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Abstract:

Facial emotion recognition has been shown to be impaired among patients wi izophrenia

and, to a lesser extent, among individuals with high levels of schizotypaLQaality raits.

However, aspects of gaze behavior during facial emotion recognition a tter are still

unclear. This study therefore investigated the relations between e% ts and facial
emotion recognition among nonclinical individuals with schiz(pal per@dnality traits.
a

A total of 83 nonclinical participants completed the Schiz ality Questionnaire

(SPQ) and performed a facial emotion recognition task Ir ;; behavior was recorded by
jet

an eye-tracker. Self-report questionnaires measurin epressive symptoms, and

alexithymia were also administered.

At the behavioral level, participants with hi SPQ@cores exhibited less accurate

recognition of surprise than participants aith r SPQ scores. Analysis of eye-tracking data

revealed that higher SPQ scores were significantly associated with fewer fixations on relevant

facial areas for sadness. Regression anaIL%s revealed that the total SPQ score was the only

significant predictor of eye %ﬂents for sadness, and depressive symptoms were the only

significant predictor of s reg@gnition accuracy.

This study highlighted that schizotypal traits predict a decrease in attentional engagement to
A

sadness emotions and this attentional engagement decrease predicts response times when

presenting sad faces. This slowing processing speed linked to an altered gaze pattern could

leading to g ies In everyday life social situations where the information processing must

be rapi®o successful processing of higher level processes such as the interpretation of

thegintenti of others.

s:
Sch@otypy, Facial emotion recognition, Eye movements, Personality disorders, Schizotypal

Personality Questionnaire
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e Schizotypal traits were associated with less accurate surprise rec
e Altered visual exploration of sad faces was related to schizot N
e Schizotypal traits impact attentional engagement in facia %
e Schizotypal traits were the only significant predictor o@ems.
e Depressive symptoms predicted surprise recogniti%cy but not gaze patterns.

>

has become a central topic of research,

Highlights: &

1. Introduction

Over the past two decades, soci
mainly owing to its impact on daily, g and quality of life, thus leading to an increase
in social cognition-based remagiation teCRhiques (Fernandez-Sotos et al., 2018). Social

cognition refers to mental pfoc involved in social interaction, namely perceiving,

integrating and respondi onef® own and others’ representations in a specific context or
environment (Beer & 2006). Facial emotion recognition (FER) is a core component
of social cognitio et al., 2015). The ability to accurately perceive facial emotions in
others is critical ective social interaction, and disturbances can lead to
misintergif€tatio d inappropriate social interactions (Lee, 2022).
arge Mumber of studies have shown that FER impairment is a robust feature of
sc@a in all phases of the illness, and contributes to poor interpersonal communication
| functioning (Doop & Park, 2009; Fett et al., 2011; Tan et al., 2018). People with

schi@ophrenia exhibit impaired recognition of negative emotions such as sadness and anger

and, less consistently, of positive emotions (e.g., Martin et al., 2020). These impairments are
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negatively correlated with their negative and positive symptoms (Fett & Maat, 2013; Martin
et al., 2020). FER deficits are also observed in the first episode of schizophr .g., Green
et al., 2012), first-degree relatives of patients with schizophrenia (Kohler, 2014), and

individuals at high clinical and psychometric risk of psychosis (Addir& 2012,

Statucka & Walder, 2017), suggesting that FER impairment is a t of this disorder,

if not a vulnerability factor for schizophrenia spectrum disord & Cohen, 2010). It

would therefore be advantageous to pinpoint social cogniti nts in individuals with

m
high susceptibility for the development of schizophreni ctr,
otghthe early detection of

FER is a key dimension to explore and could help to
schizophrenia spectrum disorder and implemenjgii
Schizotypy refers to a set of personald its'®haracterized by three dimensions of

disorders. In this regard,

re effective prevention strategies.

symptoms englobing cognitive/perceptyuab or pEEitive behaviors (unusual perceptions,

Kinesthetic hallucinations), interper edative behaviors (apathy, social isolation), and

disorganization behaviors (eccentric b iors, thought distortion). This dimensional

schizophrenia. Schizotypyal ualized as the nonclinical manifestation of the same
underlying genetic, ne%and environmental risk factors observed in schizophrenia

and other schizop @ ctrum disorders (Hazlett et al., 2015; Morton et al., 2017).

approach considers that the \ats lie on a continuum, where the extreme form is
nc

Longitudinal s dicate that high schizotypal personality traits (SPTs) at baseline are

r rs of the development of schizophrenia spectrum disorders at follow-up
(Chap, 1994; Tandon et al., 2012). Since FER impairments are potential

markers for schizophrenia, it is particularly important to explore FER abilities in
inical individuals with SPTs, especially since this has the advantage of avoiding the

C unding effects of medication and illness duration in schizophrenia.
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Several studies have shown that individuals with high SPTs have impaired FER
abilities compared with control samples (e.g., Statucka & Walder, 2017). As | izophrenia

spectrum disorders, but to a lesser extent (Bortolon et al., 2016; Brown , 2010), they
have been found to present a negative bias, with a greater tendency to& ions as

negative (Statucka & Walder, 2017). However, some studies hav%emonstrate any
FER deficitin schizotypy (van 't Wout et al., 2004). These mix@fl finding¥are probably due to

Inition). Where FER

methodological variability (i.e., FER measurement and sc

deficits have been observed in individuals with SPTs, t th ave highlighted a positive

correlation between these deficits and disorganize Siafucka & Walder, 2017).

However, some studies have reported links bet eficits and either interpersonal

symptoms (Abbott & Green, 2013) or all ty, oms (Germine & Hooker, 2011). In
addition, whilst interpersonal traits wer be negatively correlated with the
recognition of negative emotions, dj raits, in turn, showed a positive correlation
with the recognition of negative emot Dawes et al., 2021). Thus, the impact of
schizotypy dimensions (cog 'a/perceptual, interpersonal and/or disorganized) on FER
abilities in individuals wj s and the nature of any possible link remain unclear in
the literature (Abbott n, 2013; Dawes et al., 2021; Statucka & Walder, 2017).

FER is relgie e integration of visuospatial processes and specific eye movement

patterns (Duch j, 2002). Based on the synchronized online capture of fixations and

saccades et al., 2002), eye-tracking has become a commonplace technique,

jvely direct and continuous measurement of overt visual attention
etal.,2020). It is highly useful, as it captures the spatial (e.g., distance between
s), temporal (e.g., fixation duration) and spatiotemporal (e.g., fixations on relevant
features) variables of gaze with great precision (Rayner, 2009). Research has

highlighted eye movement abnormalities during the processing of facial emotion in several
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pathologies, including a reduced or increased scanpath length, and active avoidance of gaze in
y

autism spectrum disorder (Black et al., 2017; de Vries et al., 2021) social phgbia ‘Horley et

al., 2004), bipolar disorder (Peckham et al., 2016), and schizophrenia spe disorder

(Loughland et al., 2002).

