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Abstract
The processing of threatening content tends to take priority over neutral or other emotional stimuli. Compared to other 
attentional biases (in response to threat), less research has been dedicated to understanding anticipatory attentional avoid-
ance, and existing studies on this topic have yielded mixed results. In this study, we investigated anticipatory attentional 
avoidance, focusing on how predictive cues associated with threatening stimuli influence attentional processing before the 
actual threat appears. We used a cued visual probe task, in which a neutral cue (onset times: 100, 500, or 1000ms) pre-
dicted the location of a threatening stimulus. Across two experiments, we examined both behavioral and eye-tracking mea-
sures to capture avoidance patterns. In Experiment 1 (behavioral: N = 33; eye-tracking: N = 23), predictive cues appeared in 
the same location as the subsequent target (i.e., in the corners of the screen), while in Experiment 2 (behavioral: N = 51; 
eye-tracking: N = 22), predictive cues were presented centrally, separating cue and target locations. Our results showed that 
participants associated the threatening content with the predictive cue and learned to avoid attending to the spatial position 
of the threat-related stimuli. This avoidance was reflected in slower reaction times and gaze patterns that shifted away 
from the threat-predictive cues during presentation, particularly at longer cue presentation times. However, we found no 
differences in the onset of gaze shifts to the target, suggesting that avoidance occurs primarily during early anticipatory 
stages. These findings suggest that anticipatory attentional avoidance may appear as a distinct process that could emerge 
in response to learned threat associations.
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other emotional stimuli (Cisler et al., 2009; Cisler & Koster, 
2010; Csatho et al.,  2008; March et al., 2017; McNally, 
2019; Zsidó et al., 2017). According to the attentional bias 
toward threat (ABT) framework, the presence of a threat 
can result in three well-defined attentional biases: atten-
tional grab, delayed disengagement, and avoidance (Cisler 
& Koster, 2010; Fox et al., 2001 a; Koster et al. 2006a, b). 
These attentional biases can be best described as resulting 
from two core attentional processes: stimulus-driven orien-
tation (governed by the salience network, which includes 
the amygdala, insula, and frontal regions), and goal-directed 
attention (regulated by the executive control network, 
which spans frontal and parietal areas) (Dolcos et al., 2020; 
Mogg & Bradley, 2018). The salience network automati-
cally directs attention toward visually salient objects (such 
as threats), potentially overwriting other ongoing tasks or 
behaviors. In contrast, the executive control network works 
to maintain task performance by inhibiting threat process-
ing, in order to allow a fuller scanning of the visual field.

As these processes align with the definitions of attentional 
grab and delayed disengagement, a large number of studies 
have investigated and demonstrated these mechanisms in 

Introduction

Over the past few decades, several studies have shown that 
attention is biased towards threatening content, with threat-
related information taking processing priority over neutral or 
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clinical, subclinical, and healthy populations (Bar-Haim et 
al., 2007; Keogh & French, 2001; Mathews & MacLeod, 
2002; Mogg & Bradley, 1998). Previous research has con-
sistently demonstrated the appearance of attentional biases 
toward different threat-related stimuli, including evolution-
arily relevant threats, such as snakes and spiders (Luo et 
al., 2015; Miltner et al., 2004; Öhman et al., 2001), socially 
relevant threats, such as angry or fearful faces (Amir et al., 
2003; Wieser et al., 2018; Zsidó et al., 2024), and modern 
threats such as guns and medical procedures (Armstrong et 
al., 2013; Behlau et al., 2024; Blanchette, 2006; Zsido et al., 
2019). Specifically, attentional grab refers to the automatic 
capture of attention by a threatening stimulus, enhanc-
ing the ability to detect a potential threat (Öhman, 1986; 
Öhman et al., 2001; Stefanics et al., 2012). Once attention 
is drawn to the threat, delayed disengagement occurs, mak-
ing it more difficult to redirect attention to another object 
(Carlson et al., 2009; Cisler & Olatunji, 2010; Koster et al., 
2004). While these two attentional biases are well-docu-
mented phenomena, results related to the third bias, atten-
tional avoidance, are inconsistent. Consequently, despite 
its potential importance in understanding phobic behavior, 
attentional avoidance has yet to be clearly defined. There are 
still open questions regarding its existence, characteristics, 
and whether it is distinct from other attentional biases.

Avoidance refers to the process of directing attention to a 
location away from the position of the threatening stimulus 
(Chen et al. 2002; Garner et al. 2006a; Koster et al., 2006b; 
McNally, 2019). Findings regarding this bias remain limited 
(Cisler & Koster, 2010), as its alignment to the other two 
core attentional processes is perhaps less intuitive. Previ-
ously, attentional avoidance has been mainly investigated 
using spatial cuing tasks, such as the dot-probe paradigm 
(Cisler & Koster, 2010; MacLeod et al., 1986; Mogg & 
Bradley, 1999). In these tasks, salient and neutral images are 
used as cues that precede the presentation of the neutral tar-
gets, and these cues are generally presented for short dura-
tions (100–500 ms). Past studies have yielded mixed results, 
likely because the paradigms used may not be fully suited to 
studying avoidance due to inherent design limitations.

The first design issue is that, according to the ABT 
framework and prior empirical evidence, longer cue pre-
sentation times (500–1000 ms) may be necessary for avoid-
ance to occur (Chen et al. 2002; Garner et al. 2006b; Koster 
et al. 2005; Mogg et al. 2004a, b). However, on this point 
too, prior findings remain inconsistent: while some studies 
have demonstrated avoidance at shorter presentation times 
(Sagliano et al., 2014; Waters et al., 2007), others have 
found avoidance at presentation times above 1000ms (Brad-
ley et al., 1998; Mogg et al., 1997). One possible explana-
tion for this delayed onset is that avoidance may not be a 
distinct attentional bias but rather a secondary process that 

only occurs after another attentional bias has taken place 
(Koster et al., 2005).

The second issue relates to the use of spatial cueing tasks, 
where multiple attentional processes occur before the one 
identified as avoidance, which typically emerges at a later 
stage (i.e., after 500–1000 ms). These tasks compare con-
gruent trials (where the target appears in the same location 
as the salient cue) and incongruent trials (where the target 
appears in the opposite location). However, they lack a true 
baseline condition against which avoidance behavior can 
be directly compared (Cisler et al., 2009). Therefore, the 
definition of attentional avoidance has been largely driven 
by these empirical observations rather than theoretical con-
siderations. It is still unclear whether attentional avoidance 
is a primary attentional bias (such as attentional capture or 
grab), or rather a secondary attentional bias (that appears 
after attentional capture or grab). To resolve these contra-
dictory results, we aimed to investigate a form of avoidance 
that occurs prior to the appearance of threatening con-
tent. By focusing on anticipatory avoidance, our approach 
reduces the chance of participants developing other atten-
tional biases and establishes a clear baseline condition for 
studying avoidance as an independent process.

Anticipatory attentional bias

Past studies have routinely measured attentional biases 
in the presence of a threat, but only a few have explored 
the bias that occurs when anticipating an encounter with a 
feared object. A lack of connection between clinical pho-
bia research and threat-focused cognitive experiments may 
explain this gap. Anticipatory attentional bias describes 
the phenomenon by which an attentional bias manifests 
when the salient stimulus is not yet present but is antici-
pated to occur (Bastiaansen & Brunia, 2001). Specific pho-
bias exhibit this anticipatory effect as a form of avoidance 
behavior (Brinkmann et al., 2017). Anxiety not only occurs 
when individuals interact with the object they fear, but also 
when they think about it or anticipate a situation where they 
might encounter it. For instance, spider-fearful individuals 
may avoid a park, which is a natural habitat for arthropods, 
while those fearful of blood-injection-injury-related stimuli 
may delay or completely avoid making an appointment for 
medical screening or blood draws (Birkás et al., 2023; Kiss 
et al., 2022). Furthermore, previous behavioral studies have 
shown that attentional avoidance occurs when medical stim-
uli and disgust-related images are presented (Armstrong et 
al., 2013; Buodo et al., 2010). Attentional avoidance may 
also play a crucial role in facilitating exploration of the envi-
ronment and acquiring relevant information about a current 
situation (Koster et al., 2006b; Pflugshaupt et al., 2005). An 
early anticipatory form of this avoidance behavior can be 
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achieved by using a modified cueing paradigm, such as the 
cued Visual Probe Task (cVPT) (Gladwin, 2017; Gladwin 
& Vink, 2018).

The cVPT is a modified dot-probe task providing a solu-
tion to investigating avoidance behavior related to a certain 
type of stimulus (Basanovic, 2024; Gladwin, 2017). One 
key modification compared to a standard dot-probe task is 
that neutral cues are used to indicate the possible location 
of emotional stimuli, thereby providing an opportunity to 
associate (learn) the cue in relation to the appearance of a 
certain type of stimuli. These same neutral cues then pre-
cede the onset of both the target and the foil, effectively 
separating the probe detection task from the presenta-
tion of the emotionally-charged stimulus. As a result, the 
task consists of two different trial types: picture trials and 
stimulus trials. In the picture trials, the emotionally salient 
and neutral pictures are presented, and each is associated 
with a certain neutral cue. In the stimulus trial, the target 
and distractor stimuli are presented after the neutral cues. 
The target stimulus can appear at the location of the threat-
related cue (congruent trial) or at the location opposite to 
it (incongruent trial). The degree of anticipatory attentional 
bias towards threat is measured by comparing reaction 
times in congruent and incongruent trials; avoidance behav-
ior is indicated by faster responses to targets appearing in 
the opposite location of the threat-related neutral cue. Previ-
ous studies using the cVPT paradigm have primarily used 
socially threatening stimuli (e.g. emotional faces), and these 
studies have typically reported attentional capture toward 

the cues. This pattern may reflect the specific characteris-
tics of the threatening stimuli (e.g., accurate identification 
of the emotion appearing on the face). However, most recent 
work has demonstrated anxiety-related avoidance of nega-
tive cues (Basanovic, 2024), suggesting that this paradigm 
can trigger avoidance behaviour.

Present study

We propose a modification to this paradigm (see Fig.  1) 
in which picture trials and neutral predictive cues are pre-
sented at a location (e.g., the center of the screen) that is 
spatially distinct from the target and distractor locations 
(e.g., which remain in the corners of the screen). This design 
departs from the congruent-incongruent structure typical of 
dot-probe-like tasks and allows for the testing of the antici-
patory avoidance effect independently of these conditions. 
If the appearance of the threat-related neutral cue indeed 
triggers avoidance behavior, participants should locate 
the subsequent target more quickly when the cue signals a 
threat than when it does not. This effect would arise because 
participants anticipate the threat’s appearance in the center 
of the screen and then actively try to avoid that spatial posi-
tion. By implementing these changes to the cVPT paradigm, 
(1) no emotional pictures may induce a priori attentional 
biases, while participants may still engage in an anticipa-
tory attentional process based on threat expectation; and (2) 
this allows the attentional bias to be driven by stimulus cat-
egory rather than the specific stimulus content (Gladwin & 

Fig. 1  Schematic presentation of 
the original cued Visual Probe 
Task (cVPT, left columns), and 
our modified version (right 
column). In the Picture trial of 
the cVPT (top-left), participants 
first view two letter strings 
(“XXXXX” and “OOOOO”), 
followed by the presentation of 
two pictures (threatening and 
neutral). In the Modified cVPT 
(top-right), after presenting a 
single letter string (“XXXXX” 
or “OOOOO”), only one image 
(threatening or neutral) is dis-
played. In the Stimulus trial of 
the cVPT (bottom-left), the letter 
string is followed by a target 
stimulus (>><<) and a distractor 
stimulus (“VVVVV”), while in 
the Modified cVPT (bottom-
right), only one letter string is 
presented, but the target and the 
distractor stimuli are shown in 
the same manner as in the cVPT 
arrangement
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Vink, 2020), thereby enhancing the reliability of the results 
(Gladwin, 2019).

Measuring eye movements is a common way to comple-
ment behavioral measures (e.g. reaction time) by tracking 
attentional processes over time and providing additional 
information about the development of attentional biases. 
Eye-tracking studies consistently show that threatening or 
negative stimuli capture attention more rapidly and are more 
difficult to disengage from than neutral stimuli, as demon-
strated in visual search and dot-probe paradigms (Fox et al., 
2001; Waechter et al., 2014). However, eye-tracking data 
is often analyzed by averaging measures across the entire 
trial, rather than examining how attentional shifts unfold 
over time. Because eye movements occur rapidly, previous 
studies have suggested that, in some cases, covert rather 
than overt attention influences processing (Calvo et al., 
2015; Cave & Batty, 2006). Thus, an individual not directly 
attending to emotionally charged (threatening) content 
may still show some degree of attentional bias. Trial-level 
averaging may therefore overlook fast, transient eye move-
ments. Therefore, analyses that examine gaze dynamics 
within individual trials are better suited to capturing these 
processes (Godwin et al., 2021). Accordingly, we tracked 
gaze distance from the anticipated threat location over time 
and estimated the onset of attentional shifts toward the tar-
get cue in both congruent and incongruent conditions.

