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Abstract. Neurocomputing technology is a field of interdisciplinary research and development widely applied in mo-
dern digital medicine. One of the problems of neuroimaging technology is the creation of methods for studying human
brain activity in socially oriented conditions by using modern information approaches. The aim of this study is to de-
velop a methodology for collecting and processing psychophysiological data, which makes it possible to estimate the
functional states of the human brain associated with the attribution of external information to oneself or other people.
Self-reference is a person’s subjective assessment of information coming from the external environment as related to
himself/herself. Assigning information to other people or inanimate objects is evaluating information as a message
about someone else or about things. In modern neurophysiology, two approaches to the study of self-referential pro-
cessing have been developed: (1) recording brain activity at rest, then questioning the participant for self-reported
thoughts; (2) recording brain activity induced by self-assigned stimuli. In the presented paper, a technology was tested
that combines registration and analysis of EEG with viewing facial video recordings. The novelty of our approach is the
use of video recordings obtained in the first stage of the survey to induce resting states associated with recognition
of information about different subjects in later stages of the survey. We have developed a software and hardware mo-
dule, i.e. a set of related programs and procedures for their application consisting of blocks that allow for a full cycle of
registration and processing of psychological and neurophysiological data. Using this module, brain electrical activity
(EEG) indicators reflecting individual characteristics of recognition of information related to oneself and other people
were compared between groups of 30 Chinese (14 men and 16 women, average age 23.2 + 0.4 years) and 32 Russian
(15 men, 17 women, average age 22.1 + 0.4 years) participants. We tested the hypothesis that differences in brain acti-
vity in functional rest intervals between Chinese and Russian participants depend on their psychological differences in
collectivism scores. It was revealed that brain functional activity depends on the subject relevance of the facial video
that the participants viewed between resting-state intervals. Interethnic differences were observed in the activity of
the anterior and parietal hubs of the default-mode network and depended on the subject attribution of information.
In Chinese, but not Russian, participants significant positive correlations were revealed between the level of collecti-
vism and spectral density in the anterior hub of the default-mode network in all experimental conditions for a wide
range of frequencies. The developed software and hardware module is included in an integrated digital platform for
conducting research in the field of systems biology and digital medicine.
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cesses; resting-state EEG; default-mode network; interethnic differences; collectivism.
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AHHOTauuA. HellpoBbIUNCINTENBbHBIE TEXHOMOTMM — 06MacTb MeXANCLMIMIIMHAPHBIX NCCefoBaHniA 1 pa3pabo-
