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Abstract. The article presents the results of a study aimed at finding covariates to account for the activity of implicit
cognitive processes in conditions of functional rest of the subjects and during them being presented their own or
someone else’s face in a joint analysis of EEG experiment data. The proposed approach is based on the analysis of the
dynamics of the facial muscles of the subject recorded on video. The pilot study involved 18 healthy volunteers. In the
experiment, the subjects were sitting in front of a computer screen and performed the following task: sequentially
closed their eyes (three trials of 2 minutes each) and opened them (three trials of the same duration between periods
of closed eyes) when the screen was either empty or when it was showing a video recording of their own face or the
face of an unfamiliar person of the same gender as the participant. EEG, ECG and a video of the face were recorded for
all subjects. In the work a separate subtask of the study was also addressed: validating a technique for assessing the
dynamics of the subjects’ facial muscle activity using the recorded videos of the “eyes open” trials to obtain covariates
that can be included in subsequent processing along with EEG correlates in neurocognitive experiments with a para-
digm that does not involve the performance of active cognitive tasks (“resting-state conditions”). It was shown that
the subject’s gender, stimulus type (screen empty or showing own/other face), trial number are accompanied by diffe-
rences in facial activity and can be used as study-specific covariates. It was concluded that the analysis of the dynamics
of facial activity based on video recording of “eyes open” trials can be used as an additional method in neurocognitive
research to study implicit cognitive processes associated with the perception of oneself and other, in the functional
rest paradigm.
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perception.
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AHHOTauuA. B cTaTbe npefcTaBneHbl pesynbTaThl NCCNEAOBaHMWA, HaMPaBNEHHOro Ha NMOWCK KoBapwaT AnAa ydyeTa
LeATeNbHOCTY UMIMINLUTHBIX KOFHUTUBHBIX MPOLLECCOB B YCI0BUAX GYHKLMOHAIbHOMO MOKOA UCMbITYEeMbIX 1 NPY fe-
MOHCTPaLN UM COOCTBEHHOTO UV YY>KOTO NLLA B COBMECTHOM aHasu3e faHHbIx I3-3KkcnepumenTa. MNpeanaraembiii
NoAXo OCHOBAH Ha aHanm3e AUHAMMKM MbILL, JIKLA UCNbITYeMOro no Bmaeo. B nnnoTHom nccnefoBaHuy NpUHANY
y4yactue 18 300poBbIxX LOOPOBONbLEB. B 3KCNepuMeHTe NCMNbITyeMble, CUAA Nepes SKpaHOM, MOC/IeA0BATENIbHO 3a-
KpblBanu rnasa (Tpy npobbl N0 2 MUHYTLI) U OTKPbIBaNW KX (TakxKe TpU NPo6bl Mexay neprofamMu 3aKpbITbiX Fas)
nnbo nepep nycTbiM 3KpaHOM, TM60 Nepep SKPaHOM C AeMOHCTPaLMeln BULe03annucy X CO6CTBEHHOrO LA MK nua
HEe3HaKOMOro UM YenoBeKa Takoro Xe rnona, YTo 1 y4acTHUK. Y Bcex UcnbiTyembix peructpuposanm 331, Kl n Benu 3a-
nuncb BUAeo nuua. B paboTte pelwanu otaenbHyio noA3agayy sKkCneprMeHTa: anpobaLnio MeTogMKM OLeHKN AUHAMUKIA
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Technology for assessing
facial expression

