https://doi.org/10.15388/vu.thesis.488
http://orcid.org/0000-0002-0853-6980

VILNIUS UNIVERSITY

Povilas Tarailis

Evaluation of electrical brain activity of
the resting state: relation with
subjective experiences

DOCTORAL DISSERTATION

Natural Sciences,
Biophysics (N 011)

VILNIUS 2023



The dissertation was prepared between 2018 and 2022 at Vilnius University.

Academic supervisor — Dr. Inga Griskova-Bulanova (Vilnius University,
Natural Sciences, Biophysics — N 011)

This doctoral dissertation will be defended in a public/closed meeting of the
Dissertation Defence Panel:

Chairman — Prof. Dr. Aidas Alaburda (Vilnius University, Natural
Sciences, Biophysics — N 011).

Members:

Dr. Marek Binder (Jagiellonian University, Poland, Social Sciences,
Psychology, S 006),

Prof. Dr. Aleksandr Bulatov (The Lithuanian University of Health Sciences,
Natural Sciences, Biology — N 010),

Dr. Kastytis Dapsys (Vilnius university, Natural Sciences, Biophysics — N 011),
Dr. Grace Wang (University of Southern Queensland, Australia, Natural
Sciences, Biophysics — N 011).

The dissertation shall be defended at a public meeting of the Dissertation
Defence Panel at 10 hour on 4th of July 2023 in Room R-401 of the Faculty
Life Sciences Center

Address: Sauletekio av.,7 No., Room No., Vilnius, Lithuania

Tel. +370 5 223 4419; e-mail: info@gmc.vu.lt

The text of this dissertation can be accessed at the libraries of Vilnius
university, as well as on the website of Vilnius University:
www.vu.lt/lt/naujienos/ivykiu-kalendorius




https://doi.org/10.15388/vu.thesis.488
http://orcid.org/0000-0002-0853-6980

VILNIAUS UNIVERSITETAS

Povilas Tarailis

Smegeny ramybeés busenos jvertinimas:
rysys su subjektyviais potyriais

DAKTARO DISERTACIA

Gamtos mokslai,
Biofizika (N 011)

VILNIUS 2023



Disertacija rengta 2018-2022 metais Vilniaus universitete

Moksliné vadové — dr. Inga Griskova-Bulanova (Vilniaus universitetas,
gamtos mokslai, biofizika — N 011)

Gynimo taryba:

Pirmininkas (-&¢) — Prof. Dr. Aidas Alaburda (Vilniaus universitetas,
gamtos mokslai, biofizika — N 011).

Nariai:

Dr. Marek Binder (Jogailos universitas, Lenkija, socialiniai mokslai,
psichologija, S 006),

Prof. Dr. Aleksandr Bulatov (Lietuvos Sveikatos moksly universitetas,
gamtos mokslai, biologija — N 010),

Dr. Kastytis Dapsys (Vilniaus universitetas, gamtos mokslai, biofizika— N 011),
Dr. Grace Wang (Piety Kvynslando universitetas, Australija, gamtos
mokslai, biofizika — N 011).

Disertacija ginama vieSame Gynimo tarybos posédyje 2023 m. liepos mén. 4
d. 10 val. Vilniaus universiteto Gyvybés moksly centro R-401 auditorijoje.
Adresas: Saulétekio al. 7, Vilnius, Lietuva, tel. +370 5 223 44109; el. pastas:
info@gmc.vu.lt.

Disertacija galima perziaréti Vilniaus universiteto bibliotekoje ir VU
interneto svetainéje adresu: https://www.vu.lt/naujienos/ivykiu-kalendorius




CONTENTS

1. INTRODUCTION ...coiiiiiiieiiieiie ettt 8
1.1 AIm and ODJECTIVES .....c.eeviiiiiieieiecicsee e 10
1.2 SCientific NOVEIY .....cocvveii e 10
1.3 Practical implications...........cccceviviiii i 10
1.4 Statements to be defended ............cccovviiiiiiiiici 11
2. LITERATURE REVIEW. .....ccoiiiiiiiiiiie e 12
2.1 Electroencephalography.........ccccoceeiieiiie i 12
2.2 Spectral properties Of EEG ........cccooeiveiiiiiic e 14
2.3 Frequency-Principal Component Analysis.........cccoccevvveviveieeinennnn 15
2.4 Global Field Synchronization ..o 16
2.5 EEG MICIOSEAES ......c.vviiieiieiiiieeieeie s 17
2.6 Resting State approach ..........ccccccevveiieiiie i 26
2.7 Amsterdam Resting-State QUESLIONNAITE ..........cccvvveririeiienierienn 27
S.METHODS ... 31
3.1 PartiCIPANTS ....oeeveciie e 31
3.2 Data COMECTION ..ot 31
3.3 ARSQ ..ottt 33
3.4 EEG PrOCESSING - .veeveeneeeieeieeenieesieaeeeseeeteesseesneesaeeseeesaeenneeseeeseeeneeas 33
3.5 Frequency Principal Components Analysis .........ccccovevvviveiineiinnens 34
3.6 Source LoCalization ...........ccovevveiiiiiiiiieiscscee s 34
3.7 Global Field Synchronization ...........cccceoeviniiieieniec 34
3.8 Microstate analySiS ......ccevveeiiieiie s 35
3.9 Statistical ANAIYSIS .....cceeiieeiie e 37
3.10 Outliers deteCtion..........covveieiiiiiiee e 37
A RESULTS L.ttt 38
4L ARSQ ..o 38
4.2 T-PCA OUICOMES. .....oouviriiriiiieieire st 39

4.3 Relationship between f-PC loadings and ARSQ Dimensions......... 40



4.4 SLORETA OUICOMES. ..tutieiiiieeeeie et e e s e e e eeaaabe s s e e s e e asesaaanes 41

4.5 Global Field Synchronization oUtCOmMES .........c.ccceevveiieiecieccnnenne 42
4.6 Relationship between GFS and ARSQ Dimensions............c.......... 43
4.7 Temporal parameters of EEG microstates ............ccocvvvvevveieneninnn 44
4.8 Association between Temporal Parameters of Microstates and
ARSQ DIMENSIONS ....oeeiiiiiiee e eciee e ree s see e see et sree e sree et s sneeenneas 45
5. DISCUSSION ...ttt et 51
B L T-PCA e 51
B2 G Sttt 54
5.3 EEG MICIOSTALES ......eovieiieieeiie ettt 56
GENERAL REMARKS ...ttt 60
CONGCLUSIONS ..ottt 62
REFERENCES. ..ottt 63
PUBLICATIONS ......ootitiiieieiete sttt 83
ABOUT THE AUTHOR ...t 85

SANTRAUKA .. 88



ABBREVIATIONS

ARSQ — Amsterdam Resting State Questionnaire

BF — Bayes Factor

EEG — Electroencephalography/Electroencephalogram
DAN - Dorsal Attention Network

DMN — Default Mode Network

FFT — Fast Fourier Transform

fMRI — functional Magnetic Resonance Imaging
f-PCA — frequency Principal Component Analysis
GEV - Global Explained Variance

GFP — Global Field Power

GFS — Global Field Synchronization

GMD - Global Map Dissimilarity

MEG — Magnetoencephalography

MDS — Multi Dimensional Scaling

LORETA - Low Resolution Electromagnetic Tomography
PET — Positron Emission Tomography

TMS - Transcranial Magnetic Stimulation



1. INTRODUCTION

Resting state is a brain mapping method to evaluate brains activity which
happens when no task is performed (Rosazza and Minati, 2011). During last
three decades resting state brain imaging approach gained a lot of attention
and popularity in cognitive and clinical neuroscience, due to its simplicity for
patients, straightforward standardization, and sensitivity to brain disorders.
Research using this approach showed that instead of being inactive, brain
works in self-organized manner and shows high activity. Various data
acquisition and analysis methods are used to investigate this constant activity,
leading to different interpretations regarding brain’s spatial and temporal
organization. Early functional magnetic resonance (fMRI) studies showed that
during resting state sessions brain displays synchronous activity, similar to the
one observed while participants were engaged in a task (Biswal et al., 1995;
Raichle et al., 1996).

Despite the easy implementation, the resting state approach can be
sensitive to the potential phenomenological heterogeneity of subjective
experiences, which can differ between and within people (Hurlburt et al.,
2015; Smallwood and Schooler, 2015, 2006; Weinstein, 2018). Unlike the
participants’ experience during studies implementing tasks where it is
generally assumed that all participants are engaged in the same mental
activity, mind — wandering or daydreaming occurring during resting state
session is unconstrained and can be driven by both internal and external
sources (Gorgolewski et al., 2014; Smallwood and Schooler, 2015). This
spontaneous activity fluctuates from one moment to the next and participants
find themselves drawn into thoughts about the past, plans for the future, or
self- and other-directed reflection (Smallwood and Schooler, 2006; Zanesco
etal., 2021a).

Different analysis methods are applied to evaluate resting state activity
obtained using different brain imaging modalities. Among these modalities,
electroencephalography (EEG) has been widely applied. EEG reflects the
electrical brain’s activity and the signal carries the information about power,
phase, complexity, spatio-temporal patterns.

Most common way to evaluate resting state EEG is power analysis.
Unfortunately, the boundaries between frequency ranges are arbitrary set
(Newson and Thiagarajan, 2019) which can affect the interpretation the the
results and comparison between the studies. Thus, to overcome this problem
frequency principal component analysis was suggested as a way to decompose
EEG signal into meaningful distinct components with the inherent advantage
of providing a data-driven approach across the traditional bands (Barry and
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De Blasio, 2018; Dien, 2012). The method has been applied in several healthy
and clinical populations.

To asses functional connectivity between brain areas, certain phase
evaluation methods has been introduced (for review (Van Diessen et al.,
2015)). Unfortunately, these parameters suffer from certain methodological
challenges which most of the time are ignored. Lehmann and colleagues
(Lehmann et al., 2006) showed that significant relationship between the
electrodes changes by changing the reference electrode. Thus, the need to
evaluate phase synchronization, which is not dependent on reference electrode
is crucial. Koenig et al., (Koenig et al., 2001) introduced references
independent parameter to evaluate global functional connectivity — global
field synchronization. The method was successfully applied in both — clinical
and healthy -populations.

Another popular way to evaluate resting state EEG is microstate
analysis (Khanna et al., 2015). With the microstate approach, the recorded
electrical signal is defined by non-overlapping distinct topographies (Khanna
et al., 2015; Koenig et al., 2002) which, through competitive fitting based on
spatial correlation, are fitted back to the original signal. Unfortunately, most
of the time, number of microstates to extract is predefined, which can cause
spatially similar but functionally different microstate be merged into one
cluster (Custo et al., 2017), which can cause the misattribution of the
functional roles. Thus, estimation of the optimal number of microstates is
crucial for analysis.

It is evident, that constantly changing mentation makes it challenging
to relate ongoing subjective mental activity with observed biological signals.
Several different approaches to measure and quantify mind — wandering exist
for both, task related and resting state sessions (Weinstein, 2018). The
objective/indirect approach measures behavioral aspects such as reaction
times (Cheyne et al., 2006) or eye movements (Reichle et al., 2010), while
subjective/direct approach focuses on self-reports of participants’ internal
states. Subjective/direct approach can be further divided into self — caught,
where participants at any moment in time can report their subjective
experience or when their attention has shifted away from that task, and probe
— caught, where participants are stopped or indicated to remember the
subjective experiences and mind-wandering, approaches.

Despite these approaches being popular, they require more elaborate
experiment design. Thus, to collect retrospective experiences over a short
period of resting state using a specified questionnaire is easier and faster way.
Several different resting state questionnaires were developed and used in brain
imaging and behavioral studies (Delamillieure et al., 2010; Diaz et al., 2014,
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2013; Gorgolewski et al., 2014). These self — report questionnaire covers
several aspects of mind — wandering and gives a standardized way to quantify
the ongoing experience. Balancing groups based on their cognitive states
could lead to bigger group differences which would help to improve the
interpretation of the findings and increase the sensitivity and specificity of
neuroimaging biomarkers in clinical and pharmacological studies (Diaz et al.,
2013).

1.1 Aim and objectives

This work aimed to investigate the relationship between subjective
experiences reported by the participants during the resting state session and
neurophysiological indices of brain activity measured with EEG with the
focus on power, phase synchronization and topographical aspects. The
objectives were as follow:

1. To relate subjective experiences of participants with the loadings of
frequency principal components of the resting-state EEG power.

2. To relate subjective experiences of participants with the global field
synchronization of the resting-state EEG.

3. To relate subjective experiences of participants with temporal
parameters of EEG microstates.

1.2 Scientific novelty

1. For the first time subjective experiences were related with the data-
driven method in a frequency domain using frequency principal
component analysis.

2. For the first time subjective experiences were related with global
functional connectivity assessed using global field synchronization.

3. For the second time subjective experience was related with temporal
parameters of the data-driven EEG microstates.

1.3 Practical implications

1. Global field synchronization in alpha (8-13 Hz) and beta (13-30 Hz)
frequency ranges can be used to quantify subjective experience of
Comfort as measured with Amsterdam Resting State Questionnaire.

2. Neural activity in alpha (9 Hz) and theta (5.5 Hz) ranges can be used
to quantify subjective experience of Comfort and Sleepiness as
measured with Amsterdam Resting State Questionnaire.
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3. Coverage of microstate F can be used to quantify subjective ratings of
Somatic Awareness; occurrence rate of microstate B and duration of
microstate D can be used to quantify subjective ratings of Self related
thoughts; occurrence rate of microstate C can be used to quantify
subjective ratings of Comfort; duration of microstates E and G can be
used to quantify subjective ratings of Comfort as measured with
Amsterdam Resting State Questionnaire.

1.4 Statements to be defended

1. Global Field Synchronization values of alpha (8-13 Hz) and beta (14-
30 Hz) frequency ranges correlate with subjective rating of Comfort.

2. Loading scores of principal components of theta and alpha frequency
correlate with subjective levels of sleepiness and comfort.

3. Temporal parameters of EEG microstates are related with distinct
domains of Amsterdam Resting State Questionnaire.
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2. LITERATURE REVIEW
2.1 Electroencephalography

Electroencephalography (EEG) is a powerful and one of the most used brain
imaging method for noninvasive studies of the electrophysiological dynamics
of the brain and for linking those dynamics to cognition, disease and
(dys)functions (Michel and Murray, 2012). EEG signal consists of different
oscillating electrical voltages - brain waves - reflecting brain’s electrical
activity. The method has a variety of research and clinical applications in
humans and animals: it is used to monitor alertness (Bréchet et al., 2020;
Brodbeck et al., 2012; Massimini et al., 2005), coma states and brain death
(Binder et al., 2020; Gobert et al., 2018); to investigate and monitor changes
in neurological and psychiatric disorders (Koenig et al., 2001; Nishida et al.,
2013; Smailovic et al., 2019); to monitor sleep disorders (Tan et al., 2012; Wei
and Van Someren, 2020); to locate areas of damage following head injury
(Haveman et al., 2019), stroke (Zappasodi et al., 2017); to assess cognitive
functions (Beppi et al., 2021); to assess influence of drugs and
pharmacological substances (Prashad et al., 2018; Vejmola et al., 2021;
Yoshimura et al., 2007); to monitor brain development (Angelini et al., 2023;
Bagdasarov et al., 2022); as a tool in brain-computer interface or biofeedback
setups (Asai et al., 2022; Diaz Hernandez et al., 2016).

EEG reflects changes of the electrical potentials occurring in a large
number of synchronized cortical pyramidal neurons (Cohen, 2017; Jackson
and Bolger, 2014). For EEG signal to be recorded, these neurons must be
arrange 1) in parallel fashion, otherwise, the individual dipoles’ positive and
negative ends will sum and cancel each other out, and 2) work synchronously,
in order to produce a large enough signal to be measured on a scalp surface
(Cohen, 2017; Jackson and Bolger, 2014) (Figure 1).

12



Figure 1. Neurons arraignment and synchronous activity allows electrical signal
to be recorded (a); Dyssynchronous activity cancel each other out (b); No clear
dipole emerges from random arrangement of positive and negative charge pools,
so no signal is measurable at the scalp (c) (Jackson and Bolger, 2014)

EEG has many advantages over other brain imaging methods, including
high temporal precision, low maintenance cost, ability being portable
(LaRocco et al., 2020; Looney et al., 2012). However, it is generally stated
that EEG lacks substantial spatial resolution due to the fact that electrical
signal must go through different resistive layers (cerebrospinal fluid, skull,
skin) which provides a distorted view of the brain activity resulting in a spatial
resolution of around 5 to 9 cm (Burle et al., 2015; Nunez et al., 1994).
However, using sophisticated source localization algorithms combined with
high density EEG systems (64 or more channels) and anatomical information
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of the head, EEG provides a sufficient information about the underlying
sources (Brunet et al., 2011; Ferree et al., 2001; Hedrich et al., 2017; Michel
et al., 2004; Michel and Brunet, 2019) making it an important and affordable
brain imaging tool.

2.2 Spectral properties of EEG

The recorded EEG signal is a complex signal, that contains frequencies,
amplitude, phase, global activity patterns, complexity, morphology
information. Thus, EEG signal can be analyzed using different analysis
approaches focusing on these features. Furthermore, each of these features can
be analyzed applying different mathematical procedures. For instance, to
assess connectivity between the regions or between the electrodes phase lag
index (Stam et al., 2007), phase lag value (Lachaux et al., 1999) or coherence
(Bowyer, 2016) methods can be used.

The power spectral analysis of EEG is well established and one of the
most commonly applied methods for the EEG analysis. (Bai et al., 2017). The
power spectral analysis uses signal decomposition methods, for example, Fast
Fourier Transform (FFT), to convert EEG signal from time domain (amplitude
vs. time) to frequency domain (amplitude vs. frequency) which reflects the
magnitude of the frequency components (Liu et al., 2021) and can be
interpreted as the amount of the activity in certain frequency or frequency
bands (Xiao et al., 2018).

The frequencies are divided into distinguished frequency bands: delta
(0.5-3.5 Hz), theta (4-7.5 Hz), alpha (8-13 Hz), beta (14-30 Hz) and gamma
(30-100 Hz). Each of these frequency bands are associated with distinct
functions and can be affected by various neuropsychiatric disorders and
vigilance states. Changes of frequency bands properties can be used as a
biomarker for certain neurophysiological disorders such as Parkinson’s
disease (Miladinovic et al., 2021; Vecchio et al., 2021), schizophrenia
(Boutros et al., 2007; Koenig et al., 2012b), depression (Grin-Yatsenko et al.,
2009; Knott et al., 2001) and many more. For instance, a commonly reported
phenomena is reduced complexity of the EEG signal (Tait et al., 2020) and
the slowing of resting state EEG or MEG activity measured as a decrease in
alpha and increase in theta band activity (Babiloni et al., 2016; Grunwald et
al., 2002; Montez et al., 2009; Simpraga et al., 2017) in Alzheimer’s disease.

The boundaries between the different frequency bands can vary across
studies and labs, with some bands further being divided into sub-bands with
distinct sources and functions (Groppe et al., 2013; Newson and Thiagarajan,
2019; Tenke and Kayser, 2005). For instance a review paper by Newson and
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Thiagarajan (Newson and Thiagarajan, 2019) revealed big variability and
confusion as to the specific frequency range that defines each band. Out of
184 clinical studies reviewed in their paper, across all bands the most
frequently used range was found in only 30- 50% of studies depending on the
particular band. While theta and alpha were more or less consistent, delta band
could begin anywhere between 0 Hz to 2 Hz and end anywhere from 3.5 Hz
to 6 Hz. Meanwhile, beta band could begin anywhere between 12 Hz and 15
Hz and end anywhere between 20 Hz and 50 Hz. Thus, what one publication
defines as ’delta’ or ‘beta’ is therefore not necessarily the same as what is
defined in another publication using the same terminology (Newson and
Thiagarajan, 2019). Consequently, this kind of approach makes the evaluation
process biased and results difficult to generalize.