TOK, KOTOpasA HaxoAuT WMPOKOe NpUMeHeHre B cCoBpeMeHHOW LudpoBon meaguumHe. OaHa 13 3aay HelpoBbI-
YNCINTENBHBIX TEXHONOMUIA COCTOUT B CO3AAHMUN METOLAMK M3YUYEHNA MO3TrOBOI aKTUBHOCTYM YeIOBEKA B YC/TOBUAX
COLMaNIbHO-OPVEHTVPOBAHHON AEATENIbHOCTM MPU NMOMOLLM COBPEMEHHbIX MHGOPMALMOHHbIX noaxogos. Llenb
npegnaraemMoro uccnefoBaHua — paspaboTaTb MeToguky c6opa 1 06paboTKM NCUXOPU3NONOTMUECKNX OaHHbIX,
No3BONALLYI0 N3yyaTb QYHKLMOHANbHbIE COCTOAHMA FONIOBHOMO MO3ra YenioBeKa, acCoLMUPOBaHHbIe C OTHece-
HUeM BHeLHel nHbopmaLnn K camomy cyobekTy nnm apyrum ntoasam. Mo camooTHeceHneMm (camopedepeHumein)
NMOHMMAETCA CyObEKTBHAA OLIEHKA YESIOBEKOM MOCTYMAKOLEN 13 BHELLHEN cpefbl MHPOPMaLMM Kak UMetoLLeit
OTHOWEHNE K HEMY CaMOMy. OTHeceHune VIHd)OpMaLll/IVI K Apyrum niogam mnm HeogylesneHHbIM O6'beKTaM — 3TO
oLeHKa MHbopMaLUM Kak CoobLLEeHMS O KOM-TO APYFOM UK O BeLlax. B coBpeMeHHON HenpodU3monorum cioxu-
NUCb iBa NOAXOAA K MCCnefoBaHUo camopedepeHumm: 1 — pernctpauma MO3roBo akTUBHOCTM B YCJIOBUAX NMOKOsA
C NnocsefyoLWmm ONpPoCoOM YYacTHMKa Ha NpeameT BbiABNEHNA CaMOOTHECEHHDBIX MbICIel; 2 — perncTpaumna mos-
roBOW akKTMBHOCTY, BbI3BaHHOW CAMOOTHECEHHbIMY CTUMYynamu. B npefcTtaBneHHon paboTe 6bina anpobrposaHa
TEXHOJNIOMUSA, COUeTaloWan pPerncTpauuio 1 aHanms 331 ¢ NPOCMOTPOM BULEO3ANMUCEN N30OPAXKEHUIA VLA CaMOro
MCMbITYEMOTO MM HE3HAKOMOTO eMy YenoBeka. HoBM3Ha Hallero nogxoaa COCTOUT B MCMONb30BaHMM BUAeO3anu-
cell YenioBeYeCKoro nnua, NofyyYeHHbIX Ha NepBOM STare 06cnefoBaHNUA, ANA UHAYKLUM COCTOAHMIA NMOKOA, acco-
LMMPOBaHHbIX C pacno3HaBaHeM nHbopMaLmy O pasHbix cyobekTax, Ha 6onee No3aHMX 3Tanax obcnefoBaHUA.
Hamu 6bin pa3paboTaH nporpaMmHO-annapaTHbI MOAYSb, T.€. KOMMEKT CBA3aHHbIX APYr C 4PYrOM MPOrpamMm v
npoueayp vx NPYMeHeHVs, COCTOALWMIN 13 6NOKOB, MO3BONAIOLMX NPOBOANTL MOJHbIN LMK perncTpauum n ob-
PaboTKM NCUXONOTMYECKMX N HENPODU3NONOTMUECKMX AaHHbIX. [Py MOMOLLM 3TOrO MOZY/NA NOKa3aTeNnu NeKTpu-
YeCKOW aKTVBHOCTU rofloBHOro Mo3sra (33[), oTpaxatowme UHANBUAYaNbHbleE OCOOEHHOCTM Pacno3HaBaHWsA UH-
dopmaLuy, OTHECEHHON K camoMy cebe 1 Apyrum Nioaam, Obinv conocTaBieHbl Mexay rpynnamu 13 30 KUTanckmx
(14 My>UnH 1 16 XeHLWKH, cpeaHni Bo3pacT 23.2+0.4 roga) n 32 poccninckimx (15 My>kumH, 17 XeHWWH, cpeaHniA
BO3pacT 22.1+0.4 ropa) y4acTHUKOB. Mbl NpOBepWv FrMNoTesy, YTo Pasnnuma B MO3roBoli akTUBHOCTU B MHTEPBa-
nax GYHKLMOHAIbHOTO MOKOA MEXAY KUTANCKUMU 1 POCCUACKUMM YHaCTHUKaMM 3aBUCAT OT MX NCUXONOTNYECKMX
pa3nnunii B NoKasaTensax Konnektnsmama. boino BbiABNeHO, UTo GYHKLMOHaNbHAA akTUBHOCTb MO3ra 3aBUCUT OT
CYyObEKTHOM OTHECEHHOCTU NIMLEBOIO BUAEO, KOTOPOE YUYACTHMKU NPOCMATPVBaNN MeXAy UHTEpBanamu nokos.
Me>kHaumnoHanbHble pa3nnumsa Habnoaanucb B aKTUBHOCTN NepeHEro 1 3agHero xabos fedonT-cuctembl 1 3aBu-
cenuv oT Cy6bbeKTHOWN OTHECEHHOCTUN MHPOPMaLMK. Y KUTANCKIX, HO HE Y POCCUICKUX YYaCTHUKOB BbIAIBIEHbI JOCTO-
BepHble MONOXMUTENbHbIE KOPPENALMUY MEXAY YPOBHEM KOSINIEKTUBU3MA U CMEKTPASIbHOW NIOTHOCTbIO B NepeHeMm
xabe nedonT-cmcTeMbl BO BCEX IKCMEPUMEHTANTbHBIX YCIOBUAX ANA WMPOKOro pAfAa YacTOTHbIX Anana3oHoB. Pas-
paboTaHHbIM NPOrPaMMHO-anMapPaTHbLIA MOAY/b BKIOUEH B MHTErPUPOBaHHYO LndpPOoBYo niatdopmy Ans npo-
BeJeHUA UCCNefoBaHuil B 0651aCTh CUCTEMHON Gronorum 1 udpoBo MeanLUHbI.

