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Finding normal-to-better neurocognitive indexes in individuals
with schizotypal traits using a social role task
Mingyi Diao1,2, Ilya Demchenko 1,2, Gifty Asare1,3, Jingyan Quan1,4 and J. Bruno Debruille 1,2,3,4✉

Schizophrenia patients make more errors and have longer reaction times (RTs) than healthy controls in most cognitive tasks.
Deficits are also observed in subclinical participants having high scores on the schizotypal personality questionnaire (SPQ). They are
accompanied by smaller amplitudes of the event-related brain potentials (ERPs) that index attention and semantic- and working-
memory. These functions are thus thought to be impaired in individuals having various schizophrenia attributes (SzAs).
Nevertheless, normal RTs were recently found in SzAs during a particular self-referential task where half of the stimuli were names
of extraordinary social roles (e.g., genius). Each name (ordinary or extraordinary) was presented individually, and participants were
asked to decide whether or not they would consider themselves performing the role at any moment of their lives. To further test an
absence of cognitive deficits in this task, the ERPs elicited by names of social roles were also examined in 175 healthy participants.
The absence of longer RTs in high- than in low-SPQs was replicated. Moreover, the ERPs of high SPQs had larger occipital N1s, larger
P2s and larger occipital N400s than those of low SPQs while late positive potentials (LPPs) were of similar amplitudes. Such results
are consistent with clinical observations of greater attention and faster processing of stimuli related to extraordinary/delusional
beliefs. Further studies should test whether the cognitive deficits found in SzAs are due to the use of tasks and stimuli that are less
within their focus of interest than within that of healthy controls.
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INTRODUCTION
Schizophrenia patients often struggle to perform cognitive tasks,
exhibiting lower accuracy rates and slower response times1–3.
These cognitive deficits have a severe impact on their vocational
and psychosocial rehabilitation4–6. Individuals with schizophrenia
end up having lower income and higher unemployment rates7,8.
The cognitive deficits of schizophrenia patients have thus been
studied for many years.
Cognitive deficits are also found in subclinical people with

schizophrenia attributes. Their performances in cognitive tasks
resemble that of diagnosed schizophrenia patients9. Moreover,
pharmacological studies have shown that antipsychotic medica-
tions induce comparable neurocognitive effects in individuals with
high schizotypy and schizophrenia patients10. Schizotypy is thus
gaining wider recognition as an “influential, comprehensive
psychological construct in schizophrenia research”11. Measuring
the degree of schizotypy can be used to locate each participant’s
position on the normality to schizophrenia continuum12,13.
Assessing schizotypal traits in the general population can also
be used for early detection and preventive intervention in
psychosis14. On the other hand, studying such subclinical
participants circumvents the debilitating effects of disease
chronicity and of previous exposure to antipsychotic medications.
By employing the MATRICS Consensus Cognitive Battery (MCCB)15,
numerous studies have shown that individuals with high
schizotypy exhibit deficits of working memory16,17, attention12,18,
executive functions19, incidental learning20 and have poor verbal
IQ21. A meta-analysis of 67 studies confirmed that individuals with
schizotypy have less verbal- and visuo-spatialworking memory22.
As could be expected, the event-related brain potentials (ERPs)

evoked by the stimuli of the tasks used to study cognitive deficits
of people with schizophrenia attributes (SzAs, i.e., schizophrenia

patients and subclinical people with schizotypal traits) have
consistently been found to be abnormal23,24. This is true for the
amplitude (i.e., the voltage) of the occipital N1, a negative-going
component peaking about 150ms after the onset of the stimulus
that indexes the amount of attentional resources allocated to the
processing of the physical features of visual stimuli25. This
amplitude has been found to be reduced in both schizophrenia
patients26,27 and individuals with schizotypal traits28. This is also
true for the amplitude of the P2, a positive ERP which peaks
around 200 ms after the onset of the stimulus. It depends on the
nature of the stimulus. For instance, it is larger and peaks earlier
for pictures of faces than for written words. Its amplitude, which
also depends on attention29–31, has been found to be smaller in
schizophrenia patients than in healthy controls during cognitive
tasks involving visual stimuli32–34.
The N400 ERP is also modulated. This negative-going ERP

peaking at about 400ms indexes semantic processing35–37. In
schizophrenia patients, its amplitude to target words (e.g., butter)
that are preceded by semantically unrelated words (e.g., socks) is
generally found to be a bit smaller, and that to target words that
are preceded by priming words (e.g., bread), a bit larger, than that
of healthy controls, respectively. This double difference results in
reduced N400 effects38–41. Healthy individuals having high scores
at the Schizotypal Personality Questionnaire (the SPQ) also display
reduced N400 amplitudes to target words that are semantically
unrelated to priming stimuli38,42. Finally, abnormality in people
with SzAs also pertains to the ERPs belonging to the family of late
positive potentials (LPPs), such as the P300b of classical odd-ball
protocols43,44, the P600 elicited by words45,46, and the so-called
late positive component (the LPC)47. These large and late positive
ERPs are well known to index the conscious evaluation of the
stimulus48,49, working memory50,51, and the degree of emotion
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induced by the stimulus52,53. Patients with schizophrenia typically
show reduced LPP amplitudes, which may serve as a neural
marker of attentional dysfunction54,55. Several studies also
reported reduced LPP amplitudes in subclinical participants with
high scores at the SPQ, compared to individuals with low
scores56–58.
In this context of deficits that seem to affect the processing of

any stimulus in most cognitive tasks, the results of Fernandez-Cruz
et al.59 appear to be particularly surprising. Indeed, the reaction
times (RTs) of people with SzAs were normal despite the use of
semantically rich stimuli and of a complex task requiring reflection.
Namely, RTs were not observed to be longer than those of
participants with no schizophrenia attributes. In that task,
participants were presented with written names of social roles
one by one and were asked to decide, as fast and as accurately as
they could, whether or not they could consider playing the role at
any moment of their lives. Half of these social roles were
extraordinary. Among them, half were favorable (e.g., genius) and
half of them unfavorable (e.g., killer). The unexpected finding of
normal reaction times raises the possibility of an absence of
cognitive deficits in tasks involving self-related choices and
including stimuli related to extraordinary/delusional ideations/
beliefs. Conversely, the abnormal reaction times observed with
ordinary stimuli in self-unrelated tasks could be restricted to these
tasks and to stimuli that are less within their focus of interest than
within that of healthy controls. Such tasks and stimuli might not
prevent the disengagement of people with SzAs, which might
account for some degree of carelessness during cognitive tests60.
Such stimulus material and self-unrelated choices might not
capture their attention and/or motivate them as much as they
motivate controls.
Clinicians usually observe greater interest in, heightened attention

toward, and enhanced processing of, stimuli linked to the
extraordinary/delusional ideations/beliefs of their patients. These
frequent observations suggest that the cognitive deficits of people
with SzAs could pertain only to meaning domains that are unrelated
to these extraordinary domains. The aim of this study was thus to
test the possibility of normal cognitive processes in these latter
domains. As normal reaction times do not completely exclude the
possibility of abnormal processes, we also examined well-established
ERP measures (i.e., that of the N1, P2, N400 and LPPs) as indexes of
the neurocognitive processes needed to perform the task. This
rationale of our study could be important as confirming a normality
of cognitive processes in the extraordinary domains of interest of
SzAs could change therapeutic strategies. Cognitive deficits in
ordinary domains could be treated by finding ways to raise their
interest in these domains. The first goal of this study was to replicate
the behavioral findings of Fernandez-Cruz et al.59. It was thus
hypothesized that reaction times would not be longer in participants
with high- than in participants with low-SPQ scores. Our second
hypothesis was that ERP amplitudes would not be smaller in
participants with high- than in participants with low-SPQ scores.