In the present study, we investigated whether anticipa-
tory avoidance of threatening content can be captured in a 
visual probe task using both behavioral and eye-tracking 
measures. Across two experiments, we used a modified ver-
sion of the cVPT paradigm and manipulated the valence 
(threatening or neutral) of the associated images. In Experi-
ment 1, predictor cues and their corresponding content 
(threat and neutral) appeared in the same spatial location as 
the target, in the corner of the screen. In Experiment 2, to 
further explore the attentional avoidance bias, neutral pre-
dictor cues and their corresponding threatening and neutral 
content appeared in the center of the screen, while the target 
appeared in one of the corners.

Experiment 1

In Experiment 1a, participants performed the modified cued 
Visual Probe Task (cVPT), in which they were required to 
locate a target cue while ignoring a similar distractor appear-
ing on the opposite side of the screen. The target-distractor 
pair was always preceded by predictive cues (letter strings) 
associated with either neutral or threatening content. We 
manipulated the presentation time of these predictor cues 
(100ms, 500ms or 1000ms). The target stimulus appeared 
either in the position of the predictor cue associated with 

threatening content (which henceforth will be referred to as 
congruent) or in the position of the predictor cue associ-
ated with neutral content (which will be referred to as incon-
gruent). Experiment 1b was a replication and extension of 
Experiment 1a, incorporating eye-movements to monitor 
participants’ gaze behavior.

We hypothesized that participants would tend to avoid the 
location of a potential threat, as signaled by the associated 
neutral cue. Our hypotheses were the following: (H1a) par-
ticipants would be slower to locate the target in the congruent 
condition (when the threat-related cue appeared in the target’s 
location) compared to the incongruent condition (when the 
threat-related cue appeared in the opposite location); (H2) 
over time, participants’ gaze would be located further away 
from the location of the possible threat; and (H3a) the offset 
time of attentional shifts toward the target would be delayed 
for congruent compared to incongruent trials.

Methods

Participants

The required sample size for Experiment 1a was determined 
using G*Power software (version 3.1.9.7; Faul et al., 2007). 
For the within‑subjects Congruency (2) × Presentation 
Time (3) interaction in a 2 × 3 repeated‑measures ANOVA 
(rmANOVA), we used conservative parameters for the esti-
mation (f = 0.25, 1-β = 0.95, r =.5, α = 0.05), which indicated 
a minimum required sample size of 28. Data collection was 
carried out in one-week increments until the required sample 
size was reached or exceeded. The final sample consisted 
of 33 undergraduate students (22 females, mean age = 22.3, 
SD = 3.69). For Experiment 1b, the required sample size 
for the rmANOVA was determined based on the effect 
size observed in Experiment 1a (f = 0.49, 1-β = 0.95, r =.5, 
α = 0.05). While the analysis suggested a minimum sample 
size of 9 participants, we aimed for a larger sample due to 
the inclusion of the eye-tracking measures, to account for 
potential data loss due to technical issues (e.g., poor calibra-
tion, excessive motion artifacts). Data collection was car-
ried out in one-week increments until the required sample 
size was reached or exceeded. The final sample consisted 
of 23 undergraduate students (16 females, mean age = 20.5, 
SD = 1.31). For the analysis of eye-tracking data, we ulti-
mately did not rely on rmANOVA, but instead used linear 
mixed-effects (LME) models, which allowed us to treat time 
as a continuous variable in the models. Since no a priori 
sample size estimation were performed for this analysis, we 
performed a post hoc power calculation using the “simr” 
package (Green & MacLeod, 2016). The results suggested 
that the sample size was adequate for the gaze-distance 
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outcome (power = 78.0%; 95% CI: [75.30, 80.53]). Given 
ongoing concerns about the interpretability of post hoc 
power analyses, we also report 95% confidence intervals for 
all LME estimates (Heckman et al., 2022). Importantly, nei-
ther the a priori nor the post-hoc power analyses account for 
the number of repeated observations. In the present study, 
each participant contributed a large number of trials, which 
increases the precision and reliability of the estimates.

All participants reported normal or corrected-to-normal 
vision. Based on self-report, none of the participants in 
our study had been diagnosed with or treated for phobia or 
other psychiatric disorders. All participants were recruited 
through university mailing lists and were paid 5000 HUF 
for their participation. Our research was approved by the 
Hungarian United Ethical Review Committee for Research 
in Psychology (approval number: EPKEB 2024-084) and 
was conducted following the guidelines of the World Medi-
cal Association Code of Ethics (Declaration of Helsinki). 
All participants were informed, and written informed con-
sent was obtained.

Experimental stimuli

The images used in the study were selected from various 
image databases1. All selected images had been previously 

1   The Geneva Affective Picture Database (GAPED; Dan-Glauser 
& Scherer, 2011), The Nencki Affective Picture System (NAPS; 
Marchewka et al., 2013), EmoMadrid (Carretié et al., 2019).

rated by an independent sample in a previous study along 
four dimensions: valence, arousal, threat, and disgust (Kiss 
et al., 2022). For detailed descriptive data of these ratings, 
see Table 1. A total of 72 images were selected, comprising 
36 neutral images (e.g., objects, neutral faces, hands) and 
36 threatening images (e.g., syringe, surgery, blood draw, 
injury). All images were 350 × 262 pixels. The same set of 
stimuli was used for both Experiments 1a and 1b.

Procedure and apparatus

In Experiment 1a, the task was performed in a quiet room, 
accommodating up to 10 participants at a time, each seated 
separately. The stimuli were presented on a 24-inch TFT 
color monitor, with a display resolution of 1440 × 990 
pixels, a 16:9 aspect ratio, a refresh rate of 60  Hz, and a 
color depth of 16.7 M colors. The experiment was imple-
mented using PsychoPy software version 2022.2.4 (Peirce 
et al., 2019) to present the trials and collect participants’ 
responses. Upon arrival at the laboratory, participants were 
seated approximately 60  cm from the monitor and were 
provided with both oral and written instructions about the 
task. The experiment followed a 2 (Congruency: congruent, 
incongruent) x 3 (Predictor cue presentation time: 100, 500, 
1000 ms) factorial design.

The experimental paradigm consisted of two trial types, 
picture and stimulus trials (see Fig. 2 for a detailed over-
view), which were randomly alternated throughout the 

Table 1  Means and standard deviations (SD) for the rating dimensions (valence, arousal, threat, disgust) of the threatening and the neutral pictures 
used in the study

Valence Arousal Threat Disgust
Mean SD Mean SD Mean SD Mean SD

Threat 3.00 0.48 4.82 0.80 4.18 0.77 3.74 1.23
Neutral 5.48 0.49 2.16 0.2 1.58 0.19 1.40 0.09
The pictures were rated using 9-point Likert-type scales. Higher scores indicated greater unpleasantness, arousal, threat, and disgust

Fig. 2  Trial procedures for the 
cVPT task in Experiment 1. In 
stimulus trials, the target (>><<) 
and foil (/\/\/\ or \/\/\/) stimuli 
were presented after the predic-
tive stimuli. In picture trials, after 
presenting a pair of predictive 
stimuli diagonally across the 
screen, a pair of images (threat 
and neutral) were presented in 
the position associated with the 
predictive stimuli

 



1 3

136  Page 6 of 22 Psychological Research (2026) 90:136

session. For both trial types, each trial began with a fixation 
cross displayed for 200–400 ms, followed by two predic-
tor cues presented diagonally on the screen for either 100 
ms, 500 ms or 1000 ms. Predictor cues consisted of the let-
ter string OOOOO in yellow (RGB values: [250, 250, 10]) 
or the letter string XXXXX in light blue (RGB values: [10, 
250, 250]). The participants were informed about the task 
(i.e., which button to press in which situation), but were not 
informed about the association between the predictive cue 
and the images.

In picture trials, after the presentation of the predic-
tor cues, a neutral or a threatening picture was shown in 
the same diagonal arrangement as the predictors for 1000 
ms. For each participant, one type of letter string (e.g. 
‘XXXXX’ or ‘OOOOO’) was consistently associated with 
threatening images, while the other was associated with 
neutral pictures. The specific predictor-picture associa-
tion was randomized across participants. Participants were 
instructed to simply observe during these displays and 
not to press any keys. In stimulus trials, the target stimu-
lus (>><<) and one of the foil stimuli (/\/\/\ or \/\/\/) were 
presented after the predictive stimulus. Participants’ task 
was to indicate the location of the target stimulus by press-
ing a key as quickly and accurately as possible. The keys 
assigned to each position were: R for the top left corner of 
the screen, F for the bottom left, I for the top right, and J 
for the bottom right. During the experiment, the trial types 
were randomly alternated. The fixation cross and predictive 
stimuli presentation time, and the location of the predictive 
cues were randomized across trials. The experiment con-
sisted of 576 trials (evenly split across the two trial types), 
presented in a single testing session lasting approximately 
25–30 min.

In Experiment 1b, the same procedure as in Experiment 
1a was followed. The total number of trials was 288, and 
data were collected individually rather than in a group set-
ting. We reduced the number of trials because the additional 
tasks involved in eye-tracking measurement (e.g., instru-
ment setup, calibration) would have significantly increased 
the duration of the experiment, which would potentially 
cause participant fatigue. The experiment was presented on a 
23-inch TFT color monitor with a resolution of 1920 × 1080 
pixels, a 16:9 aspect ratio, a refresh rate of 60  Hz, and a 
color depth of 16.7 M colors. The experiment was presented 
using PsychoPy software (version 2022.2.4). Eye move-
ments were recorded using a Tobii Pro TX300 eye-tracker at 
a sampling rate of 300 Hz. A nine-point calibration was per-
formed prior to the experiment, and the calibration accuracy 
was assessed manually and repeated if the test fixation was 
found to be outside a radius of 2.25° around any of the five 
points. Behavioral responses were recorded using a Cedrus 
StimTracker. The session lasted approximately 30–45 min.

Statistical analysis

In both Experiments 1a and 1b, median reaction times (RTs) 
were calculated for each participant across the different con-
ditions. Median values were used instead of means as the 
median is less sensitive to sample variability (Bonamente, 
2017). In Experiment 1b, eye-tracking measures were also 
analyzed, including: (1) gaze distance from the position of the 
threat-related predictor cue2, and (2) the latency between the 
target onset and the initiation of an eye movement toward the 
target location. Gaze distance was measured as the Euclidean 
distance (in pixels) between the threat-related predictor cue 
and the gaze position of the left eye, for each frame during the 
150ms preceding the predictor cue offset. Movement onset 
time was estimated by identifying inflection points in the gaze 
trajectory. To do so, the data were first smoothed using an 
Exponentially Weighted Moving Average (EWMA) method 
with a 200ms time window. EWMA smoothing was designed 
to reduce short-term fluctuations in the data while preserving 
overall trends (Schat et al., 2024; Smit et al., 2023). A 200 
ms sliding window was then applied to the smoothed data 
to identify inflection points. Inflection points were defined 
as the time points at which the increase or decrease in dis-
tance began to remain constant and did not return to previous 
levels in the following period. Smoothing was only used to 
determine inflection points. Prior to that, no smoothing was 
applied for distance comparisons. While all stimulus trials 
were included in the eye-tracking analysis, picture trials were 
only analyzed in relation to the predictor cues. In Experiments 
1a and 1b, for the behavioral results, outlier trials were identi-
fied and removed, and defined as those exceeding the ± 2.5 
standard deviations from the group median. This resulted in 
the removal of less than 5% of the data collected. Statisti-
cal analyses were conducted using Jamovi (version 2.3.18; 
Jamovi Team, 2021) for behavioral data and using RStudio 
(R Core Team, 2020) for eye-tracking data.

For the behavioral data in both Experiments 1a and 1b, we 
performed a 2 × 3 rm ANOVA with Congruency (Congruent, 
Incongruent) and Predictor cue presentation time (100, 500, 
1000 ms) as within-subject factors. We used rmANOVAs 
per factor to follow up on the significant interaction between 
the two factors. In addition to p-values, we also estimated 
effect size using partial eta squared (ηp

2). Significant effects 
were followed by Tukey-corrected post hoc tests. The nor-
mality assumption was not violated, with absolute values of 
skewness and kurtosis below two for all factors. Only RTs 

2   During the review process, it occurred to us that this phenomenon 
might be explained by the process of inhibition of return (IOR). To test 
this theory, we conducted further analyses of fixation probability and 
time to first fixation. Comparisons along the relevant AOIs suggest 
that IOR might not apply to our study; for details, see Supplementary 
Material 1.
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from correct trials were analyzed, resulting in the exclusion 
of less than 5% of the collected data. Split-half reliability 
was assessed using Spearman-Brown correction, which 
indicated good reliability (see Supplementary Material 2.)

For eye-tracking data (Experiment 1b), two LMEs were 
computed. In the first model, gaze distance from the threat-
related predictor cue served as the dependent variable, with 
Presentation Time of the predictor cue (100, 500, 1000ms), 
and Time (continuous; from 150ms prior to the predictor cue 
offset) as fixed effects. In the second model, the time of the 
first eye movement onset was used as the dependent vari-
able, and Predictor Cue (Congruent, Incongruent) and Pre-
sentation Time (100, 500, 1000ms) were fixed effects. All 
models included Participants as a random effect to account 
for individual variability. LMEs were computed using the 
“lme4” package (Bates et al., 2015) and the “emmeans” 
package (Lenth et al., 2025) for post hoc tests. Models were 
fit using maximum likelihood estimation, and significance 
testing for fixed effects was performed using Satterthwaite’s 
approximation for degrees of freedom. This approach appro-
priately handles repeated measures data by considering both 
within-subject and between-subject variability. The inclu-
sion of random effects was justified by comparing models 
with and without the random intercept for participants using 
likelihood ratio tests (Luke, 2017). Our datasets (including 
computed study variables) are available on the Open Sci-
ence Framework: https://osf.io/ej2g7/.