Patients with schizophrenia have a more restricted visual gnger fixation

durations, and focus less their attention on salient facial featur@8 such aS¥he eyes or mouth)
during FER processing. Loughland et al. (2002) observed da facial features for both
happy and sad expressions compared to neutral express\'ns ophrenia. Moreover, Jang
et al. (2016) highlighted preservation of initial orienation of attention (initial fixation) in
schizophrenia, but difficulties in late attentional rocesses. Studies of individuals with
schizophrenia have shown that social functj '&ulties are correlated with positive

symptoms and poorer FER abilities (Ni t al., 2016), and are especially associated

technique for investigating gaze patterns of individuals with high SPTs during FER, and
could help to overcome t
population (Blondon
Indeed, Ey @ ) studies have highlighted altered eye movement behaviors in
individuals wilTTgs s (Faiola et al., 2020; Metropoulou et al., 2011). However, , only

one Eye-t udy has investigated the processing of facial features during a non-

emoti cognition task, pointing to negative correlations between SPTs and both, the
xations on the eyes and scanpath length, and facial recognition performances
al., 2016). Despite these differences in oculomotor behavior during the processing of
n motional facial features, no eye-tracking study has yet investigated FER performances

in individuals with high SPTs, even though exploring differences in spatial and/or temporal
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oculomotor features during emotion processing would help to better characterize typical and

In addition, FER accuracy can be negatively impacted by anxiety %ve
symptoms (Kother et al., 2018) and alexithymia (Larai et al., 2007). E\Rant patterns
are also affected by these emotional disturbances. For example, a ye-tracking
@ t decrease in
fixation duration for positive emotional stimuli and an incg#dse gative ones (Suslow et
al., 2020). Likewise, schizotypy is associated with incr %

symptoms, and alexithymia (Kemp et al., 2018; Lar ., 2008), especially when

atypical gaze behavior in individuals with high SPTs.

studies among participants with major depression highlighted
of anxiety, depressive
individuals exhibit disorganized traits (Kemp e Largi et al., 2008). However, these
emotional variables are rarely considered o 0 in studies exploring FER in
individuals with SPTs. Thus, given theigimpa®8on gaze behavior and emotion recognition,
the failure to take account of these v jnPrevious research could explain the absence of
consensus and mixed findings in the re. For this reason, we decided to specifically
analyze the impact of these })Ies on FER performances in participants with SPTs, and
more particularly on the ang@temporal oculomotor correlates of FER processes.

The aim of this thus to test the hypothesis of altered gaze behavior

associated with F

4@ the recording of eye movements in individuals exhibiting SPTs

from a dimens
a non-cling lation, and measured frequently associated emotional difficulties (anxiety,
depressive S oms, alexithymia). We predicted that schizotypy, as measured by the

ersonality Questionnaire (SPQ; Raine, 1991), would be correlated with FER

pective. For this purpose, we assessed levels of psychometric SPT in

the higher the SPQ score, the longer the fixation duration, and the lower the interest in key
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areas of interest, specifically the eyes. We also explored initial orienting of attention (four
initial fixations on areas of interest) and subsequent attentional engagement I number

and durations of fixations on areas of interest during each trial), given pr observations

in schizophrenia (Jang et al., 2016). Regarding the dimensions of the \ ongest

correlations should be observed for the interpersonal and disorgang -@ @ensions (Abbott &

Green, 2013; Dawes et al., 2021; Germine & Hooker, 2011, Stdilicka & Walder, 2017),
however, no consensus has yet been reached in the literatug@” Th e, the associations
between SPQ dimensions and FER for behavioral and e ackidg data will be studied for

exploratory purposes.

d

individuals with SPTs to persist, even after IiEor emotional confounds (i.e., anxiety,
depressive symptoms, and alexithymia

2. Method

Finally, we expected the behavioral an r alterations during FER in

2.1. Participants and F:ced

A total of 83 nonclirfiCa icipants took part in the experiment, all undergraduates
from the University of Cha#pagne-Ardenne. All of them reported that they had normal

or corrected-to-norgg Exclusion criteria were any recent history of substance abuse,

history of neurolog g@rders, diagnosis of psychiatric illness (personal or first-degree

relatives), apd c sychotropic medication. No participants had been diagnosed with

schizop ia or S@hizotypal personality disorder. The study used a correlation design.
Samptegize waSdetermined through the 3.1 version of G*Power3 (Faul et al., 2007). With an
ex@dium to large effect size and the significance level fixed at .05, at least 67

ts had to be recruited to reach the sufficient statistical power of .80. The study

prot@col was approved by the local ethics committee of the Cognition, Health and Society

laboratory, University of Reims Champagne-Ardenne (no.: CERi-2018-4) and was conducted
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in accordance with the Declaration of Helsinki. All participants gave their written informed

consent to participate in the study, after receiving a detailed explanation of th&res and

goals.

2.2. Measures \

2.2.1. Questionnaires

To assess SPTs, participants were asked to complete th Schizotypal
Personality Questionnaire (SPQ) (Raine, 1991). This questi®hnal sists of 74 items with

binary yes/no responses, and nine subscales reflecting ine s listed in the Diagnostic

and Statistical Manuel of Mental Disorders - IV (D erican Psychological
Association, 1994). There are three main subfa
magical thinking, unusual perceptual experj oid ideation), interpersonal (social

anxiety, no close friends, blunted affect %izaﬂon (odd behavior, odd speech). The

French version of the SPQ used in this st mas et al., 1999, 2000) has high internal

ptive/perceptual (ideas of reference,

reliability (Cronbach’s alpha = 0.91).

All participants were screenegpfor depressive symptoms using the Beck Depression Inventory

(Beck et al., 1998), for anxi itiythe State-Trait Anxiety Inventory (Spielberger et al.,
1970), and for alexithy%e Toronto Alexithymia Scale (Bagby et al., 1994).
All partici pleted the questionnaires after the eye-tracking paradigm.
2.2.2. g paradigm

The stim photographs (6 of each emotion, plus 6 neutral expressions) selected

from &ka Directed Emotional Faces set (Lundgvist et al., 1998). This electronic

d se cOfitains colored, equiluminant photographs of the six primary emotions (i.e., anger,
ear, happiness, sadness, surprise) plus neutral expressions. The selected photographs

h e highest interrater agreement for expression categorization (Lundqvist et al., 1998).

Each face was presented once, for 3 s, and was followed by a screen showing seven emotion
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labels. Participants were told to use a mouse to select the emotion that best described the

facial expression they had just seen on the screen. They were allowed to take ch time as

they needed to make their decision but were instructed to be as quick and eas possible.
C

They received no feedback. Response accuracy and response times we\ for each

face. The testing phase was preceded by a short training phase (se,

each label). This task was programmed in Experiment Builder‘(Z.l.SZ R Research Ltd.,
t C

Ontario, Canada). We used EyeLink Data Viewer 3.2. softyféte

trials, one for

t oculomotor

variables.

Stimuli were presented on a 27-inch LCD mo THE position of the left eye was
er (SR Research Ltd, Canada), with
| accuracy of ~.25-.50°. A chin- and

an sitioned at 95 cm from the screen. For each

recorded using an EyeLink 1000 tower-mounte

a monocular sampling rate of 1000 Hz and
forehead rest was used to stabilize the h
participant, an initial tracker calibr formed, in which participants sequentially
fixated nine target points on the screem™&@alibrations were not accepted until the average
spatial error was less than 0.48°,"and the maximum error was less than 0.99°. The saccade
velocity threshold was s mg#and the acceleration threshold to 8000 ms.

At the beginnin acitrial, participants were instructed to fixate the center of the

screen, and the prg ) of each stimulus was only initiated when the participant

maintained the n a central cross area (+ 0.75°). During the experiment, each trial
was prece, rift correction to ensure that the accuracy of the calibration parameters

was tal When the drift error exceeded 1°, the trial was only continued after further

olmgqvistet al., 2011). The experimenter was present in the room and monitored
ulus presentation and eye-tracking data collection throughout the experiment.

