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ABSTRACT

Identification of reliable behavioral markers for posttraumatic stress disorder (PTSD) can offer objective mea-
sures beyond self-reports to aid in diagnosis, treatment, and prevention. Attention bias variability (ABV), defined
as fluctuations in attention toward or away from threat-related stimuli, has been associated with PTSD. Reaction
time-based ABV (RT-ABV) has been extensively studied and shown to be linked with PTSD symptomatology. An
eye-tracking-based ABV index (ET-ABV) was only recently introduced, and results show that it may be associated
with trauma exposure rather than with PTSD symptoms. However, these two ABV types have yet to be studied
within the same sample. The current study explored the association between trauma exposure, PTSD symptom
severity, and ABV measures, applying both the classic RT-ABV and the new ET-ABV in the same sample. Par-
ticipants with PTSD (n = 41), trauma-exposed healthy controls (TEHC; n = 71), and non-trauma-exposed healthy
controls (HC; n = 38) completed an eye-tracking free-viewing matrix task and a response-based dot-probe task
using the same threat-related stimuli (angry faces) across tasks. Results indicate that both RT-ABV and ET-ABV
were significantly higher in participants with PTSD compared to participants in the TEHC and HC groups, with
no significant difference between the latter groups. Additional analyses indicate that although moderately
correlated, each of the ABV measures explains unique portions of the variance in PTSD severity. This study
replicates and extends prior findings on the association between ABV and PTSD and highlights the potential of
ET-ABV as a novel and reliable marker for PTSD severity.

1. Introduction

Identification of reliable behavioral markers for PTSD can offer

dynamic attentional shifts are thought to play a role in the emergence
and persistence of PTSD. Given that only a small subset of trauma-
exposed individuals go on to develop PTSD (Atwoli et al., 2015; Kess-

objective measures beyond self-reports to aid in diagnosis, treatment,
and prevention (Paganin and Signorini, 2023; Zoladz and Diamond,
2013). Such markers can also assist in tailoring individualized treatment
approaches utilizing specific mechanisms that are associated with the
disorder (Bar-Haim and Pine, 2013; Salazar De Pablo et al., 2021).
Threat-related attention bias variability (ABV), defined as fluctuations
in attention between threat vigilance and avoidance over time, has been
solidified over the past decade as a consistent and reliable marker of
posttraumatic stress disorder (PTSD; lacoviello et al., 2014; Naim et al.,
2015; Todd et al., 2022).

Exposure to trauma and the development of PTSD symptoms
following such an exposure have both been linked to elevated ABV
relative to other anxious populations as well as healthy controls (Naim
et al., 2015; Todd et al.,, 2022). These trauma- and PTSD-related

ler et al., 2017; Kilpatrick et al., 2013), it is important to identify novel
markers that differentiate the effects of trauma exposure per se from the
actual presence of clinical PTSD.

Most studies on ABV in PTSD have used reaction time (RT)-based
measures (RT-ABV) derived from variants of the dot-probe task (Todd
et al.,, 2022). RT-ABV refers to the temporal variability in attention
biases toward and away from threat, as they unfold across trials (Naim
et al., 2015). This body of research indicates that individuals with PTSD
exhibit higher ABV compared to both trauma-exposed healthy controls
and non-exposed healthy controls, with no significant differences be-
tween the latter two groups (Alon et al., 2019; Badura-Brack et al., 2015;
Bardeen et al., 2016; Iacoviello et al., 2014; Naim et al., 2015; Swick and
Ashley, 2017; for a meta-analysis see Todd et al., 2022). Furthermore,
these effects of heightened ABV appear to be PTSD specific, as similar
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patterns are not observed in other anxiety-related disorders (Todd et al.,
2022). Taken together, these findings suggest that elevated ABV is more
closely linked to pathological trauma-related processes than to trauma
exposure per se or other forms of anxiety.

Despite the consistency of RT-based ABV findings in relation to
PTSD, more general concerns have been raised regarding the reliability
and validity of attention bias measures derived from reaction time data
(Price et al., 2015), on which ABV measures partly rely. Specifically, the
traditional attention bias index has shown low test-retest and split-half
reliability (Rodebaugh et al., 2016), potentially due to the mathemat-
ical subtraction of two highly correlated variables, resulting in low
reliability (McNally, 2019). Although ABV measurements derived from
reaction-time tasks have demonstrated somewhat improved psycho-
metric properties (Alon et al., 2019, 2022; Naim et al., 2015; Price et al.,
2015; Rodebaugh et al., 2016), its validity remains under debate, with
ongoing questions about whether it captures specific threat-related
mechanisms or merely reflects general reaction-time variability.
Studies have indicated that ABV is correlated with general reaction-time
variability, and that individuals with PTSD exhibit elevated general
attentional variability and broader executive function impairments
(Carlson et al., 2022; Clarke et al., 2020; Kruijt et al., 2016; Rutter et al.,
2021; Swick et al., 2013, 2024; Swick and Ashley, 2017). However,
examination of clinical data from individuals diagnosed with PTSD
revealed that ABV uniquely predicted PTSD symptom severity beyond
general reaction-time characteristics (Alon et al., 2019), and that gen-
eral reaction-time variability did not mediate the relation between ABV
and anxiety (Clarke et al., 2020).