2.3 Frequency-Principal Component Analysis

Principal component analysis (PCA), is a widely used data dimensionality
reduction method, which increases interpretability of the data and minimizes
information loss (Jollife and Cadima, 2016). PCA creates new variables that
are linear functions of the original dataset variables. Thus, to overcome the
high number of individual variables and rather than using simple mean
measures of some sort, frequency PCA (f-PCA) was proposed to decompose
the EEG frequency spectral structure into meaningful distinct components
with the inherent advantage of providing a data-driven approach across the
traditional bands (Barry and De Blasio, 2018; Dien, 2012; Tenke and Kayser,
2005). This approach has been successfully implemented in both healthy and
clinical samples. Previous studies compared f-PCA outcomes in young and
older subjects (Barry et al., 2019), and in young adults and children
(Rodriguez Martinez et al., 2012), and attributed observed differences to the
effect of brain maturation. Moreover, f-PCA has been suggested as a tool to
identify response biomarkers for antidepressant treatment (Tenke et al., 2017,
2011). The association between f-PCA outcomes and state measures has also
been shown: a negative relationship was reported between multiple alpha
components and skin conductance level (Barry et al., 2020), pointing to the
role of alpha activity as an index of brain arousal (Barry et al., 2005). Finally,
the components and their topographies (electrical distribution on a scalp) are
highly similar in both eyes open and eyes closed conditions (Barry and De
Blasio, 2018; Karamacoska et al., 2019a; Tenke and Kayser, 2005). Thus, f-
PCA provides a unique chance to identify the constituent components in
frequency domain.
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2.4 Global Field Synchronization

In 2001 Koenig and colleagues proposed a reference free, multichannel EEG
analysis method to estimate large-scale synchrony — Global Field
Synchronization (GFS) (Koenig et al., 2001). GFS evaluates the global phase
(the position along the sine wave at any given time point) alignment between
all channels and frequency ranges between 0 (no predominant phase) to 1
(perfect EEG phase (or anti-phase) among all channels. Higher GFS values
indicate increased global functional connectivity of brain processes
(Achermann et al., 2016; Koenig et al., 2001). The common phase between
the channels implies that there are simultaneous synchronization patterns of
large-scale functional brain network nodes (Achermann et al., 2016; Michel
and Koenig, 2018; Seeber and Michel, 2021). Although, since the EEG signal
is not produced by one spatially isolated source, spread in phase alignment
across channels must have been generated by distinct intracranial electric
sources that differ in phase (Achermann et al., 2016; Custo et al., 2014;
Koenig et al., 2001). By assuming zero time lag between the different EEG
channels, GFS is a measure of global connectivity (Rusterholz et al., 2017).

Using signal decomposition methods, multichannel EEG signal is
transformed to frequency domain, providing information about the magnitude
and the angle at a given frequency. These values can be visualized as cloud of
data points in two-dimensional complex plot (Figure 2). The distance from the
origin to the data point indicates the amplitude and the angle indicates the
phase. The shape of the resulting data cloud indicates the amount of phase
synchronization across channels: a very elongated cloud indicates that the
EEG at the given frequency is dominated by a common phase or anti-phase.
In contrast, if the cloud is shaped like a disk, no predominant phase is present
(Koenig et al., 2001; Rusterholz et al., 2017). Horizontal and vertical lines
indicate the explained variance of the first and the second principal
components respectively. The ratio of the length of these lines yields the value
of GFS (Koenig et al., 2001).
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Figure 2. lllustration of GFS determination in the complex coordinates plain
for 11, 4 and 30 Hz. Green circles: complex Fourier coefficients. Purple lines:
two principal components with relative length of the two eigenvalues.

GFS was successfully applied in both resting state and evoked response
EEG studies. Changes of global connectivity in several neuropsychiatric
disorders were demonstrated using this approach: reduced GFS in theta range
were reported in schizophrenia (Koenig et al., 2012a, 2001), decreased GFS
values in delta, alpha, beta ranges observed in Alzheimer’s disorder (Koenig
et al.,, 2005; Ma et al., 2014; Park et al., 2008; Smailovic et al., 2018),
decreased GFS values in delta and theta revealed in mild cognitive impairment
(Smailovic et al., 2022), decreased GFS values in delta and broadband (0.5-
70 Hz) ranges shown in obsessive-compulsive disorders (Ozgoban et al.,
2018). Finally, the measure appeared to be sensitive to the different vigilance
(Achermann et al., 2016; Nicolaou and Georgiou, 2014; Rusterholz et al.,
2017) and attention (Griskova-Bulanova et al., 2018) levels. Thus, making
GFS a useful measure in assessing global functional connectivity and possible
biomarker in certain neuropsychiatric disorders.

2.5 EEG Microstates

Multichannel EEG is used to assess the spatio-temporal dynamics of the
brain’s electrical activity. Although, traditionally, EEG is characterized by the
temporal waveform morphology and/or frequency distribution of recordings
at certain preselected electrodes, unfortunately, this type of analysis misses
out a large part of information. In 1970’s Dietrich Lehmann and colleges
proposed a new method to quantify the information from all channels at once
(Lehmann, 1971; Lehmann et al., 1987; Lehmann and Skrandies, 1980). The
method was based on the segmentation of the ongoing EEG activity into non-
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overlapping topographical map series, which remained stable for around 100
ms before transitioning into another stable topographical map, which is
referred as a microstate.

Since the initial introduction of the method, it was improved, mostly
from mathematical and computational perspective (Murray et al., 2008;
Pascual-Marqui et al., 1995). The analysis starts with calculation of Global
Field Power (GFP), which is a well-established quantifier of global scalp field
strength and is used to decompose EEG into series of topographical maps
(Lehmann and Skrandies, 1980; Murray et al.,, 2008; Skrandies, 1990;
Zanesco, 2020). GFP is defined as the standard deviation of the power
between all electrodes over a given time frame and it reflects the strength of
synchronized (zero-lag) brain activity and is measured in microvolts (Seeber
and Michel, 2021). It is well known that resting EEG has relatively low signal-
to-noise ratio, thus only topographies at GFP peaks are extracted (Koenig and
Brandeis, 2016; Michel et al., 2009; Zanesco, 2020) and submitted to
clustering analysis. The clusterization algorithm groups topographies together
based on their spatial similarity into a certain number of clusters, where each
topography (brain’s electrical distribution on a scalp) is assigned to only one
cluster. The cluster analysis yields a set of the most dominant topographies for
each subject. Then a set of single subject’s topographies is submitted to the
second round of cluster analysis to determine a set of the most dominant group
level topographies. Finally, group level topographies are fitted back into the
original EEGs, where the momentary maps of the of EEG are labelled
according to the label of the most similar group level topographical map
(winner-takes-all approach (Gschwind et al., 2016; Michel and Koenig,
2018)). EEG microstates are defined as continuous time periods where all
momentary maps are assigned to the same cluster (Figure 3).
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Figure 3. Visualization of the EEG microstate analysis steps (Damborska et
al. (2019)). 2 seconds of the ongoing EEG (A). GFP as a time-varying function
(blue line) and GFP peaks (vertical lines) (B). Topographies from GFP peaks
(C). Group level topographies determined by cluster analysis (D).
Topographies from (D) fitted by to the original signal using winner-takes-all
approach (E).
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The obtained topographies are reliable, comparable between the studies
and independent from the number of electrodes used to record the signal
(Khanna et al., 2014; Zhang et al., 2021), analysis frequency ranges (Férat et
al., 2022) and algorithms used to clustered the data (Khanna et al., 2014; von
Wegner et al., 2018). Based on the physical laws, distinct topographies are
generated by spatially distinct neuronal sources (Michel and Koenig, 2018;
Vaughan, 1982), that are approximately simultaneously active (Seeber and
Michel, 2021) thus being potentially related to different
functional/physiological processes.

After the fitting procedure, temporal parameters are extracted. The most
commonly assessed temporal and spatial parameters are described in Table 1.
For the last several years, sequence analysis received a lot of attention, as the
signal complexity parameters were adopted, implemented and applied for
microstate analysis: Adjusted Mutual Information (Férat et al., 2022b), Hurst
exponent (Liu et al., 2020; Van De Ville et al., 2010; von Wegner et al., 2018,
2017, 2016), Markov chain (Gértner et al., 2015; von Wegner et al., 2017),
Shannon’s (information) entropy (von Wegner et al., 2018; Zhang et al.,
2021), (partial) autoinformation/autocorrelation function (Al Zoubi et al.,
2019; Liu etal., 2020; von Wegner et al., 2018, 2017), Lempel-Ziv complexity
(Artoni etal., 2022; Tait et al., 2020), pairwise dissimilarities based on optimal
matching (Takarae et al., 2022; Zanesco et al., 2021a). Changes in these
parameters revealed that microstate time series show dependencies over long
time ranges and can be changed in neuropsychiatric disorders, such as mood
and anxiety disorder, Alzheimer’s disorder. Thus, could possible serve as a
biomarkers (Al Zoubi et al., 2019; Tait et al., 2020).
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keyword ‘EEG microstat*’, where ‘*’ stands for any ending.

A growing body of clinical and cognitive neuroscience studies is
applying the broadband EEG microstate approach to evaluate electrical
activity of the large-scale cortical networks (Figure 4). Microstate analysis is
applied to evaluate activity of the brain networks in different psychiatric and
neurologic disorders such as schizophrenia (da Cruz et al., 2020; Kindler et
al., 2011; Koenig et al., 1999; Rieger et al., 2016; Tomescu et al., 2014)
psychosis (de Bock et al., 2020; Mackintosh et al., 2020; Murphy et al.,
2020a), Alzheimer’s and/or dementia (Nishida et al., 2013; Smailovic et al.,
2019; Tait et al., 2020), epilepsy (Liu et al., 2021; Raj V et al., 2018), bipolar
disorder (Damborska et al., 2019a; Vellante et al., 2020), autism spectrum
disorders (Bochet et al., 2021; Jia and Yu, 2019; Nagabhushan Kalburgi et al.,
2020), mood and anxiety disorders (Al Zoubi et al., 2019; Atluri et al., 2018;
Damborska et al., 2019b; Murphy et al., 2020b), obsessive compulsive
disorder (Yoshimura et al., 2019), Parkinson’s disease (Chu et al., 2020;
Ignacio Serrano et al., 2018), multiple sclerosis (Gschwind et al., 2016), panic
disorder (Galderisi et al., 2001; Kikuchi et al., 2011), tinnitus (Cai et al., 2019;
Cao et al., 2020), insomnia (Wei et al., 2018), narcolepsy (Drissi et al., 2016;
Kuhn et al., 2015), sleep apnea (Xiong et al., 2021), stroke (Zappasodi et al.,
2017), migraine (Li et al., 2022), fibromialgia (Gonzalez-Villar et al., 2020),
Huntington’s desease (Faber et al., 2021), methamphetamine addiction (T.
Chen et al., 2020), gaming disorder (Cui et al., 2021; L. Wang et al., 2021),
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lower limb amputation patients (Shan et al., 2021), psychosocial stress (Kadier
et al., 2021), post-traumatic stress disorder (Terpou et al., 2022), attention -
deficit/hyperactivity disorder (Férat et al., 2021). The method is also used to
test activity in different wakefulness and sleep stages (Bréchet et al., 2020;
Brodbeck et al., 2012; Diezig et al., 2022; H. Wang et al., 2021), in different
age and gender groups (Koenig et al., 2002; Tomescu et al., 2018; Zanesco et
al., 2020b), under the effect of pharmacological substances (Artoni et al.,
2022; Schiller et al., 2021, 2019; Yoshimura et al., 2007), or meditation and
hypnosis (Brechet et al., 2021; Faber et al., 2017; Katayama et al., 2007,
Zanesco et al., 2021b).

The EEG microstate approach is also successfully implemented in
combination with other brain imaging modalities, such as functional Magnetic
Resonance Imaging (fMRI) (Abreu et al., 2021; Britz et al., 2010; Schwab et
al., 2015; Van De Ville et al., 2010), functional Near-Infrared Spectroscopy
(fNIRS) (Zhang and Zhu, 2019), Positron Emission Tomography (PET)
(Rajkumar et al., 2021a, 2021b), Transcranial Magnetic Stimulation (TMS)
(Croce et al.,, 2018b, 2018a; Qiu et al., 2020; Sverak et al., 2018),
Magnetoencephalography (MEG) (Coquelet et al., 2022). The method was
successfully used in neurofeedback studies (Asai et al., 2022; Diaz Hernandez
et al., 2016) and tested in rodent models (Mégevand et al., 2008; Mishra et al.,
2021).
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Table 1. Most common microstate characteristics to evaluate.

Most common microstate characteristics

Mean duration

The mean temporal duration of consecutive maps assigned to the same microstate class, interpreted to reflect its
intracortical generators synchronously activity for each occurrence of a particular microstate configuration and is
measured in milliseconds (ms) (Khanna et al., 2015).

Occurrence rate

The mean number of times a microstate occurred during one second period, interpreted as the tendency of
intracortical sources to be synchronously activated and is measured in Hertz (Hz) (Khanna et al., 2015).

Coverage

The total percent of the time frames for which a microstate is accounted, it reflects the relative time microstate
being activated (Khanna et al., 2015; Murray et al., 2008).

Global Explained

The sum of the explained variances weighted by the Global Field Power at each moment in time and is measured

Variance (GEV) in percentages (Murray et al., 2008).
Global Field Power An average power standard deviation of the time frames for which a microstate is accounted and measured in
(GFP) microvolts (uV) (Murray et al., 2008; Skrandies, 1990).

Spatial Correlation
(SCorC)

Defined as Pearson’s product-moment correlation coefficient between the potentials of the two maps to be
compared and ranges from -1 to 1, where values approaching 1 indicates topographical similarity and -1 indicates
inverted polarity (Murray et al., 2008). To ignore polarity inversion, the absolute values are usually taken (Custo
etal., 2017; Tarailis et al., 2021).

Global Map
Dissimilarity (GMD
or DISS)

Defined as an index of topographical differences between two electric fields scaled to unitary strength
(normalized by their GFP) and is bounded between 0 and 2, where the values closer to 0 indicates topographical
similarity and 2 indicates inverted polarity. SC and GMD are invasively related (Brandeis et al., 1992; Brunet et
al., 2011; Murray et al., 2008).

Microstate
syntax/transition

Defined as transition counts among all microstates and normalized for the overall count of transitions and is
characterize as the pattern of transitions between microstates when they occur, measured in probability (Lehmann
etal., 2005).
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Compared with more commonly applied EEG analysis methods that

focus on the morphology of the waveform and/or frequency distribution over
a small number of preselected electrodes, multichannel EEG approach has
four main advantages:

1)

2)

3)

4)

Based on a volume conduction, the activity of a single source will
simultaneously affect all scalp electrodes, resulting in an intrinsic
correlation between the electrodes; since information from all
electrodes are taken into account, the scalp field produced by
difference source(s) is taken into account to its largest possible extent
(Dien, 2012; Koenig et al., 2011; Michel et al., 2004; Michel and
Murray, 2012).

An electrode at any given scalp location not only detects neuronal
activity in area directly below it, but also simultaneously records
activity from remote sources, since all sensors are being used, false
negatives based on partially overlapping scalp fields are unlikely, and
over-interpretation of spatial location is avoided (Dien, 2012; Koenig
et al., 2011; Michel and Koenig, 2018).

Since there are different generators working independently in the
same frequency (Custo et al., 2014), taken information from all
electrodes into account, topographical display reflects the sum of the
all momentary active neuronal populations in the brain, thus it makes
it reference independent (Brunet et al., 2011; Koenig et al., 2011;
Lehmann and Skrandies, 1980; Michel et al., 2004; Michel and
Koenig, 2018; Murray et al., 2008).

Based on the physical laws, distinct topographies are generated by
spatially distinct neuronal sources (Michel and Koenig, 2018;
Vaughan, 1982), thus distinct topographies are directly related to
different functional/physiological processes.
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Figure 5. Electrical configuration of canonical four microstates reported by
Koenig et al. (2002) from 496 participants (top row), seven microstate
topographies obtained by Custo et al. (2017) from 164 participants (middle
row) and by Tarailis et al., (2021) from 197 participants (bottom row)

Number of EEG studies has consistently reported similar looking four
microstates, that explains majority of the ongoing activity (60 —80 %) (Michel
and Koenig, 2018) and comparable temporal parameters. These four
microstates a referred as canonical EEG microstates (Figure 5 top row).
Although, this a priori selection to extract only four microstates has been
criticized (Custo etal., 2017; Michel and Koenig, 2018; Tarailis et al., 2021).It
was noticed that topographies of microstate classes differs between studies to
a certain degree (Michel and Koenig, 2018), with the most pronounced
differences reported for microstate C: it displays anterior-posterior
configuration in some studies and posterior maximum—in others. Custo et
al.(Custoetal., 2017), and Tarailis et al. (Tarailis et al., 2021) (Figure 5 middle
and bottom rows) showed, that spatially similar, but functionally different
microstates can be merged into one microstate class, if a priori number of
classes are selected this potentially could explain the functional heterogeneity
of microstate C reported in the literature. Studies using optimization criteria
most of the time report more than four microstates that display high spatial
similarity independently of number of classes (Tarailis et al., submitted).
Since there is no fixed number of microstates preselecting a number of
microstates to extract can cause misattribution of the functional roles between
spatially similar topographies (Custo et al., 2017; Michel and Koenig, 2018;
Tarailis et al., 2021).

25



2.6 Resting State approach

Assessment of brain activity at rest is a classical data-collection setting used
both in clinical and experimental studies. It does not require active
participation of the subjects. Numerous studies showed that rather than
remaining inactive until the upcoming stimulus, the brain at rest is very active,
self-organized and the observed ongoing activity is not random (Fox et al.,
2005; Fox and Raichle, 2007; Greicius et al., 2003; Van De Ville et al., 2010),
thus providing a valuable information on the state of the brain.

However, despite its straightforward application, investigation of brain
at rest presents conceptual and methodological challenges, compared with the
responses to controlled stimuli (experimental paradigm) that is dominant in
neuroscience. The results obtained by resting state approach can be sensitive
to participant-, procedure-, and measurement-related factors such as sex,
emotional state, body weight, state of vigilance, participant’s body position,
choice of the reference and frequency bands when the EEG is recorded, and
extrenal irritants such as fMRI background noise, to name a few (Duncan and
Northoff, 2013; Van Diessen et al., 2015). While a majority of these factors
can be minimized or taken into account during statistical evaluation, the
participants’ mental activities, even during a brief resting-state session, cannot
be precisely controlled, and the relationship between the ongoing experience
of mind wandering and neurophysiological signals is still unclear (Gonzalez-
Castillo et al., 2021; Hurlburt et al., 2015; Smallwood and Schooler, 2015).
The knowledge on the relationships between subjective experiences and
objectively observed physiological activity would help to improve the
interpretation of the findings and increase the sensitivity and specificity of
neuroimaging biomarkers in clinical and pharmacological studies (Diaz et al.,
2013).

To overcome the problem of mind-wandering, several “resting-state”
studies implemented task-initiated thoughts (Antonova et al., 2022; Bréchet et
al., 2019; Faber et al., 2017; Milz et al., 2016; Roehri et al., 2022; Seitzman et
al., 2017) or descriptive experience sampling, where participants are to attend
to the experience that was ongoing at the moment of the onset of the auditory
beep and describe their experiences after the session to the interviewer
(Hurlburt et al., 2015; Hurlburt and Akhter, 2006).
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2.7 Amsterdam Resting-State Questionnaire

To quantify participants’ subjective experiences during the resting-state
session, several resting state questionnaires were introduced. New York
Cognition Questionnaire (NYC-Q) (Gorgolewski et al., 2014) separates mind
wandering into categories of content (future, past, positive, negative, social)
and form (words, images, specificity). The Resting-State Questionnaire
(ReSQ) (Delamillieure et al., 2010) is a semi-structured, supervised and based
on decision tree questionnaire, which focuses on inner speech/language and
visual imaginary aspects. Diaz et al., (Diaz et al., 2014, 2013) introduced
Amsterdam Resting-State questionnaire (ARSQ) as a tool to effectively
quantify subjective experiences, emotions, and thoughts during the resting-
state periods. ARSQ covers similar domains as NYC-Q and ReSQ but unlike
ReSQ is based on self-report and self-assessments. Up to date ARSQ is the
most commonly used questionnaire to asses subjective experience of mind
wandering.

Initially, authors formulated more than 100 statements that participants
might experience during the resting session and during a small-sample pilot
study, statements that were too ambiguous (always rated ‘strongly disagree”)
or too specific (always rated ‘strongly agree’) were eliminated. Additionally,
participants could suggest statements that they felt were lacking (Diaz et al.,
2013).