AKTMBHOCTM MbILUL, INLA UCTbITYEMbIX MO UX BUAEO C OTKPLITBIMU Fa3amMu AN NonyyeHna KoBapmaT, KOTopble MOXXHO
BKJ/IOYATb B NocneayoLlyo 06paboTKy COBMECTHO € DII-KoppeniaTaMmn B HEMPOKOTHUTUBHbBIX SKCMEPUMEHTaX C Napa-
OVTMOW, He NpeanonaratoLleid BbINOSHEHNE aKTVBHbIX KOTHUTMBHbIX 3afaHuii (resting-state conditions). MokasaHo,
YTO NOM UCMbITYEMOro, CTaTyC 3KpaHa (MycToi, CobCTBEHHOE/UyKoe NnLo), HoMep NPOobbl CBA3aHbI C Pa3nnuUAMMN B
MUMUNYECKOW aKTUBHOCTM ILia 1 MOTYT BbICTYNaTb MCKOMbIMU KoBapuaTamu. CaenaH BblBOf, YTO aHanu3 AvHaMUKM
MUMMYECKOWN aKTVBHOCTM MO BMAEO C OTKPLITbIMU r1a3aMn MOXET ObITb AOMONHUTENIbHBIM METOAOM B HENPOKOTHM-
TUBHbIX NCCNeAOBaHNAX A1A N3YYeHUA UMIMIMLUTHBIX KOTHUTUBHbBIX NMPOLIECCOB, CBA3AHHbIX C BOCNpUATMEM 1306pa-
XeHusa ceba n gpyroro, B napaanrme GyHKLMOHANbHOO NMOKOS.

KntoueBble cnoBa: HEMPOKOTHUTVBHbIE UCCN@A0BAHUA; CBOE 1 Uy»Koe Nnuo; III-KoppenaTbl; KOBapuaTbl; UMMINLUT-

Hbleé KOFTHUTUBHbIE NPOoLeCChbl; CaMOBOCNpUATHE.

Introduction

Technologies of neurocognitive studies are most often based
on the use of various approaches to recording the brain acti-
vity of experiment participants using techniques such as EEG
or fMRI (Bringas-Vega et al., 2022). In the last two decades
(Biswal, 2012; Snyder, Raichle, 2012) the researchers’ interest
has been focused on the functional states of the brain observed
in the absence of exogenous cognitive or emotional load, that
is, in the experimental paradigm of “resting-state conditions”.

In a series of studies, it was shown that the functional states
of the brain at rest reflect the individual characteristics of the
subjects, including their gender (Volf et al., 2015), age (Pri-
vodnova et al., 2020; Engemann et al., 2022), genetic features
(Proshina et al., 2018), sociocultural affiliation (Knyazev et al.,
2012), climatic and geographical living conditions (Milakhina
et al., 2020), psychological personality traits (Kabbara et
al., 2020) and predisposition to affective disorders (Greicius
et al., 2007). However, the problem of using neuroimaging
techniques consists in the high variability of resting-state brain
activity characteristics in healthy subjects (Li et al., 2022).
A comparative study by M. Li and colleagues, performed on
a sample of more than 1500 participants in nine countries,
showed that the resting-state EEG characteristics of a healthy
person vary greatly depending both on the characteristics
of the subjects and on the conditions in which imaging ses-
sions take place which are not specified in the experimental
paradigm (Li et al., 2022). At the same time, formally the
same EEG recording conditions (closed eyes without external
mental load) can give different results depending on the part of
the world and the period of the year the EEG was recorded in.

One of the factors that significantly changes the functional
states of the brain at rest is the presence or absence of the per-
son’s thoughts about themselves during the period of registra-
tion of their brain activity. In the work (Knyazev et al., 2012)
it was shown that thinking about oneself induces increased
activity of the default mode brain network. At the same time,
the functional organization of the default system under these
conditions demonstrated significant intercultural differences
when comparing subjects from Novosibirsk and Taiwan.

In the case of fMRI, an additional factor is the person’s
response to the very situation of placing them in the scanner.
The fMRI recording is done while the person is lying in a
confined tube with sound-induced noise and limited mobility,
and sometimes contrast agent injection is required. Obviously,
some people react to such conditions as a stressor, while other
people perceive these conditions differently, which causes a
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wide spread in the assessments’ results of the subjects’ func-
tional state. Hence, the task arises: on the basis of additional
methods, to find such correlates (or covariates) that, during
subsequent analysis, together with the results of EEG or fMRI
examinations, will allow to more precisely account for the
psychophysiological state of the subject.

In the case of an experimental paradigm using stimuli to
induce the desired state of the participants, the assessment of
such a state is done by analyzing behavioral indicators (for
example, the accuracy/speed of response to external stimuli),
but in the case of the resting-state studies, this is not possible.

