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Abstract. A software information module of the experimental computer platform “EEG_Self-Construct” was deve-
loped and tested in the framework of this study. This module can be applied for identification of neurophysiological
markers of self-referential processes based on the joint use of EEG and facial video recording to induce the brain’s
functional states associated with participants’ personality traits. This module was tested on a group of non-clinical
participants with varying degrees of severity of autistic personality traits (APT) according to the Broad Autism Phe-
notype Questionnaire. The degree of individual severity of APT is a quantitative characteristic of difficulties that a
person has when communicating with other people. Each person has some individual degree of severity of such
traits. Patients with autism are found to have high rates of autistic traits. However, some individuals with high rates
of autistic traits are not accompanied by clinical symptoms. Our module allows inducing the brain’s functional states,
in which the EEG indicators of people with different levels of APT significantly differ. In addition, the module includes
a set of software tools for recording and analyzing brain activity indices. We have found that relationships between
brain activity and the individual level of severity of APT in non-clinical subjects can be identified in resting-state con-
ditions following recognition of self-referential information, while recognition of socially neutral information does
not induce processes associated with APT. It has been shown that people with high scores of APT have increased
spectral density in the delta and theta ranges of rhythms in the frontal cortical areas of both hemispheres compared
to people with lower scores of APT. This could hypothetically be interpreted as an index of reduced brain activity as-
sociated with recognition of self-referential information in people with higher scores of autistic traits. The software
module we are developing can be integrated with modules that allow identifying molecular genetic markers of
personality traits, including traits that determine the predisposition to mental pathologies.
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Accoumayma ayTUCTUYECKNX YePT Y HEKIIMHUYECKMX UCTIbITYeMbIX
c nokasatensamu 331 Npy NpocMoTpe Buaeo3anuncen niua