The ARSQ 1.0 questionnaire was developed to minimize the impact of
the fading memory of the resting-state experience by keeping it short: the full
ARSQ is usually completed in less than four minutes even when lying in an
fMRI scanner (Diaz et al., 2013). The guestionnaire contained 27 statements
divided into seven domains of mind-wandering: Discontinuity of Mind
(DoM), referring to the dynamics of the ongoing thoughts; Theory of Mind
(ToM), referring to other people-related thoughts; Self, referring to self-
related thoughts; Planning, referring to future directed thoughts; Sleepiness,
referring to the level of drowsiness; Comfort, referring to the level of
relaxation during the session; Somatic Awareness (SA), referring to the
interoceptive awareness of one’s own body. Five additional statements were
included to assess response validity (‘I felt motivated to participate’, ‘I have
difficulty remembering my thoughts’, ‘I have difficulty remembering my
emotions’, ‘I had my eyes closed’, ‘I was able to rate the statements”).
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Table 2. Ten domains model of ARSQ 2 (Diaz et al., 2014)

Discontinuity of mind

‘I had busy thoughts.’
‘I had rapidly switching thoughts.’
‘I had difficulty holding on to my thoughts.’

Theory of Mind

‘I thought about others.’
‘I thoughts about people I like.’

‘I placed myself in other peoples’ shoes.’

Self

‘I thought about my feelings.’
‘I thought about my behavior.’
I thought about myself.’

Planning

I thought about things I need to do.’
I thought about solving problems.’
‘I thought about the future.’

Sleepiness

‘I felt tired.’
‘I felt sleepy.’
‘I had difficulty staying awake.’

Comfort

‘I felt comfortable.’
‘I felt relaxed.’
‘I felt happy.’

Somatic Awareness

‘I was conscious of my body.’
‘I thought about my heartbeat.’
‘I thought about my breathing.’

Health Concern

‘I felt ill.”
‘I thought about my health.’
‘I felt pain.’

Visual Thought

‘I thought in images.’
‘I pictured events.’

‘I pictured places.’

Verbal Thought

‘I thought in words.’
‘I had silent conversations.’

‘I imagined talking to myself.’

However, the first iteration of ARSQ did not cover some domains that
are important facets of mind-wandering, like visual or verbal imagery. The
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authors improved and extended the original ARSQ to ten domains
questionnaire, by adding Health Concern (HC), referring to general well-
being; Visual Thought (Vis), referring to the visual imagery during mind-
wandering; and Verbal Thought (VT), referring to the spontaneous thoughts
formulated in words (Diaz et al., 2014).

Additionally, the domains were standardized by keeping the number of
items per factor equal in order to avoid differences in the discreetness of the
underlying scale. The statements of ARSQ 2.0 are presented in Table 2.
Several EEG, fMRI and behavioral studies (Table 3) reported the relationship
between ARSQ domains and physiological and/or psychological variables in
healthy (Diaz et al., 2016, 2014, 2013; Marchetti et al., 2015; Pipinis et al.,
2017; Portnova et al., 2019; Schiller et al., 2021; Stoffers et al., 2015; Tarailis
et al., 2022, 2021; Tomescu et al., 2022; Zanesco et al., 2020a), and clinical
cohorts. Moreover, the scores of domains of ARSQ correlated with well-
established measures of general mental well-being, like Pittsburgh Sleep
Quality Index, Insomnia Severity Index, Hospital Anxiety and Depression
Scale, Center for Epidemiological Studies Depression Scale, Inventory of
Depressive Symptomatology, Temporal Experience of Pleasure Scale-
Anticipatory, Consummatory Pleasure, Research And Development 36,
Dysfunctional Beliefs and Attitudes About Sleep Scale, Beck Depression
Inventory, AQ-short (Diaz et al., 2013; Palagini et al., 2016; Simpraga et al.,
2021).

Table 3. Studies that applied ARSQ.
EEG fMRI

Behavioral

Diaz et al. 2013
Diaz et al. 2016
Pipinis et al. 2016

Marchetti et al. 2015

Diaz et al. 2014

Stoffers et al. 2015

Palagini et al. 2016

Simpraga et al. 2021

Portnova et al. 2019
Schiller et al. 2021
Tarailis et al. 2021
Tarailis et al. 2022
Tomescu et al. 2022
Zanesco et al. 2021

Studies using different brain imaging modalities and applying different
analysis methods reported associations with the ARSQ domains. (DoM
(Stoffers et al., 2015; Tomescu et al., 2022), ToM (Marchetti et al., 2015), Self
(Tarailis et al., 2021; Tomescu et al., 2022), Planning (Portnova et al., 2019;
Zanesco et al., 2021a), Sleepiness (Diaz et al., 2013; Stoffers et al., 2015),
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https://pubmed.ncbi.nlm.nih.gov/35743681/
https://pubmed.ncbi.nlm.nih.gov/34999201/
https://pubmed.ncbi.nlm.nih.gov/33706148/

Comfort (Stoffers et al., 2015; Tarailis et al., 2021; Zanesco et al., 2021a),
Somatic Awareness (Pipinis et al., 2017; Tarailis et al., 2021; Tomescu et al.,
2022; Zanesco et al., 2021a), Visual Thought (Stoffers et al., 2015), Verbal
Thought (Tomescu et al., 2022). Most important, these results are overlapping
and comparable between the studies and are supported by results reported in
the literature. For instance, several studies (Pipinis et al., 2017; Tarailis et al.,
2021; Tomescu et al., 2022; Zanesco et al., 2021a). were aiming to relate
individual scores of ARSQ domains with broadband spatio-temporal
parameters of EEG activity — EEG microstates. In all of these studies, domain
of Somatic Awareness showed association with microstate activity which is
related with interoception and emotional cognition. This result was confirmed
by Schiller et al., (Schiller et al., 2021), where microstate related with
interoception showed significant correlation with Somatic Awareness domain
in alcohol intoxicated subjects. Other correlation were also observed between
EEG microstates temporal characteristics and ARSQ domains. For instance.
Tarailis et al (2021) also reported association between microstate B and
domain of Self. In previous studies, microstate B was related with
autobiographical memory, scene reconstruction and self visualization in the
scene (Bréchet et al., 2019). Additionally, the activity of this microstate was
reported to be reduced in bipolar patients, who has poor visualization of
autobiographical memories (Damborska et al., 2019b; Vellante et al., 2020).
Positive correlation between domain of Comfort and microstate G, which is
related with sensorimotor network (Custo et al., 2017) was also reported
(Tarailis et al., 2021), which falls in line with results reported in fMRI study
by Stoffers et al., (Stoffers et al., 2015) where the individual scoring for
domain of Comfort showed positive correlation with activity within
sensorimotor network.

By applying different EEG spectral analysis, Diaz et al., (Diaz et al.,
2016, 2013) and Tarailis et al., (Tarailis et al., 2022) reported relationship
between activity in theta frequency band and ARSQ domain of Sleepiness.
Additionally, Tarailiset al., (2002) reported theta activity in limbic lobe, the
anterior cingulate gyrus, and Broadman area 24 and Broadman area 23 which
corresponds with results reported in literature (Nishida et al., 2004; Scheeringa
et al., 2008; Smith et al., 2020).

Portnova et al., (Portnova et al., 2019) reported positive relationship
between high alpha (12 — 13 Hz) and domain of Planning, while activity in
delta band had negative relationship with domain of Planning. Tarailis et al.,
(2022) reported association between activity in alpha frequency range (9 Hz)
and domain of Comfort, while activity in delta frequency range did not
displayed any relationship between domains of ARSQ.
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3. METHODS

The study was approved by the Vilnius Regional Biomedical Research Ethics
Committee (Nr. 2019/10-1159-649, date of approval: 8 October 2019) and all
subjects gave their written informed consent to participate.

3.1 Participants

Data from two hundred and twenty-six participants was collected
(Females=131; Males=95, mean age 23.41, standard deviation +3.87).
Participants aged from 19 to 35 years, with normal or corrected to normal
vision were included. All subjects were Caucasians residing in Lithuania. All
females were healthy, nonpregnant, not using hormonal contraception, and
reported experiencing regular menstrual cycles. Based on self-reports, 107
females participated in the study during the early follicular phase (menses),
20 during the luteal phase, and 4 during the ovulatory phase. Eighteen
participants were left-handed and the remaining were right-handed.
Participants were asked not to consume nicotine and caffeine 2 h prior to the
study. The description of the participant groups used for each analysis
approach is summarized in Table 4.

Table 4. Descriptive statistics of participants for each analysis

f-PCA and GFS EEG Microstates

N 226 197
Males 95 94
Females 131 103
Mean age and standard deviation 23.41 (3.87) 23.97 (3.81)

3.2 Data collection

To avoid subjects falling asleep and ensure the sufficient amount and quality
of the data (Jobert et al., 2012; Liu et al., 2020; Tagliazucchi and Laufs, 2014),
five minutes of resting state EEG were recorded in the dim lighted, sound
attenuated and electrically shielded room while participants were comfortably
seated in the upright position. Before the start of the recording session
participants were instructed to stay still with their eyes closed, not to think
about anything in particular and not to fall asleep.

EEG data were collected using EEG equipment (ANT Neuro, The
Netherlands) and 64 Silver/Silver Chloride electrodes placed according to
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international 10-10 system and mounted of elastic WaveGuard EEG cap
(Figure 6). All electrodes were referenced against mastoids (M1 and M2) and
ground electrode was attached close to Fz. The impedance of electrodes was
kept below 20 kQ.

Two pairs of additional electrodes (VEOG and HEOG) were used.
VEOG were placed above and below the right eye to record electrical muscle
activity of vertical eye movements, while HEOG were placed approximately

a ;
M1 TPX CP5 CP3 CP1 CPz CP2 CP4 cpe 58 M2

Figure 6. Electrodes layout used in the data collection.

2 cm from the right and left outer canthi to record electrical muscle activity of
horizontal eye movements. Data was recorded with sampling rate of 2048 Hz.
Right after the EEG recording session participants completed the Lithuanian
version of ARSQ where they had to retrospectively rate the statements about
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the emotions and thoughts from 1 (completely disagree) to 5 (completely
agree).

3.3 ARSQ

The Lithuanian version of ARSQ 2.0 was used (Pipinis et al., 2017). The
ARSQ is self-report questionnaire that aims to summarize the retrospective
subjective experience. It contains thirty statements on thoughts and feelings
that participants may experience during resting state period. Each statement is
rated on Likert-type scale ranging from 1 (completely disagree) to 5
(completely agree). Thirty statements are divided into ten mind wandering
domains that participants might experience during the session: Discontinuity
of Mind (DoM), referring to the dynamics of the ongoing thoughts, Theory of
Mind (ToM), referring to the other people-related thoughts, Self, referring to
the self-related thoughts, Planning, referring to the future directed thoughts,
Sleepiness, referring to the level of drowsiness, Comfort, referring to the level
of relaxation during the session, Somatic Awareness (SA), referring to the
interoceptive awareness of own’s body, Health Concern (HC), referring to
general well-being, Visual Thought (Vis), referring to the visual imagery
during the mind-wandering, Verbal Thought (VT), referring to the
spontaneous thoughts formulated in words. The scores of each ARSQ
dimension were calculated by taking the mean value of three statements.

3.4 EEG processing

The offline EEG data processing was conducted in MATLAB (The
Mathworks, Natick, USA) environment using EEGLAB toolbox (Delorme
and Makeig, 2004) and custom written functions. 50 Hz power line noise was
removed using multi-tapering and Thomas F-statistics implemented in the
CleanLine plugin for EEGLAB (Mullen, 2012). EEG data was submitted to
an Independent Component Analysis (ICA) using the Infomax ICA algorithm
and components with spatial and temporal characteristics of horizontal and
vertical eyes movements and cardiac pulse were used to construct individual
spatial filters to suppress these artefacts (Delorme et al., 2007; Jung et al.,
2000). Channels with excessive artefacts were manually rejected and
reconstructed using three - dimensional spherical spline method (Perrin et al.,
1989). EEG recordings were down-sampled to 512 Hz for the microstate
analysis and to 1000 Hz for f-PC analysis. Data were segmented into artefact-
free, non-overlapping 2 second epochs.
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3.5 Frequency Principal Components Analysis

The artefact free epochs were baselined across their duration and decomposed
using FFT from DC to 30 Hz, for frequency resolution of 0.5 Hz. Then the
values for each frequency were averaged together across the epochs. f-PCA
was conducted using EP Toolkit v.2.92 (Dien, 2010). The covariance matrix
with unrestricted component extraction and Promax rotation was used, as it
was previously showed to be more effective for the temporal approach (Barry
and De Blasio, 2018; Dien et al., 2007). Cases to variables ratio was 229.7
(14012 cases: 226 participants X 62 electrodes), (61 variable: 0-30 Hz in 0.5
Hz steps). Factors with more than 3 percent of explained variance were
included for further analysis, and the remaining components were excluded.
To ensure a sufficient signal-to-noise ratio, electrodes with three maximum
values were averaged together for each distinct factor.

3.6 Source Localization

Standardized Low Resolution Electromagnetic Tomography (SLORETA)
(Pascual-Marqui et al., 1994, 2002) was used to determine the intracortical
distribution of the electrical activity determined as for f-PC significantly
associated with ratings scores on ARSQ domains (these were set as external
independent variables). The Montreal Neurologic Institute average MRI brain
(MNI152) (Mazziotta et al., 2001) was used as a realistic head model where
the solution space was restricted to the cortical grey matter, corresponding to
6239 voxels at 5x5x5 mm spatial resolution. The sources for activity were
assessed by sLORETA log-transformed current density power. Statistical
nonparametric mapping (SnMP) with 5000 permutations was used to
determine the significant threshold value for voxels activation (Nichols and
Holmes, 2001).

3.7 Global Field Synchronization

For GFS analysis data was recomputed to average reference and filtered
between 1 and 30 Hz using Finite Impulse Response filter implemented in
EEGLAB (Delorme and Makeig, 2004) with default settings. Each epoch was
frequency-transformed using FFT at 1 Hz step yielding a complex value for
each frequency and each electrode. The distribution of these values indicates
the amount of common phase alignment across the electrodes. Data-points
cloud distribution was submitted to two-dimensional principal component
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analysis, yielding two eigenvalues per frequency. GFS was defined as a ratio
between these two eigenvalues:

14 (f) = ()l

() + A:(F)

where A1 and A2 are two eigenvalues obtained by using PCA at a particular
frequency f. GFS values are bounded between 0 and 1. Low values of GFS
indicate that there is no predominant phase between the electrodes, thus
decreased global functional connectivity, while high GFS values indicates
predominant phase (or anti-phase) over electrodes, thus increased global
functional connectivity (Achermann et al., 2016; Koenig et al., 2001). GFS
values were averaged between the epoch for predefined frequency bands: delta
(1-3 Hz), theta (4-7 Hz), alpha (8-13 Hz), and beta (14-30 Hz) (Koenig et
al., 2001; Smailovic et al., 2018).

GFS(f) =

3.8 Microstate analysis

For microstate analysis, data was recomputed to average reference and filtered
between 1 and 40 Hz using Butterworth filter of 2nd order. The microstate
analysis was performed using microstate plugin for EEGLAB (version v1.2)
(http://www.thomaskoenig.ch/index.php/software/microstates-in-eeglab/)
and custom written functions. Data was analyzed in two steps: individual and
group level. GFP was calculated for every participant:

Xie (v — )2

n

GFP =

where vi measured potential of the i-th electrode for a given time frame, v is
average potential for a given time frame and n is the number of electrodes. To
ensure a sufficient signal-to-noise ratio, only the maps at momentary peaks of
the GFP were extracted (Koenig and Brandeis, 2016; Skrandies, 1990;
Zanesco, 2020) and submitted to modified k-means clustering algorithm
(Pascual-Marqui et al., 1995). To ensure that only spatial distribution of these
maps was taken into account, the maps were normalized to a vector of length
1. To identify the optimal number of microstate templates, number of clusters
ranged from 2 to 10.

For the second step, individual topographies were averaged across
participants using a permutation algorithm that maximizes the common
variance between the participant (Koenig et al., 1999). The optimal number of
clusters for group level was identified by Silhouettes method (Rousseeuw,
1987). Silhouettes evaluate how similar each data point (individual
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topography) is to other data points in its own cluster compared to the data
points in other clusters (Bréchet et al., 2019; Dinov and Leech, 2017).
Silhouette values are defined as:

_ (b — a;)

" max(a; * b;)

where a; is the average distance from i-th point to other points in the same
cluster, and b is the average distance between i-th point and points in different
clusters. Silhouettes values ranges from -1 to 1. A high silhouette value
indicates that a data-point is well matched to its own cluster, and poorly
matched to other clusters. The optimal number of clusters was based on mean
value of Silhouettes for each number of clusters - Silhouette coefficient.

As for the measure of distance, Global Map Dissimilarity (GMD) was
applied as it is described in the literature (Brunet et al., 2011; Murray et al.,
2008; Skrandies, 1990). GMD is defined as an index of topographical
differences between two electric fields and is bounded between 0 and 2, where
the values closer to O indicates topographical similarity. To obtain the
temporal parameters of microstates, the fitting procedure consisted in
calculating the spatial correlation between every group level topographical
map and the individual subject’s scalp potential map in every time frame of
the individual EEG recording. Each continuous time point of the subject’s
EEG (not only the GFP peaks) was then assigned to the microstate class of the
highest spatial correlation (SC) (winner-takes-all approach), again ignoring
polarity. SC is analogous to the Pearson’s product-moment correlation
coefficient between two topographies (Khanna et al., 2014; Murray et al.,
2008):

_ Yiza (Wi v)
\/Zln=1 u? -\/Z?=1 v

where u and v are distinct normalized microstate topographies, i is measured
voltage of electrode and n is the number of electrodes. For each subject, three
temporal parameters were calculated for each microstate class: mean duration
(measured in milliseconds) — referring to the mean temporal duration of
consecutive maps assigned to the same microstate class, interpreted to reflect
its intracortical generators synchronously activity for each occurrence of a
particular microstate configuration (Khanna et al., 2015); occurrence rate
(measured in Hertz (Hz)) — defined as the mean number of times a microstate
occurred during one second period, interpreted as the tendency of intracortical
sources to be synchronously activated and is (Khanna et al., 2015); coverage
— defined as the total percent of the time frames for which a microstate is

SC
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accounted, it reflects the relative time microstate being activated and is
measured in percentages (Khanna et al., 2015; Murray et al., 2008).
Additionally, GFP (measured in microvolts (uV)), defined as an average
power standard deviation of the time frames for which a microstate is
accounted was calculated (Murray et al., 2008; Skrandies, 1990).

3.9 Statistical Analysis

Statistical Analysis was performed using JASP statistical software (Version
0.14.1) (JASP Team, 2020; Love et al., 2019), Statistics and Machine
Learning Toolbox implemented in MATLAB (The MathWorks, 2022) and
custom written MATLAB functions. A Bayesian Pearson’s correlation
coefficients, and the corresponding Bayes factors (BF) were computed
between scores on ARSQ domains and f-PCs’ loading scores, GFS values and
microstates temporal characteristics. In Bayesian interference, probability is a
measure of the degree of confidence in the occurrence of an event and instead
of p value it provides a likelihood ratio—Bayes factor. BF is the predictive
updating factor which measures the change in relative beliefs about the
alternative hypothesis relative to the null hypothesis (Kelter, 2020) and does
not require correction for multiple comparisons (Dienes, 2016, 2014, 2011).
BF can state evidence for both the alternative and the null hypothesis.
Evidence categories for the BF are divided into eleven categories: Decisive
evidence for H1 (BF10> 100); Very strong evidence for H1 (100 > BF10> 30);
Strong evidence for H1 (30 > BF10> 10); Substantial evidence for H1 (10 >
BF10> 3); Anecdotal evidence for H1 (3 > BF10> 1); No evidence (BFio = 1);
Anecdotal evidence for HO (1 > BF1o> 1/3); Substantial evidence for HO (1/3
> BFi0> 1/10); Strong evidence for HO (1/10 > BF1s> 1/30); Very strong
evidence for HO (1/30 > BF1o> 1/100); Decisive evidence for HO (BF1o<
1/100) (George Assaf and Tsionas, 2018; Wetzels and Wagenmakers, 2012).

