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A B S T R A C T   

Attentional biases to threatening stimuli have been suggested to play a key role in the onset and course of 
schizophrenia. However, current research has not completely demonstrated this assumption. The aim of this eye- 
tracking study was to shed light on the underlying psychological mechanisms of schizophrenia by examining the 
attentional processing of socio-emotional information. Forty-four individuals with schizophrenia and 47 healthy 
controls were assessed in a 3-s free-viewing task with a social scene (i.e., happy, threatening, or neutral) in 
competition with a non-social one to determine the effects of emotional information on the different stages of the 
attentional processing. The location and latency of initial fixations (i.e., initial orienting), the firs-pass fixations 
and gaze duration (i.e., attentional engagement), and the percentage of total duration and total fixations (i.e., 
attentional maintenance) were analyzed. It was found that the schizophrenia group showed longer first-pass gaze 
duration, as well as higher percentage of total fixations and total duration toward threatening scenes in relation 
to the non-social ones, compared to controls. Therefore, an attentional bias toward threatening scenes in 
schizophrenia was found in the attentional maintenance and engagement, but not in the initial orienting of 
attention. Of note, the threat-related attentional bias was not associated with positive symptoms of schizo
phrenia. These findings offer empirical support to affective-information processing models stating that threat
ening information may confer psychological vulnerability to develop schizophrenia. Moreover, the results can 
improve psychological treatments, such as attentional bias modification paradigms or cognitive-behavior in
terventions managing maladaptive schemas related to threat.   

1. Introduction 

Schizophrenia (SZ) is a severe mental disorder characterized by 
positive (e.g., hallucinations, delusions) and negative symptoms (e.g., 
apathy, flat-affect), that lead toward social dysfunction (American 
Psychiatric Association, 2013). SZ symptoms and social dysfunction 
have been linked to socio-cognitive and emotional abnormalities (Cohen 
et al., 2011). Indeed, attentional biases to emotionally relevant contents, 
such as threatening information, have been suggested as an underlying 
mechanism of the onset and course of SZ (Bentall et al., 2007). However, 
research on attentional biases in SZ is inconclusive (Savulich et al., 
2012), thereby raising doubts on: i) the attentional processing stages 

that are affected; ii) which emotional valence (e.g., pleasant, unpleas
ant) and stimulus type (e.g., words, faces, scenes) are abnormally pro
cessed; and iii) whether attentional biases are a trait of SZ or are 
restricted to specific SZ symptoms. In this study, a group of SZ patients 
were asked to free-view social scenes (i.e., happy, threatening, neutral) 
in competition with a non-social one. Meanwhile, eye movements were 
recorded to gain knowledge on the underlying psychological mecha
nisms of SZ. 

At a theoretical level, affective information-processing theories 
suggest that biased attention toward pathology congruent emotional 
information triggers cognitive abnormalities leading to psychiatric 
symptoms (Beck et al., 1979). Pathology congruent 
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information-processing biases are a tendency for the information pro
cessing system to consistently favor stimulus material whose content 
matches the symptoms and concerns of the pathology itself (Savulich 
et al., 2012). This theoretical framework of information processing was 
later developed by Bentall (1992) to explain the psychological mecha
nisms underlying SZ. In this regard, a key factor in the development of 
SZ is a maladaptive appraisal of the reality characterized by personal
ized threat (Underwood et al., 2016). This maladaptive appraisal may 
give rise to hypervigilance toward threatening information, which has 
been proposed as a cause of attentional biases in SZ (Green et al., 2003). 
Thus, attentional biases to threat may play a central role in the onset and 
maintenance of SZ symptoms (Blackwood et al., 2001). As for auditory 
hallucinations, the threat-related bias may have an etiological role in 
their onset (Garety et al., 2001), since altered emotional states together 
with hypervigilance for threatening stimuli interact to increase the 
likelihood of hallucinations, especially in those with intimidating con
tent (Dodgson and Gordon, 2009). Regarding persecutory delusions, 
scanning the environment for threats has been associated with the 
emergence of these symptoms as well as with related anomalous expe
riences (Bentall et al., 2001; Freeman et al., 2002; Green and Phillips, 
2004). More specifically, Bentall et al. (2001) proposed that threats to 
the self-esteem result in external attributions that, together with atten
tional biases toward threatening information, are implicated in the eti
ology of persecutory delusions to defense paranoid individuals from 
depressive symptoms. Similarly, Freeman et al. (2002) argued that 
attentional biases toward threatening information contribute to main
tain paranoid beliefs in individuals with SZ searching for a meaning of 
the negative internal emotional experiences. Whereas these theories 
posit an attraction of threatening material, Green and Phillips (2004) 
suggested a more complex attentional pattern depending on the atten
tional stage assessed. They hypothesized a “vigilance–avoidance” 
behavior, where threat-related stimuli would capture early attention, 
followed by a strategic avoidance behavior to reduce the anxiety asso
ciated to patients with SZ and persecutory delusions. Likewise, it has 
also been suggested that this “vigilance-avoidance” pattern would also 
indicate that individuals with SZ draw precipitated conclusions about 
what they see and do not seek more information, resulting in an 
avoidance behavior to threat-related information (Phillips et al., 2000). 
In this sense, attentional biases in SZ may actually be driving the ‘data 
gathering’ bias, which is related to the etiology of persecutory delusions 
(Savulich et al., 2012). Additionally, attentional biases to threat have 
been associated with the negative symptoms in SZ. For instance, chronic 
negative mood and social withdrawal in SZ can be explained by the 
maintenance of attention on threatening information (Beck and Rector, 
2005; Strauss et al., 2008). In sum, based on leading theoretical ac
counts, attentional biases toward threat may be involved in the etiology 
of a wide range of SZ symptoms and, hence, they might be a disorder 
trait marker as well. 