To address the limitations associated with RT-based attention bias
measures, eye-tracking technology has emerged as a promising alter-
native for evaluating attentional dysregulation in psychopathology
(Lazarov et al., 2019; Shamai-Leshem et al., 2023). Based on evidence
indicating that eye movement and gaze direction correspond to the
allocation of visual attention over time (Wright and Ward, 2008),
continuous capture of gaze data at high frequency can offer a strong
measure of attention allocation. Eye-tracking has several advantages
over RT-based methods, including higher test-retest reliability and in-
ternal consistency in measuring attentional allocation, and the ability to
capture complex attentional processes in real-time (Shamai-Leshem
et al., 2023; Waechter et al., 2014). It has been suggested that eye-
tracking has the potential to both identify nuanced attentional shifts
that occur following trauma exposure as well as to characterize the
attentional patterns associated with PTSD (for a review see Lazarov
et al., 2019). Recently, an eye-tracking-based ABV (ET-ABV) measure
has been developed and applied in the context of traumatic exposure
and PTSD (Alon et al., 2023). Unlike the results from RT-ABV studies,
the initial exploration of ET-ABV suggested it is elevated in both trauma-
exposed healthy controls and in individuals with PTSD relative to non-
exposed healthy controls, with no significant difference between the
two trauma-exposed groups. This suggests that heightened ET-ABV may
reflect broad alterations in threat monitoring following trauma exposure
rather than changes specific to PTSD.

The divergence in findings between RT-ABV and ET-ABV raises
important questions about whether these two measures capture distinct
cognitive aspects of attention dysregulation following traumatic expo-
sure. The two tasks might capture different attentional components due
to their methodologically distinct characteristics. The dot-probe task
provides a “snapshot” of the end of an attentional process through
manual responses (Bar-Haim et al., 2007), whereas eye-tracking in-
volves continuous high-frequency sampling of an unfolding attention
allocation (Armstrong and Olatunji, 2012; Lazarov et al., 2019). Addi-
tionally, the tasks differ in the context in which attention is assessed: the
dot-probe task requires goal-directed responses (i.e., indicating a target
arrowhead's direction), whereas the eye-tracking task involves passive
free observation without specific objectives (Shamai-Leshem et al.,
2023). These differences might result in measuring both overlapping
and distinct aspects of threat-related attention deployment.
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Consequently, trauma exposed individuals with and without PTSD may
display distinct patterns of attentional dysregulation in one or both ABV
measurements.

Given the preliminary nature of ET-ABV research, further investi-
gation is needed to determine whether this measure can, like RT-ABV,
differentiate between trauma exposure and PTSD symptomatology,
and whether each measure captures distinct aspects of attentional
variability occurring following exposure to traumatic events. Addition-
ally, it is important to address critical limitations of the single previous
study of ET-ABV (Alon et al., 2023). First, only ET-ABV was recorded
and thus a direct comparison between RT-ABV and ET-ABV within the
same sample was not possible, leaving open the possibility that the re-
ported ET-ABV results might be associated with the specific character-
istics of the Alon et al. sample. Second, unlike most RT-ABV studies in
the context of PTSD that focused on a single threat-related stimulus type
(e.g., angry faces), Alon et al. (2023) examined ET-ABV in relation to
three types of negatively-valenced stimuli with theoretical relevance for
PTSD (angry, fearful, and sad faces). Finding no differences between the
three types of applied stimuli, Alon and colleagues rightfully collapsed
the data across the three emotion categories. However, the mix of
negative emotion faces might have contributed to noise, precluding fine-
tuned detection of group differences.