3.10 Qutliers detection

To determine the possible outliers a custom written MATLAB function for
Multidimensional Scaling (MDS) was used. MDS is a method that allows to
downscale and visualize similarities among datasets in a low-dimensional
space, where the distances between datapoints optimally represents the
original similarities (Habermann et al., 2018; Koenig et al., 2011). MDS
produced x and y coordinates for datapoints, which were used to calculate the
pairwise Euclidean distances between them. Next, MATLAB built-in function
isoutlier with default settings was used. MDS was applied separately for f-
PCs, GFS values, microstates temporal properties and ARSQ scores.
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4. RESULTS

Based on MDS there were no outliers in f-PCs loading scores, GFS values,
microstates temporal parameters and ARSQ ratings.

4.1 ARSQ

Mean scores and standard deviations for each ARSQ domain were DoM 3.229
(£0.971), ToM 2.825 (+0.823), Self 3.156 (+0.877), Planning 2.926 (+£1.047),
Sleepiness 2.681 (£0.923), Comfort 3.700, (x0.829), SA 2.953 (£0.996), HC
1.594 (+0.601), Vis 3.764 (£1.069), VT 2.883 (+1.103). The means and
standard deviations are summarized in Figure 7 (A). Intraclass Bayesian
Pearson correlation coefficients for ARSQ dimensions are displayed in Figure
7 (B). There were, in total, sixteen positive intraclass correlations between the
ARSQ domains, while only HC and Comfort displayed significantly negative
relationships (r = —0.203, BF10 = 8.772). DoM correlated with all but the
Comfort and SA domains, while SA did not display any relationship with
other ARSQ domains.

To account for potential age and gender effects, the effect of the fixed
factor gender on the ARSQ scores with age as covariate were tested using
multivariate ANOVA. Multivariate ANOVA revealed a significant main
effect of the covariate age for ARSQ scores [F(10, 185) = 2.502, p = 0.008],
but no effect of gender was observed [F(10, 185) = 1.348, p = 0.208]. A
subsequent correlation analysis showed that only correlations between age and

(A) DOM (B) Pearson's Correlation Coefficient
Vis

Planning  *

Sleepiness " -
&

Comfort

Figure 7. Mean scores (red line) and standard deviations (shaded area) for each
of ARSQ ratings (A). Intraclass Bayesian Pearson correlation coefficients
between ARSQ dimensions. * 10 > BF10> 3, *** BF10> 100.
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ToM and HC domains reached substantial level of evidence (ToM: r=-0.193,
BF10 =3.520, Health: r=-0.198, BF10 = 4.258).

4.2 f-PCA Outcomes

Six factors that explained more than three percentages of variance were used
for further analysis Together, these six factors accounted for 82.58% of the
variance. The factors were ordered according to explained variance and
labeled with the first letter of the corresponding EEG frequency range. There
was one factor in the delta frequency range, peaking at 0.5 Hz with fronto-
central activity (D1); one at the theta range, peaking at 5.5 Hz with frontal
midline activity (T1); three components in the alpha range, peaking at 9 Hz
(A1), 10.5 Hz (A2), and 11.5 Hz (A3), respectively, with occipital activity;
and one factor in the beta frequency range, peaking at 17 Hz with occipital
activity (B1). The f-PCA outcomes are depicted in Figure 8.

¥ —D1
s T
36 At
@ —A2
£4 —A3
b= —B1
S92

S

0 5 10 15 20 25 30
Frequency (Hz)

Label D1 Tl Al A2 A3 B1
Factor 3 5 1 2 4 6
PeakHz 0.5 5.5 9 10.5 11.5 17

Var.% 15.15 11.34 19.82 19.56 13.10 3.61

I |
0 1 2 3 4 5 6 7 8 9
uv

Figure 8. f-PCA outcomes for six factors. Top part: grand average (N=226)
loading scores of each factor. Middle part: individual labels, factor numbers,
peak frequencies, and variance as percentage. Bottom part: grand average
topographies of each component. Three electrodes with maximum values are
marked with black dots.
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The top part shows the loading scores of each factor, describing how much
each variable contributed to a particular principal component; the middle part
presents individual labels, factor numbers, peak frequencies and explained
variance percentage. The bottom part displays the topographies of each
component. Three electrodes with the maximum values, which were averaged
together for each component, are marked in black.

4.3 Relationship between f-PC loadings and ARSQ Dimensions

Out of sixty possible correlations (ten ARSQ domains x six factors) only two
interactions were statistically significant (BFio > 3). T1, peaking at 5.5 Hz,
was positively correlated with the ARSQ domain of Sleepiness (r = 0.200,
BF1,=7.676). Al, peaking at 9 Hz, was positively associated with the domain
of Comfort (r = 0.198, BF1o = 7.115) (Figure 9A). The Pearson’s correlation
coefficient and BFs for correlations between f-PC loading scores and ASRQ
scores are summarized in Table 5.

Table 5. Bayesian Pearson’s correlation coefficient between six data-driven
EEG components and ARSQ domains. Significant interactions (BF 1o > 3) are
marked in grey squares.

Factors
ARSQ Al A2 D1 A3 T1 Bl

r -0.081 -0.47 -0.008  0.009 0.059  -0.053

DOM “gp " 0173 0107 0084 0084 0122 0114
y T 0044 0045 0071 0007 0086 0046
BF, 0103 0105 0145 0084 0191  0.105

wort T 0003 0062 0104 0010 0018 0062
BF, 0083 0127 0279 0084 0086 0128

olanning I 0018 0018 0017 0.062 -0.048 -0.105
BF, 0086 0086 0086 0128 0107 0288

Sleopimess [ 0040 0004 003l 0052 | 0200 -0.034
BF, 0099 0083 0093 0112  7.676  0.095

comror [ 019 0138 0078 0044 0131 0082
BFo 7415 0713 0164 0104 0573 0176

A T 0027 0012 0025 0067 0089 -0.009
BF, 0090 0085 0089 0137 0201  0.084

o T 0008 0125 0086 -0069 -0.025 -0.076
BF, 0084 0475 0189 0142 0089  0.158

" T 0103 0032 0011 -0116 0128  0.100
BF 0272 0093 0084 0371 0521 0253

. T 0066 0070 0090 004 0020 -0.058

BFy,, 0.135 0.145 0.206 0.103 0.087 0.121
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4.4 sLORETA outcomes

The loadings of only two f-PCs were significantly correlated with two distinct
individual ARSQ ratings. We constrained an SLORETA analysis for the A1 X
Comfort and T1 x Sleepiness rating scores only.

The sSLORETA analysis resulted in a significant correlation for T1 x
Sleepiness (r = 0.247, p < 0.05), with the main activity evident in the limbic
lobe, the anterior cingulate gyrus, and Broadman area 24 and Broadman area
23 (Figure 9B). The Al x Comfort analysis failed to reach a significant
threshold (r = 0.207, p > 0.05).

(A)
r=0.198 BF10=7.115 r=0.200 BF10=7‘676
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Figure 9. Scatter plots displaying relationship between fPCs’ loadings and
Amsterdam Resting-State Questionnaire (ARSQ) dimensions (N = 226) (A).
Intracortical activity estimated with SLORETA for T1 and ARSQ domain of
Sleepiness (B).
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4.5 Global Field Synchronization outcomes

GFS mean values for frequency ranges were: Delta: 0.517 (SD. +0.039),
Theta: 0.541 (SD. +0.026), Alpha: 0.595 (SD. +0.032), Beta 0.522 (SD.
+0.025) and are in line with those reported in literature with alpha GFS being
the highest (Koenig et al., 2001; Park et al., 2008; Smailovic et al., 2018). GFS
values and their distributions and the GFS grand-average across participants
as a function of frequency is plotted in Figure 10.
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Figure 10. Data distribution of GFS values for each frequency range. The cloud
part illustrates GFS values distribution, box plot part shows interquartile range,
black horizontal line indicates median, white dot indicates the mean value (A).
GFS average between participants (N=226) as a function of frequency. Shaded
area indicates standard deviation (B).
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4.6 Relationship between GFS and ARSQ Dimensions

Out of forty possible correlations (ten ARSQ domains x four frequency
ranges) only two interactions were statistically significant (BFio > 3). GFS
value of alpha range was positively correlated with the ARSQ domain of
Comfort (r = 0.208, BF1o = 11.646). Similarly, the GFS values of beta range,
was positively associated with the domain of Comfort (r = 0.197, BFy =
6.664) (Figure 11). The full Pearson’s correlation coefficient and BFsfor
correlations between the GFS values and ARSQ scores are summarized in
Table 5.

r=0.208, BF10=11.646 r=0.199, BF10=7.842
0.7- . 0.6
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g : [ ' ©
=3 s ! °
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Figure 11. Scatter plots displaying relationship between GFS values and
ARSQ domain of Comfort.

Table 6. Bayesian Pearson’s correlation coefficient between GFS values and
ARSQ domains. Significant correlations are marked in grey squares.

\ Delta Theta Alpha Beta

oM r 0.010 20.102 20.150 0.028
BFo  0.084 0.270 0.288 0.091

r ~0.090 20.082 20.019 0.071

ToM BFo  0.206 0.175 0.086 0.145
el r ~0.004 0.017 0.107 0.112
BFo  0.083 0.086 0.304 0.338

_ r 0.112 20.057 0.031 0.059
Planning BF1o 0.341 0.120 0.092 0.122
Sleepiness r 0.062 -0.036 -0.072 0.041
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\ Delta Theta Alpha Beta

BF 0128 0.096 0.149 0.100
” 0.091 0.155 0.208 0.199
Comfort BF10 0.209 1.243 11.646 7.842
r 0.074 0.062 20,015 0.011
SA BFs  0.152 0.127 0.085 0.084
e r -0.061 0.034 -0.025 20.021
BFo  0.126 0.95 0.089 0.087
Vie r 0.008 0.040 0.043 0.022
BFo  0.084 0.099 0.102 0.088
T r -0.067 20,099 0.022 0.073
BFo  0.137 0.248 0.087 0.150

4.7 Temporal parameters of EEG microstates

Silhouette coefficient (mean value of silhouettes for each number of clusters)
yielded an optimal value at k = 7. Four microstate topographies with right
frontal to left posterior, left frontal to right posterior, frontal to occipital and
fronto-central configurations matched the most frequently reported microstate
classes in the literature and were labeled as microstates A, B, C and D,
respectively (Koenig et al., 2002). Among three additional topographies, one
had left lateralized activity and was similar to microstate E reported in studies
by (Bréchet et al., 2019; Custo et al., 2017; Zanesco et al., 2021b) and was
labeled accordingly as microstate E. One topography displayed posterior
activity and matched microstate F reported in studies by (Bréchet et al., 2019;
Custo etal., 2017; D’Croz-Baron et al., 2021), microstate E reported in studies
by (Damborska et al., 2019a, 2019b; Murphy et al., 2020) and microstate C'
reported in study (Jabés et al., 2021). and was further labeled as microstate F.
The remaining topography had right lateralized activity and was similar to
microstate G from study by (Custo et al., 2017) and microstate F reported in
studies by (Damborska et al., 2019b; Takarae et al., 2022; Zanesco et al.,
2021b), this was further labeled as microstate G (Figure 12). The extracted
seven microstates explained 83.3% of the global variance. Mean and standard
deviations of the temporal characteristics of each seven microstates are
presented in Table 7. The parameters of extracted microstates are in the range
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of those reported in the literature (Khanna et al., 2015; Michel and Koenig,
2018; Zanesco et al., 2020b).

Microstate A Microstate B Microstate C Microstate D Microstate E Microstate F Microstate G
£ 2N P N £

Figure 12. Seven group-level topographies of microstates based on Silhouette

method.

Table 7. Temporal parameters of microstates

Duration (ms)

Occurrence (Hz)

Coverage (%)

MS A 43.36 (+8.26) 3.60 (+£0.95) 15.13 (+4.00)
MS B 45.34 (£9.25) 3.80 (+0.89) 16.93 (+4.20)
MSC  52.51 (£14.18) 4.50 (+0.83) 22.91 (£6.50)
MS D 40.91 (£7.16) 3.44 (+1.00) 13.82 (£3.90)
MS E 36.72 (£6.31) 2.62 (+0.73) 9.43 (+2.40)
MS F 39.59 (+7.34) 3.22 (20.99) 12.56 (+4.00)
MS G 36.06 (+5.81) 2.65 (£0.81) 9.31 (2.50)

4.8 Association between Temporal Parameters of Microstates and ARSQ
Dimensions

Bayesian Pearson correlation showed a negative association between
coverage of microstate F and Somatic awareness (r = —0.210, BF1p = 6.871),
significant interaction between Self domain and duration of microstate D (r =
—0.203, BF10 = 5.224) and occurrence of microstate B (r = 0.192, BFyo =
3.305). Bayesian Pearson correlation also revealed a negative relationship
with the occurrence of microstate C (r = —0.212, BF10 = 7.638) and positive
relationships with duration of microstate E (r = 0.220, BF1, = 10.949) and
duration of microstate G (r = 0.203, BFi, = 5.284). Bayesian Pearson
correlation coefficients for temporal characteristics of each microstate class
and scores of ARSQ dimensions are summarized in Table 7. Significant
associations between microstate characteristics and ARSQ domains are
presented in scatter plots in Figure 13.
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Figure 13. Scatter plots displaying relationship between microstate
parameters and Amsterdam Resting-State Questionnaire (ARSQ) dimensions
(N =197).

No correlation was observed between coverage of microstate C and Somatic
awareness (r = —0.007, BF1o = 0.090). In addition, we performed spatial
correlation analysis between microstate C, when number of clusters is preset
to 4 and microstates C and F, when number of clusters is determined to be 7
(Figure 14 A). The results showed that these three topographical maps
maintain a high topographical similarity (SC < 0.7). More important,
microstate C from k=4 analysis and microstate F from k=7 analysis yielded a
very high spatial correlation value (SC = 0.966), confirming hypothesis, that
spatially similar microstates might be merged into a single microstate, when
suboptimal number of clusters is used. Bayesian Pearson’s correlation
coefficient between ARSQ domain scores for Somatic awareness and
coverage of microstate C when number of clusters is preset to four, replicated
a significant negative association reported by Pipinis et al. (Pipinis et al.,
2017) (Figure 14 B).
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Figure 14. Spatial Correlation between microstate C, when k = 4 (Top), and
microstates C and F, when k = 7 (Middle and Bottom) (A). Relationship between
microstate C, when k=4, and scores on Somatic awareness (B) (N = 197).
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Table 8. Bayesian Pearson's correlation coefficients between microstate characteristics and ARSQ scores. Grey squares indicates

significant correlations. Bold squares indicate correlations with substantial-to-strong level of evidence.
BF10>10 is underlined.

Strong coefficients at

DoM ToM Self Planning Sleep Comfort SA Health Visual Verbal
. r=-0.020 r=0.029 r=-0.119 r=-0.008 r=-0.005 r=0.134 r=0.034 r=-0.018 r=0.023 r=-0.037
a BF1,=0.093 BF1=0.097 BF10=0.352 BFx=0.090  BF,=0.089 BFp=0.512  BF3=0.100  BF{,=0.092  BF=0.099  BF,=0.102
r=0.012 r=0.051 r=0.096 r=-0.038 r=0.111 r=-0.082 r=-0.019 r=0.028 r=0.062 r=0.035
2]
é 8 BF1,=0.090 BF1=0.115 BF1,=0.220 BF1,=0.103 BF1,=0.294 BF1,=0.172 BF1,=0.092 BF1,=0.096 BF1,=0.129 BF1,=0.100
g - r=-0.009 r=0.056 r=0.010 r=-0.055 r=0.097 r=0.002 r=-0.005 r=0.050 r=0.056 r=0.030
= S BF1,=0.090 BF1=0.121 BF10=0.090  BFy3=0.119  BF4,=0.223 BFx=0.089  BF1,=0.089 BF10=0.114  BF4=0.120  BF,=0.097
o r=-0.016 r=0.040 r=-0.066 r=-0.039 r=-0.015 r=0.115 r=0.001 r=-0.027 r=0.037 r=-0.060
5 BF1,=0.091 BF1,=0.104 BF1,=0.137 BF1,=0.103 BF1,=0.091 BF1,=0.324 BF1,=0.089 BF1,=0.096 BF,=0.102 BF1,=0.127
. r=-0.028 r=0.028 r=-0.054 r=0.052 r=-0.101 r=0.182 r=-0.004 r=-0.063 r=0.012 r=-0.016
a BF1,=0.096 BF10=0.096 BF10=0.119  BFy,=0.116 = BF,=0.242 BFp=2.339  BF4,=0.089 BF10=0.131  BFy,=0.090  BF,=0.091
o r=0.068 r=-0.017 r=0.192 r=0.083 r=-0.038 r=-0.117 r=0.024 r=0.044 r=-0.003 r=0.062
g 8 BF1,=0.139 BF1,=0.092 BF1,=3.305 BF1,=0.173 BF1,=0.103 BF1,=0.337 BF1,=0.094 BF1,=0.107 BF1,=0.089 BF1,=0.130
g - r=0.038 r=0.008 r=0.130 r=0.111 r=-0.121 r=0.048 r=-0.001 r=0.004 r=0.006 r=0.058
2 3 BF1,=0.103 BF10=0.090  BF1,=0.464  BF{x=0.295  BF(=0.372 BFx=0.111  BF4,=0.089 BF,=0.089  BF,=0.090  BF4=0.123
o r=-0.019 r=0.040 r=-0.058 r=-0.019 r=-0.041 r=0.128 r=0.008 r=-0.034 r=0.039 r=-0.076
L(DL BF1,=0.092 BF1,=0.104 BF1,=0.124 BF1,=0.092 BF1,=0.105 BF1,=0.442 BF1,=0.090 BF1,=0.099 BF1,=0.104 BF1,=0.155
§ . r=-0.070 r=-0.028 r=-0.124 r=-0.063 r=-0.003 r=0.106 r=0.008 r=-0.050 r=-0.045 r=-0.067
é g S BF1,=0.141 BF1,=0.096 BF1,=0.398 BF1,=0.131 BF1,=0.089 BF1,=0.266 BF1,=0.090 BF1,=0.113 BF1,=0.109 BF1,=0.138
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r=0.004 r=-0.028 r=0.093 r=-0.042 r=0.074 r=-0.212 r=-0.021 r=0.034 r=-0.023 r=-0.006
g BF1,=0.089 BF1,=0.096 BF1,=0.205 BF,=0.106 BF4,=0.151 BF10=7.638 BF1,=0.093 BF1,=0.100 BF,=0.094 BF1,=0.089
- r=-0.056 r=-0.046 r=-0.059 r=-0.100 r=0.027 r=-0.037 r=-0.007 r=-0.011 r=-0.047 r=--0.063
5} BF1,=0.120 BF1,=0.109 BF1,=0.125 BF1,=0.237 BF1,=0.096 BF,=0.102 BF1,=0.090 BF1,=0.090 BF1,=0.110 BF1,=0.130
o =-0.023 r=0.035 r=-0.070 r=-0.038 =-0.030 r=0.112 r=0.009 r=-0.032 r=-0.033 r=-0.081
L(DL BF1,=0.094 BF1,=0.101 BF.,=0.144 BF1,=0.103 BF,=0.097 BF,=0.302 BF1,=0.090 BF1,=0.099 BF1,=0.99 BF1,=0.169
. r=0.069 =-0.034 =-0.203 =-0.037 =-0.101 r=0.177 r=0.103 =-0.067 =-0.041 =-0.048
a BF1,=0.141 BF1,=0.100 BF10=5.224 BF1,=0.102 BF1,=0.239 BF1,=1.939 BF1,=0.247 BF1,=0.138 BF1,=0.105 BF1,=0.111
=-0.009 =-0.054 r=0.008 =-0.088 r=0.094 =-0.128 r=0.135 r=0.054 r=0.024 r=0.037
% g BF1,=0.090 BF1,=0.119 BF1,=0.090 BF1,=0.189 BF1,=0.210 BF1,=0.438 BF1,=0.531 BF,=0.118 BF,=0.094 BF1,=0.102
g . r=-0.057 r=-0.078 r=-0.115 r=-0.100 r=0.024 r=-0.031 r=0.158 r=0.026 r=-0.053 r=0.020
2 5} BF,=0.122 BF1,=0.160 BF,=0.322 BF1,=0.234 BF1,=0.094 BF1,=0.098 BF,=1.034 BF1,=0.095 BF1,=0.117 BF1,=0.093
o r=-0.015 r=0.026 r=-0.093 r=-0.043 r=-0.024 r=0.121 r=0.039 r=-0.041 r=0.033 r=-0.076
(uﬁ BF1,=0.091 BF1,=0.095 BF1,=0.206 BF,=0.107 BF1,=0.094 BF4,=0.371 BF1,=0.103 BF1,=0.105 BF1,=0.099 BF1,=0.155
. r=-0.040 r=0.016 r=-0.116 r=0.043 r=-0.108 r=0.220 r=0.056 r=-0.083 r=0.011 r=-0.045
a BF1,=0.104 BF1,=0.091 BF1,=0.328 BF1,=0.107 BF1,=0.279 BF1,=10.95 BF1,=0.121 BF1,=0.172 BF1,=0.090 BF1,=0.108
% o r=0.025 r=-0.015 r=0.116 r=0.015 r=-0.110 r=-0.081 r=0.034 r=0.030 r=0.026 r=0.008
g S BF1,=0.095 BF1,=0.091 BF1,=0.329 BF1,=0.091 BF1,=0.090 BF1,=0.167 BF1,=0.099 BF1,=0.097 BF1,=0.095 BF1,=0.090
= r=0.015 r=-0.030 r=0.030 r=0.037 r=-0.110 r=0.052 r=0.067 r=-0.027 r=0.020 r=0.0007683
g BF1,=0.091 BF1,=0.097 BF1,=0.097 BF,=0.102 BF1,=0.289 BF1,=0.116 BF1,=0.137 BF1,=0.096 BF1,=0.093 BF1,=0.089
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o r=-0.015 r=0.037 r=-0.066 r=-0.016 r=-0.034 r=0.135 r=0.021 r=-0.040 r=0.040 r=-0.077
(u5 BF1,=0.091 BF1,=0.102 BF,=0.137 BF1,=0.092 BF,=0.100 BF1,=0.530 BF1,=0.093 BF1,=0.104 BF,=0.104 BF1,=0.158
. r=-0.038 r=0.014 r=-0.134 r=0.088 r=-0.030 r=0.121 r=-0.101 r=-0.093 r=-0.009 r=-0.022
a BF1,=0.103 BF1,=0.091 BF1,=0.507 BF1,=0.188 BF1,=0.097 BF1,=0.374 BF1,=0.241 BF1,=0.205 BF1,=0.090 BF1,=0.093
o r=0.051 r=0.029 r=0.071 r=0.119 r=0.082 r=-0.111 r=-0.140 r=-0.026 r=0.026 r=-0.018
% S BF1,=0.115 BF1,=0.097 BF1,=0.145 BF10=0.352 BF1,=0.172 BF1,=0.294 BF1,=0.607 BF1,=0.095 BF1,=0.092 BF1,=0.092
g - r=0.035 r=0.041 =-0.016 r=0.146 r=0.043 =-0.036 =-0.210 =-0.064 r=0.019 =-0.031
2 S BF,=0.100 BF1,=0.105 BF1,=0.092 BF1,=0.710 BF1,=0.107 BF1,=0.101 BF10=6.871 BF1,=0.132 BF1,=0.092 BF1,=0.098
o =-0.006 r=0.051 =-0.064 r=0.005 =-0.011 r=0.103 =-0.034 =-0.044 r=0.045 =-0.081
(u5 BF1,=0.089 BF1,=0.115 BF1,=0.133 BF1,=0.089 BF1,=0.090 BF,=0.252 BF1,=0.100 BF1,=0.108 BF,=0.108 BF1,=0.169
. r=-0.024 r=0.018 r=-0.114 r=0.025 r=-0.090 r=0.203 r=0.030 r=-0.039 r<0.001 r=-0.029
a BF1,=0.094 BF1,=0.092 BF1,=0.315 BF1,=0.095 BF1,=0.195 BF10=5.284 BF1,=0.097 BF1,=0.104 BF1,=0.089 BF1,=0.097
o r=0.075 r=0.023 r=0.139 r=0.011 r=0.046 r=-0.068 r=0.055 r=0.44 r=0.024 r=0.060
% S BF1,=0.153 BF1,=0.094 BF1,=0.580 BF1,=0.090 BF1,=0.109 BF1,=0.140 BF1,=0.120 BF1,=0.108 BF1,=0.094 BF1,=0.126
g - r=0.083 r=0.042 r=0.096 r=0.041 r=-0.023 r=0.047 r=0.068 r=0.042 r=0.021 r=0.074
2 S BF1,=0.174 BF1,=0.106 BF1,=0.217 BF1,=0.105 BF1,=0.094 BF1,=0.110 BF1,=0.140 BF1,=0.105 BF1,=0.093 BF1,=0.151
o r=-0.010 r=0.047 r=-0.052 r=-0.015 r=-0.024 r=0.135 r=0.017 r=-0.030 r=0.044 r=-0.058
é BF1,=0.090 BF1,=0.110 BF1,=0.116 BF1,=0.091 BF1,=0.094 BF1,=0.523 BF1,=0.092 BF1,=0.097 BF1,=0.108 BF1,=0.123
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5. DISCUSSION