2.3. Data analysis

10
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As behavioral data, we collected the recognition accuracy and response time for each

emotion.
Regarding eye-tracking, eye movement data in which there was a tracking
integrity, off screen gazes, or fixation outliers with durations greater t S were

automatically excluded (see supplementary data S1 and S2 for nug percentage of

0@ [10

cleaned data).

features that are typically used in the literature (e.g,

N

2016): eyes, nose, and mouth.

Areas of interest were mapped onto the face imagegidi y, using DataViewer
3.2 software®, as shown in Figure 1. The areas of inter 0S ere based on facial
t aly

PN

L
2 e .
. ."‘“

Figure 1. age used in this experiment with five areas of interest mapped onto it: (a)

foreh ; (¢) nose; (d) mouth; (e) chin and cheeks. The relevant facial features (eyes,
noge, mouthl) are framed in yellow, and the nonrelevant feature areas (forehead, chin and
re framed in white. Color should be used online only.

Regarding eye-movement measures, we decided to compute two spatiotemporal

indices as the variables of primary interest in this study: the proportion of the durations of the

11
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four initial fixations on relevant facial features (eyes, nose, mouth) relative to total fixation

durations on the face and the proportion of total dwell time on relevant facia res (eyes,
nose, mouth) relative to total dwell time on the face. These spatiotempora sgive insight
into different stages of attentional processing. Whilst the proportion ynitial

fixations is commonly considered to reflect the initial orienting o §@R.(.9., Armstrong

et al., 2012), total dwell time reflects processes of sustained ai€ntion gagement over the

whole trial-period (e.g., Peckham et al., 2017). To ascertali ial differences for

spatiotemporal indices were specifically related to the ssig@of relevant facial features

for emotional processing (areas of interest) and no pifergfices regarding the processing

and the allocation of attention to the photograp I, we also collected the mean
number of fixations and the mean fixation ions10r the whole face for each emotion.
For spatiotemporal indices, normalizeg@foportions of eye-movement measures were
computed to correct for the size of est which could vary across trials. A higher
proportion of fixations may fall on lar reas of interest due to mere chance. Computing

normalized proportions of fiy@tion durations and total dwell time allows to control for this

confound. To this purpos ted the proportion of each area of interest relative to the

total size of each face | n a trial-to-trial basis and subtracted this value from the
proportion of the ¢ @ of the four initial fixations and from the proportion of total dwell

time (see Zeli midt, 2009). A proportion of zero reflects a random allocation of

interest. Positive proportions indicate that the area of interest is more often
ted than would be expected by random chance. Conversely, negative
dicate that the area of interest is less often and/or less longer fixated than would
cted by random chance.

All statistical analyses were performed using SPSS 24 (IBM Corp., Armonk, NY,

USA). We used descriptive statistics to summarize the data and Spearman correlations

12
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coefficients to explore the relationships between the variables of interest. To avoid

¥ 4

multiplying the number of correlations, we proceeded as follows: first, correI'ations between

the SPQ total score and behavioral and eye-tracking measures were computed, then
correlations with the SPQ subfactors were investigated, but only for significant correlations.

A
Furthermore, Spearman correlations assessed the potential links of significant behavioral and

O
oculomotor emotion recognition measures with anxiety, depressive symptoms and
alexithymia. Finally, multiple regression analyses were used to test for the predictive value of
SPQ scores for significant behavioral and oculomotor emotion recognition measures
VN
compared to age, education level, depressive symptoms, anxiety and alexithymia. Multiple
4
regression analyses also tested for the predictive value of significant eye-tracking variables

for behavioral emotion recognition measures (accuracy and response time).

a
Bonferroni corrections for multiple comparisons were applied to all correlational

analyses. The results and discussion_sectic&present the results which remained significant

after applying corrections. A [‘Iue of .05 was considered statistically significant.

3. Results

3.1. Sample C ics

The sampl ised”30 men and 53 women, aged 18-25 years (Mag: 19.83 £ 1.85),
with a mean e | of 12.82 + 1.08 years (range: 12-17). The participants’
characteris %ut in Table 1.

On t tests indicated that participants’ mean SPQ scores did not differ
sig@from the mean scores reported in the validation study (Raine, 1991), indicating
ato ple was representative of psychometric schizotypal traits in the general

ation, t(82) =0.643, p = .522.

13
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Table 1

Demographic and psychological measures (N = 83). &
Variable Mean (SD) Rang% \l
Age 19.82 (1.86) [18-25]

Sex (M/F) 30/53
Education level (in years) 12.81 (1.08) [12-14]
SPQ
Total 28.02 (15.93) [1-53]
Interpersonal 10.28 (6.72)  [0-24]
Cognitive-perceptual 8.13(5.44) [0-2
Disorganized 6.40 (4.59) [0-15
Beck Depression Inventory 549 (457) |

State-Trait Anxiety Inventory
Part A
Part B

29.82 (7.70)

2
41.30 (11.03
Toronto Alexithymia Scale -20 47.31 (11.95) ]

Note: SPQ = Schizotypal Personality Quest ire. 12

3.2. Correlation Analyses Betv@ores and Behavioral Data (Accuracy and

Response Time)

These correlation anal %

standard deviations) for the

After applying
negative correlatig
higher SPQ sc

surprise (Eag.

are set out in Table 2. Descriptive statistics (means and

| data are included as Supplemental Material (Table S3).

corrections, the total SPQ score showed a significant

e surprise accuracy score (r =-0.38, p =.035), indicating that

gssociated with lower recognition accuracy scores for the emotion of
More in-depth correlation analyses between the three SPQ subfactors and

scores indicated that surprise recognition accuracy was significantly

ith the interpersonal (r =-0.34, p = .035) and disorganized subfactors of the SPQ



1 the total SPQ score and recognition accuracy for the other emotions we investigated (all ps >
2 .142).
3 We found no significant correlations between the total SPQ scor ither overall
4 response times (p =.999) or response times for specific emotions (all
5 Table2
6 Spearman correlation coefficients between SPQ total scoreglbehavioral and eye-tracking
7 measures during the emotion recognition task (N = 83).
Anger  Disgust  Happiness jse Fear Sadness  Neutral
Behavioral variables
Accuracy score (in %) -022 -260" -0 78" -.102 .044 -.193
Eye-tracking variables
Initial fixation durations * -015 181 ; -.075 175 -.017 058
Total dwell time ® -152  -272° -.118 -.189 -.296"" -.158

Note: “p <.05; " p<.01; ™ p<.001
P values were adjusted for multiple compari
correction are shown in bold (p < .05).

2 Normalized proportions of initial fixation
total fixation durations on the face.
bNormalized proportions of total

time on the face.

8
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3.3. Correlatio s Between the Total SPQ Score and Eye-Tracking

Variables Q
These € analyses are set out in Table 2. Descriptive statistics (means and

standard devI for the eye-tracking measures are included as Supplemental Material
(Table,S2).

