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A B S T R A C T

Background: Schizophrenia is known for their theory of mind (ToM) impairment. However, this impairment in
schizotypy (schizotypal traits) lacks investigation.
Aims: The present study investigated: (1) whether ToM ability was impaired in schizotypy; (2) whether the ERP
amplitudes in nine brain regions of interest associated with ToM (e.g., frontal region) in schizotypy and healthy
controls differed; and (3) whether the relationship between ToM performances and ERP amplitudes in schizo-
typy differed from that in healthy controls.
Method: Forty eight adolescents and young adults (16 schizotypy) with the mean age of 18 years were tested.
The Reading the Mind in the Eyes Test (RMET) was used to assess their ToM during which ERP amplitudes were
recorded.
Results: The schizotypy group showed significantly lower ERP amplitudes in all conditions of RMET in frontal,
frontal-central, central, occipital and temporal regions when compared to those in healthy controls. Also,
schizotypy's ERP amplitudes in the frontal, frontal-central, central, occipital, and temporal regions were different
from those in the healthy individuals in responding to different types of ToM stimuli (positive, negative and
neutral). In schizotypy group, reaction time responding to emotional stimuli was negatively related to ERP
amplitudes in the frontal, central-parietal, parietal, occipital, and occipito-temporal regions during RMET while
no significant correlations were found in healthy controls.
Conclusion: The present findings inform us with the knowledge regarding the neural and behavioral abnormality
of ToM in schizotypy, suggesting that brain activity can be an alternative to detect ToM impairment in schi-
zotypy.

1. Introduction

Theory of mind (ToM) is important for facilitating social interac-
tions and functioning (Couture et al., 2006; Frith, 2004). Previous
studies have shown that ToM is impaired in schizophrenia, yet this
deficit and corresponding neural activity in schizotypy warrants in-
vestigation. Schizotypy refers to both healthy individuals with schizo-
typal personality traits in the general population (Lenzenweger, 2018;
Raine, 2006) and clinical patients with schizotypal personality disorder
(SPD), which is an attenuated form of schizophrenia without psychosis
(Kwapil and Barrantes-Vidal, 2012). As suggested by Kwapil and
Barrantes-Vidal (2012), schizotypy is a multidimensional construct that
is expressed across a broad range of personality, subclinical, and clin-
ical psychosis phenomenology. They are characterized by negative af-
fect and beliefs, perceptual distortions (positive schizotypy dimension),

social anhedonia (negative schizotypy dimension) (Kwapil et al., 2012;
Raine, 2006). According to Johnstone et al. (2005), 12.27% of the
schizotypy developed schizophrenia within 30 months. Additionally,
the overall transition rate in developing psychotic disorder for each
schizotypy was 34.9% within 10 years (Nelson et al., 2013). It is no-
teworthy to investigate schizotypy which might help prevent the de-
velopment of schizophrenia- spectrum disorder. The present study fo-
cused on the sub-clinical schizotypal individuals.

Previously, there has been a lack of research investigating ToM in
schizotypy while most studies focused on schizophrenia (e.g., Fett and
Maat, 2013; Guastella et al., 2013). For instance, Bora et al. (2009)
conducted a meta-analysis that examined ToM using different tasks
such as the Reading the Mind in the Eyes test (RMET) among healthy
and schizophrenia individuals. Schizophrenia and individuals in the
early stages of schizophrenia/schizoaffective disorder showed a
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significant ToM impairment as measured by RMET (Navarra-Ventura
et al., 2018). In a Chinese sample, similar results were found in which
schizophrenia individuals had poorer ToM than healthy individuals (Li
et al., 2020). Specifically, the performance on negative words was
poorer in schizophrenia and this might be due to the deficit in their
higher-level processing which requires an integration of perceptual
information (i.e. eye-region expressions) and evaluative components
(i.e. emotional words). These findings suggest that ToM impairment
might affect one's ability to evaluate social information promptly and
accurately. Taken all these findings together, it is predicted that schi-
zotypy which might pose the risk for developing schizophrenia also
have ToM impairment.