Results

Behavioral results

Reaction times in Experiment 1a were analyzed to test the 
hypothesis (H1a) predicting that participants would locate the 

target more slowly in congruent trials compared to incongru-
ent trials. Descriptive statistics for these comparisons are pre-
sented in Fig. 3; and detailed statistical results are presented 
in Table  2. A significant main effect of Congruency was 
found, indicating that participants responded more slowly on 
congruent trials than on incongruent trials. There was also a 
significant main effect of Presentation Time, whereby RTs 
were significantly longer for the 500 ms condition compared 
to both short (100 ms) and long (1000 ms) presentation times. 
However, the interaction between Congruency and Presen-
tation time was not significant. In line with our prediction, 
participants were slower in the congruent condition, possibly 
due to a tendency to avoid the location of the predictor cue 
that was signaling threatening content.

RTs in Experiment 1b were analyzed to test the same 
hypothesis (H1a) concerning avoidance behavior (see 
Fig. 3; Table 2). In this experiment, the main effect of Con-
gruency was not significant. Although there was a signifi-
cant main effect of Presentation time, post hoc comparisons 
did not reveal any significant pairwise differences. How-
ever, a significant interaction between Congruency and Pre-
sentation time was observed. In the incongruent condition, 
RTs did not significantly differ across Presentation times. In 
contrast, in the congruent condition, participants responded 
more slowly when the predictor cues were presented for 100 
ms compared to when they were presented for 500 or 1000 
ms. No significant difference was found between the 500 ms 
and 1000 ms presentation times. Contrary to our prediction, 
participants were not generally slower in congruent com-
pared to incongruent trials.

Eye-tracking results

In Experiment 1b, gaze distance over time (from the location 
of the threat-related predictor cue) was analyzed to test the 

Fig. 3  Reaction times (in sec-
onds) for Experiment 1a (left 
panel) and for Experiment 1b 
(right panel). Median reaction 
times (Y-axis) are presented 
as a function of predictor cue 
presentation time (X-axis) and 
Congruency. The horizontal 
middle lines within the boxes 
indicate the median value, while 
the black diamonds represent the 
mean value. The ends of the box 
indicate the upper (Q3) and lower 
(Q1) quartiles. The lines extend-
ing from the boxes show the 
range of values within Q3 + 1.5 × 
IQR to Q1–1.5 × IQR, represent-
ing the highest and lowest values, 
excluding outliers. Transparent 
dots show the median reaction 
time for each individual. *p<.001
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second hypothesis (H2), which predicted that participants’ 
gaze would be located further away from the location of the 
potential threat. Descriptive statistics for these comparisons 
are shown in Fig. 4, while Table 3 presents the statistical 
results. The fixed effects results indicated that the effect of 
the continuous variable Time Window was not significant, 
with a small estimate value. This indicated that, across all 
presentation times, Distance did not change systematically 
as the time window increased. In practical terms, Distance 
remained relatively stable across different time windows. 
The estimated gaze distance at time zero in the reference 
condition (100 ms presentation time) was 1103.07 pix-
els. Although the main LME model revealed a significant 
overall effect of Presentation Time, post hoc comparisons 
indicated no reliable differences between specific durations. 
Relative to the 100 ms condition, gaze distance was on aver-
age 26.1 pixels greater in the 500 ms condition and 25.5 pix-
els greater in the 1000 ms condition (t(14) = − 1.90, p =.174, 
and t(14) = − 1.67, p =.274, respectively). The comparison 
between the 500 and 1000 ms conditions likewise showed 
no difference, with only a 0.6 pixel change in gaze dis-
tance (t(10) = 0.03, p =.999). The interaction term showed 
a significant negative estimate, meaning that for 500ms, 
the slope of the relationship between Time Window and 
Distance was negative and significantly different from the 
reference condition (100ms). This suggested that for 500ms 
presentations, as the time window increased, the Distance 
decreased slightly, by about 0.167 pixels per unit increase in 
the time window. The interaction for 1000ms presentations 

was not significant, indicating that the slope of the relation-
ship between Time Window and Distance was similar to the 
reference condition (100ms). Post hoc comparisons showed 
that there was a significant difference in the slope between 
the 500ms and 1000ms (β = − 0.178, SE = 0.066, t(4975) = 
−2.713, p =.018), suggesting that for 500ms presentations, as 
the time window increased, the Distance decreased slightly, 
by about 0.178 pixels per unit increase in the time window. 
Random effects indicated modest variability in baseline 
gaze distance but substantial individual differences in the 
effect of presentation time. Participants responded hetero-
geneously to longer display durations, with some showing 
greater gaze dispersion and others maintaining a consistent 
focus. These results highlight meaningful variability in indi-
vidual viewing strategies beyond the average group trend.

Consistent with our hypothesis, participants’ gaze tended 
to remain further from the threat-related predictor cue than 
from the neutral-related predictor cue, particularly at longer 
presentation times.

Finally, in Experiment 1b, the timing of gaze movement 
onset was analyzed to test the third hypothesis (H3a), which 
predicted that attentional shifts toward the target would 
be delayed for congruent compared to incongruent trials. 
Descriptive statistics for these comparisons are presented in 
Fig. 5, and detailed statistical results are reported in Table 5. 
Fixed effects results indicated that the average inflection 
point (i.e., gaze initiation time) in the reference condition 
(congruent trials and 100 ms presentation time) was 217.66 
ms. The Congruency (congruent vs. incongruent trials) 

Table 2  Repeated measures ANOVAs and post hoc results for Experiment 1a and 1b for reaction times. Post hoc pairwise comparisons are reported 
only when the main effect or the interaction was significant. Significant main effects were followed up with Tukey-corrected pairwise comparisons, 
whereas significant interactions were examined using follow‑up ANOVAs
Effect Comparison df F/t p η²p
Experiment 1a
Congruency 1, 32 9.30 0.005 0.225
Presentation time 2, 64 13.78 < 0.001 0.301

100–500 32 −4.135 < 0.001
100–1000 32 −0.896 0.647
500–1000 32 5.432 < 0.001

Congruency ✻ Presentation time 2, 64 1.23 0.300 0.037
Experiment 1b
Congruency 1,20 0.525 0.477 0.026
Presentation time 2,40 4.048 0.025 0.168

100–500 20 −2.275 0.083
100–1000 20 −2.009 0.136
500–1000 20 0.975 0.601

Congruency ✻ Presentation time 2,40 3.295 0.047 0.141
Incongruent 2,40 0.094 0.910 0.005
Congruent 2,40 5.51 0.008 0.216
100–500 20 −2.561 0.047
100–1000 20 −3.222 0.011
500–1000 20 0.627 0.807

Bolded p-values represent significant effects
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factor showed a non-significant negative effect, suggest-
ing that gaze initiation time was slightly slower (though not 
significantly) in the incongruent compared to the congruent 
condition. The presentation time for 500 ms and 1000 ms 
conditions both showed a positive trend, indicating a small 
increase in gaze initiation time compared to the 100 ms 

presentation time, though it was not significant. Interaction 
effects were tested between Congruency, and Presentation 
time. The interaction effect for the 500 ms condition was 
small and non-significant, as was the interaction for 1000 
ms presentation time, indicating no significant interaction 
effects. Overall, the random effects indicate that participants 

Fig. 4  Top panel: Gaze distance from the threat-predictive cue over 
time as a function of cue presentation time (100, 500, 1000 ms). Each 
trace shows the mean distance (pixels) from cue onset (0 ms) to cue off-
set for the specified duration; larger values indicate gaze being located 
farther from the threat position. The 100 ms condition is shown in red, 
the 500 ms condition in green, and the 1000 ms condition in blue. Bot-

tom panel: Visualization of the gaze distance (in pixels) from the loca-
tion of the threat-related predictor cue across time, shown separately 
for the Presentation Time (in milliseconds) of the predictor cue (100 
ms, 500 ms, 1000 ms).For this panel the time window corresponds to 
the 150 ms interval preceding cue offset. * p<.05; **p<.01; ***p<.001
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differed modestly in their average performance but sub-
stantially in their responses to task and timing manipula-
tions. Variability was largest for the 1000 ms presentation 
time (SD = 147.31), followed by the incongruent task type 
(SD = 87.02) and the 500 ms presentation time (SD = 71.23). 
The strong positive correlation between the 500 ms and 1000 

ms slopes (r =.99) suggests that participants who showed 
larger effects at one duration tended to show similarly large 
effects at the other. The negative correlation between the 
intercept and Task Type slope (r = −.54) indicates that par-
ticipants with higher baseline values tended to show smaller 
task-type differences.

Fig. 4  (continued)

Table 3  Fixed effects of the linear mixed-effects model for gaze distance in experiment 1b
Fixed Effect Estimate CI 95% df t p

Lower Upper
Intercept 1103.08 1096.73 1109.42 103.87 339.26 < 0.001
Time window −0.004 −0.07 0.06 4955 −0.12 0.903
Presentation Time (500 ms) 38.82 10.34 67.30 16.07 2.74 0.014
Presentation Time (1000 ms) 24.66 −10.80 57.50 9.29 1.55 0.154
Time window ✻ Presentation Time (500 ms) −0.17 −0.26 −0.07 4955 −3.15 0.001
Time window ✻ Presentation Time (1000 ms) 0.01 −0.11 0.13 4955 0.18 0.858
Random Effect Random slopes Variance SD Correlation
Participant Intercept 25.85 5.08

Presentation time (500ms) 2746.44 52.41 −0.09
Presentation time (1000ms) 1905.93 43.66 −0.66 −0.16

Residual 4336.38 65.85
The intercept represents the reference condition, which includes the neutral-related predictor and the 100 ms presentation time. All other 
estimates should be interpreted relative to this baseline. Bolded p-values represent significant effects. Abbreviations: df degrees of freedom, 
SE standard error
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Table 4  Fixed effects of the linear mixed-effects model for gaze inflection time in experiment 1b
Fixed Effect Estimate CI 95% df t p

Lower Upper
Intercept 217.66 162.52 272.81 31.24 7.51 < 0.001
Congruency (Incongruent) −40.96 −125.36 43.44 37.81 −0.92 0.361
Presentation Time (500 ms) 78.82 −3.11 160.75 33.51 1.87 0.071
Presentation Time (1000 ms) 69.30 −34.07 172.67 71.23 1.27 0.217
Congruent ✻ Presentation Time (500 ms) 12.86 −88.80 114.52 65 0.24 0.811
Congruent ✻ Presentation Time (1000 ms) 40.49 −61.18 142.15 65 0.76 0.453
Random effect Random slope Variance SD Correlation
Participant Intercept 1805 42.49

Task type (incongruent) 7573 87.02 −0.54
Presentation time (500ms) 5073 71.23 0.99 −0.48
Presentation time (1000ms) 21,700 147.31 −0.03 0.14 0.08

Residual 9968 99.84
The intercept represents the reference condition, which includes the neutral-related predictor and the 100 ms presentation time. All other 
estimates should be interpreted relative to this baseline. Bolded p-values represent significant effects. Abbreviation: CI confidence interval, 
df degrees of freedom, SD standard deviation

Table 5  Repeated measures ANOVA and post hoc results for Experiment 2a and 2b for reaction times. Post hoc pairwise comparisons are reported 
only when the main effect or the interaction is significant. Significant main effects were followed up with Tukey-corrected pairwise comparisons, 
whereas significant interactions were examined using follow‑up ANOVAs
Effect Comparison df F/t p η²p
Experiment 2a
Valence 1, 50 10.08 0.003 0.17
Presentation time 2, 100 1.77 0.175 0.03
Valence✻ Presentation time 2, 100 0.51 0.605 0.01
Experiment 2b
Valence 1, 20 4.65 0.043 0.19
Presentation time 2, 40 8.42 < 0.001 0.30

100–500 20 −2.28 0.082
100–1000 20 −4.02 0.002
500–1000 20 −1.78 0.202

Valence✻ Presentation time 2, 40 0.56 0.575 0.03
Bolded p-values represent significant effects

Fig. 5  Inflection time point (in 
milliseconds) of the gaze move-
ment toward the target stimuli as 
a function of presentation time 
and predictor congruency
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Contrary to our prediction (H3a), these results suggest 
that neither Congruency (congruent vs. incongruent) nor 
Presentation Time (100 vs. 500 vs. 1000 ms) had a signifi-
cant influence on the timing of gaze shifts toward the target 
stimulus.