KnioueBble crnoBa: HENPOBbLIYNCAUTENbHbIE TEXHOMOTUI; MPOrPaMMHO-annapaTHbIi MOAYsb; MeTofAbl 06pPaboTKM
[aHHbIX; CAMOOTHEeCEHHble npoLecchl; I3 nokos; AedoNT-ccTemMa MO3ra; MeXXHaALMOHasbHbIE PA3NNUnA; KOeK-
TUBM3M.

Introduction

Neurocomputing technology is a technical field aimed at the
development of methods for collection and computer analysis
of neurophysiological data, which is widely used in digital
medicine to create new approaches to diagnosis and therapy
of diseases. The purpose of neurocomputing technologies is
to develop programs and devices for obtaining information
about the anatomo-functional organization of the nervous
system in the norm and in pathologies.

The theory of reference was proposed in the works of
logicians and linguists of the first half of the 20th cen-
tury (for an overview, see Yakovleva, 2011). Information
referencing is the evaluation of incoming information as
being related to a particular object or subject. The term
“self-reference” refers to the evaluation of an event as be-
ing related to the very subject perceiving information about
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that event (Northoff et al., 2005; Neff, McGehee, 2010).
The term “self-reference” is fundamentally different in its
content from the terms “reflection” (thinking about oneself)
and “self-control” (controlling one’s actions), as it does not
refer to behavior management or self-assessment, but to the
domain of analyzing the incoming information from the
external environment as relevant or irrelevant to oneself. To
date, two fundamentally different approaches to the study of
neurophysiological markers of subjective attribution of in-
formation have emerged. In the first approach, brain activity
(recorded via EEG, MEG, or fMRI) is recorded in conditions
of functional rest, i. e., without performing experimental tasks
(Knyazev et al., 2012, 2016). After completing the recor-
ding of brain activity, participants are surveyed about their
focus on self-referential events. Another approach is to pres-
ent participants with several sets of stimuli with unambiguous
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attribution to self, familiar or unfamiliar people, or inani-
mate objects (Quevedo et al., 2018; Knyazev et al., 2020,
2024).

The goal of our study is to develop a new experimental
model that combines both approaches described above to
study the self-referential activity of the human brain, i. e.,
those neurophysiological processes that underlie the self-
reference of information. In this model, the participant is
presented with external information (viewing video images)
about him/herself or another person versus observing an
inanimate object. In the intervals between viewing the video
images, the participant closes their eyes and does not receive
external stimulation for some time. The proposed technology
includes a technique for organizing data collection based on
combining EEG recording with video recording of human
faces (Savostyanov et al., 2022), a technique for preprocess-
ing EEG data to clean the target signal from irrelevant noise
(Delorme, Makeig, 2004), a technique for localizing the
sources of brain signals on the cortical surface and search-
ing for statistical relationships between neurophysiological
activity and psychological characteristics of the survey par-
ticipants (Pascual-Margui, 2002). In addition, our approach
includes psychological testing to identify participants’ per-
sonality traits and severity of depression symptoms. Within
the framework of the proposed article, we will test the cre-
ated technology to search for neurophysiological differences
caused by different attitudes toward the self in groups of
Russian and Chinese students. We hypothesize that Russians
are more inclined to individualistic definition of their own
personality, whereas the Chinese are more characterized by
collectivistic ways of self-definition. The developed methods
and computer programs for data collection and processing,
as well as the actual data collected in this study, are included
as one of the modules of the integrated digital platform
“Bioinformatics and Systems Computational Biology”,
which is being developed at the Institute of Cytology and
Genetics of the Siberian Branch of the Russian Academy
of Sciences.

Materials and methods
Software module for data collection and processing. We
have created a software module for data collection and pro-
cessing, which is included in the integrated digital platform
“Bioinformatics and Systems Computational Biology” that
is being developed at ICG SB RAS. The module consists
of both software products developed by the staff of ICG
SB RAS and software tools from open sources. In total, all
the blocks of the module allow us to carry out a complete
cycle of collection and processing of psychological and
neurophysiological data, starting from preliminary inter-
viewing of participants to obtain their consent to be exam-
ined, and ending with statistical processing of the obtained
results. The list of programs included in the module is given
in Table 1.

Subjects. 30 undergraduate and PhD students from China
(14 males and 16 females, mean age 23.2 + 0.4 years) and
32 Russian undergraduate and PhD students (15 males,
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17 females, mean age 22.1 + 0.4 years), all studying at No-
vosibirsk State University, were invited. Before beginning
the experiment, all participants completed a questionnaire
that included questions about the presence of neurological
or psychiatric diseases and alcohol or other psychoactive
substance use. In addition, all participants gave informed
consent to undergo the experimental examination in accor-
dance with the Helsinki Declaration on Biomedical Ethics.
The experimental protocol was approved by the ethical com-
mittee of the Scientific Research Institute of Neurosciences
and Medicine.

Psychological evaluation. Participants filled out psycho-
logical questionnaires for trait-dependent and state-dependent
anxiety (STAI: State-Trait Anxiety Inventory, Spielberger et
al., 1970; Russian-language adaptation by Khanin, 1976), a
questionnaire to assess the severity of depression symptoms
(BDI: Beck’s Depression Inventory, Beck et al., 1996), the
Collective and Individual Self-Concept Test (SCS: Self
Construal Scale, Singelis, 1994), and the Relationally-Inter-
dependent Self-Construal (RISC: Relational-interdependent
self-construal, Cross et al., 2000). The survey was conducted
using a special Internet application developed on the Yandex
platform. Russian participants filled out questionnaires in
Russian; Chinese participants, in Chinese.

Experiment design, stages of data acquisition and pro-
cessing. The experiment method and data processing steps
are presented in the form of a flowchart in Figure 1. EEG
was recorded in a sound- and light-isolated room. During
the course of the experiment, three conditions were fulfilled.
In the first experimental condition, EEG was recorded for
12 minutes without functional load (3 intervals of 2 minutes
each with eyes closed and 3 intervals of 2 minutes each with
eyes open). During the intervals when the subject opened
their eyes, they saw a black screen of a computer monitor.
During this period, the subject had a video image of their
face recorded together with the EEG for all 12 minutes. The
second and third conditions differed from the first in that in
the second condition, with eyes open, the subject saw the
video of their face obtained during the first condition, and in
the third condition, they were presented with a video of an
unfamiliar person’s face (always a male for a male subject
and a female for a female subject). The order of the second
and third task was randomly switched. For about half of the
subjects, the second task came first, followed by the third
task; for the other half, vice versa.