RESULTS
Demographics
The demographics of the participants are shown in Table 1. Their
SPQ scores covered a relatively wide range of the continuum
between low and high schizotypy, namely, from 0 to 58 (out of 74,
the maximal score). High schizotypy subgroup did not significantly
differ from the low SPQ subgroup in terms of sex ratio, mean age,
and mean number of years of education. The high SPQ group had
a significantly lower mean score on the social desirability scale (the
SDS) (F (1, 159)= 7.0, p= 0.009, ηp2= 0.042). Compared to
participants with lower SPQ scores, they were thus less likely to
be biased in their acceptance of socially unfavorable roles and in
their rejection of favorable ones.

Reaction times
The mean response times of the low- and the high-SPQ groups
were 1038 ms (SD= 195) and 1024 ms (SD= 194), respectively.
The mixed-ANOVA indicated a role category × decision × SPQ
interaction (F (3, 519)= 3.6, p= 0.029, ηp2= 0.021). Post hoc
ANOVAs revealed that participants of the high SPQ group took
longer to reject ordinary and favorable roles than to accept
them. Conversely, participants with low SPQ scores took longer
to accept extraordinary and unfavorable roles than to reject
them (Figs. 1 and 2).

Electrophysiological results
p* are p values judged significant according to the B-H FDR
procedure, see Methods.

N1 amplitudes
The ANOVA performed on N1 mean amplitudes revealed a
significant SPQ × electrode interaction (F (27, 4671)= 3.4,
p*= 0.023, ηp2= 0.019). Post hoc ANOVAs revealed that high
SPQ participants have larger N1 mean amplitudes at T5
(p*= 0.025), O2 (p*= 0.032) and O1 (p*= 0.007) than the low
SPQ group (Fig. 3).

P2 amplitudes
The ANOVA performed on P2 mean amplitudes revealed a
significant SPQ × electrode interaction (F (27, 4671)= 4.5,
p*= 0.004, ηp2= 0.025). Post hoc ANOVAs revealed that high
SPQ participants had larger P2 mean amplitudes than low SPQ
ones at F8, Fz, Cz, T4, F4/3, Ft8, Fc4/3, Fcz, C4, and Cp4 (Fig. 4). The
analyses designed to test the lateralization of the SPQ effect on
P2 amplitudes (see Methods) revealed an antero-posterior

Table 1. Demographic and clinical characteristics of participants.

Low schizotypy High schizotypy

(N= 89) (N= 86)

Sex: male % (N) 43.8% (39.0) 51.2% (44.0)

Age M (SD) 23.2 (3.1) 23.3 (3.1)

Range 18.0–33.0 18.0–30.0

Years of education M (SD) 14.8 (2.5) 14.3 (2.6)

Range 1.0–18.0 2.0–18.0

Total SPQ M (SD) 9.2 (5.6) 31.1 (9.3)

Range 0.0–19.0 20.0–58.0

SDS M (SD) 17.9 (5.6) 15.4 (4.9)

Range 4.0–32.0 5.0–27.0

Fig. 1 Mean reaction times for accepted- and rejected-social roles
in each category in the low SPQ group (N= 89) and in the high
SPQ group (N= 86). Thin bars display standard errors. ** are for
p < 0.01. *** are for p < 0.001.
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location × SPQ interaction (F (6, 1038)= 5.6, p*= 0.008, ηp2=
0.032) and an hemiscalp × SPQ interaction (F (1, 173)= 5.6,
p*= 0.029, ηp2= 0.027) for the parasagittal montage. We then
focused on each antero-posterior location of this montage to look
for the source of the hemiscalp × SPQ interaction. Post hoc
ANOVAs revealed that P2 amplitudes were larger over the right-
than over the left-hemiscalp for Fc4/3 (p*= 0.005), C4/3
(p*= 2.8 × 10−4), Cp4/3 (p*= 0.014) and P4/3 (p*= 6.6 × 10−5)

only in participants with high SPQ scores. This was not the case
for participants in the low SPQ subgroup.
On the other hand, role category interacted with electrode (F

(27, 4644)= 3.8, p*= 0.003, ηp2= 0.022). Ordinary roles were
found to elicit larger P2s than extraordinary roles at P3
(p*= 0.038), T6 (p*= 0.001), T5 (p*= 0.027), O2 (p*= 3.4 × 10−4)
and O1 (p*= 3.1 × 10−4).

N400 amplitudes
N400 waves started from larger P2s for high- than for low-SPQ
scorers (Fig. 3). We remedied this baseline problem by measuring
N400 amplitudes from the P2 peak to the N400 peak in both
groups. This was done in a region of interest (ROI) centered on the
electrode at which the P2 was the largest, that is, Cz. This ROI
included Cz, C3, C4 and Fcz. The voltage of the peak of the P2 at
each of these ROI electrodes was averaged and compared with
the average of the voltage of the peak of the N400 at these ROI
electrodes. Making these measures on grand averages revealed
that the N400s of high SPQ scorers were very slightly larger than
those of low SPQ scorers (i.e., 4.16 vs. 4.08 μV, respectively). Such a
small difference could not be significant. No analysis was thus
performed. The amplitudes of the N400s of high SPQ scorers were
similar to those of low SPQ scorers in this ROI. Nevertheless, at
occipital sites (O1/2), the mean amplitudes of N400s appeared
larger for the high- than for the low-SPQ group (see Fig. 3). The
analysis run there revealed an effect of SPQ (F (1, 173)= 4.6,
p*= 0.033, ηp2= 0.026).
On the other hand, decision interacted with electrode (F (27,

4671)= 2.8, p*= 0.014, ηp2= 0.016). Post hoc ANOVAs revealed
larger N400 amplitudes at all electrodes for social role rejections than
for acceptances (Fig. 5). Finally, there was a category × electrode
interaction (F (27, 4671)= 2.2, p*= 0.058, ηp2= 0.013) (see

Fig. 2 Reaction times for accepted- and rejected-social roles in
the low SPQ group (N= 89) and in the high SPQ group (N= 86).
Each dot represents each participant’s mean reaction time measure.
The solid black lines are medians. The thin dotted black lines are
quartiles.

Fig. 3 Grand average ERPs of the high SPQ group (N= 86, red lines) and of the low SPQ group (N= 89, black lines).
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Supplementary Table). N400 amplitudes were larger for extraordin-
ary- than for ordinary-roles at F3, C3/4, Cp3/4, P3/4, O1/2, Cz, Pz, F7,
Ft7/8, T3/4, Tp8, and T5/6. Figure 6 displays the mean amplitudes of

the N1, P2, and N400 time windows, respectively, at the electrode
exhibiting the most significant SPQ effect.

LPP amplitudes
There was no main effect of SPQ nor any interaction that included
SPQ for LPP measures. LPPs of high SPQ scorers were of
amplitudes similar to those of low SPQ scorers. On the other
hand, a decision × electrode (F (27, 4671)= 7.4, p*= 4.25 × 10−7,
ηp2= 0.041) and a category × electrode interaction (F (27,
4671)= 8.3, p*= 3.14 × 10−8, ηp2= 0.046) were found in this time
window. LPP amplitudes were larger when participants were
accepting roles than when they were rejecting them at Fp2/1, Fz,
F4/3, Fc4/3, and Fcz. However, the opposite result was found at T5
(p*= 0.047). Larger LPPs were also found for extraordinary- than
for ordinary-social roles at Fp2/1, Pz, P4/3, T6/5, C4, Tp8/7, Cp4/3,
and O2/1.