Existing literature has mixed findings regarding ToM impairment in
schizotypy. Using RMET to measure ToM, it was revealed that the ac-
curacy in different conditions (i.e. positive-valence, negative-valence,
and neutral) in schizotypal personality disorder (SPD) was not different
from that in healthy controls (Ripoll et al., 2013). Similarly, no sig-
nificant difference was found in ToM performance among three schi-
zotypy groups (low schizotypy, positive schizotypy, and negative
schizotypy group) (Gooding et al., 2010; Gooding and Pflum, 2011).
Bedwell et al. (2014) also did not find significant relationship between
ToM measured by RMET and any of the four factors of schizotypy
(cognitive perceptual, negative, paranoid, and disorganized factor of
schizotypy). In a recent study using RMET (Zhang et al., 2018), it was
demonstrated that ToM worsened along with the development of psy-
chosis. Specifically, both schizophrenia and schizotypy group reacted
more slowly and less accurately than healthy control group. Apart from
RMET, some other assessment tools, such as Hinting task and Empathic
Accuracy Task, have been used to assess ToM in schizotypy (Gooding
and Pflum, 2011; Ripoll et al., 2013). For instance, Ripoll et al. (2013)
used Empathic Accuracy Task to measure ToM in SPD individuals and
found that schizotypy might have the deficits in understanding others'
negative affect but not the positive affect. However, a number of prior
studies found that ToM deficits in various clinical or sub-clinical groups
were not revealed in their behavioral performance but in the associated
neural activity (e.g., Brune et al., 2011; Shu et al., 2014). In summary,
prior literature revealed inconsistent findings regarding the relationship
between ToM and schizotypy. Therefore, the present study was sought
to investigate ToM ability as well as its underlying neural mechanism in
schizotypy. In view of previous findings showing no differential ToM
impairments across different schizotypal subtypes (Bedwell et al., 2014;
Gooding et al., 2010; Gooding and Pflum, 2011) and unitary schizotypy
has been studied previously (e.g., Lam et al., 2016), the present study
examined schizotypy as a unitary construct.

To the best of the authors' knowledge, little is known about the
brain correlates associated with ToM in schizotypy when compared
with schizophrenia. For instance, Hirao et al. (2008) found that schi-
zophrenic individuals had poorer ToM and greater reduction in gray
matter volumes in the DMPFC, left ventrolateral prefrontal cortex
(VLPFC), ventromedial prefrontal cortex (VMPFC), anterior cingulate
cortex (ACC), right superior temporal gyrus (STG), and right insula than
healthy individuals. Moreover, an EPR study (Yan et al., 2017) sug-
gested that patients with schizophrenia fail to coordinate neural activity
among the central, frontal, parietal, and occipital brain regions to
produce a fully integrated ToM perception. These findings suggested
that central, frontal, parietal, and occipital brain regions were related to
ToM impairment in schizophrenia. Yet, whether these findings in
schizophrenia also apply to schizotypy remains unanswered. Among the
very few studies in schizotypy, Batty et al. (2014) found reduced N170
amplitude when seeing inverted photographic faces in high schizotypy,
compared to low schizotypy. This finding implied that the early visual
processing of faces were intact in schizotypy, but they might have an
impairment in processing facial configuration processing which is si-
milar to the finding in schizophrenia (Akbarfahimi et al., 2013). An-
other ERP study (Wynn et al., 2008) found a smaller N250 amplitude in
schizophrenia across three facial emotional recognition conditions (sex

identification, emotion identification, and building identification), in-
dicating that ToM were less efficient in schizophrenia. Additionally,
Schwartzman et al. (2008) found reduced amplitude of the ERP com-
ponents (P1 and P2, but not N170) in the parieto-temporal region for
high visual hallucination-prone individuals. This finding suggested that
individuals who were prone to experience visual hallucinations ex-
hibited lower level of early visual processing while the face specific
processing was intact. Also, a recent study (Davidson et al., 2018) ex-
amined three ERP components (P100, N170, and P300) during a face
emotion task and found that N170 for face stimuli was not associated
with schizotypal features. Moreover, a functional magnetic resonance
imaging (fMRI) study in college students (Wang et al., 2015) found that
negative schizotypy was positively correlated to the brain activations in
the middle temporal gyrus, temporoparietal junction (TPJ), and medial
frontal gyrus; while positive schizotypy was negatively correlated to the
activation in the medial frontal gyrus. With the basis of previous ToM
findings in schizophrenia and schizotypy, the present study aimed to
examine seven frontal, central, parietal, occipital and temporal brain
regions (frontal, frontal central, central, central-parietal, parietal, oc-
cipital, and occipito-temporal) as the regions of interest (ROIs) asso-
ciated with ToM in schizotypy.

The present study aimed to examine whether there were differences
in ToM between healthy controls and schizotypy in terms of the be-
havioral ToM performance and associated ERP amplitudes. Specifically,
the study aimed to: (1) to examine if ToM ability was impaired in
schizotypy in comparison to healthy controls using RMET. It was hy-
pothesised that schizotypy would perform worse than healthy controls;
(2) to compare between the two groups in terms of ERP amplitudes
during RMET in nine ROIs (frontal, frontal central, central, central-
parietal, parietal, occipital, and occipito-temporal). It was hypothesised
that lower ERP amplitudes would be found in these regions in schizo-
typy; and (3) to test if the association between behavioral ToM per-
formance (reaction time and accuracy) and the ERP amplitudes during
RMET differed between these two groups. It was hypothesised that the
association was negative and significant only in schizotypy group.