Previous research on attentional biases that have employed response 
time-based tasks were mainly designed to test cognitive theories related 
to the formation of persecutory delusions with non-clinical participants 
(Arguedas et al., 2006; Green et al., 2001), or with paranoid participants 
only (Bentall and Kaney, 1989; Taylor and John, 2004). Although these 
studies have demonstrated that threatening information captures the 
attention in these patients, results cannot be extrapolated to SZ. Indeed, 
studies assessing a representative sample of SZ patients have obtained 
conflicting results. Whereas some studies have reported an attentional 
bias toward threat (see Moritz and Steffen, 2007, for a cueing task with 
threatening, anxious, and neutral social scenes; Besnier et al., 2011, for a 
Stroop task with depressive, manic, threatening, and neutral words), 
others have shown no attentional bias (Demily et al., 2010; Feroz et al., 
2019, for Stroop tasks with positive/negative words). This lack of bias 
may be attributable to: i) the use of nonspecific threatening stimuli; or ii) 
the heterogeneity of the experiments, which tap into different atten
tional processes (Bar-Haim et al., 2007). 

Despite the fact that reaction-time tasks offer highly valuable 

information on emotional processing, they only show one data point at 
the end of the information processing. In order to deepen knowledge, it 
is essential to examine how threatening information impacts different 
attentional stages (Savulich et al., 2012). Recording eye movements 
allows examining the full time-course of attentional processing with 
several measures (Kellough et al., 2008): (i) location and latency of first 
fixation (initial orienting of attention); (ii) first-pass fixations and gaze 
duration (attentional engagement); or (iii) the total number of fixations 
and total duration (attentional maintenance). Another valuable contri
bution of eye-tracking is that it allows obtaining a measurement of 
attentional allocation when several complex stimuli are presented 
simultaneously and compete for the observer’s attention, which is a 
more ecologically valid setting than displaying stimuli individually 
(Fletcher-Watson et al., 2009). 