Correlations between clinical scores and role acceptance
percentages
As illustrated in Table 2a, the strongest positive correlation
between the acceptance rates of roles and total SPQ scores was
for extraordinary roles (r= 0.32, p= 9.0 × 10−6, R2= 0.10), which
replicated Fernandez-Cruz et al.’s finding59. This correlation was
seen with the delusion (r= 0.34, p= 3.0 × 10−6, R2= 0.12),
disorganization (r= 0.29, p= 4.1 × 10−5, R2= 0.08), and interper-
sonal factor (r= 0.20, p= 4.0 × 10−3, R2= 0.04) of schizotypy. The
correlation between the acceptance rates of extraordinary roles
and the Peters et al. Delusion Inventory (PDI) total numbers of
“yes” was also noticeable (r= 0.40, p= 1.6 × 10−8, R2= 0.16). With
combined role categories (Table 2b), similar patterns were found

Fig. 4 Spline interpolated iso-voltage scalp maps of the subtrac-
tions, at each electrode site, of the mean ERP voltages of the low
SPQ group (N= 89) from those of the high SPQ group (N= 86) in
the P2 (150–300ms) time window. * are for 0.05 > p > 0.01. ** are
for 0.01 > p > 0.001. *** are for 0.001 > p.

Fig. 5 Grand average ERPs illustrating the larger N400s for role rejections than for role acceptances. ERPs of participants of the low SPQ
group (N= 89) are in light blue lines for rejections and dark blue lines for acceptances. For the high SPQ group (N= 86), the light red lines are
for rejections, and the dark red lines for acceptances.
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between the rates of acceptance of extraordinary unfavorable
roles and clinical scores. The strongest correlation was with the
PDI Total Yes score (r= 0.44, p= 7.8 × 10−10, R2= 0.19), followed
by that with the total SPQ (r= 0.37, p= 2.9 × 10−7, R2= 0.14),
delusion (r= 0.36, p= 5.4 × 10−7, R2= 0.13) and disorganization
scores (r= 0.35, p= 1.0 × 10−6, R2= 0.12). Additionally, the total
SPQ score was strongly correlated with the total role acceptance

percentage (all role categories combined) (r= 0.25, p= 3.4 × 10−4,
R2= 0.06).

DISCUSSION
This study replicated the behavioral results obtained in the social
role acceptance task used by Fernandez-Cruz et al.59. Reaction

Fig. 6 Amplitudes of N1s at O1, of P2s at C4 and of N400s at O2 for the low SPQ group (N= 89, blue plot) and of the high SPQ group
(N= 86, red plot). Each dot represents each participant’s mean voltage measure. The solid black lines are medians. The thin dotted black lines
are quartiles.

Table 2. Correlations between clinical scores and role acceptance percentages.

a. Pearson’s correlation coefficients between the percentages of acceptance for each social role category and clinical scores

Clinical scores Ordinary roles Extraordinary roles Favorable roles Unfavorable roles

r p r p r p r p

Total SPQ 0.10 0.086 0.32 9.0 × 10−6 0.17 0.011 0.31 2.1 × 10−5

SPQ Interpersonal 0.04 0.32 0.20 0.004 0.07 0.16 0.20 0.004

SPQ Delusion-like ideation 0.13 0.048 0.34 3.0 × 10−6 0.23 0.001 0.29 6.2 × 10−5

SPQ Disorganization 0.12 0.050 0.29 4.1 × 10−5 0.16 0.018 0.31 1.4 × 10−5

Total PDI Yes 0.17 0.015 0.40 1.6 × 10−8 0.28 1.1 × 10−4 0.35 8.0 × 10−7

Total PDI 0.09 0.11 0.32 8.0 × 10−6 0.20 0.004 0.27 1.9 × 10−4

PDI Distress 0.07 0.19 0.25 4.5 × 10−4 0.14 0.035 0.22 0.002

PDI Preoccupation 0.11 0.08 0.33 3.0 × 10−6 0.22 0.002 0.27 1.7 × 10−4

PDI Conviction 0.09 0.13 0.32 8.0 × 10−6 0.20 0.005 0.26 2.5 × 10−4

b. Pearson’s correlation coefficients between the percentages of acceptance for each social role category combination and clinical scores

Clinical scores Ordinary
favorable roles

Extraordinary
favorable roles

Ordinary
unfavorable roles

Extraordinary
unfavorable roles

r p r p r p r p

Total SPQ 0.01 0.46 0.25 3.8 × 10−4 0.17 0.012 0.37 2.9 × 10−7

SPQ Interpersonal −0.05 0.26 0.15 0.027 0.11 0.078 0.25 4.0 × 10−4

SPQ Delusion-like ideation 0.07 0.17 0.29 6.4 × 10−5 0.15 0.025 0.36 5.4 × 10−7

SPQ Disorganization 0.01 0.43 0.23 0.001 0.20 0.004 0.35 1.0 × 10−6

Total PDI Yes 0.10 0.095 0.34 2.0 × 10−6 0.19 0.006 0.44 7.8 × 10−10

Total PDI 0.02 0.38 0.28 8.4 × 10−5 0.14 0.032 0.33 4.0 × 10−6

PDI Distress −0.01 0.44 0.21 0.002 0.13 0.049 0.26 2.1 × 10−4

PDI Preoccupation 0.04 0.30 0.30 2.8 × 10−5 0.14 0.030 0.33 3.0 × 10−6

PDI Conviction 0.02 0.42 0.28 7.0 × 10−5 0.14 0.036 0.33 5.0 × 10−6
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times were not longer in participants with high- (N= 86) than in
participants with low-SPQ scores (N= 89), confirming the absence
of suboptimal cognitive functioning in that task. Moreover, the N1,
P2, N400 and LPP ERPs of high SPQ scorers were not of smaller
amplitudes than those of low SPQ scorers, supporting an absence
of deficit of attention, semantic processes and working memory. In
fact, their occipital N1s and central P2s were found to be of
significantly larger amplitudes, as well as their N400s at occipital
sites. These results thus support not only an absence of cognitive
deficits in high SPQ participants in this particular task. They also
indicate that this task might be more attractive to them than for
the low SPQ scorers. Indeed, early ERPs indicate high SPQ scorers
allocated a bit more attention to the task. These results either
mean that people with schizophrenia attributes do not really have
a general cognitive deficit, or that they do have such a deficit but
that it could be compensated for in certain domains, such as that
of the extraordinary.
The cognitive deficits observed in people with schizophrenia

attributes (SzAs, i.e., schizophrenia patients and subclinical people
with schizotypal traits) in other tasks could be, at least in part, due
to the use of more ordinary stimuli and of self-unrelated tasks. In
this regard, some previous self-referential studies have reported
that people take less time to respond to self-related- than to self-
unrelated-conditions when asked to decide if personal trait
adjectives described their own or others’ personality61,62. This
effect could be greater in high SPQs. They might have involved
their selves to an even greater extent than low SPQs. However,
Holt et al.63 revealed dysfunction of the default network in
patients with schizophrenia during self-referential tasks. Notwith-
standing apparent similarities, it is nevertheless needed to
mention a salient disparity between self-referential paradigms
and the present social role task. In the latter, participants are asked
to imagine if they would play various social roles. This diverges
from the mere descriptive exercise of deciding whether or not an
adjective, such as, “honest”, describes them. Moreover, extra-
ordinary social roles tap into grandiose or delusional thinking
which may then result in both specific behavioral and ERP effects.
Larger occipital N1s signal that more attentional resources were