The present study aims to extend the information on the relations
between ET-ABV, trauma exposure, and PTSD by assessing both RT-ABV
and ET-ABV within the same sample using a single angry-neutral
contrast. Three groups were compared: individuals diagnosed with
PTSD, trauma-exposed healthy controls (TEHC), and non-exposed
healthy controls (HC). Based on the extant ABV literature and given
the preliminary nature and limitations of the single ET-ABV study to
date, we expected both RT-based and ET-based ABV measures to
distinguish participants with PTSD from both TEHC and HC participants,
with no difference between the latter two groups. Finally, we explored
whether the RT-ABV and ET-ABV measures correlated, as well as the
extent to which each of these measures accounted for variability in PTSD
symptom severity.

2. Method
2.1. Participants

Participants were recruited at the National Center for Traumatic
Stress and Resilience, Tel Aviv University, from 2020 to 2024 (N = 150,
Mage = 30.04, SD = 10.40, Range = 19-70 years). The sample included
41 individuals clinically diagnosed with PTSD (16 female), 71 TEHC
participants (38 female), and 38 non-exposed HC participants (19 fe-
male). Demographic and clinically relevant characteristics by group are
provided in Table 1. Trauma exposure was assessed using the Life Events
Checklist for DSM-5 (LEC-5; Weathers et al., 2013), verifying that HC
participants had no current or past trauma experience, whereas both the
PTSD and TEHC groups experienced at least one traumatic event
meeting DSM-5-TR criterion A (e.g., combat, accident, sexual assault). A
primary PTSD diagnosis was established in the PTSD group using the
Clinician-Administered PTSD Scale-5 (CAPS-5; Weathers et al., 2018).
The Mini International Neuropsychiatric Interview (MINI; Sheehan
et al., 1998) was administered to participants in the PTSD group to
verify lack of co-morbidity exclusions. Lack of PTSD in the TEHC and HC
participants was determined by: 1) not meeting the diagnostic criterion
for probable PTSD based on the PTSD Check List for the DSM-5 (PCL-5; i.
e., not having at least one B cluster symptom, one C cluster symptom,
two D cluster symptoms, and two E cluster symptoms); and 2) a total
score < 20 on the PCL-5. All participants had normal or corrected-to-
normal vision. Exclusion criteria included incomplete participation in
all study tasks, failure to follow task instructions, or achieving <90 %
successful tracking on the free-viewing task (5 % of potential partici-
pants were excluded). All participants provided written informed con-
sent. The study was approved by the Institutional Review Board of Tel
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Table 1
Demographic and clinical characteristics by group.
PTSD group (n = TEHC group (n = HC group (n =
41) 71) 38)
M SD M SD M SD
Age 38.29 (12.35) 26.52 (6.90) 27.71 (8.73)
Male-Female Ratio  25:16 33:38 19:19
CAPS-5 total score 32.80 (8.71) - -
PCL-5 total score 52.63 (11.05) 4.65 (4.48) 2.74 (5.27)
RT-ABV 0.085 (0.053) 0.057 (0.02) 0.049 (0.014)
ET-ABV 0.035 (0.022) 0.021 (0.017) 0.021 (0.011)
Trauma Type
Accident n=23(7.32 %) n =18 (25.35 %) -
Missile Attack n=1(2.44 %) n =3 (4.22 %) -
Sexual Assault n=>5(12.2%) n=16(22.53 %) -
Terror Attack n=>5(12.2 %) n=1(1.41 %) -
Violence n =3 (7.32 %) n=12(16.9 %) -
Combat-related n = 24 (58.54 %) n =10 (14.08 %) -
Serious Injury - n =3 (4.22 %) -
Sudden Death - n=38(11.26 %) -

Note. TEHC = trauma-exposed healthy control; HC = healthy control; CAPS-5 =
clinical-administered PTSD scale; PCL-5 = PTSD Checklist for DSM-5.

Aviv University.

2.2. Clinical measures

2.2.1. Life events checklist for DSM-5 (LEC-5)

The LEC-5 (Weathers et al., 2013) consists of 17 self-report items
designed to assess lifetime exposure to potentially traumatic events and
affords the determination of DSM-5-TR criterion A of trauma exposure.

a.
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2.2.2. The PTSD check list for the DSM-5 (PCL-5)

The PCL-5 was used to assess the severity of posttraumatic stress
disorder symptoms (Blevins et al., 2015). It consists of 20 self-report
items corresponding to the 20 PTSD symptoms listed in the DSM-5-TR.
Participants rated how much each symptom had disturbed them over
the past month, using a 5-point scale, ranging from 0 (Not at all) to 4
(Extremely). The cumulative score (ranging from 0 to 80) served as an
index of symptoms severity, with higher scores indicating more severe
symptoms. Cronbach's o for the current sample was 0.98.