EEG recording. EEG was recorded using an NVX-132
amplifier, Russia. 128 EEG channels were arranged accord-
ing to the international 5-5 % system with reference electrode
Cz, ground electrode AFz, and additional channels for EOG
and ECG. Bandwidth was set at 0.1-100 Hz, signal sampling
frequency, at 1,000 Hz. The EEG recording was done using
the NeoRec recorder software.

EEG preprocessing. Re-reference to the average was
performed to remove artifacts of tonic scalp muscle ten-
sion. Oculomotor and other artifacts were removed from
the EEG using Independent Component Analysis (ICA)
from the EEGLAB software package version 14.1.2b for the
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Table 1. List of hardware and software blocks included in the module for registration

and processing of neurophysiological data

with Internet connection

Bioelectric signal amplifier

Video camera connected

Bioelectric signal amplifier

Block purpose

Conducting remote psychological
testing of participants to assess
their personality traits and severity
of depression symptoms

Recording of brain bioelectrical
activity under conditions
of functional rest

Registration of human
face video recordings

Presentation of facial video recordings
to the subject with simultaneous
recording and annotation of EEG
into resting and stimulation segments

Pre-processing of EEG recordings,
including frequency filtering, signal
re-reference, Independent Component
Analysis, and removal of extracerebral
noise from the EEG signal

Module Name of the software product Hardware required
block and its developer for the software to run
number

1 A special online form implemented Digital mobile device
on the Yandex platform
by ICG SB RAS employees

2 NeoRec Program,

Medical Computer Systems, NVX-132
https://mks.ru/

3 Open Broadcaster Software,

OBS Studio, to a recording computer
https://obsproject.com/

4 A program for markup of EEG
recordings based on facial NVX-132, Steam Tracker
video. Implemented by ICG SB RAS for synchronization
staff on the Inquisit platform, of event marks
https://www.millisecond.com/

5 EEGlab_toolbox, Swartz Center Personal computer
for Computational Neuroscience,
https://sccn.ucsd.edu/eeglab/index.php

6 elLoreta: low resolution brain Personal computer

electromagnetic tomography,
The KEY Institute for Brain-Mind

7 Research,
https://www.uzh.ch/keyinst/loreta.htm

9 IBM SPSS software, IBM,
https://www.ibm.com/spss

MATLAB environment (Delorme, Makeig, 2004). ICA is a
widely used data analysis technique that allows, among other
things, to separate signal from noise. The EEG recordings
were then divided into periods when the participant had their
eyes closed and periods when their eyes were open. Further
analysis was performed only for those EEG intervals that
were recorded with closed eyes but were enclosed by the
periods of the corresponding stimulus observation. Once
these EEG segments were extracted, they were divided into
two-second time intervals.

Brain activity sources localization on the cortex sur-
face. Further analysis was performed using the eLoreta
software package (Pascual-Margui, 2002). eLoreta is a
mathematical model and a software product based on this
model, aimed at solving the inverse problem of EEG, i. e. at
reconstructing the sources of functional processes in the brain
based on computer analysis of the distribution of electrical
signals on the surface of the head. eLoreta allows localization

CUCTEMHAA KOMIMbIOTEPHAA BUOJTIOTUA / SYSTEMS COMPUTATIONAL BIOLOGY

Personal computer

Computation of spectral density
in different frequency ranges

Localization of brain activity sources
on the surface of the cerebral cortex

Conducting regression and correlation
analyses to look for associations between
participants’ psychological traits and their
neurophysiological characteristics

Statistical analysis of the obtained results

of brain activity sources based on interpolation of data from
numerous EEG electrodes.

For each two-second interval, spectral density values
were calculated in the frequency bands 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) rhythms. Then, for each par-
ticipant, the total spectrum over the entire EEG trial inter-
val was calculated separately for each of the three ex-
perimental conditions (150 to 170 two-second intervals
were used for each participant). Spectra were computed
independently for each of the 128 EEG channels included
in the data processing. Source-level analysis of spectral den-
sity comparisons between different conditions (“blank
screen”, “own face”, and “other’s face”) was carried out
in the eLoreta software. A 3,000 ms segment of the EEG
recording with a sampling rate of 1,000 Hz after the onset
of the block was used to calculate the spectral density
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1. Psychological tests \ 2. EEG + facial video recording
for trait anxiety, depression risks, during resting-state

collectivism level via with eyes opened/closed

Yandex platform via NeoRec
%
3. EEG recording during “own face” \ 3. EEG recording during
video demonstration, with eyes Random “other’s face” video demonstration,
opened/closed via choice with eyes opened/closed via
NeoRec / NeoRec

A

4. EEG recording during “other’s face”
video demonstration, with eyes

Y

4. EEG recording during “own face”
video demonstration, with eyes

opened/closed via
NeoRec

.
J

opened/closed via
NeoRec

)

A

/

R

5. EEG preprocessing,
denoising, segmenting via
EEGLAB

6. Cortical spectral
density (SD) estimation via
eloreta

7. Source localization
for SD via
eloreta

8.Statistics for experimental
conditions, psychological traits
and SD via elLoreta

Fig. 1. Flowchart of data collection and processing stages with references to the computer programs used in our study.

of the sources in the eLoreta program (Pascual-Margui,
2002).