allocated to the processing of the visual features of the stimuli in
high- than in low-SPQ scorers. Larger P2s could also be due to this
additional amount of attention. However, they might also be
related to the fact that the stimuli and the task were self-relevant.
Previous research has shown that larger P2 amplitudes are elicited
by stimuli that are more self-relevant34,64. Globally, high SPQ
scorers accepted a larger number of roles than low SPQ scorers,
thus showing that they found more roles to be self-relevant,
consistent with their lower self-concept clarity65, which may be
associated with fewer incompatibilities. On the other hand, the
high acceptance rates of roles in high SPQs may also reflect their
openness to new experiences, sensation-seeking and creativity66.
Previous studies have suggested that creativity is associated with
psychoticism, positive schizotypy67, and the right hemisphere68,69.
Observing larger P2s over the right- than left-hemiscalp in high
SPQs could thus also be related to their greater creativity.
Larger N400 amplitudes for rejected- than for accepted-roles

were observed, consistent with Metzler et al.’s finding62 that self-
incongruent information elicits more negative N400 amplitudes
than self-congruent stimuli. Incidentally, that role names of
preceding trials could have primed the name of the current trial
was unlikely. Each role had to be responded to for itself, not taking
into account the previous role. Moreover, the order of the social
roles in each of the two subsets was chosen by a randomizing
procedure, and roles were, in the vast majority of cases, not
semantically related to each other, as can be seen in their list,
which has been placed in the Supplementary Materials.
Interestingly, N400s of high SPQ scorers were found to be of

significantly larger amplitudes than those of low SPQ scorers over
occipital sites. The allocation of a greater amount of attentional

resources to semantic processes correlates with larger N400
amplitudes70. However, ERPs at these sites typically pertain to the
processing of visual information. Nevertheless, these N400 effects
could be a direct, or an indirect, index of an activation of the
imagery corresponding to the meanings of social roles. According
to embodied theories of cognition (e.g., Matheson et al.71), such
activations are integral to the coding of the meaning of imageable
concepts, of which social roles are part and parcel (for the effects
of such visual semantic information on posterior N400, see
Kellenbach et al.72). For instance, the presentation of the social
role name “Olympic Champion” can automatically activate, among
other things, the visual representation of the three champions
receiving their medal on the podium. When high SPQ scorers are
asked whether or not they could consider playing this role, they
might be more likely to image themselves (i.e., to picture
themselves) playing it than low SPQ scorers. The larger N400
amplitudes observed over occipital sites in high- than in low-SPQ
scorers thus suggest a greater allocation of attentional resources
for the processing of the visual representations related to the
meaning of the roles.
The important absence of interaction of group with role

condition on N400 amplitudes at occipital sites suggests that
such image processing was boosted in a sustained way
throughout the task for every role in high SPQ scorers. Thus,
instead of a mere capture of their attention by each extraordinary
role, these roles might have boosted a general interest for the
task, which could be due, at least partly, to the (justified)
expectations of upcoming extraordinary roles.
In conclusion, it seems important to mention again that ERP

results are in sharp contrast with previous ERP findings, in which
smaller ERPs were found in SzAs than in healthy controls, as
summarized in the introduction. This could be due to the nature of
the social role task used, which involved self-related choices, and
to extraordinary roles. This task may have given participants with
high SPQ scores the opportunity to express the variety of their
social drives. This may have made the task more attractive and
motivating for them than for low SPQ scorers73,74. These surprising
results are in fact consistent with clinical observations that
patients with schizophrenia tend to pay more attention to, and
process more quickly, materials that may be associated with
delusional beliefs/ideations.
Among the limitations of the study, one might include the fact

that low- and high-SPQs were simply teased apart by a median
split, which wastes information about their precise SPQ scores.
However, it allows to have two grand average ERPs and thus to
see the global shape of the differences. Another limitation of the
study is that our participants were not schizophrenia patients. The
findings reported here might thus be observed only when
symptoms are not severe and when there is a lack of dysfunctions
that could be specific to patients75. For instance, the dysfunctions
induced by chronicity, social isolation, lack of challenges when
having no job and major tranquilizing effects of antipsychotic
medications. Future studies should thus use this social role task in
patients with schizophrenia. Such studies could also consider
adding conditions where participants would be asked to decide
whether someone they are familiar with could consider playing
the roles, in order to explore the difference between self- and
other-perspective processing.
Finally, it seems that the neurocognitive indexes found in the

social role task should have been compared to those obtained in a
control matching task for the participant sample used. However,
finding such a control task was thought to be too hazardous.
Indeed, too many tasks and stimuli would have to be tried before
finding the one that matches the physical and semantic
characteristics of the names of social roles used, the degree of
difficulty of the social task and the brain regions involved76 so that
the sizes of raw ERPs at each scalp site and the schizotypy effects
can actually be compared across the two tasks. This is why there
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was no control task in this first study of the ERPs elicited by names
of social roles in the acceptance/rejection task. Nevertheless, a
large number of participants (175) was used and selection criteria
were similar to those of many schizotypy studies that found
poorer behavioral performances and smaller ERPs in high- than in
low-SPQs using a variety of tasks and stimuli. In this context,
normal behavioral performances and better ERPs in high- than in
low-SPQs needed to be reported, just as lower performances and
smaller ERPs in high SPQs were initially reported in the literature.

METHODS
Participants
One hundred and ninety-two participants between the ages of 18
and 33 were recruited through online advertisements in both
English and French posted on a variety of social media (e.g., Kijiji,
Facebook, and the McGill Classified Ads website). Participants
were 174 English and 18 French mother-tongued with at least 10
years of education in either language and normal or corrected-to-
normal vision. The experiments proceeded in their mother
language. They reported having no previous history of neurolo-
gical medical conditions that compromise brain functioning, and
no substance abuse, intellectual deficits, or intake of medications
for a psychiatric disorder during the two previous years. All
participants gave written informed consent forms prior to
participation and the data were processed anonymously. This
study was approved by the Douglas Ethics Review Board (project
number: IUSMD-06-42). All research was performed in accordance
with relevant guidelines/regulations and in accordance with the
Declaration of Helsinki.

Psychometric scales
A demographics form, the schizotypal personality questionnaire
(SPQ), the 21-item Peters et al. Delusions Inventory (PDI) and the
Social Desirability Scale (SDS) were filled out by every participant
before the testing. The SPQ is a questionnaire that was initially
designed to measure the severity of schizotypal personality traits
in the general population77. Nevertheless, it is based on the DSM-
III-R criteria used to diagnose full-blown schizophrenia78–80. It is a
self-report questionnaire that contains seventy-four items. It has
high internal reliability (alpha >0.90) and test-retest reliability
(r= 0.82). The three main factors of the SPQ are delusion,
interpersonal deficits, and disorganization, in both males and
females and in both healthy adolescents and young adults81,82.
The PDI is a questionnaire measuring delusional ideation in the
general population83. It has good internal consistency (i.e., from
0.52 to 0.94) and a test-retest reliability between 0.78 and 0.8. For
each delusional idea, participants are asked to answer “YES”/ “NO”
to indicate whether they have it and, if they do, express their
associated levels of distress, preoccupation, and conviction on a
Likert scale ranging from 1 to 5. The total “Yes” score ranges from
0 to 21 and the total score for the entire test is from 0 to 105.
Finally, the social desirability questionnaire (SDS) includes 33 items
whose answers were used to evaluate the tendency that could
make participants respond in a more socially desirable manner84,
biasing the decisions to accept certain roles and to reject others.
For example, individuals who strongly desire social approval may
be more inclined to conceal some liked roles and accept favorable
roles to make them look better to the researcher or to avoid
appearing critical of roles endorsed by the majority of the
population.