2.2.3. Clinician-administered PTSD Scale-5 (CAPS-5)

The CAPS-5 (Weathers et al., 2018) was utilized to determine PTSD
diagnosis. It is a structured interview designed to systematically assess
DSM-5-TR criteria for PTSD. The CAPS-5 interviews were administered
by two clinical psychologists trained to 85 % reliability with a senior
clinician.

2.2.4. The mini international neuropsychiatric interview (MINI)

The MINI was administered to participants in the PTSD group to
verify that they did not meet the study's co-morbidity exclusion criteria
(Sheehan et al., 1998). It is a structured diagnostic interview designed to
assess a broad range of psychiatric disorders according to DSM-5-TR
criteria. The interview covers major diagnostic categories such as
mood disorders, anxiety disorders, substance use disorders, and psy-
chotic disorders, among others, and was administered by two clinical
psychologists trained to 85 % reliability with a senior clinician.

Until response

Fixation disappeared after a stable

fixation of 1000ms

6000ms of free viewing the matric

Time

2000ms of inter-trial interval

Time

Fig. 1. An example trial of: (a) the dot-probe task; and (b) the free-viewing task.
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2.3. Attention bias variability measurements

2.3.1. The dot-probe task

RT-ABV was measured using a face-based dot-probe task (see Fig. 1a
for a single trial of the task). Face stimuli were taken from the Karolinska
Directed Emotional Faces (KDEF) stimulus database (Lundqvist et al.,
1998). The stimuli consisted of 10 actors (5 male, 5 female), each dis-
playing two facial expressions: a threat-related expression (angry) and a
neutral expression, yielding a total of 20 unique faces. In each trial,
participants first viewed a fixation cross for 500 ms, followed by a face
pair of the same actor for 500 ms, with one face displaying an angry
expression and the other a neutral expression. A subsequent target
probe, represented by “>“or “<“, appeared in the location previously
occupied by one of the faces. Participants were instructed to identify the
direction of the arrowhead probe as quickly and accurately as possible.
The probe appeared at the locations of the neutral and angry faces with
equal probability, with its location (top/bottom) and direction (right/
left) fully counterbalanced. The probe remained on the screen until the
participant's response. The task comprised 160 trials and was run using
E-Prime software (Psychology Software Tools, Pittsburgh). The total
stimulus array measured 390-by-230 pixels and consisted of two face
stimuli, each measuring 145-by-190 pixels, presented within a 20-pixel
white margin frame, with a 20-pixel white space between them. The
stimuli were displayed on-screen at a viewing distance of 60 cm from the
participant.

RT-ABV was calculated following Naim et al. (2015). First, trials with
reaction times faster than 200 ms or slower than 2000 ms and incorrect
trials were excluded. Then, trials with reaction times exceeding +2.5
standard deviations from the participant's mean were excluded. Next,
the RT-ABV score based on the included trials was computed in four
steps: 1) A trial-by-trial moving average algorithm was applied to
calculate the mean reaction times for every successive block of 10
neutral trials and 10 threat trials, generating corresponding blocks of
neutral and threat averages; 2) Successive attention bias scores were
computed by subtracting the average reaction time for each block of
threat trials from the corresponding block of neutral trials, yielding a
series of consecutive attention bias scores; 3) The standard deviation of
these consecutive bias scores (excluding the first score) was calculated,
providing a measure of variability in attention allocation between
threat-related and neutral cues throughout the task; 4) Finally, the
standard deviation was normalized by dividing it by the participant's
overall mean reaction time across valences. Higher RT-ABV values
reflect greater variability in attention shifts over time between negative
and neutral stimuli.

2.3.2. The free-viewing matrix task

The eye-tracking free-viewing matrix task was used to compute ET-
ABV (Shamai-Leshem et al., 2023; see Fig. 1b for a single trial of the
task). Each trial of the task began with a fixation cross, which dis-
appeared after a 1000 ms fixation on the cross was recorded, confirming
participants' central gaze location. Subsequently, a 4-by-4 matrix con-
taining 8 neutral and 8 angry faces was displayed for 6000 ms, followed
by a 2000 ms inter-trial interval. Participants were instructed to freely
view the face matrix until it disappeared. The task consisted of 30 trials,
with each face appearing once within each matrix, with specific criteria:
gender balance and emotional valence balance, including for the 4 faces
near the fixation cross. The facial stimuli were taken from the Karolinska
Directed Emotional Faces (KDEF) stimulus database (Lundqvist et al.,
1998). These included the 10 actors used in the dot-probe task, along
with 6 additional actors, resulting in a total of 16 actors (8 male, 8 fe-
male), each displaying two facial expressions — angry and neutral —
yielding a total of 32 unique face stimuli. The overall matrix array
measured 900-by-900 pixels and consisted of 16 face stimuli, each
measuring 225-by-225 pixels, presented within a 10-pixel white margin
frame. The matrix was displayed on screen at a viewing distance of 75
cm from the participant. Two areas of interest (AOIs) were defined for
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each matrix: a threat AOI comprising the 8 angry faces and a neutral AOI
comprising the 8 neutral faces. Fixations lasting at least 100 ms within a
1-degree visual angle were analyzed (Andersson et al., 2022).