Despite that eye-tracking is considered an excellent technique for 
assessing information-processing bias, only a few studies have been 
performed on SZ, mostly displaying visual stimuli individually. When 
eye-tracking studies have been restricted to paranoid SZ patients, an 
attentional maintenance bias away from unpleasant stimuli in late 
stages of processing has been found in both social scenes (Phillips et al., 
2000) and faces (Green et al., 2003), which was interpreted in the 
context of the “vigilance-avoidance” hypothesis. Finding these biases 
only in paranoid SZ patients may imply that they are state-markers of 
persecutory delusions. Conversely, when other authors have employed 
samples with SZ diagnosis (not only patients suffering from persecutory 
delusions), an attentional bias toward threat has been found with scenes 
(Navalón et al., 2021; Strauss et al., 2015), but not with faces (Jang 
et al., 2016). Strauss et al. (2015) designed a directed attention task with 
a threatening scene displayed for 3 s. The individuals with SZ showed 
difficulties in disengaging their attention from threatening areas of the 
scene, suggesting an attentional engagement bias toward threat. In a 
free-viewing task study (Navalón et al., 2021), participants were 
required to scan/re-scan four complex socio-emotional images (happy, 
sad, threat, and neutral) simultaneously displayed for 20 s, and an 
attentional engagement and maintenance bias toward threat was found. 
Otherwise, Jang et al. (2016) performed a dot-probe task with SZ pa
tients recording the eye movements and displaying pairs of emotional (i. 
e., angry, happy, or sad) and neutral faces during 1500 ms. They found 
no differences between SZ patients and controls when comparing 
emotional to neutral faces in the initial orienting and in the subsequent 
attentional engagement. Authors argued that the small sample (19 
controls, 22 SZ) had the potential to underpower discerning subtle group 
differences. Moreover, the attentional bias may not emerge in relatively 
early (1500 ms) attentional stages of the processing, as a result of a delay 
in processing complex emotional information (Quirk et al., 2001). 
Additionally, using faces instead of scenes may also explain the lack of 
bias in Jang et al. (2016). Of note, socio-emotional information needs to 
be gathered not only by processing other people’s faces, but also their 
body posture, gestures, and contextual elements (Nikolaides et al., 
2016). Thus, the current eye-tracking evidence suggests that the use of 
simple stimuli (e.g., faces instead of scenes) and the examination of too 
early attentional processing stages (i.e., <1500 ms) may be a low sen
sitive method to assess the attentional bias in SZ. 

In sum, the current evidence regarding attentional biases toward 
threat in SZ patients is heterogeneous, which may be related to the 
measurement of the different stages of attentional processing. In addi
tion, the use of simple stimuli (words or faces) without specific threat
ening content, or not assessing the effect of psychopathology, can also 
explain the lack of conclusive findings in some studies. Thus, the main 
goal of the present experiment is to assess the full-time course of the 
processing of threatening complex scenes in a sample of SZ patients, 
considering the effect of psychopathology. 

According to the theories suggesting that the threat-related bias has 
an etiological role in SZ, it is expected that the attentional bias occurs 
toward threatening scenes rather than in other social scenes (Bentall, 
1992; Savulich et al., 2012; Underwood et al., 2016). Regarding the 
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attentional stage, it is expected that the bias would be demonstrated in 
later stages (attentional engagement and maintenance) rather than in 
the earliest one (initial orienting), given that the complexity of the 
stimuli requires that participants take additional time to identify them 
(Quirk et al., 2001). That is, the SZ group would show a higher number 
of first-pass fixations, higher gaze duration, and higher percentage of 
total duration and total fixations on the threatening stimuli, compared to 
the control group (see Navalón et al., 2021 and Strauss et al., 2015, for 
similar findings). Finally, following the “vigilance–avoidance” hypoth
esis for persecutory delusions in SZ, suggesting an early attraction fol
lowed by an avoidance behavior associated to threat-related 
information (Green and Phillips, 2004), positive symptoms would be 
related to an earlier attentional bias towards threat (i.e., an association 
between the intensity of positive symptoms and the initial orienting of 
attention), but a later attentional bias away from threat (i.e., an inverse 
association between the intensity of positive symptoms and the per
centage of total duration and total fixations). 

2. Methods 

2.1. Participants 

Forty-four SZ participants were referred by their psychiatrists, and 
47 healthy individuals were recruited through advertising. The SZ group 
was composed by a highly representative sample: i) 50% of patients 
were stable outpatients recruited from a psychosis rehabilitation center 
or from mental health units, and the other 50% were inpatients recruited 
from an acute unit; ii) whereas 13 patients did not suffer from paranoid 
symptoms, defined by < 3 in the “persecutory delusions” item of the 
Positive and Negative Syndrome Scale (PANSS; Kay et al., 1987), 34 
showed paranoids symptoms in some extent; iii) both early onset and 
chronic patients were assessed (illness duration range 2–45 years); iv) 
patients showed varied sociocultural characteristics (e.g., 24 patients 
had completed secondary or university education, 20 patients had 
completed only primary studies). Socio-demographic and clinical data 
are detailed in Table 1. 