Stimuli
The social role acceptance task of Fernandez-Cruz et al.59 was
used. It has both an English and a French version. Two subsets of
200 names of social roles were extracted from the set of 401

names used in Fernandez et al.59. They included the same number
of roles of each of the four categories (i.e., ordinary favorable,
ordinary unfavorable, extraordinary favorable and extraordinary
unfavorable). For the purpose of having a brief experiment, only
one 200-word subset was presented to each participant. This
particular subset was chosen at random. Statistical analysis of the
data derived from Google Books Ngram viewer revealed no
significant differences in the mean numbers of letters and the
mean frequencies of use across the stimulus conditions (see
Supplementary Materials).

Procedure
Upon arrival, participants completed a demographics question-
naire where they provided information regarding their sex, age,
and level of education. Immediately after completing the set of
psychometric scales, the EEG recording session began. Participants
were seated comfortably in a dimly lit room. Their eyes were
roughly 70 cm away from the computer screen. The names of
roles, written in black 20-point font on a white background, were
presented one at a time in several different random orders across
participants. At each trial, participants were asked to decide as
quickly as possible if they would consider performing the role at
any moment of his/her life. The index and middle fingers were
used to make a “YES” or “NO” decision, respectively. For instance,
when participants were presented with the social role name of
“teacher”, they had to decide whether they could consider being a
teacher at any given point in their lives. Presentation times and
delays were jittered to prevent the development of contingent
negative variations (see Supplementary Materials). Each role was
presented for at least 500ms, and at most 1800ms, immediately
followed either by a fixation cross which lasted for 300 to 2500ms
or by a “BLINK!” stimulus which lasted for 500 to 1000ms.

Data acquisition
The time (RT) taken to decide whether to accept or reject the role
of each trial was recorded. An Electro-Cap International (ECI) cap
including 28 tin electrodes was used to record the electroence-
phalogram (EEG) at the Fp1/2, F3/4, Fc3/4, C3/4, Cp3/4, P3/4, O1/2,
Fz, Fcz, Cz, Pz, F7/8, Ft7/8, T3/4, Tp7/8, and T5/6 sites of the
international 10-20 system. The right earlobe was used as the
reference. The ground was placed 2 cm anterior to Fz. Impedances
were kept below 5 KΩ. An electronic notch filter was used to
reduce the 60 Hz EM noise coming from power lines. High- and
low-pass filters had their half amplitude cut-off set at 0.01 and
100 Hz. Signals were digitized at 248 Hz.

Data processing and measures
Electrophysiological data were processed with the EEGLAB and
the ERPLAB toolboxes for MATLAB85. Large artifacts, such as blinks,
eye movements and myograms, were removed using an
independent component analysis (ICA)86. The infomax algorithm
ICA was performed on a copy of the continuous EEG that was
high-pass filtered at 1 Hz and low-pass filtered at 30 Hz. The
resulting ICA weight matrix and sphering matrix were then
applied to the continuous 0.1–30 Hz filtered EEG by using the
ICLabel EEGLAB extension to signal artifactual independent
components (ICs) that had more than 20% of chance of being
muscle activity or more than 8% of chance of being eye
movements87. These ICs were then systematically subtracted from
this continuous 0.1–30 Hz filtered EEG, as in Finke et al.88,
Goregliad et al.89 and Markey et al.90.
Only trials including behavioral responses performed between

300 and 2500ms post-onset were retained to eliminate trials to
which participants did not pay enough attention to, were too
hesitant, or provided rash responses. The EEG epochs for those
retained trials were taken from 200ms pre-stimulus to 1000ms
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post-stimulus. Their baselines were set by computing the mean
voltage in the −200 to 0ms time window for each electrode and
by subtracting this mean value from each point of the −200 to
1000ms epoch. Trials with voltages which amplitude exceeded
±100 μV at one or more of the four frontal electrodes (Fp1/2, F7/8)
or which exceeded ±75 μV at one or more of the other 24
electrode sites were rejected. Trials with one or more flat lines
lasting longer than 100ms were also excluded. Only participants
having at least 30 accepted trials in each condition were kept. Out
of the 192 participants, 17 were rejected. Table 3 provides, for the
remaining 175 participants, the average number of accepted trials
and the standardized measurement error (SME) for the N1, P2,
N400 and LPP amplitudes in each condition across the remaining
175 participants.
ERPs at each electrode were calculated by averaging all the

accepted EEG epochs of each role category and response type.
The measures used were the mean voltages of the ERPs at each
electrode in specific time-windows, namely in the 160 to 220 ms
post-stimuli one for the N1, in the 220 to 280 ms one for the P2, in
the 300 to 500ms for the N400, and in the 600 to 1000ms window
for the LPP.

Statistics
Participants were median split into low- and high-schizotypy
subgroups using their total SPQ score. The percentage of the roles
accepted in each of the conditions was calculated by dividing the
number of accepted roles by the total number of roles that the
participant responded to within that particular condition.
Pearson’s r correlation analyses were then used to explore the

relationship between the global- and three-subscale SPQ scores
and these acceptance percentages for each role condition. The
same was done for the total PDI scores and the scores at each of
its subscales. One-tailed tests were used since the a priori
hypothesis as to the direction of the differences. Mixed-model
repeated-measure ANOVAs were run to analyze the RTs, N1, P2,
N400, and LPP measures (see Supplementary Materials for the

choice of this type of analysis). In the RT analyses, decision (i.e.,
accept vs. reject) and social roles category (ordinary vs.
extraordinary vs. favorable vs. unfavorable) were the within-
subject factors and the SPQ was the between-subject variable. In
the analysis of the ERPs, within-subject factors were either the
category of social roles (i.e., ordinary vs. extraordinary) and
electrode or decision and electrode. The SPQ (high vs. low) was
always the between-subject variable. Given the right hemiscalp
maximum of the SPQ effect observed on P2 amplitudes, two
ANOVAs were added to see whether this lateralization was
significant, one for parasagittal (Fp1/2, F3/4, Fc3/4, Cp3/4, P3/4,
O1/2) and one for lateral (F7/8, Ft7/8, Tp7/8, T5/6) electrodes. Both
ANOVAs had hemiscalp (left vs. right) and antero-posterior
location as within-subjects factors.
The above analyses were completed with IBM SPSS Statistics

(version 27). Degrees of freedom were adjusted with the
Greenhouse and Geisser’s91 procedure to compensate for the
heterogeneity of variances across electrodes. In those cases, the
original F values and degrees of freedom are provided together
with the corrected p values. Effect sizes were reported as the
proportion of variance explained by the variable (ηp2). The
Benjamini-Hochberg92 false discovery rate (B-H FDR) procedure
was then used to judge the results of each series of tests. p values
were thus ranked from the most to the least significant. One B-H
FDR threshold for each of these p values was then computed by
dividing its rank by the total number of tests and by multiplying
the result by the false discovery rate chosen (i.e., 10%). The p value
was declared significant if it was smaller than that threshold,
which was indicated by adding a star to the p (i.e., p*) in the
“Result” section.

DATA AVAILABILITY
All datasets (behavioral and EEG) can be obtained from the corresponding author
upon request.

Table 3. Average numbers of accepted- and of rejected-trials and mean amplitude of the N1, P2, N400 and LPP ERPs at Cz and mean amplitude of
these ERPs averaged across the 28 electrodes.