ET-ABV was calculated according to Alon et al. (2023). First, the
initial fixation of each trial was removed because it likely included re-
sidual effects from the fixation cross. Then, percent dwell time on threat-
related stimuli (DT%) was calculated for each matrix, by dividing the
total dwell time on threat AOIs by the total dwell time on both threat and
neutral AOIs. Finally, the variance of these DT% values was calculated,
providing a measure of variability in sustained attention between threat-
related and neutral stimuli throughout the task.

2.4. Procedure

Following informed consent, all participants completed the LEC-5
and PCL-5. Participants in the PTSD group also underwent the CAPS-5
and MINI interviews. All participants completed the eye-tracking free-
viewing matrix task and the dot-probe task.

2.5. Data analysis

To test whether each ABV measure varied across the study groups,
two separate one-way ANOVAs were conducted, with RT-ABV or ET-
ABV as the dependent variable and Group (PTSD/TEHC/HC) as the
between-subjects factor. Follow-up ANOVAs were conducted to examine
pairwise group differences, with multiple comparisons adjusted using
the Holm-Bonferroni correction. To directly compare the differentiation
patterns of ET-ABV and RT-ABV across the study groups, a two-way
ANOVA was conducted, with Group as the between-subjects factor
and ABV measure type (RT/ET) as the within-subject factor. Z-trans-
formed scores of RT-ABV and ET-ABV were used as the dependent var-
iables to align scales for comparison. To determine whether the ABV
measures differentiate between the two trauma-exposed groups
compared to the non-exposed HC group, as well as between the two non-
clinical groups and the clinical PTSD group, the relevant groups were
collapsed, and Welch's t-tests were conducted.

A multiple linear regression was performed to examine the extent to
which RT-ABV and ET-ABV together account for variability in PTSD
symptom severity (PCL-5 total score). Given that the association be-
tween RT-ABV and PTSD severity has already been established, an
exploratory hierarchical regression analysis was conducted to assess
whether ET-ABV explains additional unique variability in PTSD beyond
RT-ABV. All predictors were z-transformed to facilitate interpretation.
To assess potential multicollinearity between the predictors, a Pearson's
correlation was calculated between RT-ABV and ET-ABV (Dormann
et al., 2013), and variance inflation factor (VIF) was computed (Alin,
2010).

To explore the reliability of the ABV measures, split-half reliability
was computed using Pearson correlations between the first and second
halves of each task's trials.

Statistical analyses were conducted using JASP (JASP Team, 2022)
and R (R Core Team, 2022). Statistical tests were two-sided, using an o of
0.05. Effect sizes are reported using n? for ANOVAs, Cohen's d for mean
comparisons, and R? for regression models.

3. Results

Demographics by group and group means on all collected variables
are presented in Table 1. Participants in the PTSD group were older than
participants in the TEHC and HC groups, F(2,147) = 23.24, p < .001, #°
= 0.24. Including age as a covariate did not alter the pattern of results in
any of the reported analyses. All subsequent results are reported without
age as a covariate. No group differences were noted for gender ratio,
)(2(2) = 2.22, p = .329. As expected, self-reported PTSD severity (PCL-5)
was higher in the PTSD relative to the TEHC and HC groups, F(2,147) =
709.11, p < .001, 4 = 0.91.
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3.1. Reaction time-based attention bias variability (RT-ABV)

RT-ABV significantly differentiated between groups, F(2,147) =
14.69, p < .001, #? = 0.167 (Fig. 2a). Follow-up analyses revealed that
participants with PTSD had higher RT-ABV compared to both TEHC
participants, t(110) = 4.44, p < .001, d = 0.872, and HC participants, t
(77) =5.042, p < .001, d = 1.135, with no difference between the TEHC
and HC groups, t(107) = 1.31, p = .19, d = 0.264. Collapsing the two
trauma-exposed groups and contrasting with the non-exposed HC group
indicated that RT-ABV was higher among trauma-exposed participants
(M = 0.068, SD = 0.038) relative to non-exposed participants (M =
0.049, SD = 0.014), (146.69) = —4.33, p < .001, d = 0.644. Collapsing
the two healthy groups and contrasting them with the PTSD group
indicated that RT-ABV was greater among participants with PTSD (M =
0.085, SD = 0.053) relative to healthy participants (M = 0.055, SD =
0.019), t(43.76) = —3.64, p < .001, d = 0.77. Split-half reliability of RT-

a.
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ABV was r = 0.44, p < .001. Results of the traditional attention bias as
derived from the dot-probe task are presented in the Supplementary
Materials.