The relationship between subjective experiences at rest and brain functional
activity is not well known. An increasing number of studies have aimed at
bridging this gap between objectively defined physiological signals and
subjective experience during resting-state recording sessions. The ARSQ
appeared to be a useful tool to relate biological signals collected over the
resting-state session with participants’ subjective experiences and emotions.
Several studies using different brain-imaging modalities and applying
different analysis methods have reported associations with the ARSQ
domains: Discontinuity of Mind (Stoffers et al., 2015; Tomescu et al., 2022),
Theory of Mind (Marchetti et al., 2015), Self (Tarailis et al., 2021; Tomescu
et al.,, 2022), Planning (Portnova et al., 2019; Zanesco et al., 2021a),
Sleepiness (Diaz et al., 2013; Stoffers et al., 2015), Comfort (Stoffers et al.,
2015; Tarailis et al., 2021; Zanesco et al., 2021a), Somatic Awareness (Pipinis
etal., 2017; Tarailis et al., 2021; Tomescu et al., 2022; Zanesco et al., 2021a),
Visual Thoughts (Stoffers et al., 2015), Verbal Thoughts (Tomescu et al.,
2022).

In this work the focus was made on the following approaches: spectral
EEG characteristics, global synchronization level and topographical aspects.

5.1 f-PCA

Frequency principal components analysis (f-PCA) has been proposed to
decompose the EEG frequency spectral structure into meaningful distinct
components with the inherent advantage of providing a data-driven approach
across the traditional bands.

As an outcome of f-PCA, in the current work, six factors were retained:
three components in the alpha range and one each in the delta, theta, and beta
ranges. This is comparable with other resting-state f-PCA studies with minor
differences regarding topographical display and the variances explained
(Barry et al., 2020; Barry and De Blasio, 2018; Tenke and Kayser, 2005). The
f-PCA method has an advantage over traditional EEG spectral analysis, as it
evaluates naturally occurring frequency components that are not affected or
constrained by somewhat arbitrary, chosen EEG frequency band ranges
(Barry et al., 2019; Newson and Thiagarajan, 2019), and it is completely data-
driven.

Based on the previous observations, we expected several associations
involving alpha and theta components to be present. The EEG data were
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mainly driven by the alpha activity; the retained three components peaking at
9 (Al), 10.5 (A2), and 11.5 (A3) Hz together explained 41.82% of the total
variance. These results are in line with the results reported in other f-PCA
studies, where between two (Smith et al., 2020) to five (Tenke and Kayser,
2005) components in the alpha range have been extracted, explaining from
1.4% (A2 component peaking at 9.5 Hz (Barry and De Blasio, 2018)) to 50%
(alpha/theta component peaking at 9 Hz (Tenke et al., 2011)) of the variance.
Despite differences in the peak frequencies and explained variances, alpha-
range components are topographically similar between the studies. In the
current study, the Al, A2, and A3 components showed spatial correlation
values ranging from 0.92 to 0.98. Functionally, alpha components were linked
to the state of the subject’s arousal earlier (Barry et al., 2020); thus, the
relationship of alpha components to Sleepiness scores could be expected.
However, although the retained alpha components explained almost half of
the data, we observed a positive association only between Al and the
subjective ratings for the Comfort domain (r = 0.198, BFyo = 7.115) (Figure
9A). The Comfort domain was characterized by questions such as “I felt
comfortable”, “I felt happy”, and “I felt relaxed”. Previously, this domain has
been associated with the temporal characteristics of broadband EEG
microstates C, E, G (Tarailis et al., 2021), and D (Zanesco et al., 2021a). EEG
microstates are mainly driven by alpha activity (Milz et al., 2017). Thus, the
results, although unexpected, partially supported earlier observations.
Nevertheless, the SLORETA analysis attempting to localize the relationship
failed to reach a significance level for the A1 x Comfort analysis (r = 0.207, p
<0.05).

A single component in the theta range of T1 (peaking at 5.5 Hz) had
pronounced midline frontal activity and was positively correlated with the
subjective ratings for the Sleepiness domain (r = 0.200, BFi, = 7.676),
suggesting more theta observed in subjects who reported more sleepiness.
This result is in accordance with an initial report by Diaz et al. (Diaz et al.,
2013) evaluating the ARSQ’s relationship to physiological manifestations.
The authors reported a positive correlation between the domain of Sleepiness
and sustained midline theta activity. Furthermore, a positive correlation of
frontal midline theta power (4-8 Hz) with subjective ratings on the Karolinska
sleepiness scale was reported (Strijkstra et al., 2003) and a negative correlation
between frontal theta activity and activation of the default mode network
(DMN) was shown (Scheeringa et al., 2008). The activity in the DMN is
related both to the processing of personally significant information, self-
reflection, and self-referential internal mentation (Andrews-Hanna, 2012) and
to stimulus-independent thoughts (Mason et al., 2007) that are more likely to
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occur during a resting state. Previously, activity in the DMN was shown to
positively correlate with Sleepiness (Stoffers et al., 2015). Similarly to
Stoffers et al. (Stoffers et al., 2015), we observed decisive evidence for a
positive correlation between the ARSQ domains of DoM (referring to ’I had
busy thoughts’, ‘I had rapidly switching thoughts’, and ‘I had difficulty
holding on to my thoughts’) and Sleepiness (r = 0.251, BFyo = 113.972),
suggesting that the more drowsiness subjects experienced, the more troubles
they had in holding on to their thoughts. We attempted to localize the
association between the theta component and Sleepiness and performed
inverse modeling using SLORETA. The association emerged for activity in
the limbic lobe and the anterior cingulate cortex (ACC) (Figure 2D). This
result is compatible with reports on the localization of theta activity.
Scheeringa et al. (Scheeringa et al., 2008) reported theta activity (2-9 Hz) that
originated in the medial prefrontal cortex and ACC. Smith et al. (Smith et al.,
2020) localized sources of the theta component, peaking at 5 Hz, in the
premotor cortex, including the dorsal ACC. Nishida et al. (Nishida et al.,
2004) showed theta (5-7 Hz) activation in the ACC during wakefulness and
REM sleep, but not in the slow-wave sleep stage. Thus, the positive
correlation between individual ratings for Sleepiness and the activity in the
limbic lobe and ACC is in line with results reported in the literature.

No associations were observed with components in the delta and beta
frequency ranges, although Portnova et al. (Portnova et al., 2019) previously
reported a negative correlation between the power spectrum density from 2-3
Hz and Planning. However, it should be noted that both the extracted D1
(peaking at 0.5 Hz) and B1 (peaking at 17 Hz) components were somewhat
different from those reported previously: D1 resembled activity over the left
frontal area, peaking at the FP1, AF7, and F7 electrodes, while reports in the
literature have observed maximum activities in the central, fronto-central, and
right frontal areas (Barry and De Blasio, 2018; Karamacoska et al., 2019a,
2019b). B1 had a right occipital activation with maximum values at the PO4,
POB6, and PO8 electrodes that is in line with some reports (Karamacoska et al.,
2019a, 2019b) but contradicts others that showed a fronto-central
topographical display (Barry and De Blasio, 2018; Tenke and Kayser, 2005).
The nature of these discrepancies is not clear. To our knowledge, our study
performed an f-PCA analysis for the largest sample of young, healthy adults
so far, having enough power to add to the robustness of the results.
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5.2 GFS

We utilized GFS as the parameter to estimate global functional connectivity
without explicit source models for the interpretation of the results (Koenig et
al., 2001; Rusterholz et al., 2017). The GFS method was successfully applied
in studies on clinical populations (Koenig et al., 2001; Olamat and Akan,
2017; Smailovic et al., 2022) and different vigilance levels (Achermann et al.,
2016; Nicolaou and Georgiou, 2014); no study so far, however, attempted to
relate GFS with subjective experience during the resting-state with eyes
closed. We showed a strong evidence of relationship between ARSQ domain
of Comfort and GFS values in the alpha range (r=0.208, BF1,=11.646) and a
substantial evidence for positive relationship between ARSQ domain of
Comfort and GFS in the beta frequency range (r=0.199, BF1,=7.842). No other
significant associations were demonstrated.

GFS stands as a global measure of functional connectivity that does not
require any particular brain region to be involved in the process of interest
(Koenig et al., 2001) Thus, higher GFS levels indicate functional connection
of large-scale, distributed neural systems, while lower levels — their
disconnection. To the best of our knowledge, the GFS assessment in the
current study was performed on the largest sample of healthy participants so
far. In line with previous reports, activity in the alpha frequency range was the
most dominant (Achermann et al., 2016; Koenig et al., 2001; Smailovic et al.,
2022) (Figure 10). The activity within the alpha range is frequently related to
the general arousal (Barry et al., 2020, 2007) and is considered a sign of
cortical idling (Croce et al., 2020; Milz et al., 2016). However, non-arousal
functionality of certain aspects of alpha activity was also proposed (Barry et
al., 2020), suggesting it may be implemented in some mind-wandering
experiences. In line with the above mentioned and in accordance with the
results of fPCA analysis where we showed a positive relationship between
frequency principal component peaking at 9 Hz and scores of Comfort, we
demonstrate a positive association between GFS values in the alpha range and
scores on the same ARSQ domain.

The ARSQ domain of Comfort is characterized by questions such as “I
felt comfortable”, “I felt happy”, and “I felt relaxed”. Thus, this domain may
equally reflect the physical and mental well-being, including the general
aspects of vigilance and emotional state. We speculate that the positive
relationship between GFS within the alpha range and Comfort scores most
likely points to the lowered arousal/vigilance and higher relaxation level-
determined influence. Previously, waking GFS in the alpha range (9-11 Hz)
in the eyes closed condition was shown to gradually decrease following
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prolonged sleep deprivation (Achermann et al., 2016). As the subjective
experiences during the sleep deprivation are not comfortable per se (Kaida and
Niki, 2014), this observation goes in line with our results. Achermann et al.
proposed the thalamus to be responsible for the widespread cortical synchrony
as observed for the rhythms with the highest GFS, including waking alpha.
Authors also pointed to the results of Schwab et al (Schwab et al., 2015), who
found thalamic involvement in the generation of microstates as an indication
of thalamus role for the synchrony of oscillations among different cortical
regions. This corresponds to the results microstate analysis demonstrating
associations between several parameters of resting-state microstates (specific
patterns of synchronization (Tait and Zhang, 2022)) to the scores on the
Comfort domain. Finally, Ricci et al (Ricci et al., 2022) recently reported that
lower comfort in virtual reality settings was associated with a lower alpha
power compared to higher comfort experience. Authors proposed that the
experience of higher comfort is related to the top-down mechanisms that
modulate visual attention, reducing the awareness of external stimuli and
restoring a status with greater partial relaxation.

On the contrary, the positive association of GFS values in the beta and
scores on Comfort potentially reflects the physical well-being. Earlier, Engel
and Fries proposed that beta-band activity might be associated to maintenance
of the current motor settings (Engel and Fries, 2010). Participants of our
experiment, as described in the methods part, were instructed to relax and
spend the entire 5 min. session sitting in the up-right position, i.e. sustained
body position that have been experienced as comfortable. The assumption of
beta GFS link to Comfort indicating physical aspects also goes in line with the
report by Stoffers et al. (Stoffers et al., 2015) on a positive correlation between
the fMRI-detected activity in the sensorimotor network and ARSQ domain of
Comfort. Noteworthy, there are numerous studies, showing a negative
relationship between beta band activity and thermal comfort (Chang et al.,
2002; Son and Chun, 2018). We did not assess thermal senses/experiences in
our study; nevertheless, experiments were performed in the Laboratory
settings with temperature set at 20 °C that was regarded as comfortable (Oi et
al., 2017). Within similar conditions, a positive association between beta
power and thermal sensation was demonstrated (Pao et al., 2022), indicating
that GFS in the beta range might be also related to the sense of being thermally
neutral/comfortable. Finally, the beta activity was previously inversely related
to anxiety (Palacios-Garcia et al., 2021), stress (Choi et al., 2015) and mental
fatigue (Shigihara et al., 2013); however this goes in opposite with the
currently observed association. It should be noted that stress and mental
fatigue are regarded extreme variants that are not expected to be experienced
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during the resting-state session. In line with this, Diaz et al (2013)
demonstrated that Comfort was strongly positively associated to mental health
(Diaz et al., 2013) and negatively to Harm avoidance (Diaz et al., 2014). Thus,
we speculate that the positive correlation as obtained between GFS in the beta
range and Comfort scores of ARSQ reflect the aspects of physical rather than
mental comfort.

Based on previous works, we anticipated to observe several other
associations. For example, a positive relationship between power
characteristics of theta activity and Sleepiness was demonstrated in our fPCA
analysis and by Diaz et al (2013) (Diaz et al., 2013; Tarailis et al., 2021), hence
we expected that global synchronization in this range would also show links
to Sleepiness scores. Similarly, we expected GFS in the alpha range to be
positively associated with the ARSQ domain of Planning, as a positive
correlation was previously shown with the power spectral density in 12-13 Hz
(Portnova et al., 2019). However, none of these links emerged for GFS
measure. In line with this, previous studies in clinical samples have also
demonstrated distinct effects for power and GFS (Smailovic et al., 2022,
2018). This might reflect the fact that GFS and power measures reflect on
different aspects: EEG power is regarded as a representation of the magnitude
of activity at certain frequencies (Smit et al., 2012), while GFS (and other
phase based outcomes) reflects the degree to which connections are present
across the brain (Berger et al., 2014; Ng et al., 2013; Xiao et al., 2018).

5.3 EEG Microstates

The microstate approach allows evaluation of rapidly changing network
reorganization that occurs in order to mediate complex mental activities and
optimally respond to rapidly changing input.

An initial work by Pipinis et al. (Pipinis et al., 2017) related ARSQ to
the parameters of four classical microstates (A, B, C, D), showing a negative
association between Somatic Awareness (which is evaluated with statements
‘I was conscious of my body’, ‘I thought about my heartbeat’, ‘I thought about
my breathing’) and coverage of microstate C. Lately, Zanesco et al. (Zanesco
et al., 2021a), performed a meta analytic correlation combining results by
Pipinis et al. and their own results and showed the inverse association between
ARSQ domain of Somatic Awareness and a coverage of microstate C.
However, Custo et al. demonstrated that when only four microstates are
extracted, the functionally different but spatially overlapping microstates—C
and F—are merged into a single microstate C (Custo et al., 2017). Thus, we
estimated the optimal number of microstates without putting a priori
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constraint. The optimal number of microstate configurations was estimated at
7, corresponding to the report by (Custo et al., 2017). Importantly, the spatial
correlation between microstates C and F was ~0.7 (Figure 1D), thus
supporting the results of Custo et al. (Custo et al., 2017) that the functionally
different but spatially overlapping microstates — C and F — might be merged
into a single microstate C (Custo et al., 2017). This is further supported by the
spatial correlation observed between microstate C from k = 4 with microstates
CandFfromk=7.