Low SPQ group High SPQ group

Accepted Rejected Accepted Rejected

Numbers of trials accepted M (SD) 66.0 (25.4) 119.6 (29.3) 82.1 (29.5) 102.7 (29.2)

Range 31.0–152.0 36.0–165.0 34.0–164.0 30.0–155.0

N1 at Cz (µV) M (SD) 1.4 (2.6) 1.3 (2.4) 1.7 (2.6) 1.7 (2.7)

Range −3.7–10.7 −4.9–10.1 −4.5–8.8 −4.2–10.9

Averaged N1 at 28 electrodes (µV) M (SD) 0.7 (2.1) 0.6 (2.0) 0.6 (2.1) 0.6 (2.2)

Range −10.3–10.7 −8.7–10.1 −12.2–8.8 −10.6–10.9

P2 at Cz (µV) M (SD) 1.7 (2.6) 1.6 (2.7) 2.8 (3.1) 2.6 (3.0)

Range −3.7–8.3 −5.1–9.1 −3.5–11.1 −3.4–12.3

Averaged P2 at 28 electrodes (µV) M (SD) 1.2 (2.4) 1.1 (2.3) 1.7 (2.6) 1.6 (2.5)

Range −11.5–10.9 −11.2–9.6 −8.4–11.5 −7.0–12.3

N400 at Cz (µV) M (SD) −1.8 (3.5) −2.2 (3.5) −0.6 (3.1) −1.1 (3.0)

Range −11.4–6.9 −10.0–7.5 −9.3–7.1 −9.5–6.4

Averaged N400 at 28 electrodes (µV) M (SD) −0.3 (2.8) −0.5 (2.8) 0.3 (2.5) −0.1 (2.6)

Range −11.4–12.5 −10.7–11.9 −10.6–9.0 −9.5–9.4

LPP at Cz (µV) M (SD) 1.3 (3.4) 0.7 (3.3) 1.0 (4.7) 1.1 (4.3)

Range −6.8–11.1 −6.9–9.7 −14.8–14.4 −11.9–10.6

Averaged LPP at 28 electrodes (µV) M (SD) 1.3 (2.8) 1.0 (2.6) 1.0 (3.2) 1.1 (2.9)

Range −7.1–14.0 −7.0–13.1 −14.8–14.4 −11.9–10.6
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CODE AVAILABILITY
The code for the stimulus sequence, EEG and ERPs processing and statistical analyses
is available upon request to the corresponding author.

Received: 4 July 2023; Accepted: 11 September 2023;

REFERENCES
1. Fatouros-Bergman, H., Cervenka, S., Flyckt, L., Edman, G. & Farde, L. Meta-analysis

of cognitive performance in drug-naïve patients with schizophrenia. Schizophr.
Res. 158, 156–162 (2014).

2. Nuechterlein, K. H. Reaction time and attention in schizophrenia: a critical eva-
luation of the data and theories. Schizophr. Bull. 3, 373–428 (1977).

3. Vinogradov, S., Poole, J. H., Willis-Shore, J., Ober, B. A. & Shenaut, G. K. Slower and
more variable reaction times in schizophrenia: what do they signify? Schizophr.
Res. 32, 183–190 (1998).

4. Bell, M. D. & Bryson, G. Work rehabilitation in schizophrenia: does cognitive
impairment limit improvement? Schizophr. Bull. 27, 269–279 (2001).

5. Evans, J. D. et al. Cognitive and clinical predictors of success in vocational
rehabilitation in schizophrenia. Schizophr. Res. 70, 331–342 (2004).

6. Green, M. F., Kern, R. S., Braff, D. L. & Mintz, J. Neurocognitive deficits and func-
tional outcome in schizophrenia: are we measuring the “right stuff”? Schizophr.
Bull. 26, 119–136 (2000).

7. Hakulinen, C. et al. Mental disorders and long-term labour market outcomes:
nationwide cohort study of 2 055 720 individuals. Acta Psychiatr. Scand. 140,
371–381 (2019).

8. Marwaha, S. & Johnson, S. Schizophrenia and employment—a review. Soc. Psy-
chiatry Psychiatr. Epidemiol. 39, 337–349 (2004).

9. Cochrane, M., Petch, I. & Pickering, A. D. Aspects of cognitive functioning in
schizotypy and schizophrenia: evidence for a continuum model. Psychiatry Res.
196, 230–234 (2012).

10. Ettinger, U., Meyhöfer, I., Steffens, M., Wagner, M. & Koutsouleris, N. Genetics,
cognition, and neurobiology of schizotypal personality: a review of the overlap
with schizophrenia. Front. Psychiatry 5, 18 (2014).

11. Debbané, M. & Mohr, C. Integration and development in schizotypy research: an
introduction to the special supplement. Schizophr. Bull. 41, S363–S365 (2015).

12. Ettinger, U. et al. Cognition and brain function in schizotypy: a selective review.
Schizophr. Bull. 41, S417–S426 (2015).

13. Kwapil, T. R. & Barrantes-Vidal, N. Schizotypy: looking back and moving forward.
Schizophr. Bull. 41, S366–S373 (2015).

14. van Os, J., Linscott, R. J., Myin-Germeys, I., Delespaul, P. & Krabbendam, L. A
systematic review and meta-analysis of the psychosis continuum: evidence for a
psychosis proneness-persistence-impairment model of psychotic disorder. Psy-
chol. Med. 39, 179–195 (2009).

15. Nuechterlein, K. H. et al. The MATRICS consensus cognitive battery, part 1: test
selection, reliability, and validity. Am. J. Psychiatry 165, 203–213 (2008).

16. Kerns, J. G. & Becker, T. M. Communication disturbances, working memory, and
emotion in people with elevated disorganized schizotypy. Schizophr. Res. 100,
172–180 (2008).

17. Matheson, S. & Langdon, R. Schizotypal traits impact upon executive working
memory and aspects of IQ. Psychiatry Res. 159, 207–214 (2008).

18. Bergida, H. & Lenzenweger, M. F. Schizotypy and sustained attention: confirming
evidence from an adult community sample. J. Abnorm. Psychol. 115, 545–551 (2006).

19. Cappe, C., Herzog, M. H., Herzig, D. A., Brand, A. & Mohr, C. Cognitive dis-
organisation in schizotypy is associated with deterioration in visual backward
masking. Psychiatry Res. 200, 652–659 (2012).

20. Burch, G. S. J., Hemsley, D. R., Corr, P. J. & Gwyer, P. The relationship between
incidental learning and multi-dimensional schizotypy as measured by the Oxford-
Liverpool Inventory of Feelings and Experiences (O-LIFE). Pers. Individ. Differ. 40,
385–394 (2006).

21. Noguchi, H., Hori, H. & Kunugi, H. Schizotypal traits and cognitive function in
healthy adults. Psychiatry Res. 161, 162–169 (2008).

22. Siddi, S., Petretto, D. R. & Preti, A. Neuropsychological correlates of schizotypy: a
systematic review and meta-analysis of cross-sectional studies. Cogn. Neu-
ropsychiatry 22, 186–212 (2017).

23. Haigh, S. M., Berryhill, M. E., Kilgore-Gomez, A. & Dodd, M. Working memory and
sensory memory in subclinical high schizotypy: an avenue for understanding
schizophrenia? Eur. J. Neurosci. 57, 1577–1596 (2023).

24. Onitsuka, T., Oribe, N., Nakamura, I. & Kanba, S. Review of neurophysiological
findings in patients with schizophrenia. Psychiatry Clin. Neurosci. 67, 461–470 (2013).

25. Hamilton, H. K., Boos, A. K. & Mathalon, D. H. Electroencephalography and event-
related potential biomarkers in individuals at clinical high risk for psychosis. Biol.
Psychiatry 88, 294–303 (2020).