3.2. Eye tracking-based attention bias variability (ET-ABV)

ET-ABV also differentiated between the study groups, F(2,147) =
9.82, p < .001, 712 = 0.118 (Fig. 2b). Follow-up analyses revealed that
participants with PTSD had higher ET-ABV compared to both TEHC
participants, t(110) = 4.14, p < .001, d = 0.812, and HC participants, t
(77) = 3.60, p < .001, d = 0.811, with no difference between the TEHC
and HC groups, t(107) = 0.003, p = .99, d = 0.004. Collapsing the two
trauma exposed groups and comparing them to the non-exposed HC
group revealed a non-significant trend of ET-ABV being higher among
the trauma-exposed participants (M = 0.026, SD = 0.020) relative to
non-exposed participants (M = 0.021, SD = 0.011), (117.81) = —1.97,

0.12 ' sk

NS

0.10

0.08

0.06

RT-ABV

0.04

0.02

0.00
PTSD

TEHC HC

NS

0.04

0.03

ET-ABV

0.02

0.01

0.00

PTSD

TEHC HC

Fig. 2. (a) Mean reaction-time attention bias variability (RT-ABV) and 95 % confidence intervals by group (b) Mean eye-tracking attention bias variability (ET-ABV)
and 95 % confidence intervals by group. *** denotes a p-value smaller than 0.001, and NS denotes a non-significant group difference. TEHC = trauma-exposed

healthy controls; HC = healthy controls.
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p =.051, d = 0.191. Collapsing the two healthy groups and comparing
them to the PTSD group indicated that ET-ABV was greater among
participants with PTSD (M = 0.035, SD = 0.022) relative to healthy
participants (M = 0.021, SD = 0.015), t(55.47) = —3.80, p < .001, d =
0.748. Split-half reliability of ET-ABV was r = 0.665, p < .001. Results of
the traditional attention bias as derived from the eye-tracking free-
viewing task are presented in the Supplementary Materials.

3.3. Direct comparison of RT-ABV and ET-ABV group patterns

No interaction effect was observed between Group and ABV measure
type (Fig. 3), F(2,147) = 0.56, p = .572, ;12 = 0.003. A main effect of
Group was noted, F(2,147) = 22.96, p < .001, 172 = 0.139, with par-
ticipants with PTSD showing higher ABV compared to both TEHC par-
ticipants, t(110) = 5.95, p < .001, d = 0.84, and HC participants, t(77)
=5.98, p < .001, d = 0.97. No difference was noted between the TEHC
and HC groups, t(107) = 0.89, p = .37, d = 0.13.

3.4. PTSD symptom severity variance accounted for by ABV measures

Analysis indicated that 29.3 % of the variance in PTSD symptom
severity (PCL-5) was accounted for by RT-ABV and ET-ABV, F(2, 147) =
30.48, p < .001, with both ABV measures accounting for a significant
portion of the variance (see Table 2 for estimated coefficients). The hi-
erarchical regression analysis revealed that 18.8 % of the variance in
symptom severity was uniquely explained by RT-ABV, F(1,148) = 34.25,
p < .001. Entering ET-ABV in step 2 indicated that an additional 10.5 %
of the variance in symptom severity was uniquely explained by ET-ABV,
F(1,147) = 21.87, p < .001. The VIF value was 1.028, indicating no
multicollinearity between the predictors. The correlation between RT-
ABV and ET-ABV was small and significant, r = 0.168, p = .034
(Fig. 4). Removing the three high RT-ABV outliers from the PTSD group
did not change the correlation magnitude (r = 0.184, p = .026). We
retained these outliers based on theoretical and statistical consider-
ations. Theoretically, these high RT-ABV values likely represent the
attention bias variability phenomenon being studied rather than mea-
surement error, as similar values have been documented in other PTSD
samples (e.g., Naim et al., 2015). Statistically, removing outliers may
not be recommended when they appear exclusively in one group in a
between-groups design (Karch, 2023).