Discussion

This first experiment investigated whether attentional avoid-
ance occurs in anticipation of threatening content. Overall, 
participants learned to associate the threatening content 
with their corresponding predictor cues, which resulted in 
anticipatory attentional avoidance. Behaviorally, in Experi-
ment 1a, slower reaction times were observed when the tar-
get appeared in the same location as the threat (congruent 
condition) compared to when it appeared in a different loca-
tion (incongruent condition). However, in Experiment 1b, 
this effect was observed only with longer presentation times 
(500ms and 1000ms). These findings are consistent with pre-
vious research (Chen et al. 2002; Garner et al. 2006b; Koster 
et al. 2005; Mogg et al. 2004a, b), as the effect was more 
consistently demonstrated with longer presentation times. To 
detect this effect at shorter presentation times, it is possible 
that we require a higher number of trials per participant. Eye-
tracking data further suggested that during the presentation 
of the predictor cues, participants’ gaze was directed further 
away from the location of the anticipated threat location, 
especially during moderately long presentation times. The 
threat effect was more pronounced in the 500 ms condition 
compared to the shorter (100 ms) presentation time, which is 
consistent with previous findings that attentional avoidance 
tends to emerge after 500ms (Chen et al. 2002; Koster et al. 
2006a, b) Together, these findings suggest that participants 
were attempting to avoid the location of a potential threat, 
which in turn delayed their ability to focus attention on the 
target. However, following the presentation of the predictive 
stimuli, no significant difference was found in the latency 
of initial gaze shifts toward the target stimulus. Therefore, 
the difference in reaction time is possibly due to participants’ 
need to redirect gaze from a location farther away from the 
target stimulus, rather than a delay in initiating the shift.

The delayed RTs in the congruent, compared to the 
incongruent condition, may reflect a conflict between bot-
tom-up and top-down processing (Bidet-Caulet et al., 2015; 
Ligeza et al., 2017). The appearance of the predictor cue 
would prompt avoidance of the associated spatial location, 
while the execution of the task would require attending 
to the same spatial location. Another possible explanation 
could be the occurrence of inhibition of return (IOR). Dur-
ing inhibition of return (Itti & Koch, 2001; Klein, 2000; 
Posner et al., 1985), following a rapid, automatic fixation 

on a threat or potential threat, that specific spatial position is 
inhibited, meaning that the gaze returns to that position only 
after a certain delay. Slower reaction times may thus reflect 
an inhibitory process: participants may have involuntarily 
tried to avoid the location of the potential threat and had to 
inhibit this tendency to complete the task.

However, the results of the eye-tracking analysis did not 
fully support this possibility. The absence of a significant 
difference in the onset of gaze movement (See Fig. 4. and 
Table 5.) may suggest that this was not the primary mecha-
nism. Instead, the delay in response may have been due to 
participants having to return to the target from a greater dis-
tance, rather than difficulty from competing information (‘I 
avoid it because it is threatening’ and ‘I look there because I 
have to find it’).Additionally, the first fixation occurred more 
quickly outside the AOIs (See Supplementary Material 1.) 
than on the predictive stimulus associated with threatening 
content. According to the definition of IOR (Itti & Koch, 
2001; Klein, 2000; Posner et al., 1985), however, we would 
expect a rapid initial fixation on the threatening stimulus, 
followed by avoidance behavior.

Taken together, our results suggest that IOR might not 
apply in our study, rather participants tend to avoid the 
threat-related spatial positions. To further support this con-
tention, a second experiment was conducted in which the 
spatial location of the predictor cue and the target stimulus 
were separated. If avoidance behavior was indeed driving 
the effect, this should result in faster detection of the target 
stimulus in our second experiment.

Experiment 2

Experiment 2 used the same modified version of the cVPT 
paradigm as was used in Experiment 1. In this version, how-
ever, each trial presented a single predictor cue that appeared 
at the center of the screen, rather than displaying two cues 
in the corners. In picture trials, the cue was followed by a 
single picture to establish an association between the cue 
and its content. In stimulus trials, the target and foil stimuli 
remained in the corners of the screen, as in Experiment 1. 
This modification separated the spatial location of the pre-
dictor cue and the target stimuli. Experiment 2b served as 
a replication and an extension of Experiment 2a, incorpo-
rating eye-tracking to monitor participants’ eye movements 
and gaze location over time. We hypothesized that (H1b) 
participants would locate the target more quickly follow-
ing the threat-related predictor cue, reflecting an attempt 
to avoid the location of the predictor associated with the 
threatening content. Similar to Experiment 1, we hypoth-
esized that (H2) participants’ gaze would be positioned far-
ther away from the location of the potential threat. Lastly, 
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we predicted that (H3b) attentional shifts towards the tar-
get would be faster following a threat-related predictor cue 
compared to a neutral-related predictor cue.

Method

Participants

The sample size for Experiment 2a for the within‑subjects 
Valence (Threat, Neutral) × Presentation Time (100ms, 
500ms, 1000ms) interaction in the 2 × 3 rmANOVA was 
based on the same a priori estimation as in Experiment 1a. 
Data collection was carried out in one-week increments until 
the required sample size was reached or exceeded. The final 
sample consisted of 51 undergraduate students (35 females, 
mean age = 22.1, SD = 3.20). For Experiment 2b, the sample 
size required for the analysis was determined based on the 
results of Experiment 2a (f = 0.45, 1-β = 0.95, r =.5), and the 
analysis indicated a required minimum sample size of 10. 
The final sample consisted of a total of 22 undergraduate 
students (15 females, mean age = 20.8 years, SD = 1.56). 
The analysis of eye-tracking data followed the same statisti-
cal approach as in Experiment 1b, including the use of linear 
mixed-effects models and post hoc power analysis.

All participants reported normal or corrected-to-normal 
vision. Based on self-report, none of the participants in 
our study had been diagnosed with or treated for phobia or 
other psychiatric disorders. All participants were recruited 
through university mailing lists and were paid 5000 HUF 
for their participation. Our research was approved by the 
Hungarian United Ethical Review Committee for Research 
in Psychology (approval number: EPKEB 2024-084) and 
was conducted following the guidelines of the World Medi-
cal Association Code of Ethics (Declaration of Helsinki). 
All participants were informed and written informed con-
sent was obtained.

Stimuli procedure and apparatus

Although the paradigm for this study was based on the one 
used in Experiment 1, several modifications were introduced, 
as shown in Fig.  6. (1) In both picture and stimulus trials, 
only one predictor cue was presented, (2) which was posi-
tioned at the center of the screen. (3) In picture trials, only 
one picture was presented, also at the center of the screen. 
In stimulus trials, the target stimulus (>><<) and foil (\/\/\/
or/\/\/\) were arranged as in Experiment 1. Experiment 2 con-
sisted of 288 trials in total, evenly split across the two trial 
types (picture and stimulus). We reduced the number of trials 
because one of the predictor cues was always presented at 
the center of the screen. In contrast to Experiment 1, where 
both cues could appear at four possible locations and required 
position counterbalancing, the modified design removed the 
need to control for spatial position. The trials were presented 
in randomized order in a single testing session, which lasted 
approximately 15 min. The procedure for both Experiment 2a 
and 2b mirrored that of Experiment 1a and 1b, respectively, 
and was carried out using the same apparatus in both cases.

Statistical analysis

The same statistical analyses conducted for Experiment 1 
were applied to Experiment 2. Median RTs were calculated 
for each participant and for each factor. In Experiment 2b, 
eye-tracking measures included the distance (in pixels) 
between participants’ gaze and the location of the threat-
related predictor cue, as well as the time elapsed between tar-
get presentation and the initiation of gaze movement toward 
the target location. In both Experiments 2a and 2b, for the 
behavioral results, outlier trials were identified and removed 
and defined as those exceeding the ± 2.5 standard deviations 
from the group median. This resulted in the removal of less 
than 5% of the data collected. For the behavioral data in both 
Experiments 2a and 2b, a 2 × 3 rmANOVA was conducted to 

Fig. 6  The cVPT paradigm used 
in Experiment 2. For both trial 
types, one of the predictive stim-
uli was displayed at the center of 
the screen. In picture trials, the 
image associated with the content 
of the predictive stimulus (threat-
ening or neutral) was presented 
centrally following the predictive 
cue. In stimulus trials, as in the 
first paradigm, the target (>><<) 
and foil (\/\/\/or/\/\/\) stimuli were 
displayed in diagonal pairs on the 
screen
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test the effect of Valence (threat, neutral) and Presentation 
Time of the predictor cue (100, 500, 1000 ms) as within-
subject factors. To break down significant interaction 
between the two factors, follow-up rmANOVAs per factor 
were used. Tukey-corrected post hoc tests were conducted 
to follow up on significant main effects. The assumption of 
normality was not violated, and absolute values of skewness 
and kurtosis did not exceed 2 for any factors. Only RTs from 
correct trials were analyzed, which resulted in the removal 
of less than 5% of the data collected. Split-half reliability 
was assessed using Spearman-Brown correction, which 
indicated good reliability (see Supplementary Material 2) 
Movement onset time was determined by detecting inflec-
tion points in the gaze trajectory. The data were smoothed 
using a 300‑ms Exponentially Weighted Moving Average 
(EWMA) to reduce short-term fluctuations while preserv-
ing overall trends (Schat et al., 2024; Smit et al., 2023). A 
subsequent 200‑ms sliding window was applied to identify 
inflection points, defined as stable changes in the direction 
of distance increase or decrease. Smoothing was used solely 
for inflection point detection; all distance comparisons were 
performed on unsmoothed data.

For the eye-tracking data, a LME model was performed 
with distance from the threat-related predictor as the depen-
dent variable, the Presentation Time of the predictor (100, 
500, 1000ms), and Time (continuous; from 150ms prior to 
the predictor cue offset) as within-subject fixed effects. An 
additional LME analysis was conducted with the time of 
movement onset as the dependent variable and the Valence 
(threat or neutral) and Predictor presentation time (100, 500, 
1000ms) as a within-subject fixed effects. For both models, 
participants were included as a random effect. Our datasets 
(including computed study variables) are available on the 
Open Science Framework: https://osf.io/ej2g7/.

Results

Behavioral results

RTs in Experiment 2a were analyzed to test the prediction 
(H1b) that participants would respond faster when attempt-
ing to avoid the location of the predictor cue associated 
with the threatening content. Figure 7 presents the descrip-
tive statistics for these comparisons, and detailed statistical 
results are presented in Table  5. A significant main effect 
of Valence was observed, with participants locating the tar-
get faster in the congruent condition than in the incongruent 
condition. Neither the main effect of Presentation time nor 
the interaction between Valence and Presentation time were 
significant. These results align with our hypothesis (H1B), 
as participants showed faster target detection in the congru-
ent condition compared to the incongruent condition.

RTs in Experiment 2b were then analyzed. Figure 6 pres-
ents the descriptive statistics for these comparisons and 
detailed statistical results are presented in Table 5. A sig-
nificant main effect of Valence was also observed indicating 
that participants located the target faster in the threat com-
pared to the neutral condition. Neither the main effect of 
Presentation time nor the interaction between Valence and 
Presentation time reached significance. These findings are 
also consistent with our original prediction and mirror the 
results of Experiment 2a, further demonstrating faster target 
detection in congruent versus incongruent conditions.

Eye-tracking results

Next, the prediction (H2) that participants’ gaze would 
be directed farther away from the location of the possible 
threat was examined. The LME’s fixed effects results are 

Fig. 7  Reaction times (in sec-
onds) for Experiment 2a (left 
panel) and for Experiment 2b 
(right panel). Median reaction 
times (Y-axis) are presented 
as a function of predictor cue 
presentation time (X-axis) and 
Valence. The horizontal middle 
lines within the boxes indicate 
the median value, while the black 
diamonds represent the mean 
value. The ends of the boxes 
indicate the upper (Q3) and lower 
(Q1) quartiles. The lines extend-
ing from the boxes show the 
range of values within Q3 + 1.5 × 
IQR to Q1–1.5 × IQR, represent-
ing the highest and lowest values, 
excluding outliers. Transparent 
dots show the median reaction 
time for each individual. * p<.05
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summarized in Table 6, and average gaze distances in the 
different conditions are presented in Fig.  8. No differ-
ences between the congruent and incongruent conditions 
were found. However, a significant interaction was present 
between Presentation time and Valence, as well as signifi-
cant differences between Presentation Times.

Results indicated no significant difference in gaze dis-
tance from the location of the predictor cue at the 100 ms 
and 500 ms presentation time. However, at 1000 ms, gaze 
distance from the predictor cue significantly increased 
compared to the 100 ms presentation time, with an average 
difference of 15.29 pixels. This suggests that longer presen-
tation times may allow participants to shift their gaze further 
away from the predictive cue location. Post hoc tests further 
revealed a significant increase in gaze distance at 1000 ms 
compared to 500 ms (t(16) = − 3.090, p =.018).

The interaction terms between Valence and Presentation 
Time were both significant. Post Hoc tests showed a sig-
nificant difference in gaze distance between the threat and 
neutral conditions at 500ms (t(17) = − 2.61, p =.018), and at 
1000 ms (t(17) = − 2.97, p =.009). This suggests that for both 
presentation times, greater gaze distance from the predic-
tor cue was observed in the threat condition, compared to 
the neutral condition. In contrast, no significant difference 
was found at 100 ms between the conditions (t(17) = 0.61, 
p =.552).