Another method consists in the usage of psychological
questionnaires that the participant is asked to complete before
or after the experiment session. Questionnaire indicators are
used as variables to assess the subjective states of a person
under experimental conditions or their personality traits.
However, this method is limited by the sincerity of the test
subject and their ability for adequate self-assessment, which
can be pronounced in the case of neuropsychiatric diseases.

In our pilot study, we propose an approach using covari-
ates that can be obtained from the dynamics of facial muscle
activity recorded on video and are associated with the psycho-
physiological state of the participants in the EEG experiment.
The analysis of facial muscle activity in psychophysiology has
been tested (Nikolaeva, Vergunov, 2021), but has not been
used for joint analysis with EEG data.

We test the hypothesis that the subjects’ facial activity
dynamics and the duration of the eyes screen fixation in
resting-state activity sessions with the absence of explicit
experimental tasks differ depending on the factors such as
the subject’s gender, the demonstration of a blank screen or
a screen with a video of their own face or a face of another
person of the same gender, the order of experiment stages
(“blank screen”, “own face”, “other face”).

The participants were subjected to complex psychological
testing to assess their personality traits with co-registration of
EEG, ECG and video recording of facial activity. However,
within the framework of this study, we will not present the
results of EEG, ECG, and psychometry, leaving them for fu-
ture joint analysis with the identified covariates at subsequent
stages of the experiment.

Materials and methods

Sample description. The experiments involved 18 volun-
teers (8 men and 10 women, mean age 19.5 + 1.3 years), all
students of Novosibirsk State University. Before the survey,
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all participants signed an informed consent form. In addition,

all subjects completed a questionnaire for the presence of

psychiatric or neurological diseases, a questionnaire for well-
being before the examination, and for the use of alcohol or
psychoactive substances. The exclusion criteria were:

— certain established medical diagnoses;

— use of drugs or psychotropic medications;

— a state of alcoholic intoxication or severe psychological
stress;

— violation of the instructions during the experiment session
(covering part of the face with a hand, sudden movements,
changing the posture so that part of the face goes out of the
camera frame, etc.).

Experiment session procedure. During the experiment
session, the subjects sat in a chair in a soundproof chamber
with subdued lighting. An EEG helmet was placed on the
participant’s head, and electrodes were attached to the left
arm and both legs for ECG recording. The subjects were
informed that in the process of recording EEG and ECG, a
video recording of their face was being made. The protocol of
the experiment was approved by the ethical committee of the
Scientific Research Institute of Neurosciences and Medicine
in accordance with the ethical standards of the Declaration of
Helsinki for biomedical research.

Participants were instructed to minimize movement of their
arms, legs, and head. During the EEG recording session they
had to, on command given by the computer, open or close their
eyes. Participants were not specifically required to focus their
eyes on the screen, but they were not prohibited from doing so.
Each participant was tested in three different conditions:

a) background recording with alternating eye closing/opening
(3 trials of each type for 2 minutes), in which there were
no images on the computer screen;

b) recording with opening and closing of the eyes, in which a
video recording of the participant’s own face, made earlier
during condition (a), was shown on the screen (3 trials of
each type for 2 minutes);

¢) recording with opening and closing of the eyes, in which
the participant was shown a video recording of the face of
a person he did not know, but of the same gender as the
participant (3 trials of each type for 2 minutes).

All participants were examined in all three conditions.
The first condition has always been the (a) condition, i.e.,
recording without additional external stimulation, for half of
the participants the second condition was (b) (own face), and
the third was (c) (another face), and for the other half of the
participants, on the contrary, the second was the condition (c),
and the third was (b).

In between these recordings, participants performed ac-
tive experimental tasks — solving linguistic tests for finding
syntactic errors in sentences between the first and second
examinations (approximately 25 minutes) and performing
motor tests in the stop-signal paradigm (approximately 12
minutes) between the second and third examinations.