Inclusion criteria was 18–65 years for all participants, and a SZ 
diagnosis for the clinical group following DSM-5 (American Psychiatric 
Association, 2013) criteria. The SZ diagnosis was corroborated by a 
psychiatrist by means of a semi-structured clinical interview based on 
the Structured Clinical Interview for the DSM-5 (First, 2015). Exclusion 
criteria: neurological disorders (e.g., epilepsy, intellectual disability); 
visual/calibration problems; major medical disorders; electroconvulsive 
therapy within the previous 3 months; and taking non-psychotropic 
medication that could influence cognition (e.g., corticosteroids, opi
oids). Additionally, controls with a history of psychiatric conditions 
were excluded. 

The study was approved by an ethics committee, all subjects signed 
informed consent. 

2.2. Materials 

To assess the severity of affective symptoms when performing the 
task and their relation with eye-tracking measurements, all participants 
completed the Beck Depression Inventory II (BDI-II; Beck et al., 1996) and 
the State Anxiety Inventory (STAI-S; Spielberger et al., 1983). Addition
ally, the PANSS (Kay et al., 1987) was administered to the SZ group to 
evaluate the positive and negative symptoms severity. These three 
questionnaires have good psychometric properties and reliability for 
assessing psychotic and affective symptoms and have been widely 
employed in clinical research (Barnes et al., 2002; Peralta and Cuesta, 
1994; Wang and Gorenstein, 2013). 

2.3. Stimuli 

The stimuli included 128 scenes selected from the International 

Affective Picture System (Lang et al., 2005). This image set is standardized 
and used extensively in studies of psychopathology. The image set was 
selected following Nummenmaa et al. (2006). A previous study 
administered an emotional discrimination task with the same image set 
that is employed in this experiment to participants with severe mental 
illness, finding less than 1% of errors when patients discriminated the 
emotional content of the stimuli (García-Blanco et al., 2015). 

Sixteen happy, 16 threatening, and 16 neutral target social scenes 
were chosen. Happy target scenes represented people showing agreeable 
affect. Threatening target scenes depicted hostile people or people 
suffering from a threat. Neutral target scenes represented people in 
quotidian activities. Eighty control non-social pictures representing 
inanimate objects were chosen. The valence rating was higher for the 
happy than for the threatening and control pictures, whereas the valence 
rating was higher for neutral pictures and control than for threatening 
pictures. Valence ratings for neutral target and control pictures did not 
differ from each other. Regarding arousal, no significant difference be
tween the happy and the threatening stimuli and between the neutral 
and the control stimuli were found. However, arousal rating was higher 
for the happy than for the neutral pictures and the control pictures. 
Arousal rating was also higher for the threatening than for the neutral 
pictures and the control pictures. 

A total of 64 trials (48 study + 16 fillers) were presented to each 
participant. Each trial included two randomly paired images, resulting 
in three groups of experimental trials (16 happy-control, 16 threatening- 
control, 16 neutral-control). Sixteen pairs of neutral-control pictures 

Table 1 
Sociodemographic and clinical data.   

Control (N = 45) SZ (N = 44) p 

% FEMALE 53 45 .66 
AGE 37.2 (13.1) 40.4 (11.2) .21 
STAI-T 13.3 (8.8) 26.7 (11.1) <.001 
STAI-S 11 (6.2) 24.8 (10.2) <.001 
BDI-II 4.4 (5.6) 9.7 (7.8) <.01 
PANSSG  45.3 (10)  
PANSSP  21.6 (5.7)  
PANSSN  24.5 (7.1)  
ILLNESS DURATION  18.65 (11.5)  
AGE OF ONSET   

15 
11 
19 

27 (10.2)  

20 
18 
6  

.009 EDUCATION (n)  

Primary studies  

Secondary studies  

University studies  

TREATMENT 
% ANTIPSYCHOTIC 

%FGA 
%SGA 
%Both 
CED 

% ANTIDEPRESSANT 
%SRI 
%SNRI 
%Tricyclic 

% BENZODIAZEPINE 
DED 

% ANTIEPILEPTIC      

100 (44)   
9.1 (4)   

81.8 (35)   
9.1 (4) 

813.4 (518.8)   
22.7 (10)  
11.4 (5)  
6.8 (3)  
4.5 (2)  

63.6 (28)  
22.4 (29.1) 

11.4 (5)  