Statistical analysis of the results. Statistical analysis
of the psychological assessment results was performed in
the IBM SPSS software program. Comparisons were per-
formed using one-way ANOVA with psychological traits
as an independent variable, and intergroup factors “group”
(Russian or Chinese), “gender” (male or female) and age as
segregating variables.

Dependencies between experimental conditions and EEG
metrics, and between psychological and ethnic characteris-
tics and EEG metrics were assessed in the eLoreta package.
The statistical significance of comparison results between
different conditions was assessed using t-statistics for paired
groups, with a randomization method of statistical nonpara-
metric mapping (SnPM) that includes correction for multiple
comparisons. The SnPM randomization method in eLoreta
is based on a bootstrapping approach and is performed by
multiple nonparametric permutation comparisons. A total
of 5,000 randomizations were used to correct for multiple
comparisons. Correlation analysis was performed to find the
dependency of the spectral density on measures of personality
traits and depression symptoms severity.

Results
Statistically significant results of the study and methods of
their acquisition are presented in Table 2.

Results of psychological assessment

For the index of the anxiety trait according to the STAI test,
the main effect of the “ethnicity” factor was not reliable
(p > 0.3). A significant effect of the “gender” factor was
found, F(1; 62) = 6.47, p=0.014, n?> = 0.100, mean anxiety
in women (30.6 £ 1.6) was higher than in men (24.8 £ 1.7).
The BDI test revealed a statistically significant value of the
“ethnicity” factor, F(1; 62) = 18.62, p < 0.0001, > = 0.243.
The mean depression symptoms severity index was higher
in the Chinese group (9.2 + 1.1) than in the Russian group
(2.8 £1.0).

The RISC questionnaire revealed statistically significant
differences between the ethnic groups, F(1; 62) = 7.27,
p = 0.009, n> = 0.111 in the importance of family values.
The value of family was higher for Chinese participants
(5.1+£0.2) than for Russian participants (4.3 £0.2). The SCS
questionnaire also revealed a highly significant value for the
“ethnicity” factor, F(1; 62)=23.41,p<0.0001,7>=0.288 for
the collectivism indicator. For participants from the Chinese
group, the collectivism index was higher (5.0 = 0.1) than
for participants from the Russian group (4.5 +0.1) (Fig. 2).
There was a significant interaction between the factors
“gender” and “nationality” for this indicator, F(1; 62)=5.87,
p=0.019,1>=0.092. Russian (4.6 £ 0.1) and Chinese women
(4.9£0.1) did not differ significantly in this respect, whereas
for Russian (4.3 + 0.1) and Chinese (5.2 £ 0.1) men, the dif-
ferences were more substantial.
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Table 2. The main statistical results of the study, methods and software products

used for obtaining them

Result Significance
level

Psychological differences in the level p < 0.0001

of collectivism between Russian

and Chinese subjects

Psychological differences in the severity p < 0.0001

of depression symptoms between Russian

and Chinese subjects

Differences in spectral density for different p <0.01

experimental conditions in both groups

Differences in spectral density between p < 0.05

the Russian and Chinese groups

Correlations between spectral density p <0.05

and measures of personality traits
including the collectivism level

Results of eLoreta when comparing different

experimental conditions for a generalized group

(62 subjects, both Chinese and Russian participants)

Using the eLoreta software package, spectral density metrics
were compared for EEG intervals with eyes closed, which
followed intervals of observing one’s own face, another
person’s face, or a blank screen. It was found that spectral
density in the frequency ranges of delta (2—4 Hz), alpha-2
(10-12 Hz), and gamma (25-35 Hz) rhythms was higher
with eyes closed after observing one’s own face than with
eyes closed after observing a blank screen. It should be
specifically noted that muscle artifacts were removed from
the EEG recordings using independent component analysis.
According to Delorme and Makeig (2004), this method gives
the ability to remove more than 80 % of all muscle noise.
This suggests that the amplitude of electrical potentials in
the delta and gamma bands was not simply due to surface
tonic EMG. The statistically most reliable differences
(p=10.0036) were recorded for areas of the prefrontal cortex
of both hemispheres (medial frontal area, 11 Brodmann’s
area, and orbitofrontal cortex, 47 Brodmann’s area) in the
range of the alpha-2 rhythm (Fig. 3a). Similar results were
found when comparing the “other’s face” and “blank screen”
conditions (Fig. 3b). Also, as in the first comparison, spectral
density in the prefrontal cortex in the alpha-2 rhythm band is
shown to be higher for the “other’s face” condition compared
to the “blank screen” condition (p=0.002). When comparing
EEG intervals recorded after observing a stranger’s face, it
was found that the spectral densities in the frequency bands
of alpha-1 (8-10 Hz) and alpha-2 (10-12 Hz) rhythms in
EEG intervals with eyes closed after observing a videotape
of one’s own face were higher than in intervals with eyes
closed after observing a stranger’s face. Significant differ-
ences in spectral density for these conditions (p = 0.0104)
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Statistics method Statistics software

One-way analysis of variance IBM SPSS
(ANOVA)
One-way analysis of variance IBM SPSS
(ANOVA)
t-statistics for dependent eloreta
samples
t-statistics for independent eloreta
samples
Regression analysis eloreta
with an independent variable
>2r F(1;62) = 23.41
T p <0.0001
50} T n2=0.288
Q
©
A 48+
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Russian
participants

Chinese
participants

Fig. 2. Differences between Chinese and Russian participants in terms
of the collectivism score from the SCS questionnaire.

were found for the parietal cortex (superior parietal lobe,
7 Brodmann’s area, Fig. 3C).