Before the first experimental condition, all participants
filled out the Russian version of the C. Spielberger question-
naire to assess the level of situational anxiety (Khanin, 1976).
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After completion of the first condition, the C. Spielberger

questionnaire was filled out again to assess whether participa-

tion in the survey affects the level of situational anxiety. In
addition, after completing each of the experimental conditions,
the participants filled out a G.G. Knyazev questionnaire on

well-being during the EEG recording (Knyazev et al., 2012).

Thus, each participant filled out the C. Spielberger question-

naire twice (before and after the first experimental condi-

tion), and G.G. Knyazev three times (after each experimental
condition).

Our proposed study design allows to control the factors
that may accompany implicit cognitive processes taking
place during presentation of faces (one’s own and other’s) or
a blank screen:

— features of the motor units activity for the face muscles
(AU) according to Facial Action Coding System (FACS);

— features of time distribution in the test in relation to the
subject’s gaze fixation on the screen;

— features of perception for subjects of different genders;

— features of perception for the first and subsequent condi-
tions;

— individual specificity of implicit cognitive processes as-
sociated with the personality traits of the subjects, such as
the level of anxiety.

Note that the analysis of the last factor (individual specifi-
city) is not included in the objectives of this study. Later, a
joint analysis of the results of psychological questionnaires
with the results of clustering statistics for this factor will be
used for psychophysiological profiling of the subjects.

Method for assessing the expression of facial muscles.
Specialized software tools, including those in open access,
are being widely developed to assess the expression of facial
muscles of the subject from video. The OpenFace framework
was used in this study — an open access solution that allows
to highlight a person’s face from an image, from a sequence
of images or from a video stream (Saprygin et al., 2022).
A video stream was recorded on a regular computer video
camera (webcam) when the subjects performed tasks, then,
based on the regression model, facial motor units (AU) were
identified using the FACS system (facial action coding sys-
tem) and the dynamics of their activity during tests with open
eyes were analyzed (Fig. 1). Empirically, it was found that
the dynamics of AU during a period of about two minutes of
immobile sitting of the subject is best characterized not by the
average value or standard deviation (a large number of small
random changes create “noise”), but by the range of values.
Therefore, exactly the range of expression values for each AU
was included into the analysis.

The OpenFace framework is based on the CLM (con-
strained local model) approach. The pilot software developed
by the authors based on OpenFace GUI allows real-time
visualization of a set of features provided by 3D models of
the OpenFace framework (coordinates of key points of the
face, position and angles of the head in space, direction of
gaze). The OpenFace framework consists of three main parts:
1) C++ code in which the main analytical flow is implemented;
2) files of pre-trained models for face detection, detection and
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Action Units
sification

 Geometry features
Regression

AUO1 - Inner Brow raiser
1 - Brow lowerer

AUO2 - Quter Brow raiser

Orientation | Pose

Turn: 2 X -1Tmm AUOA - Brow lowerer
Up/down -4° Y: 15 mm ||} P comer puller(

Tilt: 0° Z 243 mn AUOS - Chesk raiser

AUO2 - Nose wrinkler

- Lip comer depres

AU10 - Upper lip raiser

AU12 - Lip comer puller (

- Lip tightener

AU14 - Dimpler

AU1S - Lip comer depres

- Lip suck

AU17 - Chin Raiser
Non rigid parameters
AU20 - Lip Stretcher

- Blink

AU2S - Lips part

‘PausetStop|Reset| >> 1|> > 5

Fig. 1. A screenshot of the program for the processing of facial expressions of the participant’s face from the video with added complex analysis-wise
elements (dark glasses, beard, mustache, cap with electrodes for EEG recording).

FPS - processing speed, number of frames per second; confidence - the level of reliability (green indicates an acceptable level); appearance features - features
of facial expressions recognized by the program after bringing the face to a vertical position; geometry features — 3D geometry of the position and orientation of
the face; action units is the activity of motor units for facial muscles (AU according to FACS); classification — AU values obtained by the classification method (not
used in this study); regression — AU values obtained by the regression method (see the Table); orientation — angular 3D indicators of face orientation; turn - face
rotation (left+, right-); up/down - tilt of the face (up+, down-); tilt - tilt of the face to the shoulder (left+, right-); pose - linear indicators of the position of the face;
X, Y, Z - coordinates of the center of the face (in mm); non rigid parameters — soft parameters; pause, stop, reset, >>1, >>5 — frame/video player control buttons.

tracking of key points of the face, calculation of motor units;
3) Matlab code to create your own model files.