Note. BDI-II: Beck Depression Inventory-II; CED: Chlorpromazine Equivalent 
Dose; DED: Diazepam Equivalent Dose; FGA: First Generation Antipsychotic; 
PANSSG: Positive and Negative Syndrome Scale: General Psychopathology 
Scale; PANSSP: Positive and Negative Syndrome Scale: Positive Psychopathol
ogy Scale; PANSSN: Positive and Negative Syndrome Scale: Negative Psycho
pathology Scale; SGA: Second Generation Antipsychotic; SNRI: Serotonine and 
Norepinephrine Reuptake Inhibitor; SRI: Serotonine Reuptake Inhibitor; STAI- 
T/S: State-Trait Anxiety Inventory-Trait/State; SZ: Schizophrenia Group; The p 
values correspond to the omnibus test for both groups. 
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were included as filler trials. Each trial began with an initial central 
cross. A fixed gaze made it disappear. The presentation duration was 3 s. 

The paired pictures were presented in two opposing corners of the 
screen (top left/bottom right or top right/bottom left). The horizontal 
and vertical locations of the target pictures were balanced across trials, 
with the constraint that each stimulus category appeared in each of the 
four positions four times across 16 trials. The presentation order of the 
images was randomized across participants. The position, the variation 
in the image locations and the randomization of trials guaranteed that 
the participants were not able to use any predetermined scanning 
strategy. 

2.4. Apparatus 

A remote eye-tracking system (SMI RED250) was used to measure 
the participants’ eye movements. The system allows a free range of head 
movement. The sampling rate of the eye positions was 250 Hz. 

2.5. Procedure 

Firstly, all participants signed the informed consent, and answered to 
a demographic interview and to the BDI-II/STAI questionnaires. Sepa
rately, a psychiatrist had completed the clinical interview and the 
PANSS. Secondly, participants carried out the task individually in a 
quiet room. They were seated 60 cm away from the screen in a height- 
adjustable chair. The experimental session began once the eye-tracker 
was calibrated (average error was less than 1.5◦ of the visual angle for 
each calibration point) and six practice trials were completed. In
structions appeared on the screen, “look at the images as if you were 
watching television or looking to a photo album”. The experimenter was 
placed in the same room during the procedure, monitoring the task (see 
García-Blanco et al., 2014, for a similar study in bipolar disorder). 

2.6. Data analysis 

Data were computed using a velocity-based algorithm with a mini
mum fixation duration threshold of 100 ms and a peak velocity 
threshold of 40◦/s. The areas of interest corresponded to the total area 
for each scene. 

The measurements computed were: (i) latency of initial fixation 
(time taken to fixate a target scene for the first time); (ii) probability of 
initial fixation (probability that the initial fixation land on the target 
scene); (iii) gaze duration (sum of fixation duration made on the target 
scene when looking at it for the first time); (iv) number of first-pass 
fixations (number of fixations on the target scene when looking at it 
for the first time); (v) percentage of total fixations (the percentage of 
times that each participant fixated, and re-fixated, on the socio- 
emotional target image during the 3 s period, compared to the non- 
social control one); (vi) percentage of total duration (the percentage of 
fixation time attending to the socio-emotional target scene during the 3 s 
period, compared to the non-social control one). All measures were 
averaged across the trials. 

Each eye movement measure was analyzed in a 2 (Group: control, 
SZ) x 3 (Valence: neutral, happy, threatening) repeated measures anal
ysis of variance (ANOVA) in which Group was a between-subjects factor, 
and Valence was a within-subject factor. If the interaction between the 
two factors was significant, we conducted simple effects tests, which 
were analyzed by Bonferroni comparisons. 

To characterize the relation between attentional biases to threat
ening information and paranoid symptoms, we performed correlational 
analyses. The PANSS positive subscale score was correlated with the 
eye-tracking variables for threatening scenes, due to the previous 
finding suggesting an association between persecutory delusions and the 
attentional bias to threat (Green et al., 2003). 

The association between antipsychotics and benzodiazepines dose 
and all the eye-tracking variables was assessed with two-tailed 

Spearman’s correlations. 
The analyses were adjusted for multiple comparisons with the Holm- 

Bonferroni method (Holm, 1979; von der Malsburg and Angele, 2017) 
using the MultipleTesting.com tool (Menyhart et al., 2021). 

3. Results 

Descriptive data are displayed in Table 2. Double interactions were 
significant at p ≤ .015 after the Holm-Bonferroni correction. 