Random effects indicated that the standard deviation of 
the random intercept for participants was 37.19, showing 
variability in participants’ average performance across tri-
als. The residual standard deviation was 12.69, represent-
ing within-participant variability not accounted for by the 
model. These results suggested that, although participants 
differed in their average responses, most of the unexplained 
variability was attributable to trial-level fluctuations within 
individuals.

Consistent with our prediction (H2), participants’ gaze 
tended to deviate further from the location of the threat-related 

predictor cue, indicating an avoidance pattern toward the 
location of the possible threat.

To test hypothesis 3b (H3b), which predicted that atten-
tional shifts towards the target would be faster following a 
threat-related predictor cue (compared to a neutral-related 
predictor cue), an LME model was conducted. The LME’s 
fixed effects results are summarized in Table 7, and average 
distances in the different conditions are presented in Fig. 9. 
No interaction effect or differences between the Threat and 
Neutral conditions were found.

The analysis indicated no significant difference in gaze 
initiation time between the 100 ms and 500 ms Presentation 
times. However, the 1000 ms Presentation time was asso-
ciated with a significantly delayed gaze initiation response 
compared to the 100 ms Presentation time, with an increase 
of 140.77 ms. Post hoc tests further showed a significant 
difference between the 500 ms and 1000 ms Presentation 
times (t(80) = 2.46, p =.042), indicated that longer predictor 
cue durations resulted in slower initiation of gaze move-
ment toward the target.

Random effects indicated that the standard deviation of 
the random intercept for participants was 85.6, reflecting 
individual differences in average performance across trials. 
The residual standard deviation was 177.7, representing the 
within-participant variability that was not explained by the 
model. These values suggest that, while participants dif-
fered in their overall gaze initiation times, the majority of 
the unexplained variability was due to trial-to-trial fluctua-
tions within individuals.

Overall, these findings suggest that longer predictor cue 
presentation times, particularly 1000 ms, significantly influ-
enced the timepoint of attentional shift, while the type of 
Predictor (Threat-related vs. Neutral-related) and its inter-
action with presentation time did not have any significant 
effects. These results did not support Hypothesis 3b, which 
predicted faster initiation of gaze movement toward the tar-
get in the Threat condition.

Table 6  Fixed effects of the linear mixed-effects model for gaze distance in experiment 2b
Fixed Effect Estimate CI 95% df t p

Lower Upper
Intercept 80.76 63.04 98.474 16.08 8.94 < 0.001
Valence (Threat) −2.42 −10.24 5.400 17 −0.607 0.552
Presentation Time (500 ms) −1.55 −14.01 10.901 16 −0.244 0.81
Presentation Time (1000 ms) 15.29 1.16 29.429 16 2.121 0.0498
Time window 0.008 −0.0003 0.017 4519 1.881 0.0601
Valence ✻ Presentation Time (500 ms) 12.845 11.05 14.638 4519 14.046 < 0.001
Valencet ✻ Presentation Time (1000 ms) 14.25 12.46 16.043 4519 15.583 < 0.001
The intercept represents the reference condition, which includes the neutral-related predictor and the 100 ms presentation time. All other 
estimates should be interpreted relative to this reference. Bolded p-values represent significant effects. Abbreviations: df degrees of freedom, 
SE standard error
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Table 7  Fixed effects of the linear mixed-effects model for gaze inflection time in experiment 2b
Fixed Effect Estimate CI 95% df t p

Lower Upper
Intercept 93.71 −1.28 189 81.54 1.96 0.054
Valence (Threat) 18.28 −102.73 139 80 0.30 0.765
Presentation Time (500 ms) 57.96 −63.06 179 80 0.95 0.345
Presentation Time (1000 ms) 140.77 19.75 262 80 2.31 0.024
Threat ✻ Presentation Time (500 ms) −53.03 −224.17 118 80 −0.62 0.540
Threat ✻ Presentation Time (1000 ms) −6.22 −177.37 165 80 −0.07 0.943
The intercept represents the baseline condition, which includes the neutral-related predictor and the 100 ms presentation time. All other 
estimates should be interpreted relative to this baseline. Bolded p-values represent significant effects. Abbreviations: df degrees of freedom, 
SE standard error

Fig. 8  Top panel: Gaze distance 
from the location of the predictor 
stimulus over time, presented as a 
function of cue presentation dura-
tion (100, 500, 1000 ms). Panels 
(left to right) correspond to the 
three presentation times; time 
is aligned to cue onset and runs 
until cue offset for each dura-
tion. Within each panel, traces 
show the mean gaze‑to predic-
tor distance (pixels) by Valence 
(Neutral, Threat); larger values 
indicate gaze being farther from 
the threat location; Bottom panel: 
Distance from Threat-Related 
Predictor Cue as a Function of 
Presentation Time (in millisec-
onds) and Predictor Valence 
(Threat or Neutral).For this panel 
the time window corresponds to 
the 150 ms interval preceding cue 
offset * p<.05; **p<.001
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Discussion

Overall, the results of Experiment 2 were consistent with 
those of Experiment 1. Behaviorally, participants located 
the target faster when it was preceded by a threat-related 
compared to neutral-related cue. One possible explana-
tion for this could be the appearance of an IOR, because if 
the central area was inhibited, the target could be located 
more quickly at the peripheral areas of the screen. Another 
explanation could be that the threatening content predictor 
increased the level of arousal. This optimal increase in the 
arousal could lead to faster detection of the target stimuli 
(Beerendonk et al., 2024; Zsido et al., 2020; Zsidó, 2024; 
Zsidó et al., 2024). The eye-tracking data showed that the 
participant’s gaze was directed farther from the threat-
related cue compared to the neutral-related cue, indicating 
a tendency to avoid the center of the screen. This avoidance 
likely facilitated more efficient exploration of the outer part 
of the screen, leading to faster target detection. Notably, the 
threat effect was most prominent at the 1000 ms presentation 
time, which supports the possibility of attentional avoidance 
(Chen et al. 2002; Koster et al. 2006a, b). In contrast, no 
significant differences were found in the initiation time of 
attentional shifts between threat- and neutral-related cues, 
suggesting that cue valence did not influence the onset of 
gaze movement. Furthermore, when comparing the time of 
first fixation, we found that there were no significant differ-
ences on the threat-related and neutral related predictor cue, 
and there were also no significant differences on the time of 
first fixation outside of the predictor cue (See Supplemen-
tary Material 1.). This could also mean that the predictive 
stimulus associated with threatening content did not elicit a 
faster automatic fixation than the one associated with neu-
tral content.

Together, the results of Experiment 2 suggest that par-
ticipants were able to reliably associate the appropriate pre-
dictive stimulus with the possibility of threatening content. 
Furthermore, both behavioral and eye-tracking results con-
firmed that participants tended to avoid the spatial location 
associated with the potential threat, reflecting a pattern of 
anticipatory attentional avoidance. These findings also sup-
port the interpretation that the response delays observed in 
Experiment 1 were driven by avoidance, rather than by a 
conflict between bottom-up and top-down processes.

General discussion

The aim of this study was to investigate whether avoid-
ance, as a primary attentional bias, tends to occur during the 
anticipation of threat. In Experiment 1, the predictor cues 
(one associated with threatening content, the other with neu-
tral content) appeared in the same location as the target and 
the foil. In Experiment 2, the predictor cues appeared in the 
center of the screen, while the target and foil were in the 
corners of the screen. We hypothesized that a cue associ-
ated with threatening content would lead to the avoidance 
of its location. Our behavioral and eye-movement findings 
both appear to support this claim. Across both experiments, 
participants successfully associated the threatening content 
with the predictor cue. The results showed that participants 
tended to avoid the spatial position of the threat-related pre-
dictor cue, leading to slower target detection in Experiment 
1, and faster detection in Experiment 2. However, there was 
no effect on the initiation of the gaze toward the target stim-
uli which likely also supports the possibility that avoidance 
appears as a primary attentional process.

Participants tended to avoid the location of the predic-
tor cue associated with the threatening content. In both 

Fig. 9  Inflection time point (in 
milliseconds) of the gaze move-
ment toward the target stimuli as 
a function of presentation time 
and predictor valence. * p<.05
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paradigms, a clear difference emerged between the two con-
ditions: following the presentation of the threat-related pre-
dictor cue (compared to the neutral-related one), participants 
were slower to detect the target stimulus in Experiment 1 
and faster in Experiment 2. The behavioural results could be 
partially explained by an inhibition of return. Participants 
may automatically fixate on the threat-related predictor, and 
then avoid that spatial position for some time (Itti & Koch, 
2001; Klein, 2000; Posner et al., 1985). In Experiment 1, 
this may have delayed reaction times in the congruent con-
dition, whereas in Experiment 2, the faster responses may 
also reflect increased arousal induced by the appearance of 
a possible threat. Multiple studies (Beerendonk et al., 2024; 
Zsido et al., 2020; Zsidó, 2024; Zsidó et al., 2024) have 
suggested that an optimal increase in arousal can improve 
visual search performance, leading to faster detection of 
target stimuli. However, the behavioral and eye-tracking 
results from Experiments 1 and 2 together suggest that par-
ticipants anticipated the appearance of the threat and tried 
to avoid the spatial position where threatening content was 
expected to occur. Supporting this interpretation, we found 
that during the presentation of the predictive stimuli, partici-
pants’ gaze was directed farther from the threat-associated 
predictor than from the neutral-associated one. Previous 
research has shown that the processing of threatening con-
tent often overrides the processing of other stimuli (Koster 
et al. 2006a, b; Mogg et al., 2004b; Pflugshaupt et al., 2005). 
Notably here, the anticipatory stimulus did not present any 
threatening content but merely predicted the possible spatial 
position of the upcoming threat. The effect of the threat is 
therefore not limited to its actual presence but can also arise 
when threat is anticipated (Bastiaansen & Brunia, 2001; 
Brinkmann et al., 2017; Gladwin, 2019).

In Experiment 1, if participant’s gaze location was far-
ther away from the threat-predicting stimulus, they would 
have to return to that spatial position in congruent trials to 
respond appropriately, which may be a contributing factor to 
their slower RTs. By contrast, in Experiment 2, avoiding the 
center of the screen (where the predictor appears) allowed 
participants to more easily detect target stimuli appearing 
on the outer areas of the screen. This avoidance behavior 
may occur because the location of the threatening stimulus 
was already known (through learning what was signaled by 
the predictor cue), and therefore the exploration of the sur-
roundings provided more relevant information to make the 
best possible decision when the threatening stimulus was 
presented (Koster et al., 2006b; Pflugshaupt et al., 2005).

We found no difference in the time at which participants 
started to shift their gaze toward the target stimulus after a 
threat-related cue compared to a neutral-related cue. Thus, 
the effect of the content associated with the anticipatory 
stimulus was no longer detectable during the attentional 

shift. This may be due to participants’ peripheral percep-
tion (Carretié et al., 2017; Gao et al., 2017), as they were 
able to detect that the threatening content was not present, 
signaling that they could proceed with the task. Since the 
threatening image was not present, participants may have 
been able to release the inhibition on that spatial position 
(a bottom-up process) and were able to focus on the execu-
tion of the task (a top-down process). This could also sug-
gest that if the predictive stimuli influenced the attentional 
processes during the task, this effect may have occurred at 
the covert level (Calvo et al., 2015a, b; Cave & Batty, 2006; 
Fernández-Martín et al., 2017).

In both the first and second experiments, our behavioral 
results showed greater differences in reaction times for the 
500 ms and 1000 ms presentations than for the 100 ms pre-
sentation time condition. The same pattern was observed 
in the eye-tracking data, as participants’ gaze was directed 
farther away from the stimulus predicting threatening con-
tent during the 500 ms and 1000 ms presentations in both 
trial types. Previous research has shown conflicting results 
regarding the timing of attentional avoidance. Some studies 
have suggested that avoidance can occur even at short pre-
sentation times (Sagliano et al., 2014; Waters et al., 2007), 
while others argued that it emerges only at longer presenta-
tion times (Chen et al. 2002; Garner et al. 2006b; Koster et 
al. 2005; Mogg et al. 2004a, b). Our findings support the 
notion that attentional avoidance tends to appear at longer 
(500ms or longer) presentation times. This may be because 
participants require sufficient time to process the content of 
the anticipatory stimulus and initiate avoidance behavior. It 
was previously suggested (Cisler et al., 2009) that avoid-
ance may appear after 500 or 1000ms as only a secondary 
process, and after attentional attraction or capture. However, 
based on our eye-tracking results, we found no evidence of 
earlier competing processes. Instead, our results suggest 
that avoidance may reflect a distinct attentional bias.

Limitations

The effective sample sizes in the eye tracking experiments 
were modest. Even though trial counts were high, increas-
ing participant numbers in future studies could strengthen 
precision and the robustness of our results. Additionally, 
the present experimental arrangement did not allow us to 
disentangle stimulus valence from arousal. Future studies 
should therefore use designs in which images varying in both 
valence and arousal are presented in separate blocks, allow-
ing a clearer dissociation of these factors. Finally, our stimu-
lus set focused on a single threat domain, medical related 
stimuli (e.g., syringes, surgery, blood draw), which may limit 
generalizability to other threat types (e.g., animals, guns). 
Subsequent studies should broaden stimulus categories and 
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directly compare domains within participants to evaluate 
whether anticipatory avoidance generalizes across threat 
classes. Furthermore, possible explanations for our findings 
could be related to covert attention. It is possible that, in 
Experiment 1, participants were able to process the content 
of the predictor cues due to peripheral vision. The methods 
used in the current study did not allow us to investigate these 
processes. Additional studies using more detailed measures 
(e.g. EEG) are needed to explore the role of covert attention.