AHHOTaLuA. B pamkax NpoBOANMOro NccnefaoBaHnA pa3paboTaH 1 anpobrpoBaH NPOrpaMmHO-MHGOPMALIMOHHDIN
MOZyNb 3KCnepuMeHTanbHO-KoMMbloTepHol nnatdopmbl “EEG_Self-Construct’, nossonaowmii BbIABNATL HeNpo-
dusmonornyeckme mapkepbl camopedepeHTHbIX MPOLLeCCOB Ha OCHOBE COBMECTHOTO MCronb3oBaHna 31 un peru-
cTpauun Braeo3anucen nuua Aa MHAYKUUM GYHKLMOHANbHbBIX COCTOAHUIA FOIOBHOTO MO3ra, aCCOLMMPOBaHHbIX C
NIMYHOCTHBIMY OCOBEHHOCTAMM YUaCTHUKOB. ITOT MOAY b Gblf1 anpobrpoBaH Ha rpynne HEKMUHUYECKNX YYaCTHUKOB
C pa3HOW CTENEHbIO BbIPAaXKEHHOCTN ayTUCTUYECKNX INYHOCTHBIX YepT (AJ1Y), M3MepeHHbIX C MOMOLLbIO OMPOCHKKA
pacwmpeHHoro ¢deHoTmna aytnama. CreneHb MHANBMAYaNbHON BblpaXeHHOCTM AJTY — 3TO KONMYeCTBEHHbIV NoKa-
3aTenNb, KOTOPbIN XapakTepun3yeT 3aTPYyAHEHNA, BO3HMKAIOLWWME Y YesloBeKa Npy KOMMYHUKaLUN ¢ 4pyrumm IoabMun.
Y Ka)Kporo yenoBeka UMeeTCA HeKoTopasa MHAMBUAYaNbHaA CTeNeHb BbIPaXKeHHOCTU TaknxX YepT. Boicokne 3Haue-
HUA ayTUCTUYECKNX YepT onpefenAtoTca y nauneHToB ¢ aytuamom. OfHaKO CyLLeCcTBYIOT Takxe Nofu, Y KOTOpbIX
BbICOKME 3HauyeHna AJ1Y He CONPOBOXAAIOTCA KIMHUYECKOW CMMATOMATUKON. Pa3paboTaHHbI HaMK MOAYb AaeT
BO3MOXHOCTb MHAYLMPOBaTb GYHKLMOHANbHbIE COCTOSHUA FONIOBHOMO MO3ra, B KOTOPbIX D3I-noKasaTenu fogein ¢
pasHbiM ypoBHem AJTY focToBEPHO pasnmyatoTcs. Kpome Toro, Mogy b BKIOYAET KOMMIEKT NPOrpaMmmHoOro obecrne-
YeHnA ANa perncTpaumm n aHann3a MHAEKCOB MO3roBOWM akTMBHOCTU. HaMun yCTaHOBIEHO, YTO 3aBUCMMOCTU MeXay
MO3rOBOV aKTUBHOCTbIO U NHAMBUAYabHBIM YPOBHEM BblpaxeHHOCTU AJTY y HEKNMHNYECKUX UCMbITYyeMbIX MOTYT
6bITb BblAABMEHbI B YC/I0BUAX GYHKLMOHANbHOIO NOKOSA, CiefyioLmnxX 3a pacno3HaBaHWeM cCaMOOTHECEHHON NHOop-
MaLuu, TOFAa Kak pacrno3HaBaHme CoLumanbHO HENTPanbHON MHGOPMaLMIN He MHAYLMPYET NPOLIECCh], CBA3aHHbIE C
ayTUCTMYHOCTBI0. [ToKa3aHo, UTo y ntofeli ¢ BbICOKMMY 3HauYeHuaMU AJTY HabnoaaoTcAa NOBbILLEHHbIE NOKa3aTenu
CMeKTpanbHON NNOTHOCTW B AManasoHax fenbTa- U TeTa-pUTMOB B JTIOGHBIX OTAenax 0boux nosylapuin B cpaBHe-
HUV C JTIIOAbMU C HU3KOW CTEMEHDBIO Ay TUCTUYHOCTU. DTO MOXKET ObITb MMMNOTETUYECKN MHTEPMNPETUPOBAHO KaK MHAEKC
CHVXEHHOW MO3roBOW akKTMBHOCTU, aCCOLMMPOBAHHON C pacno3HaBaHeM CaMOOTHECEHHOW MHbopMaLmmn y noaei
C BbICOKOW ayTUCTUYHOCTbI0. Pa3pabaTbiBaemblii Hamy NPOrPaMMHbI MOAY/ b MOXET ObITb UHTEFPUPOBaH C MOAYIA-
MU, NO3BONAOLWMMU BbIABMATL MONEKYIAPHO-TEHETUYECKME MapKepbl IMYHOCTHBIX YepT, BKAoYaa yepTbl, onpeje-
nAawoLme NpeapacnonoXeHHOCTb K NCUXMATPUYECKMM NaToNOTUAM.

KnioueBble cnoBa: MHPopMaLOHHO-LdPOBbIe NNaTGOopMbl B MeANLMHE; HENPOBbLIYNCIUTENbHbIE TexHONorK; 331
NOKOA; ayTUCTUYECKME YePTbl; PacLUMPEHHbIN ayTUCTUYecKnii deHoTun; camopedepeHuns; aedonT-cuctema Mosra.

Introduction

The development of new approaches to identifying predis-
position to certain types of behavior, including an increased
risk of developing mental disorders, is based on testing in-
dividuals using genetic, neurophysiological and behavioral
methods, accumulating experimental information in data-
bases and analyzing it using a wide range of information
technologies (lvanov et al., 2022; Lin et al., 2022).

According to modern concepts, autism is a disease that is
associated with disturbances in the brain and manifests itself
in the social sphere (Baron-Cohen, 2002; Lavenne-Collot et
al., 2023). This disease manifests itself in three domains of
behavior: social interaction, communication (use of verbal
and non-verbal stimuli), as well as limited and repetitive
patterns in behavior, interests and activities (Baron-Cohen,
2009; Murray et al., 2017). In the 1980s, autism was re-
cognized as a spectrum of conditions (disorders), which can
be individual for each patient (Lovaas, 1987).