2. Methods

2.1. Participants

This study was approved by the Human Subjects Ethics Sub-com-
mittee (HSESC) of the Hong Kong Polytechnic University. A total of 474
participants were recruited from 10 primary and secondary schools on a
voluntary basis and they had to meet the inclusion criteria for the
participation in this study. Fourty-eight adolescents and young adults
aged between 13 and 35 who met the inclusion criteria participated in
this study: (a) not diagnosed with an Axis I psychotic diagnosis ac-
cording to the Diagnostic and Statistical Manual of Mental Disorders, 5th
edition (American Psychiatric Association, 2013); (b) without history or
current presence of neurological diseases; and (c) without the presence
of medical diseases. In order to categorize participants into schizotypy
and healthy control groups, they were asked to fill in a set of ques-
tionnaires to assess their schizotypal levels. Participants were categor-
ized as schizotypy if they (a) scored 9 or above in the Chinese version of
the Prodromal Questionnaire (CPQ-16) (Chen et al., 2014; Chen et al.,
2016), (b) scored above 8.18 in the Chinese version of the Community
Assessment of Psychic Experiences (CAPE-C15) (Mark and
Toulopoulou, 2017), or (c) scored 17 or above in the Chinese version of
Schizotypal Personality Questionnaire-Brief (SPQeB) (Hsiung et al.,
2019; Ma et al., 2010). The cutoff scores of these three schizotypy scales
were adopted from previous studies (Chen et al., 2014; Hsiung et al.,
2019; Ma et al., 2010; Mark and Toulopoulou, 2017) and these three
schizotypy scales were also adopted in Overton (2015) to examine the
levels of schizotypy. All three schizotypy scales have been used in
adolescents and adults with good reliabilities (Chen et al., 2014; Lam
et al., 2016; Mark and Toulopoulou, 2017). Sixteen participants were
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identified as schizotypy and 32 participants, who did not meet the
aforementioned criteria, were identified as healthy controls. It is worth
noting that 15 out of those 16 schizotypy participants met the cut-off
criteria for CPQ-16 and CAPE-15 which primarily assessed positive
schizotypy experiences. Hence, the results might be specific to positive
schizotypy in the present study. Moreover, it was aimed to characterise
schizotypy as a categorical condition because the level of schizotypal
characteristics were examined by three schizotypy scales (CAPE-15,
SPQ-B, and CPQ-16) instead of one single scale in order to make the
assessment of schizotypy more stringent. Since there is no standardised
way to compute the total schizotypy continuous scores based on the
three scales used in the present study, we adopted the cutoff scores for
the three schizotypy scales used in previous studies to dichotimize the
participants into either schizotypy or healthy controls. For instance, if
they rated above the cutoff score in one of the three scales mentioned
above, the participants would be categorized as schizotypy. Those who
rated below the cutoff scores for all three scales would be considered as
healthy controls. There was no significant demographics difference (e.g,
sex) between the two groups (ps > 0.05) except that schizotypy were
significantly younger than healthy controls (t(45.84) = 3.02, p < .01)
(Table 1).

2.2. Procedures

Written informed consent was obtained from the participants. Also,
parental consent was obtained for the participants aged below 18 years.
Then, all participants were assessed by CPQ-16, CAPE-C15, SPQeB, and
demographics information were collected. To assess participants' ToM
ability and the associated brain activity, participants were instructed to
perform RMET on the computer while the EEG data were recorded.
Behavioral performances of RMET (reaction time and accuracy) were
recorded by STIM2 and EEG data were collected via a 64-channel scalp
electrodes.

2.3. Measures

2.3.1. ToM ability
A modified Chinese version of Reading the Mind in the Eyes Test

(RMET) was used to measure the ability to attribute others' mental
states based on the eye expressions. The test was adapted from Baron-
Cohen et al. (2001). There were 2 runs and each run consists of 12
blocks and each block consists of 6 stimuli. The block of trials was ei-
ther an emotional identification condition or a sex identification control
condition. Participant had to complete both conditions. In the emo-
tional identification condition, participants were required to identify
the emotional state expressed by the pairs of eyes in the photo (e.g.,
curious, amused, hateful). In the control condition, participants were
asked to identify the sex of the person (male or female). In both emo-
tional identification and sex identification control conditions, two
choices of answers were presented along with each photo showing a
pair of eyes and the participants were asked to choose the answer out of
the two choices presented for each photo. In total, there were 72 trials,

in which 36 trials were emotional stimuli (18 positive-valence stimuli
and 18 negative-valence stimuli) and 36 trials were neutral stimuli.
Behavioral RMET performances were measured in terms of reaction
time (in ms) and accuracy (% correct) in responding to the three types
of stimuli (positive, negative and neutral). RMET has been administered
to adolescents and adults (Baron-Cohen et al., 2001; Holt et al., 2014).