Conclusion

Despite these limitations, our findings suggest that avoid-
ance, likely as a primary attentional bias, may be elicited by 
threat anticipation. In two experiments, participants consis-
tently avoided the spatial location of a predictive cue associ-
ated with threatening content, as reflected in both reaction 
times and eye movement measures. Importantly, while par-
ticipants’ gaze moved away from the threat-predicting cue, 
there was no effect on the initiation of gaze to the target, 
reinforcing the idea that avoidance occurs at an early stage 
of attentional processing. Crucially, we observed this bias in 
a non-clinical population, demonstrating that threat anticipa-
tion alone can shape attentional allocation. Regarding view-
ing distance, the random effects results showed heterogeneity 
in gaze movement at longer presentation time (1000ms). 
This variability suggests that individual viewing strategies 
can differ in longer presentation time; this heterogeneity 
should be considered in future experimental designs. These 
findings have implications for understanding how avoidance 
mechanisms function in typical cognition and how they may 
be exaggerated in anxiety disorders. Future research should 
explore the neural mechanisms underlying anticipatory 
avoidance and its potential role in clinical populations.

Supplementary Information  The online version contains supplementary 
material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​0​0​4​2​6​-​0​2​6​-​0​2​3​4​2​-​1​​​​​.​​

Author contributions  A.N.Z.: Conceptualization, Formal analysis, 
Funding acquisition, Methodology, Supervision, and Writing - review 
& editing. B.L.K.: Conceptualization, Data curation, Formal analysis, 
Funding acquisition, Investigation, Methodology, Project administra-
tion, Resources, Software, Visualization, and Writing - original draft. 
F.K.: Investigation, Methodology, and Writing - review & editing. 
G.C.D.S.: Conceptualization, Formal analysis, Visualization, and 
Writing - review & editing. M.C.H.: Conceptualization and Writing 
- review & editing.

Funding   Open access funding provided by University of Pécs. ANZS 
was supported by the OTKA FK 146604 research grant provided by 
the National Research, Development, and Innovation Office. BLK 
received support from OTKA K 143254 research grant. ANZS was 
also supported by the János Bolyai Research Scholarship provided 
by the Hungarian Academy of Sciences. BLK was supported by the 
EKÖP-24-3 and EKÖP-25-3 New National Excellence Programs of 

the Ministry for Innovation and Technology from the source of the 
National Research, Development and Innovation Fund. This study was 
supported by the Internal Scientific Grant (nr. 014_2024_PTE_RK/5 
and 009_2025_PTE_RK/4) of the University of Pécs.

Data availability  Our datasets (including computed study variables) 
are available on the Open Science Framework: https://osf.io/ej2g7/.

Declarations

Ethical approval  Ethics approval was obtained from the Hungarian 
United Ethical Review Committee for Research in Psychology and 
the Scientific and Research Ethics Committee of the Health Sciences 
Council.

Informed consent  Informed consent was obtained from all individual 
participants included in the study.

Competing interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​​p​:​/​/​​c​r​e​​a​t​i​​v​e​c​o​m​m​o​n​s​.​o​
r​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/​​​​​.​​

References

Amir, N., Elias, J., Klumpp, H., & Przeworski, A. (2003). Attentional 
bias to threat in social phobia: facilitated processing of threat or 
difficulty disengaging attention from threat?. Behaviour Research 
and Therapy, 41(11), 1325–1335. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​s​0​0​0​5​-​
7​9​6​7​(​0​3​)​0​0​0​3​9​-​1​​​​ 

Armstrong, T., Hemminger, A., & Olatunji, B. O. (2013). Attentional 
bias in injection phobia: Overt components, time course, and rela-
tion to behavior. Behaviour Research and Therapy, 51(6), 266–
273. https:/​/doi.or​g/10.10​16/j.​brat.2013.02.008

Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J., 
& Van Ijzendoorn, M. H. (2007). Threat-related attentional bias 
in anxious and nonanxious individuals: A meta-analytic study. 
Psychological Bulletin, 133(1), 1–24. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​3​7​/​0​0​
3​3​-​2​9​0​9​.​1​3​3​.​1​.​1​​​​​​​

Basanovic, J. (2024). Attentional biases to signals of negative informa-
tion: Reliable measurement across three anxiety domains. Behav-
ior Research Methods, 56(4), 4173–4187. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​7​5​8​
/​s​1​3​4​2​8​-​0​2​4​-​0​2​4​0​3​-​6​​​​​​​

Bastiaansen, M. C. M., & Brunia, C. H. M. (2001). Anticipatory atten-
tion: An event-related desynchronization approach. International 
Journal of Psychophysiology, 43(1), 91–107. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​
0​1​6​/​S​0​1​6​7​-​8​7​6​0​(​0​1​)​0​0​1​8​1​-​7​​​​​​​

Bates, D., Mächler, M., Bolker, B., & Walker, S. (2015). Fitting linear 
mixed-effects models using lme4. Journal of Statistical Software, 
67, 1–48. https:/​/doi.or​g/10.18​637/j​ss.v067.i01

https://doi.org/10.1007/s00426-026-02342-1
https://osf.io/ej2g7
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/s0005-7967(03)00039-1
https://doi.org/10.1016/s0005-7967(03)00039-1
https://doi.org/10.1016/j.brat.2013.02.008
https://doi.org/10.1037/0033-2909.133.1.1
https://doi.org/10.1037/0033-2909.133.1.1
https://doi.org/10.3758/s13428-024-02403-6
https://doi.org/10.3758/s13428-024-02403-6
https://doi.org/10.1016/S0167-8760(01)00181-7
https://doi.org/10.1016/S0167-8760(01)00181-7
https://doi.org/10.18637/jss.v067.i01


1 3

136  Page 20 of 22 Psychological Research (2026) 90:136

Beerendonk, L., Mejías, J. F., Nuiten, S. A., de Gee, J. W., Fahrenfort, 
J. J., & Van Gaal, S. (2024). A disinhibitory circuit mechanism 
explains a general principle of peak performance during mid-
level arousal. Proceedings of the National Academy of Sciences, 
121(5), e2312898121. https:/​/doi.or​g/10.10​73/pn​as.2312898121 

Behlau, I., Behlau, A., & Renner, K. H. (2024). Associations between 
attention and threat in dental settings. Current Psychology, 43(34), 
27992–28008. https:/​/doi.or​g/10.10​07/s1​2144-024-06402-w 

Bidet-Caulet, A., Bottemanne, L., Fonteneau, C., Giard, M.-H., & 
Bertrand, O. (2015). Brain dynamics of distractibility: Interaction 
between top-down and bottom-up mechanisms of auditory atten-
tion. Brain Topography, 28(3), 423–436. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​
/​s​1​0​5​4​8​-​0​1​4​-​0​3​5​4​-​x​​​​​​​

Birkás, B., Kiss, B., Coelho, C. M., & Zsidó, A. N. (2023). The role of 
self-reported fear and disgust in the activation of behavioral harm 
avoidance related to medical settings. Frontiers in Psychiatry. 
https:/​/doi.or​g/10.33​89/fp​syt.2023.1074370

Blanchette, I. (2006). Snakes, spiders, guns, and syringes: How spe-
cific are evolutionary constraints on the detection of threatening 
stimuli?. Quarterly Journal of Experimental Psychology, 59(8), 
1484–1504. https:/​/doi.or​g/10.10​80/02​724980543000204 

Bonamente, M. (2017). Mean, Median, and Average Values of Vari-
ables. 107–115. https:/​/doi.or​g/10.10​07/97​8-1-4939-6572-4_6

Bradley, B. P., Mogg, K., Falla, S. J., & Hamilton, L. R. (1998). Atten-
tional bias for threatening facial expressions in anxiety: Manip-
ulation of stimulus duration. Cognition and Emotion, 12(6), 
737–753. https:/​/doi.or​g/10.10​80/02​6999398379411

Brinkmann, L., Poller, H., Herrmann, M. J., Miltner, W., & Straube, 
T. (2017). Initial and sustained brain responses to threat anticipa-
tion in blood-injection-injury phobia. NeuroImage: Clinical, 13, 
320–329. https:/​/doi.or​g/10.10​16/J.​NICL.2016.12.015

Buodo, G., Sarlo, M., & Munafò, M. (2010). The neural correlates of 
attentional bias in blood phobia as revealed by the N2pc. Social 
Cognitive and Affective Neuroscience, 5(1), 29–38. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​
g​/​1​0​.​1​0​9​3​/​s​c​a​n​/​n​s​p​0​5​0​​​​​​​

Calvo, M. G., Gutiérrez-García, A., & Del Líbano, M. (2015a). Sen-
sitivity to emotional scene content outside the focus of attention. 
Acta Psychologica, 161, 36–44. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​J​.​A​C​T​P​
S​Y​.​2​0​1​5​.​0​8​.​0​0​2​​​​​​​

Calvo, M. G., Rodríguez-Chinea, S., & Fernández-Martín, A. (2015b). 
Lateralized discrimination of emotional scenes in peripheral 
vision. Experimental Brain Research, 233(3), 997–1006. ​h​t​t​​p​s​:​/​​
/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​0​0​2​2​1​-​0​1​4​-​4​1​7​4​-​8​​​​​​​

Carlson, J. M., Fee, A. L., & Reinke, K. S. (2009). Backward masked 
snakes and guns modulate spatial attention. Evolutionary Psy-
chology, 7(4), Article 147470490900700404. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​
1​7​7​/​1​4​7​4​7​0​4​9​0​9​0​0​7​0​0​4​0​4​​​​​​​

Carretié, L., Kessel, D., García-Rubio, M. J., Giménez-Fernández, T., 
Hoyos, S., & Hernández-Lorca, M. (2017). Magnocellular bias 
in exogenous attention to biologically salient stimuli as revealed 
by manipulating their luminosity and color. Journal of Cognitive 
Neuroscience, 29(10), 1699–1711. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​1​6​2​/​j​o​c​n​_​
a​_​0​1​1​4​8​​​​​​​

Carretié, L., Tapia, M., López-Martín, S., & Albert, J. (2019). EmoMa-
drid: An emotional pictures database for affect research. Motiva-
tion and Emotion 2019, 43:6(6), 929–939. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​
7​/​S​1​1​0​3​1​-​0​1​9​-​0​9​7​8​0​-​Y​​​​​. 43.

Cave, K. R., & Batty, M. J. (2006). From searching for features to 
searching for threat: Drawing the boundary between preattentive 
and attentive vision. Visual Cognition, 14(4–8), 629–646. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​o​​r​g​/​1​0​.​1​0​8​0​/​1​3​5​0​6​2​8​0​5​0​0​1​9​3​1​0​7​​​​​​​

Chen, Y. P., Ehlers, A., Clark, D. M., & Mansell, W. (2002). Patients 
with generalized social phobia direct their attention away from 
faces. Behaviour Research and Therapy, 40(6), 677–687. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​S​0​0​0​5​-​7​9​6​7​(​0​1​)​0​0​0​8​6​-​9​​​​​​​

Cisler, J. M., & Koster, E. H. W. (2010). Mechanisms of attentional 
biases towards threat in anxiety disorders: An integrative review. 
Clinical Psychology Review, 30(2), 203–216. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​
0​1​6​/​J​.​C​P​R​.​2​0​0​9​.​1​1​.​0​0​3​​​​​​​

Cisler, J. M., & Olatunji, B. O. (2010). Components of attentional 
biases in contamination fear: Evidence for difficulty in disengage-
ment. Behaviour Research and Therapy, 48(1), 74–78. ​h​t​t​​p​s​:​/​​/​d​o​​
i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​b​r​a​t​.​2​0​0​9​.​0​9​.​0​0​3​​​​​​​

Cisler, J. M., Bacon, A. K., & Williams, N. L. (2009). Phenomenologi-
cal characteristics of attentional biases towards threat: A critical 
review. Cognitive Therapy and Research, 33(2), 221–234. ​h​t​t​​p​s​:​/​​
/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​S​1​0​6​0​8​-​0​0​7​-​9​1​6​1​-​Y​​​​​​​

Csatho, A., Tey, F., & Davis, G. (2008). Threat perception and target-
ing: The brainstem–amygdala–cortex alarm system in action?. 
Cognitive Neuropsychology, 25(7-8), 1039–1064. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​
/​1​0​.​1​0​8​0​/​0​2​6​4​3​2​9​0​8​0​1​9​9​6​3​6​0​​​​ 

Dan-Glauser, E. S., & Scherer, K. R. (2011). The Geneva affective pic-
ture database (GAPED): A new 730-picture database focusing on 
valence and normative significance. Behavior Research Methods 
2011, 43:2(2), 468–477. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​7​5​8​/​S​1​3​4​2​8​-​0​1​1​-​0​0​6​
4​-​1​​​​​. 43.