3.1. Latency of the initial fixation 

The ANOVA of the latency of initial fixation showed that the effect of 
Valence approached significance, F(2,178) = 2.27, p = .068, η2 = 0.03. 
Neither the effect of Group nor the Valence × Group interactions were 
significant (all Fs < 1). 

3.2. Probability of initial fixation 

The ANOVA of the probability of initial fixation revealed an effect of 
Valence, F(2,178) = 7.850, p = .001, η2 = 0.081. Bonferroni-adjusted 
comparisons showed that the participants’ initial fixations were most 
likely directed toward happy, M = 62.77%, CI95% [1.87–10.04], p =
.002; and threatening scenes, M = 62.45%, CI95% [1.11–10.14], p =
.009; than toward neutral ones (M = 56.82%). Neither the Group effect 
nor the Valence × Group interaction were significant (all Fs < 1). 

3.3. Gaze duration 

The ANOVA of the gaze duration revealed an effect of Valence, F(2, 
178) = 7.23, p = .001, η2 = 0.075, which was qualified by a Valence ×
Group interaction, F(2, 178) = 7.41, p = .001, η2 = 0.077). No signifi
cant Group effect was found (p > .01). 

To examine the Group × Valence interaction, we conducted simple 
effects tests of Group for each level of Valence. Whereas no between- 
group differences were demonstrated for happy (p = .157) or neutral 
stimuli (p = .891), a significant difference was found for threatening 
stimuli, indicating longer gaze duration for the SZ group than for the 
control group, F(1, 89) = 4.394, p = .041, f = 0.21. See Fig. 1a. 

3.4. First-pass fixations 

The ANOVA of the number of first-pass fixations revealed an effect of 
Valence, F(2, 178) = 7.753, p = .001, η2 = 0.08, and Group, F(1, 89) =
11.589, p = .001, η2 = 0.115, which was qualified by a Valence × Group 
interaction, F(2, 178) = 4.324, p = .015, η2 = 0.046. 

The Group × Valence interaction was analyzed with simple effects 
tests. The control group showed higher number of first-pass fixations 
than the SZ group for neutral, F(1, 89) = 21.017, p < .001, f = 0.48, 
happy, F(1, 89) = 8.601, p = .004, f = 0.26, and threatening social 
scenes, F(1, 89) = 4.427, p = .038, f = 0.21, compared to the control 
non-social ones. Fig. 1b. 

3.5. Percentage of total fixations 

The ANOVA of the percentage of total duration revealed an effect of 
Valence, F(2, 178) = 17.433, p < .001, η2 = 0.164, an effect of Group, F 
(1, 89) = 5.577, p = .02, η2 = 0.059, and a significant interaction be
tween the two factors, F(2, 178) = 7.915, p = .001, η2 = 0.082. 

Simple effects tests showed that the percentage of total fixations to 
threatening stimuli was higher for the SZ group than for the control one, 
F(1, 89) = 15.848, p < .001, f = 0.28. No significant differences among 
groups were found for neutral (p = .605) or happy stimuli (p = .157). See 
Fig. 2a. 
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3.6. Percentage of total duration 

The ANOVA of the percentage of total duration showed a significant 
effect of Valence, F(2, 178) = 17.245, p < .001, η2 = 0.162, and Group, F 
(1, 89) = 5.426, p = .022, η2 = 0.057. The Valence × Group interaction 
was also significant, F(2, 178) = 4.79, p = .01, η2 = 0.051. 

This interaction showed that the percentage of total duration to 
threatening stimuli was higher for the SZ group than for the control one, 
F(1, 89) = 12.408, p = .001, f = 0.34, whereas there were no significant 
differences across groups for neutral (p = .88) and happy stimuli (p =
.12). See Fig. 2b. 

3.7. Correlational analyses 

To assess the association between attentional biases to threatening 
information and the positive symptoms severity, the relation between 
eye-tracker variables to threat and the PANNS positive subscale score 
was analyzed. The Spearman correlations did not reveal any significant 
association (all ps > .3). 

Given that there were significant between-group differences on the 
scores of the STAI-S and BDI-II, the association between eye-tracker 
variables and these psychopathological outcomes were also analyzed 
in both groups. Two-tailed Spearman’s correlations were used for the 
exploratory analyses. The BDI-II score and the percentage of total fixa
tions to threatening scenes (rs = .544, p < .001) were significantly 
associated in the SZ group. No other significant correlations were found 
in the SZ group nor the control group after the Holm-Bonferroni 
correction (all ps > .01). 