There is no strict boundary between a “healthy person”
and an “autistic person”, since each person can be assigned
a certain rate of some autistic personality traits (APT) mea-
sured by the Broad Autism Phenotype Questionnaire, BAPQ
(Pivenetal., 1997). The higher the rate of APT, the more the
subject’s behavior resembles that of an autistic person. It is
believed that the manifestation of APT is clinical in nature
if its rate exceeds a certain threshold. However, there is a
phenomenon of “non-clinical autism”, when a person with an
expressed APT does not consider it necessary to seek medical
help. At the same time, a significant part of such “non-clinical
autistic persons” turn out to be adapted people who, during
their lives, demonstrate a level of social success that is no
different from individuals with low rates of autistic traits. It is

assumed that there are some compensatory mechanisms that
may be formed depending on the influence of the environ-
ment and can both weaken and strengthen the manifestation
of APT in subjects (Frith, 1991; Georgiades et al., 2017).

Since autism and APT are associated with behavioral dif-
ficulties in social communication, most neurophysiological
(Tsai et al., 2013; Tseng et al., 2015) and genetic (Geno-
vese, Butler, 2023) studies compare the brain responses of
individuals with different degrees of autistic traits to the
presentation of external stimuli, the recognition of which is
essential for the regulation of interpersonal communication.
For experimental research of the phenomenon of autism, ap-
proaches such as psychological testing using questionnaires,
recording and analysis of EEG under stimulation conditions
are used. Facial photographs (Harms et al., 2010; Tseng et al.,
2015) or speech tasks (Tsai et al., 2013) are usually used as
stimuli. However, some studies demonstrate the association
of the severity of autism with brain activity under resting-
state conditions without recognition of external stimuli
(Harikumar et al., 2021).

An effective method is the registration of a facial video to
induce psychological states that differ in participants with
different degrees of expression of personality traits (Si et
al., 2024).

Another approach used is to record the EEG without any
additional stimulation. It is based on the hypothesis about
the functional role of the default mode network of the brain
in organizing self-reference processes. The default mode
network is a set of cortical areas that demonstrate increased
activation under resting-state conditions, but decrease the
level of activation when performing tasks associated with
attention to external stimulation. The default mode network is
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considered as a brain structure involved in the assessment of
socially significant stimuli that the subject attributes to one-
self (Northoff et al., 2005). It is assumed that clinical forms
of autism are accompanied by a decrease in the activity of
the default mode network (Ronde et al., 2024). The function-
ing of the default mode network can be associated not only
with the characteristics of individuals’ social behavior, but
also with the characteristics of their genome (Fanelli et al.,
2024).

Previously, we proposed an approach for joint registra-
tion and processing of EEG and facial video that allows
combining brain activity analysis with assessment of facial
muscle dynamics (Savostyanov et al., 2022). In this study,
we propose a methodology based on the use of video frag-
ments obtained at the first stage of the study to stimulate
participants at later stages of the study. As shown below, this
approach provides useful information for identifying markers
of autistic traits in non-clinical subjects.

To provide information support for the conducted research,
we are developing the “EEG_AutisticTrait” software infor-
mation module, which is an important component of the
“EEG_Self-Construct” experimental computer module. It
provides a full cycle of information support for research,
including: (a) accumulation and storage of the results of
examining people using psychological, heurophysiological
and genetic methods that make it possible to identify indi-
vidual characteristics of social communication associated
with autism; (b) computer processing of experimental data
using regression, correlation and factor analysis methods
that compare behavioral and neurophysiological indicators

Association of autistic personality traits with the EEG scores
in non-clinical subjects during the facial video viewing

(Si et al., 2024); (c) visualization of primary experimental
data and results of data analysis.

The fundamental novelty of the proposed approach is
that time intervals of EEG recordings under resting-state
conditions in the intervals between recognition of self-
referential or non-self-referential stimuli are used to identify
neurophysiological markers of APT. This approach allows
inducing mental states associated with self-reference in the
intervals of functional rest.

Materials and methods

The sequence of stages of the experimental computer
module “EEG_Self-Construct” and the list of software tools
required for the implementation of these stages are presented
in Table 1. The module contains both software products
developed by ICG SB RAS staff and programs taken from
open sources. All modules allow for a full cycle of data
collection and processing required to establish markers of
autistic personality traits.