3.3.0 Initial orienting of attention
significant correlations emerged between the SPQ total score and the normalized
pro@ertion of the four initial fixation durations (all ps >.705), whichever type of emotion was

investigated.

ith Bonferroni corrections. Significant correlations after

ons on relevant facial features (eyes, mouth, nose) relative to

}lime onrelevant facial features (eyes, mouth, nose) relative to total dwell



10

11

12

>

Surprise recognition accuracy (in %)

1004

3.3.2. Attentional engagement
The SPQ total score was negatively correlated with the normalized pr ion of total
dwell time for sadness after applying Bonferroni corrections (r = -0.30, ), indicating
that a higher SPQ total score was associated with a lesser tendency to f

% evant facial
features (eyes, nose, mouth) during sadness recognition (Fig. 2B) (@ Sgiient correlation

analyses between the SPQ subfactors and the normalized propgktion of t&tal dwell time for

sadness indicated that this link was global in nature. No sigigte S factor was
significantly associated with the normalized proportio %ell time for sadness even
though the interpersonal (r =-0.26, p =.059) and po&-o.zs, p =.071) SPQ
subfactors were close to significance. Furtherw%ing specific areas of interest, no

single area of interest was significantly assgei the total SPQ score in terms of
normalized proportions of total dwell t& sadness recognition (all ps > .074).

r=-0.378 B. r=-0296
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Figure 2 tter plots showing significant correlations between SPQ total scores and behavioral
and tracihg measures. A. Correlations between SPQ total scores and surprise recognition
accuracy? orrelations between SPQ total scores and total dwell time for sadness recognition

rmalized proportion of total dwell time on relevant facial features relative to total dwell
tim the face).
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3.3.3. Mean number of fixations and fixation durations

No significant correlations emerged between the SPQ total score and the mean
number of fixations (all ps >.221) or the mean fixation duration (all ps > whichever
type of emotion was investigated. Hence, the differences observed for onNgplized
proportion of total dwell time during sadness recognition seem to iically related to the

processing of relevant facial features (eyes, nose, mouth) rath@ ferences regarding

the general overall processing of emotional faces.

3.4. Correlations of Significant Emotion Recogh@iign®leasures with Depressive

Symptoms, Anxiety, and Alexithymia

SPQ total scores were positively correla Ith depressive symptoms on the Beck

Depression Inventory (r =0.67; p <.001), a he State-Trait Anxiety Inventory

part— B (r =0.60; p <.001), and alexit s Wreasured by the Toronto Alexithymia Scale -
20 (r = 0.60; p < .001).

Surprise recognition ac‘acy scores were negatively correlated with alexithymia (r =
0.29, p =.023), depressive s (r =-0.37; p =.002) and anxiety (r =-0.37; p =.002).
The normalized of total dwell time during sadness recognition was
negatively correlat i ithymia (r =-.034, p =.005) and anxiety (r =-0.30, p =.019)

but unrelated to d symptoms (r =-0.19, p =.250).

& on Analyses
Prédictive value of SPQ scores for significant behavioral and oculomotor
emo gnition measures

investigate whether SPQ total scores were a significant predictor of behavioral
perf@rmances and gaze pattern, we carried out multiple regression analyses. This step also

allowed us to assess whether SPQ scores significantly contributed to the regression models
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compared to other affective variables (i.e., depressive symptoms, trait anxiety, alexithymia)

that were shown to be positively correlated with total SPQ scores and negati orrelated

with emotion recognition measures in our sample.

Two multiple stepwise linear regression models were compute% ach
significant behavioral or oculomotor emotion recognition measurg @ as.shown to be
correlated with SPQ total scores: surprise recognition accurac and the normalized
proportion of total dwell time during sadness recognition ( ' h model included age,
ion Inventory, the State-

education level (in years) and the total scores on the B ep

Trait Anxiety Inventory part - B, the Toronto Alexit S

dependent variable. At each step, variables ﬁ!ncEed in the model based on p values
((XE = 0.05, oR = 0.10).

The regression analysis on behavi ults indicated that depressive symptoms, but

e - 20 and the SPQ total score

as predictors, and one of the previously signifi n recognition measures as the

not the SPQ total score, were the only ficant predictor of surprise recognition accuracy,

F(1, 81) =11.86, p =.001, 3.128.
Conversely, for in@measures, the results revealed that the SPQ total score

e
was the only significan ICTOr of the normalized proportion of total dwell time during

sadness recognitiq @ 1) =5.14, p = 0.026, R2 = 0.060.

Table 3

Multip ion analyses assessing the predictors of significant behavioral and eye-tracking
measu = 83).
Varl p t p
el 1: Surprise recognition accuracy score (in %) @
A 0.076 0.72 A73

Education level (in years) -0.063 -0.60 .552
Beck Depression Inventory -0.357 -3.44 .001**
State-Trait Anxiety Inventory - Part B -0.136 -0.88 .382
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Toronto Alexithymia Scale - 20 -0.110 -0.93 .356

SPQ total -0.209 -151 .136
Model 2: Sadness Total dwell time on areas of interest

(Normalized proportion) ®

Age 515
Education level (in years) 513
Beck Depression Inventory 411
State-Trait Anxiety Inventory - Part B 824
Toronto Alexithymia Scale - 20 464

SPQ total

Note: SPQ = Schizotypal Personality Questionnaire. Signifiia@ors of behavioral and

eye-tracking variables are highlighted in bold.
“p<.05 " p<.01

2F(1, 81) = 11.86, p = .001, R2 = 0.128, adjusted Ryg.0.11
bF(1, 81) = 5.14, p = 0.026, R2 = 0.060, adjusted R&.=

3.6.2 Predictive value of significan tOf measures for behavioral outcomes

If oculomotor measures reflect tiON@l processing, they most likely contribute to
behavioral outcomes (Konig et al., @erefore conducted two multiple regression
analyses to assess if the eye-tracking m re which showed a significant link with SPQ total
scores in this study (normalg@@d proportion of total dwell time during sadness recognition)

%oral outcomes (sadness recognition response accuracy,

response time for sadne ognition), compared with age, education level, depressive

symptoms, anxietmia, and SPQ total scores.

Ascanb In Table 4, only age significantly predicted sadness recognition

was a significant predic

accuracy 4dndi higher response accuracy in older participants in our sample, F(1, 81) =

4.74, @= .032%@¥ = 0.055. Conversely, normalized proportion of total dwell time significantly

pr response time for sadness recognition, indicating that shorter dwell times on
acial features were associated with longer response times during sadness

red@gnition, F(1, 81) = 7.30, p = 0.008, R2 = 0.083.



1 Table4

2 Multipleregression analyses assessing the predictive value of significant eye-Measures
3 for behavioral outcomes (N = 83).