No significant associations were found when assessing the associa
tion between antipsychotic (chlorpromazine equivalent dose) and 
benzodiazepine (diazepam equivalent dose) and all the eye-tracking 
variables after the Holm-Bonferroni correction (all ps > .01). 

4. Discussion 

This investigation represents the first examination of attentional 
biases during the free-viewing of different socio-emotional scenes (i.e., 
happy, neutral, threatening) in competition with non-social ones in SZ, 

Table 2 
Mean (standard deviation) for the latency and probability of first fixations; the first-pass fixations and gaze duration; and the percentage of total fixations and total 
duration for each stimulus category across the trials for the control (C) and the schizophrenia (SZ) groups.  

Valence Latency of first fixations 
(ms) 

Probability of first 
fixation (%) 

Gaze duration 
(ms) 

First-pass fixations (number of 
fixations) 

Percentage of total 
duration (%) 

Percentage of total 
fixations (%)  

C SZ C SZ C SZ C SZ C SZ C SZ 

Neutral 830 
(33) 

839 
(34) 

56.11 
(1.81) 

57.54 
(1.87) 

828 
(45) 

837 
(46) 

3.45 
(.12) 

2.68 
(.12) 

53.74 
(1.19) 

54.00 
(8.1) 

53.0 
(7) 

52.2 
(7.2) 

Happy 768 
(35) 

802 (37) 63.36 
(1.73) 

62.19 
(1.79) 

838 
(50) 

941 
(52) 

3.57 
(.13) 

3.01 
(.14) 

56.12 
(1.63) 

59.80 
(11.7) 

55.7 
(9.2) 

58.7 
(10.3) 

Threat 781 
(36) 

789 
(38) 

60.91 
(1.94) 

63.99 
(2.01) 

822 
(50) 

971 
(52) 

3.47 
(.13) 

3.1 
(.14) 

56.77 
(1.42) 

63.95 
(9.4) 

54.7 
(9.2) 

62.3 
(9)  

Fig. 1. Gaze duration (a), and number of first-pass fixations (b) on the target 
scenes for both groups. *p < .05. **p ≤ .01. 

Fig. 2. Percentage of total fixations (a), and percentage of total duration (b) on 
the target scenes for both groups. **p ≤ .01. 
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considering the full time-course of attentional processing. The main 
findings can be summarized as follows: i) an attentional bias was found 
in SZ in attentional engagement (i.e., gaze duration and first-pass fixa
tions), and attentional maintenance (i.e., percentage of total duration 
and percentage of total fixations), but not in the initial orientation (i.e., 
latency and probability of the initial fixation); ii) only threatening 
scenes elicited the attentional bias; and iii) the threat-related bias was 
not associated with positive symptoms severity. 

Regarding the attentional processing stages, the SZ group showed 
higher percentage of total fixations and total duration on threatening 
scenes in relation to non-social ones, compared to controls, indicating an 
attentional maintenance bias toward threatening information in SZ. 
Moreover, patients with SZ also showed higher gaze duration on 
threatening scenes, suggesting an attentional bias to threat in the 
attentional engagement stage. These findings are congruent with Strauss 
et al. (2015) and Navalón et al. (2021), demonstrating an attentional 
engagement and maintenance bias toward threat-related scenes. Of 
note, regarding the other attentional engagement measurement (num
ber of first-pass fixations), control subjects made more fixations on 
neutral, happy, and threatening scenes than patients did. However, this 
difference was lower for threatening scenes. In this regard, it has been 
demonstrated that individuals with SZ show a restricted scanning style 
(i.e., less number of fixations) during visual exploration of negative 
emotional faces (Green et al., 2003) and social scenes (Li et al., 2020). 
Therefore, a more restricted exploratory strategy for happy and neutral 
scenes, compared to threatening ones, might indicate a normalization of 
gaze behavior in SZ when threatening information is displayed. This 
suggests an emotional advantage for this emotion, and thus, an atten
tional engagement bias toward threat in the number of first-pass fixa
tions. Another possible explanation is that the attentional bias to threat 
is less clear in earlier processing stages (initial orienting and attentional 
engagement) because SZ individuals require an additional time to 
identify complex socio-emotional stimuli (Quirk et al., 2001). Moreover, 
the number of first-pass fixations may be a less sensitive measure than 
gaze duration to assess attentional bias. In sum, the results suggest a 
threat-related bias in later attentional stages rather than in earlier ones 
in SZ when displaying social scenes. 