Model files are created using a wide variety of training
datasets. The OpenFace framework code is open source and
available under the GNU license: https://github.com/Tadas-
Baltrusaitis/OpenFace.

Mathematical foundations of the model. PLS-analysis
is a method of obtaining projections on latent structures, the
original name of which is “partial least squares method”. An
effective tool for PLS analysis is 2B-PLS models (2B-PLS,
two-block PLS) (Rohlf, Corti, 2000). 2B-PLS models being
applied to the study of implicit cognitive processes reveal
deep independent (orthogonal) “latent structures” (psycho-
physiological mechanisms) simultaneously for two different
blocks (matrices B1 and B2) of multidimensional indicators
(Kovaleva et al., 2019).

When constructing 2B-PLS models, the data series are
centered, both blocks are scaled and rotated to obtain the
maximum covariance between the score matrices (B1- and
B2-score), which are projections of the matrices B1 and B2
onto the desired latent structures. This is the main difference
between 2B-PLS and PCA (principal component analysis, the
method of principal components), which allows you to build
models only of a “single-component” type. For example,
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one block can contain feature variables (consisting only of
“0” and “1”, the variance is minimal), and the other-rows of
instrumental data (in which the variance is much larger than
that of the features).

The latent structures obtained in the 2B-PLS model are de-
scribed using orthogonal load matrices (B1- and B2-loadings).
Rows in matrices B1 and B2 are objects’ data, columns are
the indicators. Thus, indicators act as initial coordinate axes
(including those correlated with each other), and can be con-
sidered as “explicit structures”, each of which determines a
certain (usually small) amount of total variance. The purpose
of the 2B-PLS model is to find a system of pairs of axes for
both blocks at once, which express the maximum covariance
pattern (Polunin et al., 2019). At the same time, the load ma-
trices are the transition matrices from the original “explicit
structures” to the newfound “latent structures”.

As a result of applying a 2B-PLS model, we get the num-
ber of latent structures (new coordinate axes), which is equal
to the minimum number of variables from the two blocks
of initial data. Note that the ratios for raw data structures
in blocks remain the same after any number (and order)
of application of operations such as centering, scaling and
rotation, which are applied in PLS models or PCA models.
Thus, the structure of the raw data is completely preserved,
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Blocks of variables for the 2B-PLS model
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Variable Block

AUO 1 _fro nta| , Sparsme d ,ahs mn er br OW ralse r ........................................................................................................................................ No 1 ..............
AUOZ_frO nta| I Spars|atera|ls OUterbrow ralser ......................................................................................................................................... NO 1 ..............
AUO4_dep ressor g|abe | | a e browbwere r .................................................................................................................................................. No 1 ..............
AUO6 _Orblcma” Socuhpar Sorblta | I 5 Cheekralser .................................................................................................................................... No 1 ..............
AUO9_|evator |ab“su peno ”S a |a e quena S, nosewn n k|e r ....................................................................................................................... No 1 ..............
Aum _|evator |ab”su peno ns u pper ||p ralser ........................................................................................................................................... No 1 ..............
Amz_zygomatlcusmajor|Ipcomerpu"er ................................................................................................................................................. N01 ..............
AUM_buccmatordlmpler ........................................................................................................................................................................... N01 ..............
Ams_ma ngu| a ”S |Ipcomer depressor ..................................................................................................................................................... No 1 ..............
AU]7_menta||schmralser .......................................................................................................................................................................... No1 ..............
AU20 _nson u SW|th p|aty Sma ||p StrEtCher ................................................................................................................................................. No 1 ..............
. AUZS _dep ressor |ab“ mfenon 5 |Ips part .................................................................................................................................................... NO 1 ..............
't the time proportion (from the whole duration of the presentation) of the subjects'eyes fixation on the screenupon No1
presentation of stimuli