Results of eLoreta when comparing

different experimental conditions

for Chinese and Russian participants

Comparison of spectral density indices between the groups
of Chinese and Russian subjects in intervals with eyes
closed following the observation of a blank screen did not
reveal any statistically significant intergroup differences. In
this condition, both groups showed similar spectral density
distributions in all cortical areas and all frequency bands.
Cross-ethnic comparisons in the eyes-closed condition fol-
lowing observation of a videorecording of one’s face revealed
significant differences in the alpha-2 and gamma rhythms
(p=0.044) (Fig. 4). Chinese participants in comparison with
Russian participants showed increased spectral density in the
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Screen vs own face Screen vs other face

Brain activity in the Chinese and Russian students
under recognition of self- and other-related information

Own face vs other face

Fig. 3. Comparison of spectral density in the alpha-2 (10-12 Hz) rhythm when comparing intervals with eyes closed
between conditions (a) blank screen vs own face; (b) blank screen vs other’s face; (c) own face vs other’s face.

The cortical regions in which spectral density is significantly higher for the “face” conditions than for the blank screen condition
are marked in blue. Red color indicates cortical regions in which spectral density is significantly higher for the “own face”

condition compared to the “other’s face” condition.

alpha-2 band in the parietal and temporal cortex (38 Brod-
mann’s area), whereas Russian participants in comparison
with Chinese participants showed increased spectral density
in the medial frontal cortex in the gamma rhythm band (3,
4, and 6 Brodmann’s areas).

Cross-ethnic comparisons in the eyes-closed condition
between the observation of a stranger’s face video also
revealed reliable differences in the ranges of alpha-2 and
gamma rhythms (p = 0.0002), but they differed significantly
from the results obtained for the own-face condition both
in the topography of the effect and in the directionality of
the cross-ethnic differences. Chinese participants in com-
parison to Russian participants showed significantly higher
spectral density in the right inferior temporal cortical area
(38 Brodmann’s area) in the gamma band, whereas Russian

alpha-2-band gamma-band

Fig. 4. Comparison of spectral density in the alpha-2 (10-12 Hz) and
gamma (25-35 Hz) bands when comparing Chinese and Russian groups
for EEG intervals with eyes closed between the participants’ observation
of their own face. This figure shows the superior surface of the cerebral
cortex.

Chinese participants are characterized by a greater, when compared to
Russian participants, spectral density of the alpha-2 rhythm in the posterior
(parietal and temporal) cortical regions (areas marked in red), whereas Russian
participants were found to have significantly greater values of gamma rhythm
spectral density in the medial frontal cortical regions (marked in blue).

participants in comparison to Chinese participants showed
higher spectral density values in both bands (alpha-2 and
gamma rhythms) in the prefrontal cortical areas (medial
frontal area, 11 Brodmann’s area and orbitofrontal cortex,
47 Brodmann’s area) (Fig. 5).

Results of eLoreta in identifying

the effects of psychological measures

dependent on participants’ ethnicity and gender

The correlations between the SCS collectivism score
for the combined group of Russian and Chinese sub-
jects were statistically insignificant. There was no sig-
nificance for the “blank screen” condition (p = 0.1954).
For the “own face” (p = 0.0968) and “other’s face”
(p = 0.0664) conditions for both groups, the p-levels were

alpha-2-band gamma-band

Fig. 5. Comparison of spectral density in the alpha-2 (10-12 Hz) and
gamma (25-35 Hz) bands when comparing the Chinese and Russian
groups for EEG of “eyes closed” intervals between the intervals of the
participants’ observation of a stranger’s face. This figure shows the inferior
surface of the cerebral cortex.

The Chinese group is characterized by a greater, when compared to the
Russian group, spectral density of gamma rhythms in the right inferior
temporal cortex (areas marked in red), whereas the Russian group showed
significantly greater values of spectral density of both alpha-2 and gamma
rhythms in the prefrontal cortex (marked in blue).
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delta-band

Fig. 6. Correlations between the collectivism level
and delta rhythm spectral density in the group
of Russian participants in the “eyes closed” intervals
following the observation of a stranger’s face.

The cortical areas in which reliable positive correlations
of the collectivism level with EEG spectral density
measures were found are marked in red. The figure
shows the convexital surface of the brain.

close to, but did not reach, a significant
value.

In the Russian sample for the collectiv-
ism index, no significant correlations were
found for the “blank screen” or “own face”
conditions. Significant correlations were
found only for the spectral density in the
delta band for the “other’s face” condition
(p = 0.043) in the right temporal cortex
(Brodmann’s area 22) (Fig. 6).

