD-related traditional task

 Total DT – neutral stimuli 0.89 0.82 0.91

 Total DT – OCD-related stimuli 0.83 0.74 0.86

 DT% – OCD-related stimuli 0.87 0.75 0.91

OCD-related end-state task

 Total DT – neutral stimuli 0.84 0.89 0.79

 Total DT – OCD-related stimuli 0.84 0.81 0.85

 DT% – OCD-related stimuli 0.89 0.79 0.93
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discomfort difference score among HOC, compared with LOC participants, reflecting greater experienced relief. 
This possibility is in line with the phenomenology of compulsive behavior, which is believed to be perpetuated 
due to negative reinforcement  processes64. It also corresponds with recent research showing alterations in reward 
functioning in  OCD65,66, and with attentional research demonstrating an association between OCD symptoms 
and difficulty disengaging attention from appetitive  images67,68. Hence, from this perspective, it is possible that 
HOC individuals dwelled longer on end-state stimuli due to their (negatively-reinforced) rewarding nature, 
and not only due to threat-related processes. Importantly, however, as this is the first study to examine attention 
allocation toward end-state OCD-related stimuli, current conceptualizations of emergent results should be taken 
with caution, and more research is now needed to tease apart these two possibilities.

Taken together, present findings (i.e. lack of group differences on the traditional task coupled with group dif-
ferences on the end-state task) may be also viewed via the "inference-based approach" (IBA) of OCD. According 
to this model, obsession arise from a reasoning narrative with no direct support from sensory-based information, 
also called "inferential confusion”69–73. In support of the IBA of OCD, research has shown inferential confusion 
to predict OCD  symptoms73–75. For example, Audet et al.75 presented participants with a series of scenarios, some 
with and some without direct evidence for an actual reason for a potential intrusive thought. Following each sce-
nario, participants were asked to choose potential intrusions they might experience due to the scenario. Results 
showed that participants’ reactions to OCD specific scenarios were more related to OCD symptoms when these 
were not supported by direct evidence, compared to when they  were76. Viewed from this perspective, a possible 
explanation for current results may be related to the difference between the two stimulus types in the “direct 
evidence” they afford – while traditional OCD-related threat stimuli (e.g. a clearly visible dirty sink) provide 
direct evidence for “contamination”, the end-states stimuli (e.g. a spotless shining sink) do not. Moreover, from 
this viewpoint, the end-state stimuli may be more ecological-valid compared with traditional OCD-related threat 
stimuli used in previous attentional research in the field (e.g.11,18).

This study has several limitations. First, the study examined a sample of participants with high levels of OC 
symptoms, rather than a clinical OCD sample. Still, we used a high cutoff score of 27 on the OCI-R, reflecting 
severe  OCD38, when recruiting participants. Also, OCI-R scores were assessed twice, once during initial par-
ticipant screening, and once on the day of study participation, to verify score stability. Using samples of high 
and low scorers on measures of OCD has been shown to be relevant to the understanding of the disorder (for 
a review  see77), and was proven useful in previous research conducted in our laboratory, in which results of 
HOC vs LOC participants were later successfully replicated in clinical  samples40,41. Finally, subclinical OCD (i.e. 
individuals with high OCD symptoms) is related to significant impairments in various life domains, similar to 
those observed among OCD patients, conceptualized as a risk factor for later development of clinical  OCD6. Yet, 
future studies should replicate the present one among clinically diagnosed OCD patients. Second, the end-state 
stimuli set was prepared and validated specifically for the purpose of the current study, not chosen from estab-
lished stimuli datasets, as were the traditional OCD stimuli. Designated validation studies of potentially OCD 
stimuli signaling end-states, specifically via the two-by-two picture matrices, are now needed to enable further 
exploring the effects of these stimuli on attention allocation patterns. Moreover, as noted above, present findings 
showing sustained attention to end-states stimuli could stem from traditional anxiety-related processes, from 
(negative-reinforcement) reward-related  processes64,78, or a combination of both. Future research could assess 
the subjective experience of participants to presented pictures beyond mere discomfort (i.e. pleasure). Third, as 
this was the first study to explore attention allocation to both types of stimuli, we opted to explore each separately 
using two separate task versions. Future studies may wish to mix the two types within a single task. Fourth, while 
trying to address the large heterogeneity of OCD by including stimuli related to major OCD dimensions (i.e. 
contamination, checking, and symmetry/order52), and through our exploratory analyses, future research could 
better address this issue by either including a wider variety of symptom-to-stimulus types (i.e. using ideographi-
cally tailored stimuli), or by including a narrower sample, limited to specific OCD themes/subtypes. Including 
additional OCD-relevant symptom-to-stimulus types (such as pictures provoking aggressive, sexual repugnant or 
autonomous obsessions among corresponding samples) may enhance the generalizability of current findings, as 
specific subtypes may exhibit different attentional allocation patterns to these stimuli types (e.g. avoiding images 
of blood or knives). Finally, in the present study, OCD-related stimuli were presented alongside neutral stimuli. 
Contrasting the two stimuli types more directly may yield a different results pattern, as this may create a more 
direct competition over one’s attention, while eliminating the option to "escape" to non-OCD neutral  stimuli54.

Current findings provide preliminary evidence for attentional biases to OCD-related stimuli signaling com-
pulsions end-states, a possibility that has been mainly overlooked in extant attentional research in OCD. These 
findings may further suggest to incorporate end-state OCD content into extant attention bias modification train-
ings (ABMT) procedures in OCD, which, to date, only include OCD-related threat stimuli, especially as these 
mostly show a reduction in attention bias with no corresponding reduction in  symptoms79–81. Current findings 
may also provide some support for the need to include end-state “triggers” in exposure and response prevention 
(ERP) techniques for treating OCD. If end-states-related cues/situations also trigger OCD-related symptoms, 
due to, among others, inferential confusion, uncertainty and doubt  experiences60,63,72,82, including these in ERP 
may enhance its efficacy.
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