2.3.2. EEG acquisition and pre-processing
Continuous EEG data were recorded from 64 electrodes mounted in

a scalp cap according to the international 10–20 system. EEG data were
preprocessed and analysed using Curry 7 software (Compumedics
Neuroscan, Charlotte, NC, United States). Electrooculogram (EOG) ar-
tifacts from eye blinking and horizontal movement, particularly elec-
trode M1, M2, VEOG and HEOG were removed from the data analysis
for all the trials of RMET (Wang et al., 2010). In addition, the con-
taminated EEG due to amplifier clipping, burst of electromyographic
(EMG) activity, and threshold where epochs with greater than 33%
contamination or peak-to-peak deflection exceeding ± 400μv were ex-
cluded (Lomas et al., 2014; Wang et al., 2010). To extract EEG epochs
from the continuous EEG, data were segmented from 200 ms pre-sti-
mulus and 500 ms post-stimulus. Window for processing data rejection
was set as [−200 μV, 200 μV]. Averaged ERP of negative emotion
stimulus, positive emotion stimulus and sex stimulus were then gen-
erated by averaging epochs. The P3 component was indicated as the
maximum positive peak at each electrode between 290 ms and 500 ms
post-stimulus (Herbert et al., 2007). Peak amplitudes (microvolves) of
the P3 evoked by negative emotion, positive emotion and sex (control)
were used for data analysis.

2.4. Statistical analysis

IBM SPSS version 25.0 (IBM Corp., Armonk, NY, United States) was
used to analyze the data. Two 2 × 3 between-within subject ANCOVAs
were run with group (healthy controls, schizotypy) as between-subject
variable, emotion (positive valence, negative valence, and neutral) as
within-subject variable, and the demographics (age, sex, household
income, and education level) as covariates. The dependent variable for
each ANCOVA was either RMET accuracy or reaction time. Moreover,
the main effect of group, emotion and interaction effect of the two on
ERP amplitudes in each brain ROI (frontal, frontal-central, central,
central-parietal, parietal, occipital, occipito-temporal region, middle
temporal gyrus, and TPJ) was tested by ANCOVAs. Mean amplitudes
were calculated by averaging two/three selected electrode sites
(Table 2). The grouping of electrodes was adopted from previous stu-
dies (Akbarfahimi et al., 2013; Brune et al., 2011; Jiao et al., 2017; Shu
et al., 2014; Song et al., 2019; Wang et al., 2015). By using the G*Power
3.1 statistical software to conduct the post-hoc power analysis, the
sample size for the present study was shown to be adequate for the
ANCOVA analyses to test the hypotheses (effect size = 0.5,
alpha = 0.05, power = 0.8, and number of covariates = 4). Age was
analysed as one of the covariates because it was found to be sig-
nificantly correlated with RMET behavioral performances (reaction

Table 1
Demographics for the healthy control group and schizotypy group.

Variables Healthy control group Schizotypy group t/X2 df p

Cases (n) 32 16
Demographics
Age (years) [mean (SD)] 21.31 (4.98) 18.00 (2.61) 3.02 45.84a 0.004⁎⁎

Male [n (%)] 21 (65.63) 10 (62.50) 0.05 1 0.831
Household income $30,001 or above [n (%)] 8 (25) 4 (25) 1.12 6 0.981
Education level: Bachelor's degree or above [n (%)] 18 (56.25) 9 (56.25) 0.71 4 0.950

a Since Levene's test for equality was found to be violated for the analysis on age, F(1, 46) = 4.16, p < .05, t statistic not assuming homogeneity of variance was
computed.

⁎⁎ p < .01.
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time and accuracy) (ps < 0.05) and the ERP amplitudes in a number of
ROIs (frontal-central and central regions). Hence, age was included as
one of the covariates in the present study although it might give rise to
potential statistical problems because there was a age difference be-
tween the two groups (Miller and Chapman, 2001). Furthermore, other
covariates (sex, household income, and education level) were included
in the data analyses because these were important factors contributing
to the brain correlates related to ToM, schizotypy and ToM ability in
previous studies (e.g., Cohen et al., 2008; Gao et al., 2019; Miettunen
et al., 2010). To examine if there was a relationship between behavioral
RMET performance/elicited ERP amplitudes (aforementioned ROIs) in
three ToM conditions (positive valence, negative valence, and neutral),
bivariate correlations between these variables were computed. The
significance thresholds for all analyses in the present study were set at
p < .05.

3. Results

3.1. Behavioral performances

Regarding RMET reaction time, a significant main effect of emotion
was found, F(2,41) = 7.26, p = .002. Specifically, participants re-
sponded significantly slower to the positive emotion stimuli (t
(47) = 33.01, p < .01) and the negative valence stimuli (t
(47) = 32.74, p < .01) when compared to the neutral stimuli. The
main effect of group and the group × emotion interaction effect was
not significant (p > .05) (Table 3).