m_n3_mdlcatorforstlmumspresentatlonordernumber ....................................................................................................................... N02 .............
. f_ mdl catorfor fema| esex ............................................................................................................................................................................ NO 2 .............
m_mdlcatorforma|esex ............................................................................................................................................................................. Noz .............
fn_stlmu |us I n dlcator (SC reen Wlth OUta fac e) ............................................................................................................................................ No 2 .............
- stimulus indicator (screen with other face of the same gender) No2
. Wf - Stlm u | u S m dlcator ( Scre e n Wlth OW n face) ........................................................................................................................................... No 2 .............
56 _ 549 _md Icator Sof I n deu a |Spec Iﬂc I ty (Su bJeCtCOdes) ...................................................................................................................... NO 2 .............

Note. AU classification is according to Facial Action Coding System (FACS).

while the tools of the least squares method (ordinary least
squares, OLS) in some cases can lead to alteration of the
original structure.

As a result of building a 2B-PLS PLS model, all informa-
tion from the initial data series (the number of which can be
hundreds or more) is collected into the first few independent
latent structures. 2B-PLS model allows for a situation where
the number of variables is greater than the number of objects,
as well as for the cross-correlation of the initial data. More-
over, the data series can be linear combinations of each other
(Rénner et al., 1994).

Results and discussion
A 2B-PLS model was built, the blocks of which included the
following variables, which are series of instrumental data
(13 variables, block No. 1) and series of features (26 variables,
block No. 2) (see the Table). Accordingly, 13 latent structures
were obtained.

As follows from the “scree” plot for latent structures of the
constructed 2B-PLS model (Fig. 2), the first inflection of the
graph falls on structure No. 2. Thus, structure No. 1 (before
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the first inflection) will reflect the general features of implicit
cognitive processes (as it is confirmed by the proportion of
observed total variance caused by it).

The second inflection of the graph falls on structure No. 4.
Thus, for structures No. 2 and 3, the particular specificity of
implicit cognitive processes will be defining. In the subsequent
structures, the noise component grows simultaneously with a
decrease in the share of the described total variance, however,
we will also consider structure No. 4 — it causes more than
5 % of the total variance.

Later, the analysis of the results of psychological question-
naires, together with the results of clustering for the structures
we obtained, can be used for the purposes of psychophysio-
logical profiling of the subjects. Hence the conclusion that for
subsequent profiling in the EEG experiment, it is necessary to
assess the influence of individual differences of the subjects in
their implicit cognitive processes when being presented with
their own or someone else’s face.

The first four latent structures describe 85.4 % of the total
variance and the defining features are gender, stimulus type,
and trial order.
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Fig. 2. Scree plot for latent structures of the constructed 2B-PLS model.

X-axis is the numbers of latent structures; Y-axis is the share of the observed
total variance described by them.

According to Fig. 3, the first structure describes 53.8 % of
the total variance and is determined by the proportion of the
time the subject’s gaze is fixed on the screen, the activity of
the buccinator and risorius muscles, gender characteristics,
and the perception of all first trials. Hence, the perception of
all the first samples is accompanied by an increase in activity
of the buccinator and risorius muscles and a decrease in the
proportion of the time of the gaze fixation on the screen in
girls, and in boys — by a decrease in activity of said muscles
and an increase in the proportion of the time of screen-fixed
gaze.

The second structure describes 14.9 % of the total variance
and is determined by the proportion of time the subject’s
gaze is fixed on the screen, the activity of the cheek raiser
muscle, and signs of the type of stimuli (see Fig. 3). Hence,
the perception by all subjects of their own face on the screen
is accompanied by an increase in activity of the cheek raiser
and an increase in the proportion of time the gaze is fixed on
the screen, while the perception of an empty screen — by a
decrease in activity of the said muscle and a decrease in the
proportion of time the gaze is fixed on the screen.

It can be noted that in the space of the first two latent
structures, the perception of other face in all subjects is ac-
companied by an increase in the activity of the upper lip and
chin raiser and the lip corner depressor.