In contrast to the Russian sample, for
the Chinese participants, statistically
significant correlations with the collectiv-
ism score were found for all three condi-
tions (for “blank screen” p = 0.001, for
“own face” p = 0.0032, for “other’s face”
p = 0.0334). One can also notice that
positive correlations with the collectivism
score in the Chinese group were found for
a wide range of delta, theta, alpha, and beta
rhythms. These correlations are mainly
found within the anterior cluster of the de-
fault-mode network (medial sections of the
frontal and prefrontal cortex), and partially
in the right parieto-temporal cortex (Fig. 7).

Discussion

Development of a hardware-software
module for data collection and analysis
The aim of this work was to create a neuro-
computing technology and develop a hard-
ware and software module for collecting
and analyzing data to study brain processes
underlying personal self-reference. We had
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Blank screen

delta-band theta-band alpha-1-band
Own face
delta-band theta-band alpha-1-band beta-1-band
Other face
theta-band alpha-1-band

Fig. 7. Correlations between the collectivism index and spectral density for the blank screen
(first row), own face (second row), and other person’ face (third row) conditions in different
frequency bands for Chinese participants.

The cortical areas that showed positive correlations between the level of collectivism and spectral
density on EEG are marked in red. The figure shows the convexital surface of the brain.

previously proposed an approach that combines the analysis of resting EEG
with the analysis of facial mimetic muscle activity recorded under the same
conditions (Savostyanov et al., 2022). The main result of the new work is
the demonstration of the possibility of using facial video recordings obtained
at the initial stage of the experiment to initiate the participants’ processes of
referencing information to themselves or others. Such data collection model
is combined with well-known approaches for cleaning the EEG signal from
noise (Delorme, Makeig, 2004) and localizing sources of brain activity on
the surface of the cortex (Pascual-Margui, 2002).

One of the results of the study is the development of a hardware-software
module that includes several sequentially connected blocks for experiment
planning, data collection, preprocessing and analysis, as well as for intergroup
statistical comparisons. In the future, this module can be used to conduct
a wide range of neurophysiological studies, including the identification of
markers of affective diseases such as depression, anxiety disorder, or autism
spectrum disorders.

Neurophysiological correlates

of self-referential information processing

Researchers’ interest in studying the neurophysiological mechanisms of self-
referential information processing is driven, firstly, by the fundamental role
of self-reference in the formation of human personality, and secondly, by
the presence of a wide range of psychiatric diseases, the symptoms of which
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are various disorders in personal self-assessment (Bradley
et al., 2016; Quevedo et al., 2018). In modern neurophysi-
ology, there is a debate about the presence or absence of a
specific anatomical substrate for self-referential processes in
the brain (Northoff, Bermpohl, 2004; Northoff et al., 2005;
Hu et al., 2016). The default-mode network, i. e., several
interconnected cortical areas that show a decrease in the
level of physiological activity when a person transitions
from a resting state to performing cognitive tasks, is often
considered as the main self-referential structure of the brain
(Raichle, 2015; Knyazev et al., 2020, 2024).

The construction of a model of one’s own personality is
significantly determined by the subject’s sociocultural speci-
ficity. In a classic study by Markus and Kitayama (1991),
it was shown that representatives of Western (American)
and Oriental (Japanese) cultures differ fundamentally in the
criteria of the so-called “self-concept”, i. e. the way of self-
identification. Most Americans demonstrated individualistic
personal attitudes, whereas collectivism was characteristic
of the Japanese. In a cross-cultural study by G.G. Knyazev
et al. (2012), a comparison of EEG correlates reflecting
default-mode network activity at rest in representatives of
Russian and Chinese (Taiwan) cultures was conducted. It was
shown that most participants from Taiwan were characterized
by dominance of the anterior (medial prefrontal cortex) hub
of the default-mode network of the brain, whereas Russian
participants showed dominance of the posterior (precuneus)
part of this system (Knyazev et al., 2012). A hypothesis was
proposed that interethnic differences in electrophysiological
processes in the default-mode network may be caused by
differences in self-concept according to the individualism-
collectivism criterion, characteristic of representatives
of Russian (predominantly individualistic) and Chinese
(collectivistic) cultures. In our case, we experimentally tested
the hypothesis of Knyazev et al. (2012) using data from the
psychological questionnaires SCS and RISC.

Results of interethnic comparisons

The present study compared two samples of non-clinical sub-
jects living in Russia at the time of the survey — Russian and
Chinese. The examination included filling out psychological
tests to identify the personality traits of the participants and
the severity of their depression symptoms. The neurophysio-
logical part of the examination consisted of EEG recording
in three experimental conditions: (1) in the intervals between
observation of a blank screen, (2) in the intervals between
viewing a video of the participant’s own face, and (3) in the
intervals between viewing a video of the face of a person
unfamiliar to the participant.

Psychological comparisons showed that Russian and Chi-
nese subjects did not differ in the anxiety trait (STAI test).
As for the severity of depression (BDI test), it was found
that Chinese subjects expressed depression symptoms more
strongly than Russian participants. This difference can be
explained by the fact that Chinese participants had been away
from their home for a long time, whereas Russian partici-
pants were in more familiar conditions. In the measures of

9290

Brain activity in the Chinese and Russian students
under recognition of self- and other-related information

collectivism for both tests we used (RISC and SCS), highly
reliable differences were found between Chinese and Russian
participants. As expected, significantly higher collectivism
scores were found for Chinese participants than for Russian
participants.