Study participants. The study involved volunteers,
among which students of Novosibirsk State University
prevailed. The sample included 43 participants aged from
18 to 48 years (19 males and 24 females). All participants
had no neurological or mental disorders at the time of
the study and did not use any psychoactive substances or
pharmacological drugs. Participants gave informed consent
to undergo the experimental study in accordance with the
Helsinki Declaration on Biomedical Ethics. The experimental
protocol was approved by the Ethics Committee of the
Research Institute of Neuroscience and Medicine.

Table 1. List of stages of module operation and software tools required to perform each stage

Name of the module operation stage

Software packages
required to

The result of passing the stage
of the module’s work

implement the stage

Stage 1. Extracting lists of candidate genes
and brain structures associated with personality
traits from natural language texts

Stage 2. Planning the experimental design EventIDE

and data processing

Stage 3. Development of experimental EventIDE,

paradigms for psychophysiological studies Millisecond
Software

Stage 4. Registration of EEG/ECG signals

Stage 5. Development ICBrainDB

of an experimental database
Stage 6. Preprocessing of EEG/ECG signals

Stage 7. Localization of signal sources

on the surface of the brain cortex eloreta

Stage 8. Statistical processing of behavioral,

physiological and genetic data GNU PSPP

ANDSystem Software

NeoRec System

EEGIab_toolbox

EEGLab_toolbox,

IBM SPSS Statistics,

List of candidate genes for behavioral genetics
studies, lists of brain structures for neurophysiological
studies

Protocols of behavioral and neurophysiological
experiments, protocols of data processing

Software scripts for conducting experiments

EEG and ECG signal recordings with event tagging

Network database of psychological,
neurophysiological and genetic data

Neurophysiological signals cleared of irrelevant noise

Maps of localization of brain activity sources

Results of statistical comparisons of experimental
samples, list of neurophysiological and genetic
markers of personality traits
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Psychological testing was performed using a special
Internet form implemented on the Yandex platform by ICG
SB RAS staff. All participants filled out the Russian-language
version of the BAPQ to assess the severity of autistic traits
according to the Broad Autism Phenotype Questionnaire
(Hurley et al., 2007, translated by M.S. Vlasov). This test
includes 36 questions concerning a person’s ability to control
one’s behavior in social situations. In addition, the partici-
pants filled out psychological questionnaires on personal and
situational anxiety by C. Spielberger (Spielberger, 1970;
Russian adaptation by (Khanin, 1976)), a questionnaire for
assessing personality traits by L. Goldberg “Markers of the
Big Five Factors” (translated and validated by G.G. Knyazev
etal. (2010), a questionnaire on affiliation with one’s family
(Cross et al., 2000), and a questionnaire on emotional intel-
ligence (Knyazev et al., 2012).

Experiment. The program for conducting the experiment
is implemented on the Inquisit platform (https://www.
millisecond.com/). In the experiment, the participants
fulfilled three conditions. In the first condition, the EEG
was recorded for 12 minutes without a functional load. The
subject had three 2-minute intervals with closed eyes and
three 2-minute intervals with open eyes. During the intervals
when the subject opened one’s eyes, a black computer screen
was presented to the subject. During this period, the subject’s
face was recorded along with the EEG for all 12 minutes. The
second and third conditions differed from the first in that in
the second condition, with open eyes, the subject watched
a video recording of his or her own face, obtained from the
first condition, and in the third condition, he/she was shown
a video recording of a stranger’s face (always a man for a
male subject, and a woman for a female subject). The order
of the second and third tasks was changed randomly.

EEG registration and processing. The NeoRec software
(by “Medical Computer Systems”, https://mks.ru/) was used
to register neurophysiological data. EEG was registered using
a 130-channel amplifier NVX-132, Russia, 128 EEG channels
located according to the international 5-5 % scheme with a
reference electrode Cz, ground electrode AFz, bandwidth
0.1-100 Hz, signal sampling frequency 1000 Hz. In addition
to EEG, EOG and ECG were additionally registered.