According to Fig. 4, the third structure describes 10.1 %
of the total variance and is determined by the activity of the
nose wrinkler, chin raiser, gender and first trial features.
Hence it follows that the perception of all the first samples is
accompanied by an increase in activity of nose wrinkle and
a decrease in activity of chin raiser in girls, and in boys — by
a decrease in activity of nose wrinkle and an increase in ac-
tivity of chin raiser.

The fourth structure describes 6.6 % of the total variance
and is determined by the sign of the last trials, the activity of
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Fig. 3. Loads (correlation coefficients) of variables for latent structure
No. 1 (X-axis; 53.8 % of total variance) and structure No. 2 (Y-axis; 14.9 %
of total variance) in 2B-PLS model.

Here and in Fig. 4: black color — instrumental variables, blue color - feature
variables (see the Table); inside the rectangle (red dotted line) the significance
of the values of the correlation coefficients p > 0.05; markings of individual
specificity are omitted to improve the readability of the graph.
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Fig. 4. Load (correlation coefficients) of variables for latent structure No. 3
(X-axis; 10.1 % of total variance) and structure No. 4 (Y-axis; 6.6 % of total
variance) in 2B-PLS model.

the inner brow raiser, the depressor glabellae muscles, the
chin raiser, and parted lips (see Fig. 4). What can be inferred
from this is that the reaction to all third trials in all subjects is
accompanied by an increase in the activity of the chin raiser
and the depressor glabellae muscles, a decrease in activity
of the inner eyebrow raiser and the degree of relaxation of
the chin muscle and the circular muscle of the mouth, and
parted lips.

It can be noted that in the space of latent structures No. 3
and 4, the perception of other face in all subjects is accompa-
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nied by an increase in the proportion of the time of fixing the
gaze on the screen and an increase in the activity of the inner
and outer brow raiser, relaxation of the chin muscle and the
circular muscle of the mouth, and parted lips.

Thus, in an EEG/ECG experiment, it is recommended
for joint processing to include (apart from the influence of
individual differences in implicit cognitive processes) the
following covariate variables: gender, order of trials, presence
of one’s own face on the screen/blank screen.

Conclusions

Electroencephalogram is one of the most common methods
for non-invasive study of the functional state of the human
brain in healthy and clinical conditions. When analyzing the
relationship between the EEG parameters and the behavioral
activity of the subject, the motor (much less often verbal)
responses of the subjects are usually chosen as behavioral
metrics. This choice is primarily due to the fact that such re-
sponses are easy to mark in EEG recordings. We hypothesized
that changes in the state of the facial muscles could serve as
a behavioral phenotypic feature associated simultaneously
with the personality characteristics of the survey participant,
including their predisposition to mental disorders, and with
endophenotypic parameters of brain rhythms.

In the present article, we propose a methodological idea
for recording and processing facial video together with EEG
recording. A pilot study was conducted aiming to find statisti-
cally significant covariates for facial expression to take into
account in the analysis of EEG in the resting-state paradigm
of functional rest and also when the subjects are being demon-
strated a video recording of their own or someone else’s face.
This approach is based on the face muscles dynamics analysis
of'the subject on video, which is recorded simultaneously with
the registration of EEG and ECG.

It was shown that the dynamics of facial muscle activity
reflect controlled conditions that are not usually used in the
analysis of EEG correlates of cognitive processes, but which,
as follows from the results, may accompany certain implicit
cognitive processes. Taking into account such covariates as
the subject’s gender, screen status (blank, own/other face) and
sample number will increase the reliability of the assessment
of the cognitive state of the subjects and provide additional
information for interpreting the EEG/ECG results. The clus-
tering of subjects by the factors of individual specificity of
implicit cognitive processes will form a basis for effective
profiling.

In the present study, we did not analyze EEG/ECG and
psychometric data, as this is a pilot study with limited objec-
tives. In the future, it is planned to increase the size of the
experimental sample and conduct a more detailed comparison
of'the results of the analysis of the activity of the facial muscles
with the results of other neurocognitive methods. For these
promising tasks, we have worked out data obtaining methodo-
logy for profiling subjects according to the latent structures
described by the authors, which allows to use the results of
the generated model as additional variables for second-level
summary models (including EEG, ECG data, etc.).
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