4. Discussion
This study explored the patterns of RT-ABV and ET-ABV in relation to

trauma exposure and PTSD symptomatology. Four key findings
emerged: 1) Previous findings from RT-ABV studies were replicated,

ABV Measure

—O— RT-ABV
-@- ET-ABV
_— 1.0
=
£
S
2 05
£
0
)
g
=} 0.0
O
wn
>
2
—0:5
-1.0

PTSD TEHC HC

Fig. 3. Mean attention bias variability (ABV) scores (z-transformed) as a
function of group and ABV measure type. Error bars reflect 95 % confidence
intervals. TEHC = trauma-exposed healthy controls; HC = healthy controls.
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showing higher RT-ABV in participants with PTSD relative to both TEHC
and HC participants; 2) The same pattern of group differentiation
emerged for ET-ABV; 3) Together, RT-ABV and ET-ABV accounted for
29.3 % of the variance in PTSD symptom severity, with each uniquely
explaining a significant portion of this variance; and 4) A modest yet
significant correlation was noted between RT-ABV and ET-ABV.

The findings regarding the RT-ABV measure are consistent with the
broader body of RT-based ABV literature, which has consistently
demonstrated an association between ABV and PTSD, rather than
trauma exposure per se (Badura-Brack et al., 2015; Bardeen et al., 2016;
lacoviello et al., 2014; Naim et al., 2015; for a meta-analysis Todd et al.,
2022) and extend this pattern to ET-ABV. In contrast to the sole previous
study of ET-ABV (Alon et al., 2023), the current larger study suggests
that ET-ABYV, similar to RT-ABV, is linked to PTSD pathology rather than
to trauma exposure per se.

Alon et al. (2023) suggested that differences between reaction time-
based and eye-tracking-based tasks could lead to varying sensitivities in
detecting attentional processes following trauma exposure versus those
specifically associated with PTSD psychopathology. Indeed, there are
inherent distinctions between these two methodologies. Eye-tracking
captures continuous and dynamic allocation of attention over time,
whereas reaction time-based measures typically tap attention in a more
indirect manner (Lazarov et al., 2019). Although the attentional pattern
revealed in the current study by the RT- and ET-ABV in relation to PTSD
and trauma exposure are the same, the findings also support the notion
of inherent distinctions between these methodologies, with the low yet
significant correlation between ET- and RT-ABV, suggesting that each
measure may capture distinct dynamic aspects of attentional
dysregulation.

Several factors may account for the discrepancy between the results
of Alon et al. (2023) and the current study. First, Alon et al. examined
ABV in relation to trauma exposure and PTSD using eye-tracking
methodology only. The current study extends Alon et al. by recording
ABYV via both reaction-time and eye-tracking methodologies within the
same sample, thereby controlling for potential subject-related differ-
ences that might have contributed to the discrepancies between the
previous ET-ABV (Alon et al., 2023) and extant RT-ABV findings (see
Todd et al.,, 2022 for a meta-analysis). Second, the current study
employed a larger sample (33 % larger), which enhanced the statistical
power to detect smaller group differences. Third, Alon et al. (2023)
included multiple negatively valenced facial expressions (angry, fearful,
and sad), whereas the current study focused exclusively on angry faces,
thereby reducing potential measurement noise arising from stimulus
heterogeneity. Specifically for PTSD, studies have shown that angry
faces serve as a particularly relevant trauma-related stimulus (Naim
et al., 2015), with superior differentiation between study groups
compared to other threatening stimuli (J. Lee and Lee, 2014; Thomas
et al., 2013). With these three distinctions, the current study replicated
the established RT-ABV findings and provided preliminary evidence
suggesting that ET-ABV also has the sensitivity to detect PTSD-related
pathology in the same manner that RT-ABV does.

Taken together, the current results suggest that ET-ABV may capture
a distinct aspect of attentional fluctuation associated with PTSD symp-
toms, complementing the established RT-ABV measure. Thus, ET-ABV
holds potential as a new reliable cognitive marker for PTSD pathol-
ogy. Eye-tracking measures offer several advantages over RT-based
measures, particularly in terms of reliability and validity (Lazarov
et al., 2019; Shamai-Leshem et al., 2023). Indeed, the current study
demonstrated better reliability for ET-ABV compared to RT-ABV,
although it was somewhat smaller than previously reported (Alon
et al., 2023). Future replications are needed to further establish the ET-
ABV index as a reliable attentional measure. Additionally, future
research could explore the distinct aspects of attentional dysregulation
captured by RT-ABV and ET-ABV through study designs that isolate each
attentional process.