26. Dias, E. C., Butler, P. D., Hoptman, M. J. & Javitt, D. C. Early sensory contributions to
contextual encoding deficits in schizophrenia. Arch. Gen. Psychiatry 68, 654–664
(2011).

27. Oribe, N. et al. Early and late stages of visual processing in individuals in pro-
dromal state and first episode schizophrenia: an ERP study. Schizophr. Res. 146,
95–102 (2013).

28. Premkumar, P. et al. Greater positive schizotypy relates to reduced N100 activity
during rejection scenes. Neuropsychologia 61, 280–290 (2014).

29. Fan, B., Liu, S., Pei, G., Wu, Y. & Zhu, L. Why do you trust news? The event-related
potential evidence of media channel and news type. Front. Psychol. 12, 663485
(2021).

30. McCarley, R. W., Faux, S. F., Shenton, M. E., Nestor, P. G. & Adams, J. Event-related
potentials in schizophrenia: their biological and clinical correlates and a new
model of schizophrenic pathophysiology. Schizophr. Res. 4, 209–231 (1991).

31. Ghani, U., Signal, N., Niazi, I. K. & Taylor, D. ERP based measures of cognitive
workload: a review. Neurosci. Biobehav. Rev. 118, 18–26 (2020).

32. Pinheiro, A. P. et al. Visual emotional information processing in male schizo-
phrenia patients: combining ERP, clinical and behavioral evidence. Neurosci. Lett.
550, 75–80 (2013).

33. Zhao, Y. L. et al. Dysfunction in different phases of working memory in schizo-
phrenia: evidence from ERP recordings. Schizophr. Res. 133, 112–119 (2011).

34. Zhao, Y. et al. Impaired emotional self-referential processing in first-episode
schizophrenia. Front. Psychiatry 12, 591401 (2021).

35. Kutas, M. & Hillyard, S. A. Reading senseless sentences: brain potentials reflect
semantic incongruity. Science 207, 203–205 (1980).

36. Kutas, M. & Federmeier, K. D. Thirty years and counting: finding meaning in the
N400 component of the event-related brain potential (ERP). Annu. Rev. Psychol.
62, 621–647 (2011).

37. Renoult, L., Wang, X., Calcagno, V., Prévost, M. & Debruille, J. B. From N400 to
N300: variations in the timing of semantic processing with repetition. Neuroimage
61, 206–215 (2012).

38. Kiang, M., Prugh, J. & Kutas, M. An event-related brain potential study of schi-
zotypal personality and associative semantic processing. Int. J. Psychophysiol. 75,
119–126 (2010).

39. Kumar, N. & Debruille, J. B. Semantics and N400: insights for schizophrenia. J.
Psychiatry Neurosci. 29, 89–98 (2004).

40. Mathalon, D. H., Roach, B. J. & Ford, J. M. Automatic semantic priming abnorm-
alities in schizophrenia. Int. J. Psychophysiol. 75, 157–166 (2010).

41. Niznikiewicz, M., Mittal, M. S., Nestor, P. G. & McCarley, R. W. Abnormal inhibitory
processes in semantic networks in schizophrenia. Int. J. Psychophysiol. 75,
133–140 (2010).

42. Kiang, M. & Kutas, M. Association of schizotypy with semantic processing differ-
ences: an event-related brain potential study. Schizophr. Res. 77, 329–342 (2005).

43. Blackwood, D. P300, a state and a trait marker in schizophrenia. Lancet 355,
771–772 (2000).

44. Ford, J. M. Schizophrenia: the broken P300 and beyond. Psychophysiology 36,
667–682 (1999).

45. Kuperberg, G. R., Sitnikova, T., Goff, D. & Holcomb, P. J. Making sense of sentences
in schizophrenia: electrophysiological evidence for abnormal interactions between
semantic and syntactic processing. J. Abnorm. Psychol. 115, 251–265 (2006).

46. Osterhout, L. & Holcomb, P. J. Event-related brain potentials elicited by syntactic
anomaly. J. Mem. Lang. 31, 785–806 (1992).

47. Saitoh, O. et al. Abnormalities in late positive components of event-related
potentials may reflect a genetic predisposition to schizophrenia. Biol. Psychiatry
19, 293–303 (1984).

48. Juottonen, K., Revonsuo, A. & Lang, H. Dissimilar age influences on two ERP
waveforms (LPC and N400) reflecting semantic context effect. Brain Res. Cogn.
Brain Res. 4, 99–107 (1996).

49. Hartigan, A. & Richards, A. Disgust exposure and explicit emotional appraisal
enhance the LPP in response to disgusted facial expressions. Soc. Neurosci. 12,
458–467 (2017).

50. Jeon, Y. W. & Polich, J. Meta-analysis of P300 and schizophrenia: patients, para-
digms, and practical implications. Psychophysiology 40, 684–701 (2003).

51. Polich, J. Updating P300: an integrative theory of P3a and P3b. Clin. Neurophysiol.
118, 2128–2148 (2007).

52. Hajcak, G., MacNamara, A. & Olvet, D. M. Event-related potentials, emotion, and
emotion regulation: an integrative review. Dev. Neuropsychol. 35, 129–155 (2010).

53. Strauss, G. P. et al. Emotion regulation abnormalities in schizophrenia: cognitive
change strategies fail to decrease the neural response to unpleasant stimuli.
Schizophr. Bull. 39, 872–883 (2013).

54. Green, A. E. et al. Evidence for a differential contribution of early perceptual and
late cognitive processes during encoding to episodic memory impairment in
schizophrenia. World J. Biol. Psychiatry 18, 369–381 (2017).

55. Pritchard, W. S. Cognitive event-related potential correlates of schizophrenia.
Psychol. Bull. 100, 43–66 (1986).

M. Diao et al.

9

Published in partnership with the Schizophrenia International Research Society Schizophrenia (2023)    66 



56. Niznikiewicz, M. A. et al. Electrophysiological correlates of language processing in
schizotypal personality disorder. Am. J. Psychiatry 156, 1052–1058 (1999).

57. Song, B. Y., Kim, B. N. & Kim, M. S. Explicit and implicit memory in female college
students with schizotypal traits: an event-related potential study. Biol. Psychol. 87,
49–57 (2011).

58. Del Goleto, S., Kostova, M. & Blanchet, A. Impaired context processing during
irony comprehension in schizotypy: an ERPs study. Int. J. Psychophysiol. 105,
17–25 (2016).

59. Fernandez-Cruz, A. L. et al. Embrained drives to perform extraordinary roles predict
schizotypal traits in the general population. NPJ Schizophr. 2, 16035 (2016).

60. Sulik, J., Ross, R. M., Balzan, R. & McKay, R. Delusion-like beliefs and data quality:
are classic cognitive biases artifacts of carelessness? J. Psychopathol. Clin. Sci.
https://doi.org/10.1037/abn0000844 (2023).

61. D’Argembeau, A. et al. Distinct regions of the medial prefrontal cortex are
associated with self-referential processing and perspective taking. J. Cogn. Neu-
rosci. 19, 935–944 (2007).

62. Metzler, S. et al. Evaluation of trait adjectives and ego pathology in schizophrenia:
an N400 study. Psychiatry Res. 215, 533–539 (2014).

63. Holt, D. J. et al. An anterior-to-posterior shift in midline cortical activity in schi-
zophrenia during self-reflection. Biol. Psychiatry 69, 415–423 (2011).

64. Xu, K. et al. Importance modulates the temporal features of self-referential pro-
cessing: an event-related potential study. Front. Hum. Neurosci. 11, 470 (2017).