We suggest that a negative correlation observed between the coverage
of microstate F and the dimension of Somatic Awareness in the current work
resembles the same associations as observed by Pipinis et al. and Zanesco et
al. (Pipinis et al., 2017; Zanesco et al., 2021a). Custo et al. reported the
strongest activity for microstate F in the dorsal anterior cingulate cortex,
superior frontal gyrus, middle frontal gyrus and insula. These loci overlap with
the Salience network and correspond to the sources of the microstate C
reported by Britz and colleagues (Britz et al., 2010). Britz et al. (Britz et al.,
2010) associated microstate C with integration of interoceptive information
with emotional salience. Several studies extracting four canonical microstates
reported increased microstate C activity during the resting-state period
compared to different tasks (Liu et al., 2020; Seitzman et al., 2017; Zappasodi
et al., 2019) and associated it with task-negative Default Mode Network
(DMN) (Bréchet et al., 2019; Custo et al., 2017). Likely, part of this
involvement is also seen as the negative association between the occurrence
of microstate C and the Comfort (measured with questions like ‘I felt
comfortable’, ‘I felt relaxed’, ‘I felt happy’) in our study. The ability to relax
and feel comfortable is related to interoceptive aspects through the urge to
restore balance in physical and emotional context (Forkmann et al., 2019; Wei
and Van Someren, 2020). The domain of Comfort was previously related with
the ability to switch between tasks (Simpraga et al., 2021), correlated with
character traits of self-directedness (associated with individual ability to
govern behavior according to situational demand) (Diaz et al., 2014) and
mental and physical well-being (Diaz et al., 2013).

To note, the Comfort domain of ARSQ was also positively associated
with the duration of microstates E and G. However, due to the fact that we had
no a priori expectations regarding microstate classes other than C and F, these
correlations should be regarded as exploratory. Nevertheless, we attempt to
discuss the observed correlations in the framework of known functional
aspects behind certain microstate classes.

Microstate E is a relatively newly described microstate and it was
reported only in recent studies. Brechet and colleagues (Bréchet et al., 2019)
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found the main sources of microstate E in the right medial prefrontal cortex
that is a subsystem of DMN, which participates in the theory of mind and
mental simulations (Chen et al., 2020) and Custo et al. (Custo et al., 2017)
observed the strongest activity for microstate E in the anterior cingulate
cortex, posterior cingulate cortex and precuneus—these areas are parts of
DMN. Thus, an opposite relationship between domain of Comfort and
microstates C and E probably reflects the different aspects of DMN
involvement that is known to play a crucial role in processing of personally
significant information, self-reflection and self-referential internal mentation
(Andrews-Hanna, 2012).

Microstate G was reported only in six studies so far (Custo et al., 2017;
Damborska et al., 2019b; Luo et al., 2020; Takarae et al., 2022; Tarailis et al.,
2021; Zanesco et al., 2021b) and the functional role of this microstate remains
unclear. Custo et al. (Custo et al., 2017) localized sources for microstate G in
the right inferior parietal lobe, superior temporal gyrus and cerebellum and
associated microstate G with the sensorimotor network due to the strong
activity observed in cerebellum. Stoffers and colleagues (Stoffers et al., 2015)
reported a positive correlation between ARSQ domain of Comfort and
functional connectivity within Sensorimotor network. Thus, the observed
positive association between duration of microstate G and Comfort potentially
reflects the physical aspect of well-being stemming from appropriate
somatosensory activation.

Finally, the ARSQ domain of Self was positively correlated to the
occurrence of microstate B and negatively correlated to the duration of
microstate D. Although microstate B was previously associated with
verbalization (Antonova et al., 2022; Milz et al., 2016), visual processing
(Antonova et al., 2022; D’Croz-Baron et al., 2021; Seitzman et al., 2017), and
activity in the visual network (Britz et al., 2010; Custo et al., 2017), Bréchet
et al. (Bréchet et al., 2019) related microstate B with conscious experience,
autobiographic memory, visualization of the scene and visualization of the self
in the scene. Vellante et al. (Vellante et al., 2020) reported a negative
association between microstate B and states of dissociation and anxiety in
bipolar patients, interpreting results as reflecting autobiographic memory
deficits and increased self-focusing. ARSQ dimension of Self is evaluated
with statements ‘I thought about my feelings’, ‘I thought about my behavior’
and ‘I thought about myself’. The last two statements are particularly
intriguing in the context of findings by Brechet et al.(Bréchet et al., 2019) and
Vellante et al. (Vellante et al., 2020), since they both are directly related to
autobiographic memory and self-visualization in the particular scene. It is
possible that the observed relationship between microstate B and domain of
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Self reflects the aspects of self-visualization. While domain of Self is
orientated towards the inner mentation, microstate D is associated to
externally orientated processing (Schiller et al., 2019). Several studies
reported an increased activity of microstate D during various tasks and states
and associated it with attention attributes, working memory, cognitive control,
detecting behaviorally relevant stimuli (Bréchet et al., 2019; D’Croz-Baron et
al., 2021; Seitzman et al., 2017; Zappasodi et al., 2019) and fronto-parietal
network (Britz et al., 2010; Custo et al., 2017). Thus, our observation on the
opposite relationship between Self domain and microstates B and D probably
reflects the dissociation from external environment during the resting-state
with closed eyes.
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GENERAL REMARKS

EEG signal carries information about power, phase and spatio-temporal
dynamics. By dividing signal into separate derivates, we can analyze the same
signal from different angles. Frequency analysis provides the information
about the amount of activity in certain frequency or frequency band and gives
the information about which frequency is the most optimal for certain
cognitive or sensory information processing. Evaluation of the phase is a way
to estimate the global connectivity or connectivity between different areas. It
gives information about how well different brain areas communicate at the
specific frequency. Topographical analysis reflects momentary broadband
neuronal network activity, which is not frequency dependent (Férat et al.,
2022).

As it was showed in this work, different aspects of the same signal are
related to both - different and the same - domains of ARSQ. For instance,
power aspect of EEG signal as evaluated with frequency principal component
analysis showed that activity in theta frequency range (5.5 Hz) was related to
scores for Sleepiness, but not the phase, as evaluated with global field
synchronization. On the other hand, phase synchronization of of beta
frequency range, evaluated with global field synchronization, but not the
power aspect correlated with domain of Comfort. And both, power and phase
parameters of alpha band activity correlated with ARSQ domain of Comfort,
indicating that both — magnitude and angle — can be sensitive to this subjective
aspect.

Although EEG microstates analysis is applied on broadband activity (1
— 40 Hz), it is driven mostly by alpha band activity (Milz et al., 2017; von
Wegner et al., 2021). Here we showed that three different microstates — C, E
and G — displayed associations with domain of Comfort. Thus, it appears that
subjective ratings for Comfort is the most sensitive to different EEG
parameters.

Additionally, we also showed correlation between Somatic Awareness
and microstate F (posterior configuration), replicating results reported in
studies, which did not used any optimization criteria for optimal number of
clusters (Pipinis et al., 2017; Schiller et al., 2021).

It should be noted that the observed correlations were not strong, but in
the range of the reported strengths for associations between physiological and
psychological variables. It has also been suggested that correlations are highly
variable between studies in small sample sizes (n < 250) (Schénbrodt and
Perugini, 2013). Our sample is the largest up to date, where detailed EEG
assessment was performed alongside ARSQ. However, it is important that
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future studies on individual differences include larger sample sizes, so they
are powered to detect small to moderate correlations between ARSQ ratings
and EEG parameters.
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CONCLUSIONS

Individual loadings of the frontal midline theta component peaking at
5.5 Hz positively correlates with subjectively experienced Sleepiness
Individual loadings on the alpha component peaking at 9 Hz
positively correlates with the subjective ratings of the Comfort
domain during resting-state with closed eyes.

Global field synchronization values in the alpha (8-13 Hz) and beta
(14-30 Hz) ranges positively correlate with subjective ratings for
Comfort during resting-state with closed eyes.

Coverage of Microstate F correlated negatively with subjective
ratings on Somatic Awareness.

Occurrence of microstate B and duration of microstate D correlated
positively with subjective ratings on Self.

Occurrence of microstate C correlated negatively with subjective
ratings on Comfort, and duration of microstate E and microstate G
correlated positively with subjective scoring on Comfort during
resting-state period with closed eyes.
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SANTRAUKA
1. IVADAS

Ramybés busenos metodas yra naudojamas siekiant jvertinti smegeny
aktyvumg, kai tiriamajam néra pateikiama jokia uzduotis (Rosazza and
Minati, 2011). Per pastaruosius tris deSimtmec¢ius smegeny ramybés biisenos
vaizdavimo metodas sulauké didelio démesio ir populiarumo kognityvinio ir
klinikinio neuromoksly srityse, dél savo paprastumo, lengvo standartizavimo
ir jautrumo smegeny sutrikimams. Tyrimai, atlikti taikant §j metoda, parode,
kad smegenys, uzuot buvusios neaktyvios, pasizymi dideliu aktyvumu. Siam
aktyvumui tirti taikomi jvairtis smegeny vaizdinimo ir analizés metodai,
leidziantys jvairiai interpretuoti smegeny erdvine ir laiking savi-organizacija.
Ankstyvieji funkcinio magnetinio rezonanso (fMRI) tyrimai parodé, kad
ramybés blisenos sesijy metu smegenys demonstruoja sinchroninj aktyvuma,
panasy | stebimg dalyviams atliekant uzduotj (Biswal et al., 1995; Raichle et
al., 1996).

Nepaisant lengvo pritaikymo, ramybés busenos metodas gali biti
jautrus galimam subjektyviy pojiciy heterogeniSkumui, kuris gali skirtis tarp
zmoniy (Hurlburt et al.,, 2015; Smallwood and Schooler, 2015, 2006;
Weinstein, 2018). Skirtingai nuo tiriamyjy patirties sukeltiniy potencialy
tyrimuose, kada visi dalyviai atlieka ta pacig uzduotj, ramybés biisenos metu,
tirilamyjy pojuéiai ir mintys yra nevarzomi ir gali biiti vedami tiek vidiniy tiek
iSoriniy Saltiniy (Gorgolewski et al., 2014; Smallwood and Schooler, 2015).
Sis spontaniskas aktyvumas svyruoja nuo vienos akimirkos iki kitos, o
dalyviai pasineria j mintis apie praeitj, ateities planus ar | save ir Kkitus
nukreiptus apmastymus (Smallwood and Schooler, 2006; Zanesco et al.,
2021a).

Skirtingi analizés metodai yra taikomi vertinant smegeny ramybés
busenos aktyvuma, gautg naudojant skirtingus smegeny vaizdinimo metodus.
Vienas i$ placiai naudojamy metody yra elektroencefalografija (EEG). EEG
yra pigus ir pla¢iai naudojamas metodas vertinti elektrinj smegeny aktyvuma.
EEG signalas savyje turi informacijg apie galia, faze, kompleksiSkuma,
globalius laikinius ir erdvinius paternus, todél galima visapusiskai vertinti
jvairius smegeny veiklos aspektus.

Populiariausias biidas vertinti ramybés biiseng yra galios analizé, kai
EEG signalas yra suskirstomas yra numatytus dazniy diapazonus (delta, teta,
alfa, beta, gama). Deja, dazniy diapazony ribos daznai varijuoja (Newson and
Thiagarajan, 2019), o tai gali turéti jtakos rezultaty interpretavimui ir tyrimy
palyginimui. Taigi, siekiant jveikti Siag problema, buvo pasitlyta dazniy
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pagrindiniy komponenc¢iy analizé kaip biuidas iSskaidyti EEG signalg i
reik§mingus atskirus komponentus (Barry et al., 2019; Dien, 2012). Sis
metodas buvo naudotas keliuose tyrimuose su jvairaus amziaus dalyviais
(Barry et al., 2019; Rodriguez Martinez et al., 2012) ir buvo pasiiilytas kaip
jautrus biologinis Zymuo antidepresanty gydime (Tenke et al., 2017, 2011).
Taciau $io metodo rezultaty rySys su subjektyviais pojiiciais ramybés biisenos
metu nebuvo vertintas.

Kitas populiarus metodas vertinti ramybés bisenos EEG yra
mikrobiiseny analiz¢ (Khanna et al., 2015). EEG mikrobiiseny analizéje
kiekvienas laiko taskas yra apibréziamas kaip individuali, nepersidengianti
topografija (Khanna et al., 2015; Koenig et al., 2002). Sis metodas leidzia
vertinti smegeny tinkly globaly aktyvuma. EEG mikrobtiseny metodas buvo
s¢kmingai naudotas vertinant smegeny aktyvuma jvairiy biiseny metu,
pavyzdziui, atmerkty / uzmerkty akiy (Seitzman et al., 2017; Zanesco et al.,
2020), kognityviniy uzduo¢iy atlikimo metu (Bréchet et al., 2019; D’Croz-
Baron et al., 2021; Liu et al., 2020; Poskanzer et al., 2021), ar esant
neuropsichologiniams sutrikimams (Kikuchi et al., 2011; Murphy et al., 2020;
Nishida et al., 2013; Rieger et al., 2016). Taciau $is metodas buvo minimaliai
naudotas siekiant jvertinti ry$j tarp smegeny aktyvumo ir subjektyviy potyriy
ramybés blisenoje.

Gerai zinoma, jog funkciniai rySiai tarp EEG aktyvumo Saltiniy yra
svarbus rodiklis nurodantis smegeny funkcionavima. Siekiant jvertinti rySius
tarp skirtingy smegeny sri¢iy, yra taikomi fazés vertinimo metodai (Van
Diessen et al.,, 2015). Deja, Sie metodai susiduria su tam tikrais
metodologiniais sunkumais, kurie daznai yra ignoruojami. Lehmann ir kt.
(Lehmann et al., 2006) parodé, kad reik§mingi rySiai tarp elektrody pory
keiCiasi pakeiCiant referentinj elektrodg. Todél svarbu vertinti faziy
sinchronizacijg, kuri néra priklausoma nuo referentinio elektrodo. Koenig ir
kt. (Koenig et al., 2001) pristaté nuo referentinio elektrodo nepriklausoma
parametrg vertinti globaly funkcinj rysj — globalios fazés sinchronizacija. Sis
metodas buvo sékmingai panaudotas tiek klinikingje, tiek sveikoje
populiacijoje, taciau iki Siol nebuvo taikomas vertinant rysj tarp smegeny
aktyvumo ir subjektyviy potyriy ramybés biisenoje.

Dél nuolat kintancios mastysenos sunku susieti subjektyvia
psichologing veikla su stebimais biologiniais signalais. Egzistuoja keli
skirtingi metodai, kaip pamatuoti ir kiekybiskai jvertinti subjektyvius pojtcius
ir mintis tick ramybés buisenoje tiek sukeltiniy potencialy sesijos metu
(Weinstein, 2018). Objektyvus / netiesioginis biidas yra matuojant elgsenos
aspektai: reakcijos laikas (Cheyne et al., 2006) arba akiy judesiai (Reichle et
al., 2010). Subjektyvus / netiesioginis budas daugiausia démesio skiria
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dalyviy vidiniy biiseny savianalizei. Subjektyvyjj / tiesioginj pozitrj dar
galima skirstyti  saves fiksavimo, kai dalyviai bet kuriuo metu gali pranesti
apie savo subjektyvius pojucius arba kai jy démesys nukrypsta nuo uzduoties,
ir iSorinio fiksavimo, kai dalyviai sustabdomi arba jiems nurodoma prisiminti
subjektyvia patirtj ir pojicius duotuoju momentu.

Nepaisant to, kad Sie budai yra populiariis, surinkti ir jvertinti
subjektyvius pojicius ir emocijas naudojant specifinius klausimynus yra
paprastesnis ir greitesnis buidas. Egzistuoja keletas skirtingy ramybés biisenos
klausimyny, kurie yra naudojami smegeny vaizdinimo ir elgesniniuose
tyrimuose (Delamillieure et al., 2010; Diaz et al., 2014, 2013; Gorgolewski et
al., 2014). Sie klausimynai apima keleta ramybés biisenos kognityviniy
domeny ir suteikia standartizuota biidg kiekybiskai jvertinti subjektyvias
tirlamjyjy busenas. Subalansavus grupes pagal jy kognityvines biisenas, biity
galima nustatyti didesnius grupiy skirtumus, o tai padéty geriau interpretuoti
rezultatus ir padidinti smegeny vaizdinimo biologiniy Zymeny jautrumg ir
specifiskumga klinikiniuose ir farmakologiniuose tyrimuose (Diaz et al., 2013).

1.1. Tikslas ir uzdaviniai

Sis darbas buvo skirtas jvertinti rysj tarp subjektyviy tiriamyjy pojuciy ir
smegeny fiziologiniy rodikliy surinkty naudojant EEG, skiriant démesj |
galios, fazés sinchronizacijos ir topografinius aspektus. Darbo uzdaviniai:

1. Susieti subjektyvius dalyviy pojicius su EEG pagrindiniy
komponenciy galios jverciais.

2. Susieti subjektyvius dalyviy pojucius su EEG globalios fazés
sinchronizacijos jverciais.

3. Susieti subjektyvius dalyviy pojtuc¢ius su EEG mikrobtiseny laikiniais
parametrais.

1.2 Mokslinis Naujumas

metodu dazniy srityje, naudojant dazniy pagrindiniy komponenciy
analizg.

2. Pirma karta subjektyvis pojiiciai buvo susieti su globalios fazés
sinchronizacijos jverciais.

3. Antrg kartg subjektyviis pojii¢iai buvo susieti su duomenimis grjstais
EEG mikrobiiseny laikiniais parametrais.

90



1.3 Praktinis pritaikymas

Globalios fazés sinchronizacija alfa (8 — 13 Hz) ir beta (13 — 30 Hz)
dazniy diapazonuose gali biiti naudojama jvertinti subjektyvius
Komforto pojucius jvertinant Amsterdamo Ramybés Biisenos
Klausimynu.

Smegeny aktyvumas alfa (9 Hz) ir teta (5.5 Hz) diapazonuose gali biiti
naudojamas vertinant subjektyvius Komforto ir Mieguistumo
pojucius jvertinus Amsterdamo Ramybés Biisenos Klausimynu.
Mikrobiisenos F indélis gali biiti naudojamas jvertinti subjektyvius
Somatinio sgmoningumo pojucius. Mikorblisenos B pasirodymo
daznis ir mikrobiisenos D vidutiné trukmé gali biiti naudojama vertinti
su savimi susijusiy minciy vertinimg. Mikrobiisenos C pasirodymo
daznis gali biiti naudojamas vertinti subjektyvy Komforto vertinima.
Mikrobiiseny E ir F vidutiné trukmé gali biiti naudojama vertinti
subjektyvy Komforto jvertinimus Amsterdamo Ramybés Biisenos
Klausimynu.

1.3 Ginamieji teiginiai

Globalios fazés sinchronizacijos vertés alfa (8 -13 Hz) ir beta (13 -30
Hz) dazniy diapazonuose koreliuoja su subjektyviais Komforto
vertinimais.

Pagrindiniy komponenciy jver¢iai teta ir alfa dazniuose koreliuoja su
subjektyviais Mieguistumo ir Komforto vertinimais.

EEG mikrobiiseny parametrai koreliuoja su skirtingais Amsterdamo
Ramybés Busenos Klausimyno domenais.
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2. METODIKA

Tyrimui patvirtintas Vilniaus regioninis biomedicininiy tyrimy etikos
komitetas (Nr. 2019/10-1159-649, patvirtinimo data: 2019 m. spalio 8 d.), visi
tiriamieji davé rastiska informuotg sutikimg dalyvauti tyrime.

2.1. Dalyviai

Tyrime dalyvavo du Simtai dvideSimt $esi dalyviai (Moterys = 131, Vyrai =
95, amziaus vidurkis 23.41, + standartinis nuokrypis 3,87). Dalyviy amzius
buvo nuo 19 iki 35 mety. Visi dalyviai turéjo normalig arba koreguotg iki
normalios rega. Visos tyrime dalyvavusios moterys buvo sveikos, ne néscios,
nenaudojo hormoninés kontracepcijos ir nurod¢, kad jy menstruacijy ciklas
reguliarus. 107 moterys tyrime dalyvavo ankstyvosios folikulinés fazés
(ménesiniy) metu, 20 - liuteininés fazés metu ir 4 - ovuliacijos fazés metu.
ASstuoniolika dalyviy buvo kairiarankiai, o likusieji - deSiniarankiai. Dalyviy
buvo paprasyta 2 val. pries tyrimg nevartoti nikotino ir kofeino. Kiekvienam
analizés metodui naudoty dalyviy grupiy aprasymas pateiktas pirmoje
lenteléje.