Regarding RMET accuracy, the main effect of emotion was sig-
nificant, F(2,41) = 6.46, p = .004. The effect size was 0.26 which is
moderate. Participants were less accurate in responding to the positive
valence stimuli than to the neutral stimuli, t(47) = −7.52, p < .01;
and they were less accurate in responding to the negative valence sti-
muli than to the neutral stimuli, t(47) = −8.28, p < .01. The effect
size was 0.24 which is moderate. There was no significant accuracy
difference in responding to the positive valence stimuli and the negative
valence stimuli when compared to the neutral one (p > .05). The main
effect of group and the group × emotion interaction effect was not
significant (p > .05) (Table 4). Similar moderate effect sizes were
found for the main effect of emotion on the RMET performances (re-
action time and accuracy) mentioned above suggested that the RMET
performances were affected by the stimuli of different emotional va-
lences in similar manner.

3.2. ERP amplitudes

3.2.1. Main effect and group by emotion interaction effect
After controlling for the covariates, the main effect of group on the

ERP amplitudes was significant in the frontal (F(1,42) = 5.21,
p < .05), frontal-central (F(1,42) = 5.12, p < .05), central (F
(1,42) = 5.12, p < .05), occipital (F(1,42) = 4.22, p < .05), and
temporal regions (F(1,42) = 5.41, p < .05). The ERP amplitudes of the
schizotypy group was significantly lower than that of the healthy con-
trol group in those regions. However, group difference was not sig-
nificant in central-parietal region, parietal region, occipito-temporal
region, and TPJ (ps > 0.05). No significant main effect of emotion
(positive-valence, negative-valence, and neutral) on the ERP ampli-
tudes was found in any ROIs (ps > 0.05) whereas the group by emo-
tion interaction effect was significant in the parietal (F(2,41) = 3.49,
p = .04) and occipital region (F(2,41) = 3.27, p = .05). Specifically, in
both parietnal and occipital regions, healthy controls' ERP amplitudes
were significantly higher than the ones in schizotypy when processing
positive-valence and neutral stimuli (ps < 0.05) (See Fig. 1.). Although
the difference was not significant, healthy controls had the lowest ERP
amplitudes in both parietal and occipital regions when processing ne-
gative- valence stimuli when compared to other two conditions (ps >
0.05). The interaction effect was not significant in other ROIs (ps >
0.05) (Table 5). The effect sizes for the significant main effect of group
on different ROIs mentioned above ranged from 0.09 to 0.12 which are
small. Similar small effect sizes found for the main group effect on
different ROIs suggested that schizotypy impacted on the ERP ampli-
tudes in different ROIs in a similar manner.

Table 2
The brain regions of interest and its corresponding EEG electrode names.

Brain regions EEG electrode names

Frontal F3, FZ, F4

Frontal-central FC3, FCZ, FC4

Central C3, CZ, C4

Central-parietal CP3, CPZ, CP4

Parietal P3, PZ, P4

Occipital O3, OZ, O4

Occipito-temporal P7, P8

Temporal (middle temporal gyrus) T7, T8

Temporal parietal junction (TPJ) CP5, CP6

Note: Continuous EEG data were recorded from 64 electrodes mounted in a
scalp cap according to the international 10–20 system. Eye-blinks and eye-
movements were monitored by horizontal (i.e. HEOL, HEOR) and vertical (i.e.
VEOU, VEOL) electrooculogram (EOG) electrodes. M1 and M2 electrodes were
also used as reference electrodes.

Table 3
ANCOVA analyses on behavioral RMET performance (reaction time).

Independent variables Descriptive statistics F-statistics

M SE F p b ηp
2

Main effects
Emotion Positive 1679.64 30.41 7.26 0.002⁎⁎ 1946.78 0.261

Negative 1675.76 30.64 1832.08
Neutral 905.60 23.84 1367.23

Group Healthy controlsa 1390.75 30.77 1.05 0.311 −57.54 0.024
Schioztypy 1449.92 45.33

Interaction effect (Group × Emotion)
Heathy Positive 1648.44 36.15 0.02 0.982 −62.41 0.001

Negative 1644.53 36.43 −62.45
Neutral 879.28 28.34 −52.64

Schizotypy Positive 1710.85 53.24
Negative 1706.98 53.65
Neutral 931.92 41.74

a Healthy controls (Group = 0) and schizotypy (Group = 1).
⁎⁎ p < .01.
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Table 4
ANCOVA analyses on behavioral RMET performances (accuracy).a

Independent variables Descriptive statistics F-statistics

M SE F p b ηp
2

Main effects
Emotion Positive 83.03 1.45 6.46 0.004⁎⁎ 68.04 0.240

Negative 81.90 1.26 71.98
Neutral 91.75 0.42 91.18

Group Healthy controls 85.75 0.94 0.05 0.829 0.38 0.001
Schizotypy 85.37 1.38

Interaction effect (Group × Emotion)
Heathy Positive 83.04 1.73 0.02 0.984 0.02 0.001

Negative 82.24 1.50 0.69
Neutral 91.97 0.51 0.44

Schizotypy Positive 83.02 2.54
Negative 81.55 2.21
Neutral 91.54 0.74

a Healthy controls (Group = 0) and schizotypy (Group = 1).
⁎⁎ p < .01.