Muscle and other artifacts were removed from the
EEG using independent component analysis with the
EEGIab_toolbox software package (Delorme, Makeig, 2004;
https://sccn.ucsd.edu/eeglab/index.php). Then, fragments
corresponding to periods when the participant sat with eyes
closed were extracted from the EEG recordings. Further
analysis was performed only for those intervals of the EEG
recordings in which the participant did not see either video
recordings or a blank screen, but which were recorded
immediately after observing the corresponding stimuli. After
extracting these EEG fragments, they were divided into
two-second time intervals. Further analysis was performed
using the eLoreta software package (Pascual-Margui, 2002;
https://www.uzh.ch/keyinst/loreta.htm).

In our case, the neurophysiological states detected
using eLoreta were compared with the psychological

Accoumayma ayTUCTUYECKMX YepT Y HEKIIMHUYECKMX UCMbITyeMblx 2024
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characteristics of the subjects to determine the markers of
APT. For each two-second interval, the spectral density
values were calculated in the frequency of delta (2-4 Hz),
theta (4-8 Hz), alpha-1 (8-10 Hz), alpha-2 (10-12 Hz),
beta-1 (12-16 Hz), beta-2 (16-20 Hz), beta-3 (20-25 Hz)
and gamma (25-35 Hz) bands. Then, for each participant, the
total spectrum indicator was calculated for the entire EEG
testing interval separately for each of the three experimental
conditions (for each participant, from 150 to 170 two-second
intervals were used for this). The spectra were calculated
independently for each of the 128 EEG channels included in
data processing. A 3000 ms EEG recording segment with a
sampling frequency of 1000 Hz after the onset of the block
was used to calculate the spectral density of the sources in
eLoreta (Pascual-Margui, 2002).

Statistical analysis. The validity of psychological tests
was assessed using the IBM SPSS software package, IBM,
https://www.ibm.com/spss. Regression analysis was per-
formed in the eLoreta package to find the dependence of
spectral density on the indicators of individual BAPQ score
independently for each of the three experimental condi-
tions. Additional correction for multiple comparisons was
not performed.

Results

Results of psychological testing

To assess the reliability of the Russian version of the BAPQ
test, we determined the internal consistency of responses
to 36 items of this questionnaire using Cronbach’s alpha.
The Cronbach’s alpha value was 0.838, which indicates a
fairly high internal consistency. In addition, we assessed
the correlation of individual BAPQ scores with scores on
various scales of well-validated psychological measures.
Table 2 shows the correlation between autistic traits (BAPQ
scores) and other personality traits assessed in this study. The
BAPQ score correlates reliably positively with anxiety and
negatively with extroversion, the ability to express positive
emotions and affiliation with the family.

eLoreta results for detecting effects of autistic traits
Correlations between BAPQ autistic traits scores were
statistically significant only for the “own face” condition
(p =0.0340) in the delta (2-4 Hz) and theta (4—-8 Hz) bands
(see the Figure). For both bands, eLoreta revealed a positive
association between the spectral density scores and individual
severity of autistic traits in the frontal cortex of both hemi-
spheres, i.e. higher BAPQ autistic traits scores corresponded
to higher spectral density scores. There was no significance
for the “blank screen” condition (p = 0.28640). For the
“another person’s face” condition (p = 0.0932), the p-value
was close to, but did not reach, significance.

Discussion

Identification of neurophysiological markers of personali-
ty traits, including traits associated with predisposition to
diseases, involves the use of complex multicomponent tools
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Table 2. Correlation between autistic traits (BAPQ score) and other personality traits

BAPQ Anxiety Extroversi Affiliation Ability to express
with the family positive emotions

Person correlation 0.407** -0.524%* -0.351%* -0.278*

2-tailed p-value 0.002 0.003 0.007 0.036

N 43 43 43 43

* Significant correlation, p-value < 0.05 (two-tailed).
** Significant correlation, p-value < 0.01 (two-tailed).

Delta-band Theta-band

Correlation of the spectral density in the delta (2-4 Hz) and theta (4-8 Hz)
bands with the severity of autistic traits (measured by BAPQ) in a group of
43 participants for EEG intervals with eyes closed between viewing one’s
own face.