65. Torbet, G., Schulze, D., Fiedler, A. & Reuter, B. Assessment of self-disorders in a
non-clinical population: reliability and association with schizotypy. Psychiatry Res.
228, 857–865 (2015).

66. Twomey, D. R. F., Burns, E. & Morris, S. Personality, creativity, and aesthetic pre-
ference: comparing psychoticism, sensation seeking, schizotypy, and openness to
experience. Empir. Stud. Arts 16, 153–178 (1998).

67. Acar, S., Chen, X. & Cayirdag, N. Schizophrenia and creativity: a meta-analytic
review. Schizophr. Res. 195, 23–31 (2018).

68. Mihov, K. M., Denzler, M. & Förster, J. Hemispheric specialization and creative
thinking: a meta-analytic review of lateralization of creativity. Brain Cogn. 72,
442–448 (2010).

69. Aberg, K. C., Doell, K. C. & Schwartz, S. The “Creative Right Brain” revisited: indi-
vidual creativity and associative priming in the right hemisphere relate to
hemispheric asymmetries in reward brain function. Cereb. Cortex 27, 4946–4959
(2017).

70. McCarthy, G. & Nobre, A. C. Modulation of semantic processing by spatial
selective attention. Electroencephalogr. Clin. Neurophysiol. 88, 210–219 (1993).

71. Matheson, H., White, N. & McMullen, P. Accessing embodied object representa-
tions from vision: a review. Psychol. Bull. 141, 511–524 (2015).

72. Kellenbach, M. L., Wijers, A. A. & Mulder, G. Visual semantic features are activated
during the processing of concrete words: event-related potential evidence for
perceptual semantic priming. Brain Res. Cogn. Brain Res. 10, 67–75 (2000).

73. Mattavelli, S., Richetin, J. & Perugini, M. Liking as far as you like yourself: exploring
the self-referencing effect across multiple intersecting regularities and its rela-
tionship with self-esteem. Learn. Motiv. 73, 101693 (2021).

74. Mattavelli, S., Richetin, J., Gallucci, M. & Perugini, M. The self-referencing task:
theoretical overview and empirical evidence. J. Exp. Soc. Psychol. 71, 68–82 (2017).

75. Nelson, M. T., Seal, M. L., Pantelis, C. & Phillips, L. J. Evidence of a dimensional
relationship between schizotypy and schizophrenia: a systematic review. Neu-
rosci. Biobehav. Rev. 37, 317–327 (2013).

76. Prévost, M. et al. Schizotypal traits and N400 in healthy subjects. Psychophysiology
47, 1047–1056 (2010).

77. Raine, A. The SPQ: a scale for the assessment of schizotypal personality based on
DSM-III-R criteria. Schizophr. Bull. 17, 555–564 (1991).

78. Brosey, E. & Woodward, N. D. Schizotypy and clinical symptoms, cognitive
function, and quality of life in individuals with a psychotic disorder. Schizophr.
Res. 166, 92–97 (2015).

79. Rossi, A. & Daneluzzo, E. Schizotypal dimensions in normals and schizophrenic
patients: a comparison with other clinical samples. Schizophr. Res. 54, 67–75
(2002).

80. Sher, L. et al. Clinical features and psychiatric comorbidities in military veterans with
schizophrenia with or without suicidality. J. Psychiatr. Res. 143, 262–267 (2021).

81. Fossati, A., Raine, A., Carretta, I., Leonardi, B. & Maffei, C. The three-factor model of
schizotypal personality: invariance across age and gender. Pers. Individ. Differ. 35,
1007–1019 (2003).

82. Reynolds, C. A., Raine, A., Mellingen, K., Venables, P. H. & Mednick, S. A. Three-
factor model of schizotypal personality: invariance across culture, gender, reli-
gious affiliation, family adversity, and psychopathology. Schizophr. Bull. 26,
603–618 (2000).

83. Peters, E., Joseph, S., Day, S. & Garety, P. Measuring delusional ideation: the 21-
item Peters et al. Delusions Inventory (PDI). Schizophr. Bull. 30, 1005–1022 (2004).

84. Crowne, D. P. & Marlowe, D. A new scale of social desirability independent of
psychopathology. J. Consult. Psychol. 24, 349–354 (1960).

85. Delorme, A. & Makeig, S. EEGLAB: an open source toolbox for analysis of single-
trial EEG dynamics including independent component analysis. J. Neurosci.
Methods 134, 9–21 (2004).

86. Bell, A. J. & Sejnowski, T. J. An information-maximization approach to blind
separation and blind deconvolution. Neural Comput. 7, 1129–1159 (1995).

87. Cline, C. C., Lucas, M. V., Sun, Y., Menezes, M. & Etkin, A. In 2021 10th International
IEEE/EMBS Conference on Neural Engineering (NER) 1039–1042 (IEEE, 2021).

88. Finke, M., Büchner, A., Ruigendijk, E., Meyer, M. & Sandmann, P. On the rela-
tionship between auditory cognition and speech intelligibility in cochlear implant
users: an ERP study. Neuropsychologia 87, 169–181 (2016).

89. Goregliad Fjaellingsdal, T., Ruigendijk, E., Scherbaum, S. & Bleichner, M. G. The
N400 effect during speaker-switch-towards a conversational approach of mea-
suring neural correlates of language. Front. Psychol. 7, 1854 (2016).

90. Markey, P. S., Jakesch, M. & Leder, H. Art looks different—semantic and syntactic
processing of paintings and associated neurophysiological brain responses. Brain
Cogn. 134, 58–66 (2019).

91. Greenhouse, S. W. & Geisser, S. On methods in the analysis of profile data.
Psychometrika 24, 95–112 (1959).

92. Benjamini, Y. & Hochberg, Y. Controlling the false discovery rate: a practical and
powerful approach to multiple testing. J. R. Stat. Soc. Ser. B Methodol. 57, 289–300
(1995).

ACKNOWLEDGEMENTS
We thank Ola Mohammed Ali, Timothy Hadjis and Gabriella Vélez Largo for testing
participants. This study was supported by the 2014-PR-171935 grant from the Fonds
de la Recherche du Québec—Nature et technologies—allocated to the last author.
This funding organization did not participate in any aspect of the research being
conducted and had no role in the scientific outputs.

AUTHOR CONTRIBUTIONS
M.D. reprocessed all the data collected, performed new statistical analyses and wrote
the current manuscript. I.D. and G.A. wrote preliminary documents (i.e., Master’s
theses) on part of the results presented here. J.Q. contributed to the statistical
analyses and the interpretation of the results. J.B.D. wrote the research project, got
the funding, designed the experiment, supervised M.D., I.D., G.A., J.Q. and corrected
earlier versions of this manuscript.

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41537-023-00394-5.

Correspondence and requests for materials should be addressed to J. Bruno
Debruille.

Reprints and permission information is available at http://www.nature.com/
reprints

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

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

M. Diao et al.

10

Schizophrenia (2023)    66 Published in partnership with the Schizophrenia International Research Society

https://doi.org/10.1037/abn0000844
https://doi.org/10.1038/s41537-023-00394-5
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Finding normal-to-better neurocognitive indexes in individuals with schizotypal traits using a social role task
	Introduction
	Results
	Demographics
	Reaction times
	Electrophysiological results
	N1 amplitudes
	P2 amplitudes
	N400 amplitudes
	LPP amplitudes
	Correlations between clinical scores and role acceptance percentages

	Discussion
	Methods
	Participants
	Psychometric scales
	Stimuli
	Procedure
	Data acquisition
	Data processing and measures
	Statistics

	DATA AVAILABILITY
	DATA AVAILABILITY
	References
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