(a) 

(b) 

Fig. 1. (a) The mean ERP amplitudes in the
parietal region. The significant group by
emotion interaction effect on the elicited
ERP amplitudes in parietal brain region was
found. (b) The mean ERP amplitudes in the
occipital region showed the significant
group by emotion interaction effect on the
elicited ERP amplitudes in occipital brain
region was found. In both graphs, healthy
controls' ERP amplitudes were significantly
higher than the ones in schizotypy when
processing positive-valence and neutral
stimuli. Although the difference was not
significant, healthy controls had the lowest
ERP amplitudes in both parietal and occi-
pital regions when processing negative-
valence stimuli when compared to other
two conditions.
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3.3. Relationship between behavioral ToM performance and ERP
amplitudes

Bivariate correlations between behavioral performances and the
elicited ERP amplitudes revealed several significant associations in the
schizotypy group (ps < 0.05) but not in the healthy control group
(ps > 0.05). Specifically, the relationships between RMET reaction
time and ERP amplitudes elicited by positive emotion stimuli were
significant in the frontal (r = −0.50), central parietal (r = −0.54),
parietal region (r = −0.56), occipital (r = −0.57), occipitotemporal
regions (r = −0.58), and TPJ (r = −0.53) (ps = 0.02 to 0.05).
Relationships between the reaction time and ERP amplitudes elicited by
negative emotion stimuli were significant in the occipital region
(r = −0.50, p = .05). All other correlations were not significant
(ps > 0.05). In addition, significant relationship between RMET ac-
curacy and ERP amplitudes associated with neutral stimuli was found in
the central parietal (r = 0.53), parietal (r = 0.57), occipital (r = 0.60),
occipitotemporal regions (r = 0.59), and TPJ (r = 0.57) in schizotypy
(ps = 0.01 to 0.03). All other correlations for schizotypy and all cor-
relations for healthy controls were not significant (ps > 0.05).

4. Discussion

The present study investigated ToM and associated neural activity
as well as the relationship between the two in schizotypy. Based on the
current findings, hypothesis one was not supported, and hypotheses two
and three were partially supported. Specifically, neural activity in
frontal, frontal-central, central, occipital, and temporal regions were
significantly reduced in schizotypy than in healthy controls.
Additionally, schizotypy's neural activity in the frontal, frontal-central,
central, occipital, and temporal regions were different from that in the
healthy individuals in responding to different ToM stimuli. Poorer ToM
performance in responding to emotional stimuli was related to reduced
ERP amplitudes in the frontal, central parietal, parietal, occipital, oc-
cipitotemporal regions, and TPJ in schizotypy but these relationships
were not found in healthy individuals. These differential findings in
behavioral performance and brain activity of ToM inform us with the
knowledge regarding the neural and behavioral abnormality in ToM in
schizotypy which have potential clinical implications.

Regarding ToM behavioral performances, the present study found
no group difference, indicating that schizotypy are not behaviorally
impaired in decoding other people's mental state. This finding is in line
with a number of previous studies using RMET to measure ToM ability

Table 5
ANCOVA analyses on ERP amplitudes in nine brain regions of interest.

Model Brain region of interests Descriptive statistics F-statisticsc

Positive Negative Neutral F p ηp2

M SE M SE M SE

1 Frontal Groupa 5.21 0.028⁎ 0.110
Emotionb 0.49 0.619 0.023
Healthy control 0.53 0.88 −1.02 1.06 2.32 0.70 0.97 0.389 0.045
Schizotypy −2.66 1.30 −3.00 1.56 −1.99 1.04

2 Frontal-central Groupa 5.12 0.029⁎ 0.109
Emotionb 1.43 0.252 0.065
Healthy control 0.56 1.01 −0.28 1.00 3.38 0.85 2.18 0.126 0.096
Schizotypy −2.87 1.49 −2.22 1.47 −2.00 1.25

3 Central Groupa 5.77 0.021⁎ 0.121
Emotionb 1.02 0.371 0.047
Healthy control 1.07 1.00 0.26 0.98 4.06 0.80 2.67 0.081 0.115
Schizotypy −2.62 1.47 −1.71 1.44 −1.46 1.18