Dolcos, F., Katsumi, Y., Moore, M., Berggren, N., de Gelder, B., Der-
akshan, N., Hamm, A. O., Koster, E. H. W., Ladouceur, C. D., 
Okon-Singer, H., Pegna, A. J., Richter, T., Schweizer, S., Van den 
Stock, J., Ventura-Bort, C., Weymar, M., & Dolcos, S. (2020). 
Neural correlates of emotion-attention interactions: From per-
ception, learning, and memory to social cognition, individual 
differences, and training interventions. Neuroscience and Biobe-
havioral Reviews, 108, 559–601. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​J​.​N​E​U​
B​I​O​R​E​V​.​2​0​1​9​.​0​8​.​0​1​7​​​​ 

Faul, F., Erdfelder, E., Lang, A. G., & Buchner, A. (2007). G*Power 
3: A flexible statistical power analysis program for the social, 
behavioral, and biomedical sciences. Behavior Research Meth-
ods, 39(2), 175–191. https:/​/doi.or​g/10.37​58/BF​03193146

Fernández-Martín, A., Gutiérrez-García, A., Capafons, J., & Calvo, 
M. G. (2017). Adaptive attunement of selective covert attention 
to evolutionary-relevant emotional visual scenes. Consciousness 
and Cognition, 51, 223–235. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​J​.​C​O​N​C​O​G​
.​2​0​1​7​.​0​3​.​0​1​1​​​​ 

Fox, E., Russo, R., Bowles, R., & Dutton, K. (2001). Do threatening 
stimuli draw or hold visual attention in subclinical anxiety? Jour-
nal of Experimental Psychology General, 130(4), 681. ​h​t​t​​p​s​:​/​​/​d​o​​i​
.​o​​r​g​/​1​0​.​1​0​3​7​/​0​0​9​6​-​3​4​4​5​.​1​3​0​.​4​.​6​8​1​​​​​​​

Gao, X., LoBue, V., Irving, J., & Harvey, T. (2017). The effect of spa-
tial frequency information and visual similarity in threat detec-
tion. Cognition & Emotion, 31(5), 912–922. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​
8​0​/​0​2​6​9​9​9​3​1​.​2​0​1​6​.​1​1​8​0​2​8​0​​​​​​​

Garner, M., Mogg, K., & Bradley, B. P. (2006a). Orienting and main-
tenance of gaze to facial expressions in social anxiety. Journal of 
Abnormal Psychology, 115(4), 760–770. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​3​7​/​
0​0​2​1​-​8​4​3​X​.​1​1​5​.​4​.​7​6​0​​​​​​​

Garner, M., Mogg, K., & Bradley, B. P. (2006b). Orienting and main-
tenance of gaze to facial expressions in social anxiety. Journal of 
Abnormal Psychology, 115(4), 760–770. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​3​7​/​
0​0​2​1​-​8​4​3​X​.​1​1​5​.​4​.​7​6​0​​​​​​​

Gladwin, T. E. (2017). Attentional bias variability and cued attentional 
bias for alcohol stimuli. Addiction Research & Theory, 25(1), 
32–38. https:/​/doi.or​g/10.10​80/16​066359.2016.1196674

Gladwin, T. E. (2019). Spatial anticipatory attentional bias for alcohol: 
A preliminary report on reliability and associations with risky 
drinking. Alcoholism and Drug Addiction, 32(1), 63–70. ​h​t​t​​p​s​:​/​​/​d​
o​​i​.​o​​r​g​/​1​0​.​5​1​1​4​/​A​I​N​.​2​0​1​9​.​8​5​7​6​9​​​​​​​

Gladwin, T. E., & Vink, M. (2018). Alcohol-related attentional bias 
variability and conflicting automatic associations. Journal of 
Experimental Psychopathology. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​5​1​2​7​/​j​e​p​.​0​6​2​
3​1​7​​​​​​​

https://doi.org/10.1073/pnas.2312898121
https://doi.org/10.1007/s12144-024-06402-w
https://doi.org/10.1007/s10548-014-0354-x
https://doi.org/10.1007/s10548-014-0354-x
https://doi.org/10.3389/fpsyt.2023.1074370
https://doi.org/10.1080/02724980543000204
https://doi.org/10.1007/978-1-4939-6572-4_6
https://doi.org/10.1080/026999398379411
https://doi.org/10.1016/J.NICL.2016.12.015
https://doi.org/10.1093/scan/nsp050
https://doi.org/10.1093/scan/nsp050
https://doi.org/10.1016/J.ACTPSY.2015.08.002
https://doi.org/10.1016/J.ACTPSY.2015.08.002
https://doi.org/10.1007/s00221-014-4174-8
https://doi.org/10.1007/s00221-014-4174-8
https://doi.org/10.1177/147470490900700404
https://doi.org/10.1177/147470490900700404
https://doi.org/10.1162/jocn_a_01148
https://doi.org/10.1162/jocn_a_01148
https://doi.org/10.1007/S11031-019-09780-Y
https://doi.org/10.1007/S11031-019-09780-Y
https://doi.org/10.1080/13506280500193107
https://doi.org/10.1080/13506280500193107
https://doi.org/10.1016/S0005-7967(01)00086-9
https://doi.org/10.1016/S0005-7967(01)00086-9
https://doi.org/10.1016/J.CPR.2009.11.003
https://doi.org/10.1016/J.CPR.2009.11.003
https://doi.org/10.1016/j.brat.2009.09.003
https://doi.org/10.1016/j.brat.2009.09.003
https://doi.org/10.1007/S10608-007-9161-Y
https://doi.org/10.1007/S10608-007-9161-Y
https://doi.org/10.1080/02643290801996360
https://doi.org/10.1080/02643290801996360
https://doi.org/10.3758/S13428-011-0064-1
https://doi.org/10.3758/S13428-011-0064-1
https://doi.org/10.1016/J.NEUBIOREV.2019.08.017
https://doi.org/10.1016/J.NEUBIOREV.2019.08.017
https://doi.org/10.3758/BF03193146
https://doi.org/10.1016/J.CONCOG.2017.03.011
https://doi.org/10.1016/J.CONCOG.2017.03.011
https://doi.org/10.1037/0096-3445.130.4.681
https://doi.org/10.1037/0096-3445.130.4.681
https://doi.org/10.1080/02699931.2016.1180280
https://doi.org/10.1080/02699931.2016.1180280
https://doi.org/10.1037/0021-843X.115.4.760
https://doi.org/10.1037/0021-843X.115.4.760
https://doi.org/10.1037/0021-843X.115.4.760
https://doi.org/10.1037/0021-843X.115.4.760
https://doi.org/10.1080/16066359.2016.1196674
https://doi.org/10.5114/AIN.2019.85769
https://doi.org/10.5114/AIN.2019.85769
https://doi.org/10.5127/jep.062317
https://doi.org/10.5127/jep.062317


1 3

Page 21 of 22  136Psychological Research (2026) 90:136

Gladwin, T. E., & Vink, M. (2020). Spatial anticipatory attentional bias 
for threat: Reliable individual differences with RT-based online 
measurement. Consciousness and Cognition, 81(March), Article 
102930. https:/​/doi.or​g/10.10​16/j.​concog.2020.102930

Godwin, H. J., Hout, M. C., Alexdóttir, K. J., Walenchok, S. C., & 
Barnhart, A. S. (2021). Avoiding potential pitfalls in visual search 
and eye-movement experiments: A tutorial review. Attention Per-
ception and Psychophysics, 83(7), 2753–2783. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​
3​7​5​8​/​s​1​3​4​1​4​-​0​2​1​-​0​2​3​2​6​-​w​​​​​​​

Green, P., & MacLeod, C. J. (2016). SIMR: An R package for power 
analysis of generalized linear mixed models by simulation. Meth-
ods in Ecology and Evolution, 7(4), 493–498. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​
1​1​1​/​2​0​4​1​-​2​1​0​X​.​1​2​5​0​4​​​​​​​

Heckman, M. G., Davis, J. M., & Crowson, C. S. (2022). Post hoc 
power calculations: An inappropriate method for interpreting the 
findings of a research study. Journal of Rheumatology, 49(8), 
867–870. https:/​/doi.or​g/10.38​99/jr​heum.211115

Itti, L., & Koch, C. (2001). Computational modelling of visual atten-
tion. Nature Reviews. Neuroscience, 2(3), 194–203. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​
r​g​/​1​0​.​1​0​3​8​/​3​5​0​5​8​5​0​0​​​​​​​

Keogh, E., & French, C. C. (2001). Test anxiety, evaluative stress, and 
susceptibility to distraction from threat. European Journal of Per-
sonality, 15(2), 123–141. https:/​/doi.or​g/10.10​02/PE​R.400

Kiss, B. L., Birkás, B., Zilahi, L., & Zsido, A. N. (2022). The role of 
fear, disgust, and relevant experience in the assessment of stimuli 
associated with blood-injury-injection phobia. Heliyon, 8(12), 
Article e11839. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​J​.​H​E​L​I​Y​O​N​.​2​0​2​2​.​E​1​1​8​
3​9​​​​​​​

Klein, R. M. (2000). Inhibition of return. Trends in Cognitive Sciences, 
4(4), 138–147. https:/​/doi.or​g/10.10​16/s1​364-6613(00)01452-2

Koster, E. H. W., Crombez, G., Verschuere, B., & De Houwer, J. 
(2004). Selective attention to threat in the dot probe paradigm: 
Differentiating vigilance and difficulty to disengage. Behaviour 
Research and Therapy, 42(10), 1183–1192. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​
1​6​/​J​.​B​R​A​T​.​2​0​0​3​.​0​8​.​0​0​1​​​​​​​

Koster, E. H. W., Crombez, G., Verschuere, B., & De Houwer, 
J. (2006a). Attention to threat in anxiety-prone individuals: 
Mechanisms underlying attentional bias. Cognitive Therapy 
and Research, 30(5), 635–643. https:/​/doi.or​g/10.10​07/s1​
0608-006-9042-9

Koster, E. H. W., Crombez, G., Verschuere, B., Van Damme, S., & 
Wiersema, J. R. (2006b). Components of attentional bias to threat 
in high trait anxiety: Facilitated engagement, impaired disen-
gagement, and attentional avoidance. Behaviour Research and 
Therapy, 44(12), 1757–1771. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​J​.​B​R​A​T​.​2​0​
0​5​.​1​2​.​0​1​1​​​​​​​

Koster, E. H. W., Verschuere, B., Crombez, G., & Van Damme, S. 
(2005). Time-course of attention for threatening pictures in high 
and low trait anxiety. Behaviour Research and Therapy, 43(8), 
1087–1098. https:/​/doi.or​g/10.10​16/j.​brat.2004.08.004

Lenth, R. V., Banfai, B., Bolker, B., Buerkner, P., Giné-Vázquez, I., 
Herve, M., Jung, M., Love, J., Miguez, F., Piaskowski, J., Riebl, 
H., & Singmann, H. (2025). Emmeans: Estimated Marginal 
Means, aka Least-Squares Means ​h​t​t​​p​s​:​/​​/​c​r​​a​n​.​​r​-​p​r​o​j​e​c​t​.​o​r​g​/​w​e​b​/​
p​a​c​k​a​g​e​s​/​e​m​m​e​a​n​s​/​i​n​d​e​x​.​h​t​m​l​​​​ 

Ligeza, T., Tymorek, A., & Wyczesany, M. (2017). Top-down and 
bottom-up competition in visual stimuli processing. Acta Neuro-
biologiae Experimentalis. https:/​/doi.or​g/10.21​307/a​ne-2017-063

Luke, S. G. (2017). Evaluating significance in linear mixed-effects 
models in R. Behavior Research Methods, 49(4), 1494–1502. 
https:/​/doi.or​g/10.37​58/s1​3428-016-0809-y

Luo, X., Ikani, N., Barth, A., Rengers, L., Becker, E., & Rinck, M. 
(2015). Attention bias modification in specific fears: Spiders ver-
sus snakes. Journal of Behavior Therapy and Experimental Psy-
chiatry, 49, 30–36. https:/​/doi.or​g/10.10​16/j.​jbtep.2015.04.006 

MacLeod, C., Mathews, A., & Tata, P. (1986). Attentional bias in emo-
tional disorders. Journal of Abnormal Psychology, 95(1), 15–20. 
https:/​/doi.or​g/10.10​37/00​21-843X.95.1.15

March, D. S., Gaertner, L., & Olson, M. A. (2017). In harm’s way: 
On preferential response to threatening stimuli. Personality and 
Social Psychology Bulletin, 43(11), 1519–1529. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​
0​.​1​1​7​7​/​0​1​4​6​1​6​7​2​1​7​7​2​2​5​5​8​​​​ 

Marchewka, A., Żurawski, Ł., Jednoróg, K., & Grabowska, A. (2013). 
The Nencki Affective Picture System (NAPS): Introduction to 
a novel, standardized, wide-range, high-quality, realistic picture 
database. Behavior Research Methods, 2013 46:2(2), 596–610. 
https:/​/doi.or​g/10.37​58/S1​3428-013-0379-1. 46.