The cortical areas showing positive correlations of autistic traits with spectral
density (p < 0.04) are marked in red. A significantly positive association is
observed between autistic traits and spectral density in the frontal areas of
both hemispheres.

for planning experiments, collecting, storing and analyzing
data, comparing the results of different studies and organizing
access to different programs and the data obtained with their
help. Animportant component of such tools is the opportunity
to develop and implement new paradigms for conducting
neurophysiological research. For example, in (Si et al., 2024),
a software module was developed to identify cross-national
characteristics in the processes of self-attribution of informa-
tion to the subject oneself or to other people, which is crucial
for the search for markers of depression.

In the search for markers of predisposition to psychiatric
disorders, an important task is the reconstruction and analysis
of gene networks underlying the regulation of psycho-emo-
tional states in humans and animals (Savostyanov, Makarova,
2024). An example of a module aimed at reconstructing and
comparing gene networks of anxiety in mice and humans
is described in (Savostyanov, Makarova, 2024). Using this
module, it is possible to identify brain structures in which
differential gene expression is detected in animals that differ
in their level of anxiety. In the future, such structures can be

considered as areas of interest for identifying neurophysio-
logical markers of anxiety disorder in humans.

The software-information module “EEG_AutisticTrait”
was tested to identify neurophysiological markers of autistic
personality traits. Using a special Yandex platform, compre-
hensive testing of participants was conducted using several
questionnaires, including a test for individual expression of
autistic personality traits (the Russian version of BAPQ). The
Cronbach’s alpha for the Russian version of BAPQ was 0.83,
which indicates a fairly high internal consistency of this
questionnaire. Negative correlations of autistic personality
traits with extroversion, emotional intelligence and affiliation
with the family, and positive correlations between autistic
personality traits and anxiety were also found, which is in
good agreement with the general understanding of psycholo-
gists about autistic traits.

At the neurophysiological level, positive correlations
were found between BAPQ scores and the spectral density
in the delta and theta bands for the experimental condition
associated with self-referential visual information, but no
reliable relationships were found for the conditions follow-
ing viewing a socially neutral stimulus (blank screen) or
information related to other individuals. According to the
literature (Knyazev, 2007), high values of the spectral den-
sity of the delta and theta rhythm under resting-state condi-
tions are most often interpreted as an indicator of reduced
functional brain activity. With this approach, our results
can be hypothetically explained as a correlate of reduced
brain activity in conditions following the presentation of
self-referential information in individuals with more vivid
autistic traits compared to individuals with lower levels of
autistic traits.

Significantly, we identified neurophysiological correlates
of autistic traits only for the self-referential condition. In the
socially neutral condition, there was no tendency for BAPQ
scores to be related to brain activity, whereas for the “another
person’s face” condition, there was a marginal statistical
tendency for the result to be significant. It can be assumed
that resting-state EEG activity in non-clinical subjects is
weakly associated with their level of autism, which explains
the failure of previous attempts to identify any relationships
between autistic traits and resting-state EEG in such par-
ticipants. However, viewing video recordings related to the
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participant oneself (and to a lesser extent, to other people)
activates processes in the brain associated with the recogni-
tion of socially significant information, which makes EEG
indices more dependent on autistic traits than in the case of
viewing socially neutral stimuli.

Conclusion

The approach we propose is based on the integration of
psychological and neurophysiological methods of data col-
lection and analysis. In the future, it is planned to evaluate
the dependence of autistic traits on the genetic characteristics
of the subjects. It is also desirable to evaluate the effect of
the expression level of various genes in the brain on the
severity of personality traits. The assessment of the level of
gene expression in the brain cannot be performed on a living
person, which suggests the need to combine data obtained
on people and on experimental animals (Savostyanov, Ma-
karova, 2024). Such a study requires the development of spe-
cial tools for the accumulation, storage and analysis of data,
which will be created on the basis of the Bioinformatics and
Systems Computational Biology platform. In the future, this
tool can be used to assess the neurophysiological correlates
of various personality traits in healthy controls and subjects
with different pathologies, which will make it possible to
conduct new comprehensive studies within the framework
of system neurobiology.
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