4 Central-parietal Groupa 1.58 0.215 0.036
Emotionb 1.56 0.223 0.071
Healthy control 1.85 1.02 1.15 0.96 4.80 0.81 3.00 0.061 0.128
Schizotypy −0.27 1.50 0.76 1.45 1.18 1.19

5 Parietal Groupa 2.94 0.094 0.065
Emotionb 1.65 0.204 0.075
Healthy control 3.22 0.99 2.46 0.97 5.90 0.74 3.49 0.040⁎ 0.145
Schizotypy 0.33 1.45 1.52 1.43 1.69 1.09

6 Occipital Groupa 4.22 0.046⁎ 0.091
Emotionb 1.36 0.268 0.062
Healthy control 4.09 0.87 3.21 0.91 6.01 0.70 3.27 0.048⁎ 0.138
Schizotypy 0.72 1.28 1.92 1.35 1.85 1.04

7 Occipito-temporal Groupa 2.38 0.130 0.054
Emotionb 1.67 0.201 0.075
Healthy control 2.88 0.95 2.32 0.94 5.45 0.73 2.94 0.064 0.125
Schizotypy 0.44 1.40 1.56 1.38 1.68 1.07

8 Temporal Groupa 5.41 0.025⁎ 0.114
Emotionb 0.69 0.509 0.032
Healthy control 1.49 0.85 0.79 0.86 3.90 0.69 1.78 0.181 0.080
Schizotypy −1.70 1.26 −0.86 1.27 −0.50 1.02

9 TPJd Groupa 2.06 0.158 0.047
Emotionb 1.28 0.288 0.059
Healthy control 2.15 0.98 1.52 0.93 4.85 0.78 2.89 0.067 0.124
Schizotypy −0.19 1.44 0.89 1.37 1.18 1.15

a Group: Healthy controls (Group = 0), schizotypy (Group = 1).
b Positive, negative and neutral stimuli.
c After controlling for the covariates.
d TPJ refers to temporal parietal junction.
⁎ p < .05.
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(Gooding et al., 2010; Gooding and Pflum, 2011; Ripoll et al., 2013). In
those studies, schizotypy and healthy controls did not differ in the total
RMET accuracy score and the sub-scores for different ToM stimuli.
However, a more recent study (Zhang et al., 2018) suggested that
schizotypy performed poorer than healthy individuals. Their finding is
different from our present finding which could possibly be explained by
the difference in participants' psychotic level. In Zhang et al. (2018)'s
study, schizotypy were clinically high risk of psychosis while in our
study and several previous studies (Brune et al., 2011; Gooding and
Pflum, 2011; Modinos et al., 2010), participants were nonclinical
sample drawn from the general population. This indicates that the
person's risk and severity in psychosis and whether or not he/she has
been clinically identified could affect their ToM performance.

The ERP amplitudes in frontal, frontal-central, central, occipital,
and temporal regions were lower in schizotypy than healthy individuals
when they processed other's mental states. This group difference is in
line with previous findings (Brune et al., 2011; Shu et al., 2014)'s
findings on the abnormal brain activation in frontal and temporal re-
gions, and cingulate cortex. These findings might be explained by the
neuroanatomical functions. Specifically, frontal region is involved in
affective empathy (Song et al., 2019) and the reasoning about others'
mental state (Sabbagh et al., 2004) while the temporal region is in-
volved in learning and recognition of others' intentional movements
(Brune et al., 2011). Moreover, these findings indicate a generally
weaker information processing in schizotypy. Previous findings re-
ported that schizotypy were related to impaired executive functions
(Kocsis-Bogar et al., 2017), which are important for inhibiting self-
perspective and taking other-perspective (Decety and Jackson, 2004).
The impairment in cognitive inhibition and flexibility contributed sig-
nificantly to the differences in behavioral ToM performance between
healthy controls and schizotypy (Kocsis-Bogar et al., 2017). Moreover,
similar small effect sizes (0.09–0.12) found for the main group effect on
different ROIs mentioned above suggested that schizotypy impacted on
the ERP amplitudes in different ROIs in a similar manner. These find-
ings suggest that neural activity in ROIs that are involved in emotional
processing is abnormal in schizotypy. However, no significant group
difference in the ERP amplitude in occipito-temporal region was found
which is consistent with Akbarfahimi et al. (2013)'s observations of a
delay in the N170 responses to facial expressions in schizophrenia in-
dividuals. This suggests that schizotypy processes facial expressions in a
similar way as healthy individuals but the process is delayed.