Spectral density comparisons between the condition pairs
“blank screen” vs “own face”, “blank screen” vs “other’s
face”, “own face” vs “other’s face” for a generalized group
of all participants regardless of their ethnicity and gender
revealed statistically significant differences, predominantly
in the alpha-2 rhythm range. Differences between neutral
(blank screen) and both social (both own and other’s face)
conditions were localized within the anterior hub of the
default-mode network (medial prefrontal cortex). In both
cases, the spectral density of the alpha rhythm was higher for
the social than for the neutral condition. Differences between
own and strangers’ faces were localized within the posterior
hub of the default-mode network (medial parietal cortex)
and were expressed in higher spectral density for own than
for strangers’ faces.

Interethnic differences, without accounting for sex and
psychological differences, were not detected in the EEG
recorded in the intervals between blank screen observations,
but were detected for the intervals between observations of
both own and strangers’ faces. For the “own-face” condition,
differences were found in the range of the alpha-2 rhythm
in the posterior hub of the default-mode network (Chinese
participants had higher spectral density than Russian partici-
pants), and in the range of the gamma rhythm in the anterior
hub of the default-mode network (Russian participants had
higher spectral density than Chinese participants). For the
“foreign face” condition, a higher density of both alpha and
gamma rhythm sources was detected in the anterior hub of the
default-mode network in Russian participants, whereas for
Chinese participants, a higher spectral density was detected
in the temporal cortex. Thus, our result generally confirms the
conclusion of G.G. Knyazev et al. (2012) about the presence
of interethnic differences in the operation of the anterior and
posterior hubs of the default-mode network.

In the group of Russian subjects, assessments of col-
lectivism correlated with brain activity indices only for the
“stranger’s face” condition. These correlations involved the
posterior hub of the default-mode network. In contrast, in
Chinese subjects, collectivism appeared to be a psychologi-
cal metric for which multiple valid correlations were found
for all three experimental conditions and several frequency
ranges simultaneously. Most of the significant correlations
in the Chinese group were found for brain structures from
the anterior (medial frontal, medial prefrontal cortex) hub of
the default-mode network. Thus, we confirm the hypothesis
that the differences in default-mode network activity between
Russian and Chinese subjects are mainly due to their differ-
ences in the collectivism index.

In general, thanks to the new experimental model proposed
in this study, we were able to confirm G.G. Knyazev’s hy-
pothesis that cross-cultural differences in default-mode net-
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work activity between Chinese and Russian participants are
associated with their differences in collectivism indicators.

As a result of the study, we carried out the initial stage of
development of a complex neurocomputing technology for
collecting and analyzing psychological and physiological
data, which allows to investigate the dynamics of process-
ing self-referential information depending on the cultural
features of the survey participants. The hardware-software
module that we have developed is included in the integrated
digital platform “Bioinformatics and Systems Computational
Biology” being developed at ICG SB RAS under the budget
project No. FWNR-2022-0020. It can be expected that the
obtained approach will be further combined with the results
of neurocomputer studies based on fMRI processing (Haxby
et al., 2001) or with the data from psychogenetic studies.
For example, for a portion of our subjects, data concern-
ing their single-nucleotide polymorphisms in loci of brain
neurotransmitter systems have been collected (Ivanov et
al., 2022). Therefore, the results of psychological and neu-
rophysiological studies can be compared with the genetic
characteristics of the participants. In addition, convolutional
neural networks using EEG metrics as input parameters can
be used to classify participants into subgroups associated
with different levels of stress (Fu et al., 2023).

Conclusion

1. Brain electrical activity recorded during the intervals of
functional rest following stimulation differs for conditions
after presentation of neutral, self-referential, or other-
referential information to participants. This dependence is
evident in measures of the spectral density of the alpha-2
rhythm in cortical regions that are part of the brain’s
default-mode network.

2. Functional activity of the default-mode network in Chinese
and Russian subjects differs in resting intervals following
the observation of subject-referencing stimuli, but does not
differ for intervals following the observation of a blank
screen. Functional activity in the anterior and posterior
hubs of the default-mode network depends significantly
on the ethnicity of the participants.

3. Functional activity in the anterior hub of the default-mode
network is associated with collectivism in Chinese par-
ticipants but not in Russian participants.

Limitations

1. During EEG recording, scalp EMG, which measures
psychoemotional load, was not recorded. Although we
performed the procedure of computing and applying the
average reference, we can assume that the effects of per-
sonality traits and ethnicity in the gamma and beta bands
are related not only to cerebral but also to muscular activity.

2. We chose standard rather than personalized frequency
range boundaries, which may reduce the accuracy of
identifying personalized EEG correlates of cognitive pro-
cesses, especially for the alpha rhythm. Unfortunately, the
software package we chose does not allow us to analyze
spectral density in personalized ranges.
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3. Although all female participants were interviewed before
the experiment to establish the week of their menstrual
cycle, we did not consider the psychoendocrinological
factor of hormonal fluctuation in women when analyzing
the EEG results, which may have reduced the accuracy
of the findings.

We acknowledge all the limitations listed above and will
strive to address them in future studies.
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