Variables B P

Model 1: Sadness recognition accuracy score (in %) 2

Age 0.2 2.18 032"
Education level (in years) 0. .16 .870
Beck Depression Inventory -0. -0.02 .987

State-Trait Anxiety Inventory - Part B 0.37 714
Toronto Alexithymia Scale - 20 -0.15 .883

.0
SPQ total 0.1 1.03 .306
Sadness Total dwell time 52 0.47 .637
Model 2: Sadness Response time (in ms) °

Age 0.022 0.21 .837
Education level (in years) 0.060 0.56 578
Beck Depression Inventory 0.077 0.72 473

State-Trait Anxiety Inventory - Part B 0.003 0.30 976
Toronto Alexithymia Scale - 20 -0.019 -0.18 .861
SPQ total -0.003 -0.03 977
Sadness Total dwell time -0.288 -2.70 .008™
Note: SPQ = Schizotypal Persona estionnaire. Significant predictors of behavioral

variables are highlighted in w
“p<.05 " p<.01

"F(1,81)=4.74,p= 0
bF(1, 81) =7.30, p =

= 0865, adjusted R2=0.044
.083, adjusted Rz =0.071

4 4. Discussion

5 This stu irst to explore eye movement patterns during FER in individuals
6  with SPTs, %der the contribution of common emotional difficulties such as anxiety,
7 depress&mpt s, and alexithymia.
g \
9 4.1. FER accuracy and schizotypal traits
10 vz\t the behavioral level, we predicted that SPTs would be associated with reduced FER
11  accuracy, especially for negative emotions. However, results only partly supported this initial
12 hypothesis, as the behavioral data only highlighted one significant correlation between SPTs
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and FER accuracy, for surprise recognition. Higher SPQ scores were significantly associated

with poorer performances on surprise recognition. Given that surprise can be reted as
either a positive or a negative stimulus, it may constitute an ambiguous t r people with
SPTs (Fontaine et al., 2007). These findings are in line with Brown & n{2910), who

found that implicit and ambiguous emotional stimuli, such as surd less accurate

responses from participants with schizotypal personality disor(However, we did not
observe any association between schizotypy and the recognition of other emotions, in contrast
to other studies (e.g., Dawes et al., 2021). Inconsistent ings aPobably stem from
methodological variability. Some previous studies didAnot distinguish between results for each

primary emotion, and often adopted a categorical approach, comparing individuals according

to their SPQ score, such that they roughly represented the top and bottom 10% of the sample

(e.g., Brown & Cohen, 2010; Williams
In addition, in our study, sur
interpersonal symptoms. These result in line with previous research on FER and SPTs

(Statucka & Walder, 2017), xupport the idea that disorganized (eccentric behaviors,
0

thought distortion) and i (apathy, social isolation) SPTs have a substantial impact
on FER abilities, here%e (Abbott & Green, 2013).

. Ga t during facial emotional processing and schizotypal traits
r atterns of visual exploration during FER, we also hypothesized that SPTs

ed with longer fixation durations and less interest in key areas of interest.

t regard, we did not find any correlation between SPTs and the four initial
s, thus underlining that SPTs does not appear to be associated with changes in the

inNg&l orientation of attention when exploring FERS.
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Our results however showed that SPTs are associated with decreased normalized of

2
total dwell-time spent on relevant facial areas for sadness. This suggests thatgeoele with high
SPQ scores have more difficulty maintaining attention during the exploratiaof relevant key
areas (eyes, nose, and mouth), thus highlighting an attentional bias toward nonrelevant facial

A
features for sadness. These results may indicate a tendency to avoid facial AOIs expressing

‘mterpi nal, disorganized,

cognitive-perceptual), higher SPTs are the only predictor g#*fess e spent on key AOI

(eyes, mouth, nose) for the emotion of sadness leading h
)

feelings of sadness. In addition, independent to the dimension

ss emotional cues. It is

noteworthy that this attentional bias is consistent wi research showing similar

results toward irrelevant facial features during ess in patients with schizophrenia,

compared with controls (Jang et al., 2016). ) this lends support to the hypothesis
that SPTs lie on the same continuum asgghizORlirenia spectrum disorders and may share
common symptoms and related diffj ily life.

Moreover, while the normalize portion of total dwell time does not predict
percentages of correct respo }or sadness emotions, it is the only predictor of response

times when presenting sa reover, the SPTs are in turn the only predictor of the lack

of sustained attentiona ement on the relevant areas of faces of sadness. Thus, the higher
the schizotypal tra be, the less participants with high SPTs look at the sad faces and

the longer thei OfnSe time is. While further research is required to confirm these results,

we could

>

ss hypothesize that this longer response time could impact daily

d, considering the complexity of ecological social situation and the number

ical processes involved (Achim, 2020), quickness could be the key to act on
ople with SPTs, even if capable to identify sadness as accurately as controls, could

th8&be encountered difficultiesin everyday life situations because of the time they needed to

process social cues.
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Furthermore, these differences in the visual exploration of sadness were observed even

though SPTs were not linked to the accuracy of sadness recognition. Althou e results

might appear contradictory at first sight, it is important to bear in mind t

Q
assessed SPTs in a nonclinical sample and that an association between& recognition
@ological state
r schizophrenia

and meet the diagnostic criteria for schizotypal personality di‘lder aa
spectrum disorder. Prior to this stage, individuals at high ri##R fo
r

resent study
accuracy scores may only emerge when individuals transition to

ophrenia spectrum
disorder may implement compensatory mechanisms to te he differential visual

processing of sadness and anger, thereby normalizin on performances. In this
Ve emerged for the other emotions
investigated, which may therefore constituﬁ’iis emotion-centered remediation
techniques in clinical schizotypy.

Concerning the SPTs’ role, 0 nd@dimension-specific correlation, but rather an

context, it is noteworthy that no significant lin

overall SPQ score’s negative impact o tained attentional engagement during sadness
recognition. These results coiraSt with those obtained in previous FER studies on SPTs,
suggesting a stronger an gen@ral impact of cognitive/perceptual (hallucinations, strange

perceptions) and interp al'Symptoms (e.g., Abbott & Green, 2013). They are however in

SPTson FER i

that SPTs are Iin@ not only to FER accuracy, but also to the underlying patterns of visual
exploratioke our study was the first to use eye-tracking data to explore SPTs’ impact on
FE®, further research on this topic is required in order to see if domains specific interactions

w ound. On top of that, they should also confirm that schizotypy is characterized by

avogance of emotional cues. Eventually, the alterations found for participants with SPTs,
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regardless of their nature, is a sign for healthcare professionals to not underestimate their

repercussions depending on the concerned domain or main symptoms. &

4.3. Impact of affective symptoms and schizotypal traits on be\ d eye-

tracking measures %
One strength of the present study assessing the link bet‘en SPTS%and FER was that it
I

ated with SPTs

udino et al., 2019; Demenescu

explored the impact of emotional difficulties that are frequéntl
(anxiety, depressive symptoms, and alexithymia). More %gh authors have identified
these difficulties as potentially disturbing FER pro e@
& Kortekaas, 2010; Starita et al., 2018; Suslow, ), few studies have explored their
influence on FER in schizotypy (Dawes et n the behavioral level, we highlighted
that depression and anxiety were negati lated with surprise recognition accuracy in

our sample. Furthermore, depressiv but not SPQ dimensions, were the only

significant predictor of surprise recog accuracy. Prior studies did not always report on

the potential impact of other, %ctive measures which might also influence behavioral FER
performances, as sugges egontribution of depressive symptoms in our study. We
would therefore like to rage researchers to systematically screen for affective symptoms

@ stigate their contribution to FER abilities. In contrast, regarding

in their samples a

eye-tracking m% anxiety, depressive symptoms, and alexithymia did not predict eye
&
movement behavior in our study for sadness recognition (decreased normalized of total dwell-

4
time spent on relevant facial areas for sadness.). Importantly, only global schizotypal traits

(S tal g6ore) significantly predicted these gaze patterns. In the literature, the relationship
chizotypal dimensions and FER remains inconclusive (e.g., Abbott & Green, 2013;
Staficka & Walder, 2017; Williams et al., 2007). These could also influence gaze pattern

during FER. Hence, whilst depressive symptoms are likely to contribute to behavioral
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recognition performances, SPTs seem to have the strongest impact on eye movements
compared to other affective variables. This differential impact of SPTs on be al and eye-

tracking measures might, however, be related to the non-clinical nature o mple. Whilst

subclinical SPTs might only lead to an alteration of gaze pattern withoﬂ nt alteration

of FER accuracy, people displaying clinical schizotypal personali @ ger, may indeed

clinical cohorts (Abbott & Green, 2013; Dawes et al. rmine & Hooker, 2011,

Statucka & Walder, 2017).