Lentelé 1. Aprasomoji dalyviy statistika kiekviename tyrime.

d-PKA ir GFS EEG
mikrobisenos
N 226 197
Vyrai 95 94
Moterys 131 103
Amziaus vidurkis ir 2341 23.97 (£3.81)
standartinis (+3.87)

nuokrypis

2.2 Duomeny rinkimas

Siekiant iS§vengti, kad tiriamieji neuzmigty ir biity uztikrintas pakankamas
duomeny kiekis ir kokybé (Jobert et al., 2012; Liu et al., 2020; Tagliazucchi
and Laufs, 2014), penkios minutes ramybés biisenos EEG buvo jrasoma
pritemdytoje, garsa slopinancioje ir nuo tinklo triuk§mo izoliuotoje patalpoje,
kol dalyviai patogiai séd¢jo vertikalioje padétyje. Pries pradedant duomeny
rinkimg, dalyviams buvo pateiktos instrukcijos sédéti ramiai uzmerktomis
akimis ir apie niekg konkreciai negalvoti, neuzmigti.
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EEG duomenys buvo surinkti naudojant EEG jranga (ANT Neuro,
Nyderlandai) ir 64 sidabro/sidabro chlorido elektrodus, iSdéstytus pagal
tarptauting 10 — 10 sistema ant WaveGuard kepurés (Pav. 1). Referentiniai
elektrodai buvo M1/M2, jzeminimo elektrodas buvo $alia Fz elektrodo. Visy
elektrody impendancas buvo mazesnis nei 20 kQ.

Pav. 1. 64 elektrody iSdéstymas pagal tarptauting 10-10 sistemg, naudotas
duomeny rinkime

Papildomai dvi poros elektrody (VEOG ir HEOG) buvo naudotos
uzregistruoti vertikalius ir horizontalius akiy judesius. VEOG elektrodai buvo
pritvirtinti vir$ ir po desine akimi. HEOG elektrody pora buvo pritvirtinta apie
2 cm nuo akiy kraSty. Duomenys buvo skaitmenizuoti 2048 Hz dazniu.
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Iskart po EEG sesijos dalyviai uzpildé lietuviska ARSQ versija, kurioje turéjo
retrospektyviai jvertinti teiginius apie galimas emocijas ir pojiicius ramybes
blisenos metu, nuo 1 (visiskai nesutinku) iki 5 (visiskai sutinku).

2.3 Amsterdamo ramybés biisenos klausimynas

Jvertinti subjektyvius pojuc¢ius Lietuviska ARBK 2.0 versija (Pipinis et al.,
2017) buvo naudota. ARBK yra savarankiSkai pildomas klausimynas, kuriuo
siekiama jvertinti retrospektyvig subjektyvig patirtj. Klausimyng sudaro 30
teiginiy apie galimus pojucius ir emocijas, kuriuos dalyviai gali patirti sesijos
metu (Lentelé 2). Kiekvienas teiginys yra vertinamas pagal Likerto skale nuo
1 (visiskai nesutinku) iki 5 (visiskai sutinku). Sie teiginiai yra suskirstyti
desimt atskiry domeny: Min¢iy nutriikstamumas (MN) (ang. Discontinuity of
Mind), nurodantis vykstan¢iy min¢iy dinaminius pokyc¢ius, Minéiy teorija
(MT) (ang. Theory of Mind), nurodantis mintis susijusias su kitais zmonémis,
Pats (ang. Self), nurodantis mintis susijusias su savimi, Planavimas, susij¢s su
] ateit] nukreiptomis mintimis, Mieguistumas, susijes su mieguistumo lygiu,
Komfortas, nurodantis atsipalaidavimo lygis sesijos metu, Somatinis
samoningumas (SS), nurodantis interocepcinj savo kiino suvokima, Sveikata,
nurodantis bendra savijautg, Vizualinés mintys (Viz), nurodantys vizualinias
mintis sesijos metu, Verbalinés mintys (VM), nurodantis mintis suformuotas
zodziais, Kiekvieno ARBK domeno balai buvo apskai¢iuoti imant trijy
teiginiy vidurkj.

Lentelé 2. DeSimties domeny ARBK naudotas tyrime

Mingiy »(Galvoje sukosi daug minciy.*

nutrikst »Mano mintys greitai keitési.*
utrikstamumas

»Man buvo sunku islaikyti savo mintis.

,»AS galvojau apie kitus.*
Min¢iy teorija ,»AS galvojau apie Zmones, kurie man patinka.*
»Isivaizdavau save kity vietoje.*

,»A§ galvojau apie savo veiksmus.*
Pats ,»A§ galvojau apie savo elgesj.”
,»AS§ galvojau apie save.*

,»AS galvojau apie dalykus, kuriuos turiu
Planavimas pa(%arytl' . ) .
,»AS§ galvojau apie problemy sprendima.*

,»AS galvojau apie savo ateit].”

Mieguistumas ,Jauciausi pavarges.
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,Jauciausi mieguistas.*
,,Man buvo sunku islikti budriam.

»Jauciausi jaukiai.“
Komfortas ,Jauciausi atsipalaidaves.*
,Jauciausi laimingas.*

,»AS suvokiau savo kiing.*

Somatinis . . L .
. ,»AS galvojau apie savo Sirdies plakima.*
samoningumas y ; . e
,»AS$ galvojau apie savo kvépavima.
,Jauciausi liguistas.*
Sveikata ,,AS galvojau apie savo sveikatg.“
,Jauciau skausma.*
,»AS galvojau vaizdais.*
Vizualinés mintys »Isivaizdavau jvykius.*

,Isivaizdavau vietas.

,»AS galvojau Zodziais.*
Verbalinés mintys ,Kalb¢jausi mintyse.*
,Isivaizdavau, kad kalbu su savimi.*

2.4 EEG duomeny apdorojimas

EEG duomeny apdorojimas buvo atliktas MATLAB (The Mathworks, Natick,
USA) programoje naudojant EEGLAB plétinj (Delorme and Makeig, 2004) ir
rankiniu biidu parasSytas funkcijas. 50 Hz tinklo triukSmas buvo paSalintas
naudojant CleanLine jskiepj (Mullen, 2012). EEG duomenys buvo pateikti
Nepriklausomy komponenty analizei, naudojant Infomax ICA algoritma su
numatytaisiais parametrais, ir komponentai, turintys erdvines ir laikines
charakteristikas horizontaliy ir vertikaliy akiy judesiy bei Sirdies pulso, buvo
naudojamos sukurti individualius erdvinius filtrus Siems artefaktams pasalinti
(Delorme et al., 2007; Jung et al., 2000). TriukSmingi kanalai buvo pasalinti
rankiniu biidu ir rekonstruoti (Perrin et al., 1989). EEG duomeny
skaitmenizavimo daznis buvo sumazintas iki 1000 Hz d-PKA ir 512 Hz GFS
ir EEG mikrobliseny analizéms. Duomenys buvo susugmentuota |
nepersidengiancias 2 sekundziy epochas.

2.5 Dazniy Pagrindiniy komponenciy analizé

Isvalytos epochos buvo koreguotos pagal epochos bazing linijg ir
transformuota j dazniy domeng naudojant greitaja Fourier transformacijg nuo
0 iki 30 Hz 0.5 Hz zingsniu ir kiekvieno daznio vertés buvo suvidurkintos per
epochas. D-PKA buvo atlikta naudojant EP Toolkit pletinj (Dien, 2010)
(versija 2.92). Kovariacijy matrica su neribotu komponenty iSskyrimu ir
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Promax tiesine transformacija (pasukimu) buvo naudota komponenty
iSskyrimui. Atvejy ir kintamyjy santykis buvo 229,7 (14012 atvejy: 226
dalyviai X 62 elektrodai), (61 kintamasis: 0-30 Hz 0,5 Hz zingsniu). | tolesng
analize buvo jtraukti komponentai, paaiskinantys daugiau kaip 3 proc.
duomeny, o likusieji komponentai buvo pasalinti. Siekiant uztikrinti
pakankamg signalo ir triuk§mo santykj, elektrodai su trimis didziausiomis
vertémis kiekvienam atskiram komponentui buvo suvidurkinti.

2.6 Saltiniy lokalizavimas

Standartizuota Zemos rezoliucijos elektromagnetiné tomografija (SLORETA)
(Pascual-Marqui et al., 1994, 2002) buvo naudota nustatyti smegeny sritis
susijusias su d-PK generavimo S$altiniais ir ARBK domenais. Monrealio
neurologijos instituto smegeny modelis (MNIIS2) (Mazziotta et al., 2001)
buvo naudotas kaip realus galvos modelis, kurio erdvé buvo apribota Zievés
pilkojoje medziagoje, Sig padalinant j 6239 vokselius, kuriy skiriamoji geba
yra 5x5x5 mm. Statistinis neparametrinis smegeny zemélapiy sudarymas
(ang. Statistical nonparametric mapping (SnMP)) su 5000 permutacijy buvo
naudojamas nustatyti reikSmingiems vokseliy aktyvumams (Nichols and
Holmes, 2001).

2.7 Globalios Fazés Sinchronizacija

GFS analizei duomenys buvo perskaiciuoti palyginamuosius elektrodus
pakeiciant j visy elektrody vidurkj. Duomenys buvo nufiltruoti tarp 1 ir 30 Hz
naudojant baigtinio impulso atsak o(angl. Finite Impulse Response) filtrg
implementuotg j EEGLAB plétinj (Delorme and Makeig, 2004) su
numatytaisiais parametrais. Kiekviena epocha buvo transformuota j dazniy
domeng naudojant greitaja Fourier trensformacija 1 Hz Zingsniu taip gaunant
kompleksine verte kiekvienam dazniui ir kiekvienam elektrodui. Siy veréiy
pasiskirstymas nurodo kiek bendra fazé¢ tarp visy elektrody. Kompleksinés
vertés buvo pateiktos dvimatei pagrindiniy komponen¢iy analizei, ir gautos
dvi tikrinés vertés kiekvienam dazniui. GFS yra §iy dviejy tikriniy verciy
santykis:

14:.(H) = (I

G0 = 2 D T ()

kur A, ir A, yra tikrinés vertés gautos po pagrindiniy komponenciy analizés
duotajame daznyje f. GFS vertés yra tarp 0 ir 1. Zemos vertés nurodo, kad néra
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bendros fazés tarp elektrody. Aukstos vertés GFS vertés nurodo bendrg faze
(arba anti — fazg) tarp elektrody ir padidejusius globalius funkcinius ry$ius
(Achermann et al., 2016; Koenig et al., 2001). GFS vertés buvo suvidurkintos
per epochas pasirinktuose dazniy diapozonuose: delta (1 — 3 Hz), teta (4 — 7
Hz), alfa (8 — 13 Hz), beta (14 -30 Hz) (Koenig et al., 2001; Smailovic et al.,
2018).

2.8 Mikrobiiseny analizé

Mikrobiiseny analizei duomenys buvo perskai¢iuoti palyginamuosius
elektrodus pakeiciant j visy elektrody vidurkj ir nufiltruoti tarp 1 ir 40 Hz
naudojant Butterworth filtrg. Mikrobiiseny analizé buvo atlikta naudojant
EEGLAB jskiepj (http:/mww.thomaskoenig.ch/index.php/software/microstates-
in-eeglab/) (versija 1.2) ir rankiniu biidu parasytas funkcijas. Duomenys buvo
analizuoti dvejuose zZingsniuose: individualiame ir grupés lygiuose.
Pirmiausia individualiame lygyje, buvo suskaiéiuota Globalaus Lauko Galia:

Z?=1(Vi —7)?

n

GLG =

kur v; yra uzregistruota potencialas i-ajme elektrode duotajame laiko
momente, v yra vidutinis visy elektrody potencialas uzregistruotas duotajame
laiko momente, n yra elektrody skaicius. Uztikrinti pakankama signalo ir
triuk§mo santykj tik topografijos ties GLG pikais buvo i$skirtos (Koenig and
Brandeis, 2016; Skrandies, 1990; Zanesco, 2020) ir pateiktos | modifikuota k-
means klasterizavimo algoritmg (Pascual-Marqui et al., 1995). Topografijos
buvo normalizuotos vienetui, taip uztikrinant, kad tik elektrinis topografijos
pasiskirstymas buty vertinamas. Siekiant nustatyti optimaly klasteriy skaiciy,
klasterizavimas  buvo  pakartotas nuo 2 iki 10  klasteriy.
Antrajame zingsnyje, individualios visy tiriamyjy topografijos buvo
suvidurkintos naudojant permutacinj algoritma (Koenig et al., 1999).
Nustatyti optimalus klasteriy skaiciy grupés lygyje buvo naudotas Siluety
metodas (Rousseeuw, 1987). Siluetai vertina kiek kiekvienas individualus
duomeny taskas (individuali topografija) yra panasus j kitus duomeny taskus
tame paciame klasteryje, lyginant su taskai esanciais kituose klasteriuose
(Bréchet et al,, 2019; Dinov and Leech, 2017). Siluety vertés yra
apskaiciuojamos pagal formule:

__(bi—a)
max(a; * b;)
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ur a; yra vidutinis atstumas tarp i-tojo duomeny tasko ir kity duomeny tasky
tame paciame klasteryje, ir b yra vidutinis atstumas tarp i-tojo duomeny tasko
ir duomeny tasky esanciy kituose klasteriuose. Siluety vertés svyruoja nuo -1
iki 1. Auksta Siluety verté nurodo, kad duomeny taskas gerai atitinka kitus
duomeny taskus tame paciame klasteryje ir prastai atitinka taskus esancius
kituose klasteriuose. Optimalus klasteriy skaiCius buvo nustatytas
suvidurkinant Siluety vertes per klasteriy skaiciy.
Atstumo nustatymui buvo naudotas Globalus Topografijy Skirtumas (GTS)
(Brunet et al., 2011). GTS yra indeksas nurodantis skirtumus tarp dviejy
topografijy ir svyruoja nuo 0 iki 2, kur vertés arti 0 nurodo topografinj
panasuma.

Siekiant gauti laikinius mikrobiiseny parametrus, erdviné koreliacija
buvo suskaiiuota tarp kiekvienos grupés lygio topografijos ir individualaus
tirlamojo topografijy kiekviename EEG jraso laiko taSke. Tada kiekvienas
laiko taskas (ne tik GLG pikas) buvo priskirtas mikrobtisenai, su kuria turi
didziausig erdvine koreliacija. Erdviné koreliacija yra Pirsono koreliacijos
koeficiento atitikmuo tarp dviejy topografijy (Khanna et al., 2014; Murray et
al., 2008).

Kiekvienam tiriamajam buvo apskaiCiuoti trys laikiniai parametrai
kiekvienai mikrobiisenai: vidutiné trukmé (matuojama milisekundémis (ms)),
kuri nurodo mikrobiisenos generavimo $altiniy sinchroninj aktyvumga (Khanna
et al., 2015); pasirodymo daznis (matuojamas hercais (Hz)), nurodantis
tendencijg generavimo Saltiniams buti aktyvuotiems (Khanna et al., 2015);
indélis (matuojamas procentais), nurodantis reliatyvig laiko dalj, kuria
mikrobiisena buvo aktyvi (Khanna et al., 2015; Murray et al., 2008).
Papildomai buvo apskaic¢uota GLG (matuojama mikrovoltais (uV)) (Murray
et al., 2008; Skrandies, 1990).

2.9 Statistiné analizé

Statistiné analizé buvo atlikta naudojant JASP statisting programa (versija
0.14.1) (JASP Team, 2020; Love et al., 2019), Statistikos ir Masininio
mokymosi plétinj implementuotag | MATLAB ir rankiniu budu paraSytas
funkcijas. Apskaiciuota Bajeso Pirsono koreliacijos koeficientai ir Bajeso
faktoriai (BF) tarp ARBK domeny, d-PK jverciy, GFS ver¢iy ir mikrobiiseny
laikiniy parametry. Bajesinéje statistikoje tikimybé yra apibréziama jvykio
pasireiskimo patikimumo laipsnis ir vietoje p reikSmes yra raportuojama
tikimybés santykis — Bajeso faktorius. BF yra santykis vertinantis kitimg tarp
alternatyvios ir nulinés hipotezés (Kelter, 2020), kuris nereikalauja
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daugybiniy testy korekcijos (Dienes, 2016, 2014, 2011). BF gali nurodyti
tikimybe tiek alternatyvios, tiek nulinés hipotezés atzvilgiu. BF jrodymy
kategorijos skirstomos j vienuolika kategorijy: Lemiami H1 jrodymai (BF10>
100); Labai stiprus H1 jrodymai (100 > BF10> 30); Stiprtis H1 jrodymai (30
> BF10> 10); Esminiai H1 jrodymai (10 > BF10> 3); Nepatvirtinti H1
jrodymai (3 > BF10> 1); Néra jrodymy (BF10 = 1); Nepatvirtinti HO jrodymai
(1 > BF10> 1/3); Reik$mingi jrodymai HO (1/3 > BF10> 1/10); Stipris
jrodymai HO (1/10 > BF10> 1/30); Labai stipriis jrodymai HO (1/30 > BF10>
1/100); Lemiami jrodymai HO (BF10< 1/100) (George Assaf and Tsionas,
2018; Wetzels and Wagenmakers, 2012).

2.10 Nuokrypio tasky aptikimas

Siekiant nustatyti galimus nuokrypio taSkus, buvo naudota Pagrindiniy
Koordinaciy Analizé (PKoA). PKoA yra dimensijy redukavimo metodas,
leidziantis vizualiai pavaizduoti panaSumus tarp duomeny dvimatéje
koordinaciy plokstumoje (Habermann et al., 2018; Koenig et al., 2011). Po
PKOA duomenys buvo atvaizduoti dvimatéje koordinaciy plokstumoje ir
duomeny tasky X ir y buvo panaudotos apskaic¢iuoti Euklidinj atstuma tarp visy
duomeny tasky. Tada, MATLAB funkcija isoutlier su numatytaisiais
parametrais buvo panaudota rasti galimus nuokrypio taSkus. PKoA buvo
panaudota ARBK, d-PK, GFS ver¢iy ir mikrobtiseny parametrams atskirai.
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3. REZULTATAI

Remiantis PKoA nuokrypio taSky nebuvo nustatyta nei tarp ARBK, nei, d-PK
nei GFS jverciy, nei tarp mikrobtiseny parametry.

3.1 Amsterdamo ramybés biisenos klausimynas

ARBK domeny jver¢iy vidurkiai ir standartiniai nuokrypiai buvo: MN 3.229
(#0.971), MT 2.825 (+0.823), Pats 3.156 (£0.877), Planavimas 2.926
(£1.047), Mieguistumas 2.681 (£0.923), Komfortas 3.700, (+0.829), SS 2.953
(£0.996), Sveikata 1.594 (£0.601), Viz 3.764 (£1.069), VM 2.883 (£1.103).
Vidurkiai ir standartiniai nuokrypiai yra pavaizduoti Pav. 2A. Bajeso Pirsono
koreliacijos koeficientai tarp ARBK domeny pavaizduoti Pav. 2B. IS viso
rasta 16 reikSmingy teigiamy koreliacijy tarp ARBK domeny, ir tik viena
neigiama tarp Sveikatos ir Komforto domeny (r =—0.203, BF10 = 8.772). MN
koraliavo su beveik visais domenais i$skyrus Komfortg ir SS. SS nekoreliavo
nei su vienu ARBK domenu.

(A) MN ®8) Pirsono Koreliacijos Koeficientas
$ 02 01 0 01 02 03 04 05
VM MT
p. N MN
i # - \ MT
e k< =7 \’\ 7 Fas Pats
NN Planavimas
e ] { Mieguistumas |
| | 4 /‘ -
Sveikata ‘ / 7" * Planavimas K°m’°”sa§
Sveikata
" < Viz
SS Mieguistumas VT
Komfortas
~ é‘qa\" ’o"(\ PP
& 5"\ @*Q
N % +
Q¥

Pav. 2. ARBK domeny vidurkiai (raudona linija) ir standartiniai nuokrypiai
(pilkas plotas (A). Bajeso Pirsono koreliacijos koeficientai tarp ARBK
domeny. **** BF10 > 100, *** 100 > BF10 > 30, ** 30 > BF10 > 10, and *
10> BF10 > 3.