The consistent and replicable associations between elevated ABV and
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Table 2
Summary of hierarchical regression analysis with RT-ABV and ET-ABV as predictors of PTSD symptoms (PCL-5). Step 2 represents the combined model.
Model Predictors B SE 95 % CI t df p VIF
Step 1 RT-ABV 0.434 0.074 0.287-0.580 5.853 148 <0.001 -
Step 2 RT-ABV 0.378 0.70 0.239-0.517 5.376 147 <0.001 1.028
ET-ABV 0.329 0.70 0.190-0.468 4.677 147 <0.001

Note. RT-ABV = reaction-time based attention bias variability; ET-ABV = eye-tracking based attention bias variability.
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Fig. 4. Scatterplot of the correlation between RT-ABV and ET-ABV, colored by group. TEHC = trauma-exposed healthy controls; HC = healthy controls.

PTSD symptoms further support its potential utility for distinguishing
between individuals with PTSD and healthy control groups. To date
however, ABV has been assessed at the group level using probabilistic
and regression modeling (Naim et al., 2015; Todd et al., 2022). Future
research could focus on bridging the gap between group-level findings
and individual-level clinical applications by employing more advanced
modeling techniques and creation of standardized norms. Another
promising approach gaining traction in recent years is the application of
machine learning classifiers (Leightley et al., 2019). Machine learning is
a data-driven analytic method capable of capturing complex non-linear
relations and integrating diverse data types and factors. In PTSD
research, machine learning has been successfully applied to classify
PTSD from healthy controls, identify subtypes of PTSD, and differentiate
PTSD from other psychiatric conditions (for a review see Wang et al.,
2024). Future research could incorporate cognitive-behavioral mea-
sures, such as ABV, into machine learning classifier models to further
explore their unique predictive value. This could enhance existing
models' performance in distinguishing individuals with PTSD from
healthy controls and assessing ABV's potential as a clinical risk measure
for PTSD.

The current results should be considered in light of several limita-
tions. First, this study relied on a self-report questionnaire (PCL-5) rather
than on a clinician-administered interview to assess PTSD symptom
severity. Although the PCL-5 and CAPS-5 are both designed to assess the
same DSM-5-TR symptoms and have been shown to be correlated
(Kramer et al., 2023; Resick et al., 2023; Touponse et al., 2025; Weathers
et al., 2018), it may have been more prudent to use both self-reports and
clinicians' ratings for the entire sample, as each might capture different
aspects of the symptom severity construct (Lee et al., 2024; Resick et al.,
2023). Indeed, in line with previous research (Kramer et al., 2023;
Touponse et al., 2025; Weathers et al., 2018), the correlation coefficient
between these measures in the PTSD group within the current sample
was r = 0.52, p < .001. Second, between-group age differences were
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noted, with participants in the PTSD group being older than participants
in the two healthy control groups. Although covarying age in analyses
did not affect the pattern of results, suggesting age might not be a key
factor in the current sample, previous research does indicate that age
can serve as a moderator in attentional studies (Mather and Carstensen,
2003; Mogoas et al., 2014; Price et al., 2016; Shamai-Leshem et al.,
2023). Notably, existing literature on age and threat-related attention
has predominantly focused on traditional attention bias indices rather
than ABV. However, research examining age effects on general response
time variability, an attentional construct associated with both ABV and
broader deficits in executive functioning among individuals with PTSD
(Clarke et al., 2020; Rutter et al., 2021; Swick et al., 2013; Swick and
Ashley, 2017), indicates that such variability increases with age
(Hultsch et al., 2002; Lemire et al., 2024). These age-related effects
might carry over to ABV calculations warranting future research with
better age-matched groups. Finally, the implications of the current study
should be considered in the context of the ongoing debate regarding
ABV validity and its methodological limitations. Further studies with
methodologically refined designs could help disentangle threat-specific
from general attentional variability among PTSD populations. Such
designs might include neutral control conditions that allow for a direct
comparison of variability in threat-related versus non-emotional atten-
tional processes.

4.1. Conclusions

This study tested a novel cognitive marker for PTSD psychopathol-
ogy using a reliable eye-tracking methodology — ET-ABV. The results
replicate and extend the established findings indicating that RT-ABV is
elevated among participants with PTSD relative to TEHC and HC par-
ticipants. Further, ABV measures appear to explain a substantial portion
of the variance in PTSD symptom severity, with ET-ABV accounting for
additional unique variance beyond RT-ABV. The small overlap between
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these two ABV measures suggests that each captures distinct aspects of
the attentional dysregulation associated with PTSD pathology. The dif-
ferentiation between RT-ABV and ET-ABV reinforces the notion that
multiple attentional mechanisms may underlie PTSD-related attentional
irregularities. Future research is warranted to further validate the ET-
ABV index, to clarify the specific attentional processes measured by it,
and to explore its clinical utility.
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