In this context, eye-tracking could n interesting and promising method to

explore the specific contribution of SP bilities given that eye movement measures

were only predicted by SPTs and s biased by participants’ affective states.
Measuring alterations of gaze ‘tern coutd be more informative than solely relying on

behavioral clues in non-clinfiCa ples.

4.4, Limitaﬂhk

The present study had several limitations. First, the use of static material (photos) contrasted

N 4
with dynamig fa ce interactions. Indynamic real-life interactions, the facial features vary
in intensi@and ide additional clues for the interpretation of facial affect. However, it is

wort ing that the use of more ecological media, such as videos, may not necessarily be more
ef& that of static stimuli when studying FER alteration (Fiorentini & Viviani, 2011;
?t al., 2008), especially with negative stimuli like anger (Recio et al., 2011). More
research is therefore needed on this issue. Second, participants could not choose any response
option before the end of the stimulus presentation time (3 seconds). Future studies using the
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same design should explore response times and eye-tracking metrics with paradigms using non-
standardized presentation times in which participants can choose from respon ions during

stimulus presentation. Thirdly, the nonclinical character of the experim roup and the

dimensional approach we adopted limit the scope of the results fo\ ons. Firstly,
correlational approach generates many statistical tests. To reduc@s regarding this
approach we have determined sample size a priori using G*Pow@r3 (Fa al., 2007), 2), used

Bonferroni corrections to reduce false positive risks and 3) #fly i d significant factors to
the regression models in order to reduce the number of v %ondly, although the sample
included participants with high SPTs that could be co ed@ risk factor for the development
of schizophreniaspectrum disorder, applying t?\eto a clinical sample diagnosed with
schizotypal personality disorder might tak inf4&l results one step further and indicate

I conditions. Finally, the participants in our

how far they can be generalized to cligi

sample were undergraduates, and € their SPQ scores were comparable to those

reported in other studies, the present re

in terms of education level. c\

4.5. Conclusion

-

This was the first study to explore gaze behavior during FER in schizotypy from a

N W

dimensional perspective, to deepen our understanding of the impact of SPTs and at-risk states

Wrum disorders on FER processes through the use of eye-tracking. SPTs

ith less accurate FER for surprise. In addition, SPTs seemed to impact the

eed to be replicated with more diversified samples

tion @l attentional resources to key areas of interest of the face (eyes, nose, mouth)
he processing of sadness, as indicated by lesser normalized proportion of total dwell
tim@spent on relevant facial features. Interestingly, our results highlighted a general influence

of SPTs on FER and eye movements. Furthermore, the emotional difficulties that are
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frequently associated with SPTs (anxiety, depressive symptoms, and alexithymia) were not

associated with the alterations of gaze patterns in the present sample, Ieadin&ggest

that SPTs are the main predictors of oculomotor FER alterations.
rﬂ ulation, the

present study has already yielded valuable insights into the link bg «@: ‘ and SPTs.

Although further research based on eye-tracking is needed am

When it comes to social cognition alterations, and more precisg culties, it might be
useful to consider these results when designing preventio hni®es for individuals at high
risk of developing schizophrenia spectrum disorder an rovigd intervention strategies for
those with an established schizophrenia spectrum di i@gnosis. In this vein, previous

mediation techniques (Tan et al.,

work has already underlined the efficiency of ee
2018; Yamada et al., 2019), which can help, uces@ttentional bias and improve quality of
1 interventions targeted individuals who had

order and who displayed particularly high

life (Brosey & Woodward, 2015). How

been diagnosed with schizophrenia
proportions of negative traits (Kalin e 015). Future studies will have to be conducted

among individuals with clinj %chizotypal personality disorder, to test whether these

interventions are just as effictent afflong individuals with more subtle forms of the
schizophrenic spectrunt

Acknowledge

The aut thank&@l| the people who took part in this study and Elizabeth Portier for

revie the Efglish style.

undi urces
T ork received financial support in the form of a University Hospital Project grant (no.

NCT02834182).

27



10

11

12

13

14

15

16

17

18

19

20

21

22

23

The authors declare that they have no conflicts of interest affecting this article.

Data availability statement: &
The data that support the findings of this study are available from the @ing author

upon reasonable request. Q
References %
Abbott, G. R., & Green, M. J. (2013). Facial af

fectgeo and schizotypal personality
“7(1), 58-63.

https://doi.org/10.1111/j.1751-7893% 6.X

characteristics. Early Intervention in P

Achim, A. M., Thibaudeau, E., Haeseb ent, C., Cellard, C. & Cayouette, A. (2020).

La cognition sociale : cons ation et pertinence clinique. Revue
Neuropsycholique, 12(‘ 46-69. Mtps://doi:10.1684/nrp.2020.0537 Addington, J.,

Piskulic, D., Perkin ods, S. W, Liu, L., & Penn, D. L. (2012). Affect

recognition in p, ical high risk of psychosis. Schizophrenia Research,

Bagby,

osomatic Research, 38(1), 33-40.
' Steer RA, Brown GK. Inventaire de dépression de Beck. Paris: les Editions du

Centre de Psychologie Appliquée; 1998.

28



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Beer, J. S., & Ochsner, K. N. (2006). Social cognition: A multi level analysis. Brain
Research, 1079(1), 98-105. https://doi.org/10.1016/j.brainres.2006.0
Black, M. H., Chen, N. T. M., lyer, K. K., Lipp, O. V., Bolte, S., Falkmer an, T., &

Girdler, S. (2017). Mechanisms of facial emotion recognition i i ectrum

disorders: Insights from eye tracking and electroencephalq pleuroscience and
SWhiorev.2017.06.016
Blondon, K., & Lovis, C. (2015). Use of eye-tracking tech nical reasoning: A
systematic review. Studies in Health Technolog atics, 210, 90-94.

https://doi.org/10.3233/978-1-61499-512-8-

Bortolon, C., Capdevielle, D., Salesse, R. N., (2016). Self-face recognition in
schizophrenia: An eye-tracking stu nt in Human Neuroscience, 10, 1-10.
https://doi.org/10.3389/fnhum.2

Brosey, E., & Woodward, N. D. (20 py and clinical symptoms, cognitive

function, and quality of life in TA@ividuals with a psychotic disorder. Schizophrenia

Research, 166(1-3), 98>97. https://doi.org/10.1016/j.schres.2015.04.038

Brown, L. A., & Cohen, . Facial emotion recognition in schizotypy: The role of

3(2), 171-183. https://doi.org/10.1037/0021-843X.103.2.171
Clalidino, R. G. E., de Lima, L. K. S., de Assis, E. D. B., & Torro, N. (2019). Facial

expressions and eye tracking in individuals with social anxiety disorder: A systematic

29



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

review. Psicologia, Reflexao e Critica: Revista Semestral Do Departamento de

Psicologia Da UFRGS, 32(1), 9. https://doi.org/10.1186/s41155-019-

Clay, V., Konig, P., & Konig, S. U. (2019). Eye tracking in virtual reality, al of Eye
Movement Research, 12(1). https://doi.org/10.16910/jemr.12.1\

Dawes, C., Danielmeier, C., Haselgrove, M., & Moran, P. M. (ZOQ izotypy
predicts emotion recognition independently of negative<ect. tiersin Psychiatry,
12, 738344. https://doi.org/10.3389/fpsyt.2021.73

Demenescu, L. R., & Kortekaas, R. (2010). Impaired at tio emotion to facial
expressions in anxiety and major depression.é, 5(12), 6.

rt, J. (2021). Autism spectrum

de Vries, L., Fouquaet, 1., Boets, B., Naulaers,

ic review and meta-analysis. Neuroscience and
2 479-508.

ession and face orientation processing in

disorder and pupillometry: A syste

Biobehavioral Reviews, 120(Ma
https://doi.org/10.1016/j.ne
Doop, M. L., & Park, S. (2009). Facia
schizophrenia. Psychy }Research, 170(2-3), 103-107.
https://doi.org/10 hhres.ZOOQ.O&OOQ
Duchowski, A. T. (20 readth-first survey of eye tracking applications. Behavior

Research Mg S|l nstruments and Computers, 34, 455-470.