Considering the type of stimuli, this experiment revealed that 
pathology-relevant socio-emotional complex stimuli give rise to 
abnormal attentional patterns in SZ. Thus, it is possible that only ex
periments employing complex stimuli depicting socially threatening 
scenes (Moritz and Steffen, 2007; Navalón et al., 2021; Strauss et al., 
2015) or simpler stimuli but with specific pathology-congruent content 
(Besnier et al., 2011, SZ-related words) would be able to elicit an 
attentional bias. In this regard, two studies using positive/negative 
words failed to find an attentional bias (Demily et al., 2010; Feroz et al., 
2019). Similarly, another study employing faces (Jang et al., 2016) did 
not find an attentional engagement bias to threat-related material. Of 
note, in terms of ecological validity, employing faces as stimuli may be a 
potential shortcoming. As in real-world situations, social information 
needs to be gathered not only by processing other people’s faces, but 
also their body posture and gestures as well as contextual elements 
(Nikolaides et al., 2016). 

Finally, this experiment has demonstrated that a highly representa
tive sample of SZ individuals (i.e., out- and in-patients, chronic and 
acute, with and without paranoid symptoms) show an attentional bias 
toward threat. Additionally, although previous research had identified 
the threat-related bias as a state marker of persecutory delusions (Green 
et al., 2003; Phillips et al., 2000), we did not find an association between 
positive symptoms and an avoidance of threatening material. Thus, the 
findings support that the threat-related bias in SZ may be independent of 
psychotic symptoms severity. We acknowledge, however, that perhaps 
complex scenes presented in competition during only 3 s may not be 
enough to overwhelm patients and, thus, to evoke an avoidance pattern 
that can be modulated by symptomatology. In addition, the exploratory 
analysis revealed that individuals with SZ showed an association 

between the depressive symptoms’ intensity and the attentional main
tenance bias toward threat (i.e., percentage of total fixations to threat), 
but this association was not found in the control group. Previous 
eye-tracking studies have demonstrated an attentional bias to threat in 
depressed bipolar individuals (García-Blanco et al, 2014, 2015), but it 
has not been the case in monopolar depression (Suslow et al., 2020). 
This may suggest that the association between the threat-related bias 
and depressive symptoms is restricted to the psychotic spectrum. In this 
regard, Bentall et al. (2001) suggested that depressive symptoms are 
related to threat-related external attributions and attentional biases to
ward threatening information to protect the self-stem of individuals with 
SZ. 

There are several limitations to the current study. First, this experi
ment was designed with an ecological setting, assessing a heterogeneous 
sample and using complex scenes to increase the generalization of 
findings, but it may also decrease experimental control. Second, as ex
pected, we found a discrepancy in the educational level between the 
groups since SZ is a disorder that emerges in early adulthood. Although 
we excluded patients with intellectual disabilities, it remains unclear if 
neurocognitive functioning could have influenced the eye-tracking 
outcomes. However, our interest here was to examine how emotional 
contents modulate the attentional patterns, rather than assessing overall 
attentional performance, so these variables are less transcendent. 
Finally, although this experiment suggests that attentional biases toward 
threat may be a cognitive trait marker in SZ, this was a cross-sectional 
study. Further longitudinal research is needed to evaluate temporal 
stability and to ensure that it is not related to clinical features. 

To conclude, this experiment reveals an attentional engagement and 
maintenance bias toward threatening information in SZ. The findings 
offer empirical support to affective-information processing models 
stating that threatening information is preferably attended in the dis
order, which may confer psychological vulnerability to develop psy
chosis (Garety et al., 2001; Green and Phillips, 2004; Underwood et al., 
2016). Beyond its theoretical implications, the study provides new av
enues for further experimentation on specific threat processing in SZ, 
which can shed light on the pathological pathways of the disorder. 
Furthermore, the findings have the potential to improve psychological 
interventions focused on social functioning, such as attentional bias 
modification paradigms and cognitive-behavior interventions managing 
maladaptive schemas related to threat-processing (Blackwood et al., 
2001). 
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