Mathews, A., & MacLeod, C. (2002). Induced processing biases have 
causal effects on anxiety. Cognition & Emotion, 16(3), 331–354. 
https:/​/doi.or​g/10.10​80/02​699930143000518

McNally, R. J. (2019). Attentional bias for threat: Crisis or opportu-
nity? Clinical Psychology Review, 69, 4–13. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​
1​6​/​J​.​C​P​R​.​2​0​1​8​.​0​5​.​0​0​5​​​​​​​

Miltner, W. H., Krieschel, S., Hecht, H., Trippe, R., & Weiss, T. (2004). 
Eye movements and behavioral responses to threatening and non-
threatening stimuli during visual search in phobic and nonphobic 
subjects. Emotion, 4(4), 323. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​3​7​/​1​5​2​8​-​3​5​4​2​
.​4​.​4​.​3​2​3​​​​ 

Mogg, K., & Bradley, B. P. (1998). A cognitive-motivational analysis 
of anxiety. Behaviour Research and Therapy, 36(9), 809–848. 
https:/​/doi.or​g/10.10​16/S0​005-7967(98)00063-1

Mogg, K., & Bradley, B. P. (1999). Orienting of attention to threat-
ening facial expressions presented under conditions of restricted 
awareness. Cognition and Emotion, 13(6), 713–740. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​
r​g​/​1​0​.​1​0​8​0​/​0​2​6​9​9​9​3​9​9​3​7​9​0​5​0​​​​​​​

Mogg, K., & Bradley, B. P. (2018). Anxiety and threat-related atten-
tion: Cognitive-motivational framework and treatment. Trends in 
Cognitive Sciences, 22(3), 225–240. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​J​.​T​I​
C​S​.​2​0​1​8​.​0​1​.​0​0​1​​​​ 

Mogg, K., Bradley, B. P., De Bono, J., & Painter, M. (1997). Time 
course of attentional bias for threat information in non-clinical 
anxiety. Behaviour Research and Therapy, 35(4), 297–303. 
https:/​/doi.or​g/10.10​16/S0​005-7967(96)00109-X

Mogg, K., Bradley, B., Miles, F., & Dixon, R. (2004a). Brief report 
time course of attentional bias for threat scenes: Testing the vig-
ilance-avoidance hypothesis. Cognition & Emotion, 18(5), 689–
700. https:/​/doi.or​g/10.10​80/02​699930341000158

Mogg, K., Philippot, P., & Bradley, B. P. (2004b). Selective attention 
to angry faces in clinical social phobia. Journal of Abnormal Psy-
chology, 113(1), 160–165. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​3​7​/​0​0​2​1​-​8​4​3​X​.​1​1​
3​.​1​.​1​6​0​​​​​​​

Öhman, A. (1986). Face the beast and fear the face: Animal and social 
fears as prototypes for evolutionary analyses of emotion. Psycho-
physiology, 23(2), 123–145. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​1​1​1​/​j​.​1​4​6​9​-​8​9​8​6​.​
1​9​8​6​.​t​b​0​0​6​0​8​.​x​​​​​​​

Öhman, A., Flykt, A., & Esteves, F. (2001). Emotion drives attention: 
Detecting the snake in the grass. Journal of Experimental Psy-
chology: General, 130(3), 466–478. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​3​7​/​0​0​9​
6​-​3​4​4​5​.​1​3​0​.​3​.​4​6​6​​​​​​​

Peirce, J., Gray, J. R., Simpson, S., MacAskill, M., Höchenberger, R., 
Sogo, H., Kastman, E., & Lindeløv, J. K. (2019). PsychoPy2: 
Experiments in behavior made easy. Behavior Research Methods, 
51(1), 195–203. https:/​/doi.or​g/10.37​58/S1​3428-018-01193-Y

Pflugshaupt, T., Mosimann, U. P., von Wartburg, R., Schmitt, W., 
Nyffeler, T., & Müri, R. M. (2005). Hypervigilance–avoidance 
pattern in spider phobia. Journal of Anxiety Disorders, 19(1), 
105–116. https:/​/doi.or​g/10.10​16/j.​janxdis.2003.12.002

Posner, M. I., Rafal, R. D., Choate, L. S., & Vaughan, J. (1985). Inhibi-
tion of return: Neural basis and function. Cognitive Neuropsychol-
ogy, 2(3), 211–228. https:/​/doi.or​g/10.10​80/02​643298508252866

https://doi.org/10.1016/j.concog.2020.102930
https://doi.org/10.3758/s13414-021-02326-w
https://doi.org/10.3758/s13414-021-02326-w
https://doi.org/10.1111/2041-210X.12504
https://doi.org/10.1111/2041-210X.12504
https://doi.org/10.3899/jrheum.211115
https://doi.org/10.1038/35058500
https://doi.org/10.1038/35058500
https://doi.org/10.1002/PER.400
https://doi.org/10.1016/J.HELIYON.2022.E11839
https://doi.org/10.1016/J.HELIYON.2022.E11839
https://doi.org/10.1016/s1364-6613(00)01452-2
https://doi.org/10.1016/J.BRAT.2003.08.001
https://doi.org/10.1016/J.BRAT.2003.08.001
https://doi.org/10.1007/s10608-006-9042-9
https://doi.org/10.1007/s10608-006-9042-9
https://doi.org/10.1016/J.BRAT.2005.12.011
https://doi.org/10.1016/J.BRAT.2005.12.011
https://doi.org/10.1016/j.brat.2004.08.004
https://cran.r-project.org/web/packages/emmeans/index.html
https://cran.r-project.org/web/packages/emmeans/index.html
https://doi.org/10.21307/ane-2017-063
https://doi.org/10.3758/s13428-016-0809-y
https://doi.org/10.1016/j.jbtep.2015.04.006
https://doi.org/10.1037/0021-843X.95.1.15
https://doi.org/10.1177/0146167217722558
https://doi.org/10.1177/0146167217722558
https://doi.org/10.3758/S13428-013-0379-1
https://doi.org/10.1080/02699930143000518
https://doi.org/10.1016/J.CPR.2018.05.005
https://doi.org/10.1016/J.CPR.2018.05.005
https://doi.org/10.1037/1528-3542.4.4.323
https://doi.org/10.1037/1528-3542.4.4.323
https://doi.org/10.1016/S0005-7967(98)00063-1
https://doi.org/10.1080/026999399379050
https://doi.org/10.1080/026999399379050
https://doi.org/10.1016/J.TICS.2018.01.001
https://doi.org/10.1016/J.TICS.2018.01.001
https://doi.org/10.1016/S0005-7967(96)00109-X
https://doi.org/10.1080/02699930341000158
https://doi.org/10.1037/0021-843X.113.1.160
https://doi.org/10.1037/0021-843X.113.1.160
https://doi.org/10.1111/j.1469-8986.1986.tb00608.x
https://doi.org/10.1111/j.1469-8986.1986.tb00608.x
https://doi.org/10.1037/0096-3445.130.3.466
https://doi.org/10.1037/0096-3445.130.3.466
https://doi.org/10.3758/S13428-018-01193-Y
https://doi.org/10.1016/j.janxdis.2003.12.002
https://doi.org/10.1080/02643298508252866


1 3

136  Page 22 of 22 Psychological Research (2026) 90:136

R Core Team (2020). R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, Aus-
tria. URL https://www.R-project.org/ 

Sagliano, L., Trojano, L., Amoriello, K., Migliozzi, M., & D’Olimpio, 
F. (2014). Attentional biases toward threat: The concomitant pres-
ence of difficulty of disengagement and attentional avoidance in 
low trait anxious individuals. Frontiers in Psychology, 5. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​o​​r​g​/​1​0​.​3​3​8​9​/​f​p​s​y​g​.​2​0​1​4​.​0​0​6​8​5​​​​​​​

Schat, E., Tuerlinckx, F., Schreuder, M. J., De Ketelaere, B., & Ceule-
mans, E. (2024). Forecasting the onset of depression with limited 
baseline data only: A comparison of a person-specific and a mul-
tilevel modeling based exponentially weighted moving average 
approach. Psychological Assessment, 36(6–7), 379–394. ​h​t​t​​p​s​:​/​​/​d​
o​​i​.​o​​r​g​/​1​0​.​1​0​3​7​/​p​a​s​0​0​0​1​3​1​4​​​​​​​

Smit, A. C., Schat, E., & Ceulemans, E. (2023). The exponentially 
weighted moving average procedure for detecting changes in 
intensive longitudinal data in psychological research in real-time: 
A tutorial showcasing potential applications. Assessment, 30(5), 
1354–1368. https:/​/doi.or​g/10.11​77/10​731911221086985

Stefanics, G., Csukly, G., Komlósi, S., Czobor, P., & Czigler, I. (2012). 
Processing of unattended facial emotions: A visual mismatch 
negativity study. Neuroimage, 59(3), 3042–3049. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​
/​1​0​.​1​0​1​6​/​j​.​n​e​u​r​o​i​m​a​g​e​.​2​0​1​1​.​1​0​.​0​4​1​​​​​​​

The Jamovi project (2021). jamovi (Version 2.3.18) [Computer Soft-
ware]. Retrieved from https://www.jamovi.org 

Waechter, S., Nelson, A. L., Wright, C., Hyatt, A., & Oakman, J. (2014). 
Measuring attentional bias to threat: Reliability of dot probe and 
eye movement indices. Cognitive Therapy and Research, 38(3), 
313–333. https:/​/doi.or​g/10.10​07/s1​0608-013-9588-2

Waters, A. M., Nitz, A. B., Craske, M. G., & Johnson, C. (2007). The 
effects of anxiety upon attention allocation to affective stimuli. 
Behaviour Research and Therapy, 45(4), 763–774. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​
/​1​0​.​1​0​1​6​/​j​.​b​r​a​t​.​2​0​0​6​.​0​7​.​0​0​2​​​​​​​

Wieser, M. J., Hambach, A., & Weymar, M. (2018). Neurophysiologi-
cal correlates of attentional bias for emotional faces in socially 
anxious individuals–Evidence from a visual search task and 
N2pc. Biological psychology, 132, 192–201. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​
1​6​/​j​.​b​i​o​p​s​y​c​h​o​.​2​0​1​8​.​0​1​.​0​0​4​​​​ 

Zsidó, A. N. (2024). The effect of emotional arousal on visual atten-
tional performance: A systematic review. Psychological Research, 
88(1), 1–24. https:/​/doi.or​g/10.10​07/s0​0426-023-01852-6 

Zsido, A. N., Bernath, L., Labadi, B., & Deak, A. (2020). Count on 
arousal: Introducing a new method for investigating the effects 
of emotional valence and arousal on visual search performance. 
Psychological research, 84(1), 1–14. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​S​0​0​
4​2​6​-​0​1​8​-​0​9​7​4​-​Y​​​​ 

Zsidó, A. N., Deák, A., & Bernáth, L. (2017). Fenyegető ingerek hatása 
a figyelmi teljesítményre: Áttekintés. Magyar Pszichológiai 
Szemle, 72(3), 381–399. https:/​/doi.or​g/10.15​56/00​16.2017.002 

Zsido, A. N., Deak, A., & Bernath, L. (2019). Is a snake scarier than a 
gun? The ontogenetic–phylogenetic dispute from a new perspec-
tive: The role of arousal. Emotion, 19(4), 726. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​
1​0​3​7​/​E​M​O​0​0​0​0​4​7​8​​​​ 

Zsidó, A. N., Kiss, B. L., Basler, J., & Labadi, B. (2024). Arousal and 
social anxiety but not the emotional category influence visual 
search performance when using task-irrelevant emotional faces. 
Visual Cognition, 32(5), 423–441. ​h​t​t​​​​p​​s​:​​/​​/​d​​o​i​​.​o​​r​g​​/​1​0​.​1​0​8​0​/​1​3​5​0​6​
2​8​5​.​2​0​2​5​.​2​4​5​1​3​6​8​​​​ 

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://www.R-project.org/
https://doi.org/10.3389/fpsyg.2014.00685
https://doi.org/10.3389/fpsyg.2014.00685
https://doi.org/10.1037/pas0001314
https://doi.org/10.1037/pas0001314
https://doi.org/10.1177/10731911221086985
https://doi.org/10.1016/j.neuroimage.2011.10.041
https://doi.org/10.1016/j.neuroimage.2011.10.041
https://www.jamovi.org
https://doi.org/10.1007/s10608-013-9588-2
https://doi.org/10.1016/j.brat.2006.07.002
https://doi.org/10.1016/j.brat.2006.07.002
https://doi.org/10.1016/j.biopsycho.2018.01.004
https://doi.org/10.1016/j.biopsycho.2018.01.004
https://doi.org/10.1007/s00426-023-01852-6
https://doi.org/10.1007/S00426-018-0974-Y
https://doi.org/10.1007/S00426-018-0974-Y
https://doi.org/10.1556/0016.2017.002
https://doi.org/10.1037/EMO0000478
https://doi.org/10.1037/EMO0000478
https://doi.org/10.1080/13506285.2025.2451368
https://doi.org/10.1080/13506285.2025.2451368

	﻿Anticipatory attentional avoidance in learned threat associations
	﻿Abstract
	﻿Introduction
	﻿Anticipatory attentional bias
	﻿Present study

	﻿Experiment 1
	﻿Methods
	﻿Participants
	﻿Experimental stimuli
	﻿Procedure and apparatus
	﻿Statistical analysis

	﻿Results
	﻿Behavioral results
	﻿Eye-tracking results

	﻿Discussion
	﻿Experiment 2
	﻿Method