.3758/BF03195475
Dumas, P#BOS@a, S., Gutknecht, C., Saoud, M., & d’Amato, T. (2000). Validation de la
&angaise du questionnaire de personnalité schizotypique de Raine (SPQ):
Applbche catégorielle et dimensionnelle des traits de personnalité schizotypique en
opulation étudiante saine. [Schizotypal Personality Questionnaire (SPQ): Validation
and factorial structure of its French translation in a sample of 232 students.].

L’Encéphale, 26(5), 23-29.

30



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Dumas, P., Rosenfeld, F., Saoud, M., Dalery, J., & d’Amato, T. (1999). Traduction et

adaptation francaise du questionnaire de personnalité schizotypique ine (SPQ).

[Schizotypal Personality Questionnaire (SPQ). Presentation of th h translation
e,

and preliminary results in a sample of French students.]. L ’Encx
Faiola, E., Meyhofer, 1., & Ettinger, U. (2020). Mechanisms of sm@l eye
movements in schizotypy. Cortex, 125, 190-202. ‘

https://doi.org/10.1016/j.cortex.2019.12.008

4), 315-322.

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (20 *Paver 3: A flexible statistical

power analysis for the social, behavioral, and digal sciences. Behavior Research
Methods, 39, 175-191. https:// doi: 10.3 3146

Fernandez-Sotos, P., Torio, I., Fernandez-C 0, A, Navarro, E., Gonzalez, P.,

Dompablo, M., & Rodriguez-Jinagpez, & (2018). Social cognition remediation

interventions: A systematic iew. PLOS ONE, 14(6), 1-20.

https://doi.0rg/10.1371/'{urna : .0218720

Fett, A. K. J., & Maat, A. (20#3)"

Social cognitive impairments and psychotic symptoms:

https://doi.org/ hbul/sbr058

Fett, A. K. J., VieW., Dominguez, M. de G., Penn, D. L., van Os, J., &
Krabbe "12011). The relationship between neurocognition and social cognition
wi gonal outcomes in schizophrenia: A meta-analysis. Neuroscience and
&oral Reviews, 35(3), 573-588.

@/doi.0rg/10.1016/j.neubiorev.2010.07.001

ni, C., & Viviani, P. (2011). Is there a dynamic advantage for facial expressions?

Journal of Vision, 11(3), 17. https://doi.org/10.1167/11.3.17

31



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Fontaine, J. R.J.; Scherer, K. R.; Roesch, E. B.; Ellsworth, P. C. (2007). The world of

emotions is not two-dimensional. Psychological Science, 18(12), 105&

1057. doi:10.1111/j.1467-9280.2007.02024.x

Germine, L. T., & Hooker, C. I. (2011). Face emotion recognition is re\ ividual

differences in psychosis-proneness. Psychological Medicig

037-947.

https://doi.org/10.1017/S0033291710001571 ‘
Green, M. F., Bearden, C. E., Cannon, T. D., Fiske, A. P., »G. S., Horan, W. P.,

Kee, K., Kern, R. S., Lee, J., Sergi, M. J., Subot

em
. ugar, C. A., Ventura, J.,

Yee, C. M., & Nuechterlein, K. H. (2012). So ogalition in schizophrenia, Part 1 :

Performance across phase of illness. Scla
https://doi.org/10.1093/schbul/sbql
Green, M. F., Horan, W. P., & Lee, J. (

Reviews Neuroscience, 16(1

Bulletin, 38(4), 854-864.

).

ial cognition in schizophrenia. Nature

3™ https://doi.org/10.1038/nrn4005

Hazlett, E. A., Rothstein, E. G., Ferrel , Silverman, J. M., Siever, L. J., & Olincy, A.

(2015). Sensory gati %turbances in the spectrum: Similarities and differences in

schizotypal perso

283-290. https:

University Press.

Isgitler and schizophrenia. Schizophrenia Research, 161(2-3),

rg/10.1016/j.schres.2014.11.020

tps: 1.0rg/10.1080/17470218.2015.1034143
., Nystrom, M., Andersson, R., Dewhurst, R., Jarodzka, H., & Weijer, J. van de.

11). Eye tracking: A comprehensive guide to methods and measures. Oxford

32



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Horley, K., Williams, L. M., Gonsalvez, C., & Gordon, E. (2004). Face to face: Visual

scanpath evidence for abnormal processing of facial expressions in s hobia.

Psychiatry Research, 127(1-2), 43-53. https://doi.org/10.1016/j.p .2004.02.016

Jang, S. K., Kim, S., Kim, C. Y, Lee, H. S., & Choi, K. H. (2016). Att\ cessing of
emotional faces in schizophrenia: Evidence from eye trackg of Abnormal
Psychology, 125(7), 894-906. https://doi.org/10.1037/aBn0000

Kalin, M., Kaplan, S., Gould, F., Pinkham, A. E., Penn, D. /7 &
cognition, social competence, negative sympto h
relationships in people with schizophrenia. J&

sychiatric Research, 68,
254-260. https://doi.org/10.1016/j .jpsye07.008
a0 evORRd by emotional events. Journal of

tps://doi.org/10.1186/s40101-020-00238-6

, P. D. (2015). Social

| outcomes: Inter-

Kashihara, K. (2020). Microsaccadic modu
Physiological Anthropology, 39

Katsyri, J., Saalasti, S., Tiippana, K , L., & Sams, M. (2008). Impaired

recognition of facial emotions low-spatial frequencies in Asperger syndrome.

Neuropsychologia, 4667), 1888-1897.

https://doi.org/10 .ngliropsychologia.2008.01.005

Kemp, K. C., Gross, G. affantes-Vidal, N., & Kwapil, T. R. (2018). Association of

htygs: rg/10.1016/j.psychres.2018.10.031
Kohleg,*C. GS@ichard, J. A., Brensinger, C. M., Borgmann-Winter, K. E., Conroy, C. G.,
MoRgrg, P. J., Gur, R. C., Gur, R. E., & Calkins, M. E. (2014). Facial emotion

erception differs in young persons at genetic and clinical high-risk for psychosis.