Although no main emotion effect was found in ERP amplitudes in
any ROIs across three stimuli (positive, negative and neutral), a sig-
nificant group by emotion interaction effect in the ERP amplitudes in
parietal and occipital regions was found. Specifically, in both parietal
and occipital regions, healthy controls' ERP amplitudes were higher
than the ones in schizotypy when processing positive-valence and
neutral stimuli. Although the difference was not significant, healthy
controls had the lowest ERP amplitudes in both parietal and occipital
regions when processing negative- valence stimuli when compared to
positive and neutral stimuli. These findings indicate that schizotypy and
healthy controls are different in processing various types of emotional
states in the others. Specifically, schizotypy showed reduced brain ac-
tivity when processing positive emotional states of others when com-
pared to healthy individuals. These findings might be because parietal
and occipital regions are involved in spatial perception and attention
(Cao et al., 2012), as well as emotional information processing
(Sabbagh et al., 2004; Shu et al., 2014) which are important for the
decoding of other's mental states (Wang et al., 2015). It is plausible that
schizotypy requires a relatively more activated parietal and occipital
regions so as to compensate for a deficit in processing positive emo-
tional states of the others. This might explain why there is the brain
activity abnormality in parietal and occipital regions while processing
different emotional states of others in schizotypy.

The significant negative correlation between ToM performance and
the ERP amplitudes while processing the mental states of others in

schizotypy further indicates ToM impairment in schizotypy.
Specifically, it was observed that longer time schizotypy spent on re-
sponding to the emotional stimuli was associated with lower ERP am-
plitudes in the frontal, central-parietal, parietal, occipital, occipito-
temporal regions, and TPJ, which are involved in emotional
information processing (e.g., Akbarfahimi et al., 2013), and the rea-
soning of others' mental states (Sabbagh et al., 2004). Although no
significant differences were found in behavioral ToM performance be-
tween schizotypy and healthy individuals, schizotypy had a lower ERP
amplitudes in processing and decoding other's mental states. This
finding supports previous studies (Brune et al., 2011; Modinos et al.,
2010), in which schizotypy did not show behavioral ToM impairment
but greater activation in the prefrontal cortex, posterior cingulate
cortex, and temporoparietal cortex. That is, schizotypy processes the
mental states of others in a different manner neurally than the healthy
individuals due to the compensatory over-activation of the brain re-
gions so to compensate for their ToM deficits (Brune et al., 2011).

4.1. Limitations

The present study has a number of limitations. First, RMET that we
used for measuring ToM ability only taps on the social-perceptive
component of ToM. Since ToM is a multifaceted construct which in-
cludes both social-cognitive and social-perceptive components, future
studies could include RMET and other tasks that measure the social-
cognitive component of ToM (e.g. Hinting task). Also, it is suggested
that different patterns of associations between different subtypes of
schizotypy and social impairment (e.g., ToM). Moreover, it might be
difficult to determine the extent to which the current schizotypy sample
has positive, negative, or disorganized traits because there are more
positive schizotypy items (in CAPE- 15 and CPQ-16) than other sub-
types items included in the three schizotypy scales that were adminis-
tered to the participants in the present study. Hence, it is possible that
the sample is largely characterized by positive schizotypy, rather than
negative or disorganized schizotypy. Future studies should address
these concerns by investigating different schizotypal subtypes with a
larger sample size. Moreover, the present study only considered the
topographical distribution of the neural activities and elicited ERP
amplitudes. Since a delay of the N170 responses to facial expressions
was found in schizophrenia in previous study (Akbarfahimi et al.,
2013), future studies should also investigate the latency of the ERP
component (e.g., N270–400 and P300–500) which could facilitate the
understanding of ToM processing in schizotypy. In addition, given the
wide age range of the participants in the present study, although age
had already been controlled for, the extent to which ToM measured by
RMET would be expected to be comparable across participants of dif-
ferent ages in this study remains uncertain. Future studies should be
conducted with a narrower age range in order to address this concern.
Last but not least, the small sample size (16 schizotypy and 32 healthy
controls) and dichotimizating participants into these two groups might
affect the power of the statistical findings in the present study. For
instance, dichotomizing participants into groups based on continuous
schizotypy scores might lead to loss of information and affect the power
of the findings (MacCallum et al., 2002). In order to achieve sufficient
statistical power, future studies should replicate the present study with
a larger sample size.

5. Conclusion

Reduced neural activity in frontal, frontal-central, central, occipital
and temporal regions observed in schizotypy indicates insufficient ToM
resources when compared with healthy individuals. Additionally,
schizotypy and healthy individuals have different levels of ERP ampli-
tudes in parietal and occipital regions in decoding different emotional
states of others. Furthermore, poorer ToM increases with ERP ampli-
tudes in frontal, central-parietal, parietal, occipital, and
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occipitotemporal regions only in schizotypy group which implies that
they have abnormal neural activity during ToM processing. These dif-
ferential findings in behavioral performance and brain activity of ToM
inform us with the knowledge regarding the neural and behavioral
abnormality of ToM in schizotypy. More importantly, the present
findings suggest that brain activity can be an effective alternative to
detect ToM impairments in schizotypy, thereby preventing the devel-
opment of schizophrenia in these individuals.
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