Psychiatry Research, 216(2), 206-212. https://doi.org/10.1016/j.psychres.2014.01.023

33



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Kotakowska, A., Szwoch, W., & Szwoch, M. (2020). A review of emotion recognition

methods based on data acquired via smartphone sensors. Sensors (Sw&md),

20(21), 1-43. https://doi.org/10.3390/s20216367

Kother, U., Lincoln, T. M., & Moritz, S. (2018). Emotion perception a% fidence in
errors under stress in psychosis. Psychiatry Research, 270@
https://doi.org/10.1016/j.psychres.2018.03.044

Largi, F., D’ Argembeau, A., Brédart, S., & Van Der Linde . . Face recognition
failures in schizotypy. Cognitive Neuropsychiat (6)454-571.
https://doi.org/10.1080/13546800701707223é

Largi, F., Van Der Linden, M., & Aleman, A. (

ciations between dimensions of
alexithymia and psychometric schi in M@nclinical participants. Journal of

Nervous and Mental Disease, 1 2),927-930.

Loas, G., Fremau archand, M. P. (1995). [Factorial structure and internal

consist French version of the twenty-item Toronto Alexithymia Scale in a

3 healthy probands]. L Encéphale, 21(2), 117-122.

, Williams, L. M., & Gordon, E. (2002). Schizophrenia and affective

er show different visual scanning behavior for faces: A trait versus state-based
Istinction? Biological Psychiatry, 52(4), 338-348.

qvist, D., Flykt, A., & Ohman, A. (1998). The Karolinska Directed Emotional Faces—

KDEF (CD ROM). Department of Clinical Neuroscience, Psychology Section.

34



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Martin, D., Croft, J., Pitt, A., Strelchuk, D., Sullivan, S., & Zammit, S. (2020). Systematic

review and meta-analysis of the relationship between genetic risk for g&kzophrenia

and facial emotion recognition. Schizophrenia Research, 218, 7-1

https://doi.org/10.1016/j.schres.2019.12.031 \Q
Mitropoulou, V., Friedman, L., Zegarelli, G., Wajnberg, S., Meshberg, . J. M., & Siever,

L. J. (2011). Eye tracking performance and the boundaries esc hrenia spectrum.

Psychiatry research, 186(1), 18-22. https://doi.org/10.1 .2010.08.004

Morton, S. E., O’Hare, K. J. M., Maha, J. L. K., Nicols achado, L., Topless, R.,
Merriman, T. R., & Linscott, R. J. (2017). Te§ag theWalidity of taxonic schizotypy
using genetic and environmental risk varjab hizophrenia Bulletin, 43(3),
633-643. https://doi.org/10.1093/schbul/sb
Nikolaides, A., Miess, S., Auvera, ., Miller, losterkdtter, J., & Ruhrmann, S. (2016).
Restricted attention to social cue izophrenia patients. European Archives of
Psychiatry and Clinical Neu , 266(7), 649-661.
https://doi.org/10.100 &406-016-0705-6

Peckham, A. D., Johnson, S arp, J. A. (2016). Eye tracking of attentionto emotionin

bipolar I disor emotion regulation and anxiety comorbidity. International

Journal of § erapy, 9(4), 295-312. https://doi.org/10.1521/ijct_2016_09 12

Pelletier-Bald

-1lI-R criteria. Schizophrenia Bulletin, 17(4), 555-564.

https://doi.org/10.1093/schbul/17.4.555

35



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Rayner, K. (2009). Eye movements and attention in reading, scene perception, and visual

search. Quarterly Journal of Experimental Psychology, 62(8). &
https://doi.org/10.1080/17470210902816461
Recio, G., Sommer, W., & Schacht, A. (2011). Electrophysiological c t perceiving

and evaluating static and dynamic facial emotional expressj esearch, 1376,

66-75. https://doi.org/10.1016/j.brainres.2010.12.041 "
Spielberger, C. D., Gorsuch, R. L., & Lushene, R. E. (1970aa r the State-Trait
Starita, F., Borhani, K., Bertini, C., & Scarpazza, C, . Allexithymiais related to the need
for more emotional intensity to identifyeul facial expressions. Frontiers in
Psychology, 9. https://www.frontiergi / 1e/10.3389/fpsyg.2018.00929

Statucka, M., & Walder, D. J. (2017). F

Anxiety Inventory. Consulting Psychologists Pr

jal a

ct recognition and social functioning among
individuals with varying de otypy. Psychiatry Research, 256, 180-187.
https://doi.0rg/10.1016/{sych 017.06.040

Strassnig, M. T., Raykov, T.g®’Gorman, C., Bowie, C. R., Sabbag, S., Durand, D., Patterson,

T. L., Pinkham, ., & Harvey, P. D. (2015). Determinants of different
aspects of ever utCome in schizophrenia: The roles of negative symptoms,

cognition, ional capacity. Schizophrenia Research, 165(1), 76-82.

of tracking findings. Journal of Affective Disorders, 274(May), 632-642.

ttps://doi.org/10.1016/j.jad.2020.05.140

36



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Tan, B. L., Lee, S. A, & Lee, J. (2018). Social cognitive interventions for people with

schizophrenia: A systematic review. Asian Journal of Psychiatry, 35 115-131.
https://doi.org/10.1016/j.ajp.2016.06.013

Tandon, N., Montrose, D., Shah, J., Rajarethinam, R., Diwadkar, V. A.@an, M. S.
(2012). Early prodromal symptoms can predict future psy ilial high-risk
youth. Journal of Psychiatric Research, 46(1), 105-1 1(‘
https://doi.org/10.1016/j.jpsychires.2011.09.019

%. S. (2004). Emotional

e. 3Bhizophrenia Research, 68(2-3),

van’t Wout, M., Aleman, A., Kessels, R. P. C., Largi, F!

processing in a non-clinical psychosis-pron
271-281. https://doi.org/10.1016/j.schr
Williams, B. T., Henry, J. D., & Green, M. . ’acial affect recognition and schizotypy.
Early Intervention in Psychiatry, -182. https://doi.org/10.1111/j.1751-
7893.2007.00023.x
Yamada, Y., Inagawa, T., Sueyoshi, awara, N., Ueda, N., Omachi, Y., Hirabayashi,

N., Matsumoto, M., iyoshi, T. (2019). Social cognition deficits as a target of

early interventio ycl@ses: A systematic review. Frontiers in Psychiatry, 10,

37






1 Graphical abstract

Facial emotion recognition processes according to schizotypal personality traits:

An eye-tracking study

Schizotypal Personality Facial emotion recognition (FER) Lack of consensus in Eye-tracking :
Are SPTs a source of alteration for accuracy " a promising method
Traits (SPTs) and gaze patter during emotion recognition 2 current litterature P 9
Participants & Emotions setting Eye-tracking method Findings
Initial
Non-clinical cohort of adults O Initial four fixations > orienting of negative
. . Higher -
with SPTs (N=83) attention 9 —e—p Time spent on AOIs for
. Sustained SPTs sad f
FER task with primary emotions: Total dwell time > attentional comelation aces
: . engagement
+ surprise « disgust + sadness Areas of Interest Emotional
« fear « happiness « anger (AOIs) exploration . Identification time for
compared to neutral expression eyes, nose, mouth sad faces
Conclusions : Durtette, A, Schmid, F., Barrigre, S, Obert, A, Lang, J., Raucher-Chéné, D., Gierski, F.,
_— Kaladjian, A, & Henry, A. (2023). Facial emotion recognition processes according to
- Less surprise ition in indivi with high SPTs « SPTs were the only significant predictors of altered i ity traits: An ey ing study. jonai Journal of
- Less sustained attention on AOIs for sadness visual exploration of sad faces Paychophysiology, 180, 60-68. https.//dot.org/10.1016/jjpsycho.2023.06.006