Ivertinti galimg amziaus ir lyties poveikj ARBK rezultatams, buvo panaudota
daugiamaté ANOVA. Daugiamaté ANOVA parodé reikSmingg amziaus
poveikj ARBK rezultatams [F(10, 185) = 2,502, p = 0,008], bet ne lyties [F(10,
185) = 1,348, p = 0,208]. Tolimesné koreliaciné analizé parodé, kad tik
koreliacijos tarp amziaus ir MT bei Sveikatos domeny buvo reik§Smingos (MT:
r=-0,193, BFyo = 3,520, Sveikata: r = -0,198, BF1o = 4,258).
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3.2 d-PKA jverciai

Sesi faktoriai paaiskinantys daugiau nei tris procentus duomeny buvo naudoti
tolimesnéje analiz¢je. Kartu Sie Sesi faktoriai paaiskino 82.58% duomeny
variabilumo. Faktoriai buvo sunumeruoti pagal tai, kiek duomeny jie
paaiSkina ir pazyméti pagal EEG dazniy diapazony pirmgja raide. Delta
dazniy diapazone buvo vienas faktorius, kurio maksimali verté buvo ties 0,5
Hz ir kuris turé¢jo frontalinj aktyvyma (D1); vienas - teta dazniy diapazone,
kurio maksimumas buvo ties 5,5 Hz ir kuris buvo turéjo front-centrinj
aktyvuma (T1); trys alfa dazniy diapazone, kuriy maksimumas buvo ties 9 Hz
(A1), 10,5Hz (A2)ir 11,5 Hz (A3) ir kurie turéjo pakausSinies sritys aktyvuma,
ir vienas beta dazniy diapazono faktorius,, kurio maksimali verté buvo ties 17
Hz ir kuris turéjo pakauSiies srities aktyvumg. (B1). d-PKA rezultatai

8,

—D1
T1
z 6 A1
= —A2
;g 4 —A3
— 2 .
R |
0 5 10 15 20 25 30
Dazniai (Hz)
Komp. D1 T1 Al A2 A3 B1
Fakt. 3 5 1 2 4 6
PikasHz 0.5 5.5 9 10.5 11.5 17
Var.% 15.15 11.34 19.82 19.56 13.10 3.61
8 9

Pav. 3. D-PKA rezultatai SeSiems faktoriams. VirSutiné dalis: Vidutinis
(N=226) kiekvienos komponentés jvertis. Viduriné dalis: Komponentés
pavadinimas (Komp.), komponentés numeris (Fakt.) daznis kuriame
komponenté pasiekia maksimumga ir paaiSkintas variabilumas. Apatiné dalis:
kiekvienos komponentés topografija. Trys elektrodai su didziausiomis
vertémis, kuriy reikSmés buvo suvidurkintos pazymétos juodais apskritimais.

101



pavaizduoti Pav. 3. VirSutinéje dalyje pateikiami kiekvieno faktoriaus
jverCiai, nurodantys, kiek kiekvienas kintamasis prisidéjo prie konkretaus
komponento; vidurinéje dalyje pateikiami faktoriy numeriai, maksimalios
vertés ir paaiskinta variabilumo procentiné dalis. Apatingje dalyje pateikiamos
kiekvieno komponento topografijos. Trys elektrodai su didZiausiomis
reikS§mémis, kurios buvo naudotos kiekvieno komponento vidurkiams
apskaiciuoti, pazyméti juodais apskritimais.

3.3 Rysys tarp d-PK jverciy ir ARBK domeny

I§ 60 galimy koreliacijy (10 ARBK domeny, 6 faktoriai) tik dvi interakcijos
buvo statistiskai reik§mingos (BF1o > 3). T1 faktorius teigiamai koreliavo su
ARBK domeno Mieguistumas jverciais (r = 0.200, BF10 = 7.676). Al
faktorius teigiamai koreliavo su ARBK domeno Komfortas jverciais (r =
0.198, BFi0=7.115) (Pav. 4A). Bajeso Pirsono koreliacijos koeficientai ir BF
tarp d-PK jver¢iy ir ARBK pateikti lenteléje.

Lentelé 3. Bajeso Pirsono koreliacijos koeficientai tarp 6 komponenty ir ARBK
domeny. Reik§mingos koreliacijos (BF10> 3) paryskintos pilkame fone
Al A2 D1 A3 T1 Bl

r 0081 047 -0008 0009 0059  -0.053

MN  Br1, 0173 0107 0084 0084 0122 0114
r 0042 0045 0071 0007 0086 _ 0046

MT  —BF1, 0103 0105 0145 0084 0191  0.105
" 0003 0062 -0104 0010 -0018 0062

Pals —BE1 " 0083 0127 0279 0084 0086  0.128
r 0018 0018 -0017 0062 -0.048 -0.105

Plan. —Be1""008s 0086 0086 0128 0107 0288
N 0040 0004 0031 0052 0200 -0034
Mied. —5F1 0099 0083 0093 0112  7.616  0.095
p 0198 0138 0078 -0044 0131 0082

Komf. —gE1 7115 0713 0164 0104 0573 0176
r 0027 0012 0025 0067 0089 -0.009

SS “BFL, 0090 0085 0089 0137 0201 0084
N 0008 0125 -0086 0069 0025 -0076
Svelk. —gE1 0084 0475 0189 0142 0089  0.158
T 0103 0032 0011 0116 0128 _ 0.100
ViZ BEl T 0272 0093 0084 0371 0521  0.253
v T 0066 0070 -0090 0044 0020 _ -0058

BF1o 0.135 0.145 0.206 0.103 0.087 0.121
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3.4 sSLORETA rezultatai

Tik dviejy d-PK jverciai buvo reik§mingai susije su dviem skitingais ARBK
domenais, tad SLORETA analizé buvo atlikta tik tarp A1 ir Komforto jverciy,

bei tarp T1 ir Mieguistumo jverciy.

sLORETA analizé parodé statistiSkai reikSmingg koreliacijg tarp T1 ir
mieguistumo (r = 0.247, p < 0.05), kur pagrindinis aktyvumas buvo nustatytas
limbingje srityje, priekinéje juostinéje zievéje ir Broadmano zonos 24 ir 23.
Koreliacija tarp A1 ir Komforto nebuvo statistiskai reikSminga (r = 0.207, p >

0.05).
(A)
r=0.198 BF10=7.115
10 10
°

8 8
— ° —
2 6 2
] T 1
»e rg
) )
- >
< e

r=0.200 BF | °=7.G76

4

SLORETA

(Z)

5 0 +5em (X) (Y) +5 0 5 A0em

(2)

+5

0

5

+Sem (X)

Pav. 4. Sklaidos grafikai, kuriose vaizduotas rysy tarp d-PK jver¢iy ir ARBK
domeny (N=226) (A). sLORETA rezultatai tarp T1 jverc¢iy ir ARBK

Mieguistumo domeno (B).

103




3.5 GFS jverciai

GFS vidutinés vertés dazniy diapazonams buvo: delta: 0.517 (SN. £0.039),
teta: 0.541 (SN. £0.026), alfa: 0.595 (SN. £0.032), beta 0.522 (SN. £0.025) ir
sutampa su rezultatais, raportuotais literatiroje (Koenig et al., 2001; Park et
al., 2008; Smailovic et al., 2018). GFS vertés ir pasiskirstymas, bei GFS
vidutiné reikSme per daznius pavaizduoti Pav. 5.
(A i i ! .
0.7 f - - f ~
0.65/

06}

2 0.55H
L 0.55

0.5

0.45}

0.4}

Delta Teta Alfa Beta

(B)

I Delta 0 Teta Alfa Beta
0.7

0.65} 1 A 4 3 3 .

06

GFS

0.55¢

0.5

0.45

15 20 25 30
Daznis (Hz)

Pav. 5. GFS ver¢iy pasiskirstymas kiekviename diapazone (N=226) (A). GFS
vidutiné verté kiekviename daznyje ir standartinis nuokrypis (B)

3.6 Rysys tarp GFS veréiy ir ARBK domeny

I8 keturiasdesimties galimy koreliacijy (deSimt ARBK domenai, keturi dazniy
diapazonai) tik dvi sgveikos buvo statistiskai reikSmingos (BF10 > 3). GFS
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alfa diapazono vertés teigiamai koreliavo su ARBK Komforto domenu (r =
0,208, BFy = 11,646). Beta diapazono GFS vertés teigiamai koreliavo su
ARBK Komforto domenu (r = 0,197, BF10 = 6,664). Pilna koreliacijy lentelé
pateikta lentelgje 4.

r=0.213, BF10=14.582 r=0.197, BF10=6.664
0.7 Iy 067
o L] e °
° i : e ° o °
0.65r 4 ® e
° © =|=l: 055" : ."E=I ° §
e 8 g8 3 - . :
/)] ° ° 2] e i ]
. 0.6} ] L °
g L HIE B 8 §
E i i oo . ; ' :
< R 2 8¢ Ho0s5 ° 8 ! l ] ® g o
0.55¢ L e VB T
[ ] ° ° o
L [ ) e @ °
° ° H o H o ©
057 e . 0.45 .
1 2 3 4 5 1 2 3 4 5
Komfortas Komfortas

Pav. 6. Sklaidos grafikai tarp Alfa ir Beta GFS verciy ir ARBK Komforto
domeno (N=226).

Lentelé 4. . Bajeso Pirsono koreliacijos koeficientai tarp GFS verc¢iy ir ARBK
domeny. Reik§mingos koreliacijos (BF10> 3) paryskintos pilkame fone.

Delta Teta Alfa Beta
MN r 0.010 -0.102 -0.150 0.028
BF1, 0.084 0.270 0.288 0.091
MT r -0.090 -0.082 -0.019 0.071
BF1, 0.206 0.175 0.086 0.145
Pats r -0.004 0.017 0.107 0.112
BF1, 0.083 0.086 0.304 0.338
Plan. r -0.112 -0.057 0.031 0.059
BF1, 0.341 0.120 0.092 0.122
Mieg. r 0.062 -0.036 -0.072 0.041
BF1, 0.128 0.096 0.149 0.100
Komf. r 0.091 0.155 0.208 0.199
BF1, 0.209 1.243 11.646 7.842
ss r 0.074 0.062 -0.015 0.011
BF1o 0.152 0.127 0.085 0.084
Sveik. r -0.061 0.034 -0.025 -0.021
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Delta Teta Alfa Beta

BF1o 0.126 0.95 0.089 0.087
Viz r 0.008 0.040 0.043 0.022
BF1o 0.084 0.099 0.102 0.088
VM r -0.067 -0.099 0.022 0.073
BF1o 0.137 0.248 0.087 0.150

3.7 Laikiniai EEG mikrobiiseny parametrai

Remenitis Siluety koeficientu (vidutiné Siluety verté per klasteriy skaiciy),
optimalus klasteriy skaicius buvo 7. Keturios mikrobiiseny topografijos atitiko
su keturiomis dazniausiai literatliroje raportuojamomis mikrobiiseny
topografijomis ir buvo atitinkamai pavadintos A, B, C ir D EEG
mikrobiisenomis (Koenig et al., 2002).

IS trijy likusiy topografijy, viena sutapo su mikrobtlisena E pranesta
literatairoje (Bréchet et al., 2019; Custo et al., 2017; Zanesco et al., 2021b) ir
atitinkamai buvo pazyméta kaip mikrobaisena E. Viena topografija sutapo su
mikrobiisena F, raportuota tyrimuose (Bréchet et al., 2019; Custo et al., 2017;
D’croz-Baron et al., 2021), mikrobiisena E (Damborska et al., 2019a, 2019b;
Murphy et al., 2020), ir mikrobtisena C’, raportuota (Jabes et al., 2021), tad
buvo pavadinta mikrobiisena F. Paskutiné topografija sutapo su mikrobiisena
G, raportuota tyrime (Custo et al., 2017) ir mikroblisena F, raportuota
(Damborska et al., 2019b; Takarae et al., 2022; Zanesco et al., 2021b), tad
buvo pavadinti mikrobisena G (Pav. 7). Sios septynios topografijos paaiskino
83.3% duomeny. Laikiniy parametry vidurkiai ir standartiniai nuokrypiai
pateikti lenteléje 5. Parametrai atitinka raportuotus parametrus literatiiroje
(Khanna et al., 2015; Michel and Koenig, 2018; Zanesco et al., 2020)

Pav. 7. 7 mikrobtiseny topografijos (N=197).
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Lentelé 5. Laikiniai mikrobtiseny parametry vidurkiai ir standartiniai

nuokrypiai.

Trukmé (ms) Daznis (Hz) Indélis (%)
MS A 43.36 (£8.26) 3.60 (£0.95) 15.13 (+4.00)
MS B 45.34 (£9.25) 3.80 (+£0.89) 16.93 (x4.20)
MS C 52.51 (£14.18) 4.50 (£0.83) 22.91 (£6.50)
MS D 4091 (£7.16) 3.44 (£1.00) 13.82 (£3.90)
MS E 36.72 (£6.31) 2.62 (£0.73) 9.43 (+£2.40)
MS F 39.59 (£7.34) 3.22 (£0.99) 12.56 (+4.00)
MS G 36.06 (+£5.81) 2.65 (+0.81) 9.31 (£2.50)

3.8 Rysys tarp mikrobiiseny laikiniy parametry ir ARBK domeny

Bajeso Pirsono koreliacija parodé neigiama rysj tarp mikrobtisenos F indélio
ir SS (r = —-0.210, BF10 = 6.871), reikSminga ry§j tarp domeno Pats ir
mikrobiisenos D trukmés (r = —0.203, BF10 = 5.224) ir mikroblisenos B
daznio (r = 0.192, BF10 = 3.305). Bajeso Pirsono koreliacija parodé¢ jog
ARBK domenas Komfortas neigiamai koreliavo su mikrobiisenos C dazniu (r
=—-0.212, BF10 = 7.638), teigiamai koreliavo su mikrobiisenos E trukme (r =
0.220, BF10 = 10.949) ir mikrobuisenos G trukme (r = 0.203, BF10 = 5.284).
Bajeso Pirsono koreliacijos koeficientai tarp mikrobtiseny parametry ir ARBK
domeny pateikti lenteléje . Reik§mingos koreliacijos pateiktos Pav. 8). Tarp
mikrobiisenos C ir SS domeny statistiSkai reikSmingos koreliacijos nebuvo (r
= —0.007, BF10= 0.090). Papildomai buvo atlikta erdvinés koreliacijos (EK)
analizé tarp mikrobuseny C, kai klasteriy skaicius yra lygus 4, ir mikrobtiseny
topografijy C ir F, kai klasteriy skaicius lygus 7. Rezultatai parodé kad visos
topografijos yra erdviSkai panasios (EK > 0.7). Taip pat, erdviné koreliacija
tarp mikrobiisenos C, kai klasteriy skaicius yra lygus 4 ir mikrobtisenos F, kai
klasteriy skaicius lygus7 buvo 0.966, kas patvirtino hipotezé, jog erdviskai
panasios topografijos gali biiti sujungtos j viena topografija, jei pasirenkamas
neoptimalus klasteriy skaiius (Pav. 9). Bajeso Pirsono koreliacijos
koeficientas tarp ARBK SS domeno ir mikrobiisenos C indelio, kai klasteriy
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skaiCius yra 4, atkartojo neigiama koreliacija raportuota literattiroje (Pipinis et
al., 2017).

r=-0.210 BF10=6.871 r=0.192 BF1U=3.305 r=-0.203 BF1D=5.224
£ 025 7 = 70 °
2 02 6 E60} 080
@ 25 2 e o
T (.15 £ g 50 fe o0
£ N4 = 88 °
w01 e 2 §
g ’ o 3 g
0.05 E 2 by
0 ‘ 1 =
1 2 3 4 5
Somatinis Sgmoningumas
r=-0.212 BF  =7.638
=7 - 70 - 60
T E 60 E
,26 EBU .gso- O!J:n
w57 50
z 3 3 JITIL
o 40 = 40+ = ¢
f °
23 §30- §30. s .l’ 38
2 20 20
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Komfortas Komfortas Komfortas

Pav. 8. Sklaidos grafikai tarp statistiskai reik§mingy mikrobtiseny parametry ir
ARBK domeny (N=197).

(A) (B)
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Pav. 9. Erdviné koreliacija tarp mikrobtisenos C (k=4), ir mikrobiiseny F ir C
(k=7) (A). Sklaidos grafikas tarp mikrobiisenos C indélio (kai k=4), ir ARBK
SS domeno (N=197).
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Lentelé 6. Bajeso Pirsono koreliacijos koeficientai tarp EEG mikrobiiseny parametry ir ARBK domeny. Statistiskai reik§mingos

koreliacijos paryskintos pilkame fone.

MN MT Pats Plan. Mieg. Komfortas SS Sveik. Viz. VT
E r=-0.020 r=0.029 r=-0.119 r=-0.008 r=-0.005 r=0.134 r=0.034 r=-0.018 r=0.023 r=-0.037
E BF1,=0.093 BF,=0.097 BF,=0.352 BF,=0.090 BF,=0.089 BF,=0.512 BF,=0.100 BF,=0.092 BF,=0.099 BF,=0.102
i 2 r=0.012 r=0.051 r=0.096 r=-0.038 r=0.111 r=-0.082 r=-0.019 r=0.028 r=0.062 r=0.035
g ’E BF1,=0.090 BF1,=0.115 BF,=0.220 BF,=0.103 BF1,=0.294 BF1,=0.172 BF,=0.092 BF,=0.096 BF,=0.129 BF,=0.100
g 2 =-0.009 r=0.056 r=0.010 =-0.055 r=0.097 r=0.002 =-0.005 r=0.050 r=0.056 r=0.030
g Z BF1,=0.090 BF1,=0.121 BF1,=0.090 BF1,=0.119 BF1,=0.223 BF1,=0.089 BF1,=0.089 BF1,=0.114 BF1,=0.120 BF1,=0.097
o r=-0.016 r=0.040 r=-0.066 r=-0.039 r=-0.015 r=0.115 r=0.001 r=-0.027 r=0.037 r=-0.060
& BF,=0.091 BF1,=0.104 BF,=0.137 BF,=0.103 BF1,=0.091 BF1,=0.324 BF,=0.089 BF,=0.096 BF,=0.102 BF,=0.127
E r=-0.028 r=0.028 r=-0.054 r=0.052 r=-0.101 r=0.182 r=-0.004 r=-0.063 r=0.012 r=-0.016
E BF10=0096 BF10=0096 BF10=0119 BF10=0116 BF10=0242 BF10=2339 BF10=0089 BF10=0131 BF10=0090 BF10=0091
E ;E r=0.068 r=-0.017 r=0.192 r=0.083 r=-0.038 r=-0.117 r=0.024 r=0.044 r=-0.003 r=0.062
Iz 5 BF10=0139 BF10=0092 BF10=3305 BF10=0173 BF10=0103 BF10=0337 BF10=0094 BF10=0107 BF10=0089 BF10=0130
g £ r=0.038 r=0.008 r=0.130 r=0.111 r=-0.121 r=0.048 r=-0.001 r=0.004 r=0.006 r=0.058
S £ BF1,=0.103 BF1,=0.090 BF1,=0.464 BF1,=0.295 BF,=0.372 BF1,=0.111 BF,=0.089 BF,=0.089 BF1,=0.090 BF1,=0.123
Q r=-0.019 r=0.040 r=-0.058 r=-0.019 r=-0.041 r=0.128 r=0.008 r=-0.034 r=0.039 r=-0.076
o BF1,=0.092 BF1,=0.104 BF1,=0.124 BF1,=0.092 BF1,=0.105 BF10=0.442 BF1,=0.090 BF1,=0.099 BF1,=0.104 BF1,=0.155
E r=-0.070 r=-0.028 r=-0.124 r=-0.063 r=-0.003 r=0.106 r=0.008 r=-0.050 r=-0.045 r=-0.067
E BF,=0.141 BF,=0.096 BF1,=0.398 BF4,=0.131 BF,=0.089 BF,=0.266 BF,=0.090 BF4,=0.113 BF,=0.109 BF1,=0.138
E 2 r=0.004 r=-0.028 r=0.093 r=-0.042 r=0.074 r=-0.212 r=-0.021 r=0.034 r=-0.023 r=-0.006
E E BF1,=0.089 BF1,=0.096 BF,=0.205 BF,=0.106 BF1,=0.151 BF1,=7.638 BF1,=0.093 BF1,=0.100 BF1,=0.094 BF1,=0.089
E £ r=-0.056 r=-0.046 r=-0.059 r=-0.100 r=0.027 r=-0.037 r=-0.007 r=-0.011 r=-0.047 r=--0.063
E E BF10=0120 BFm:OlOg BF10=0125 BF10=0237 BF10=0096 BF10=0102 BF10=0090 BF10=0090 BF10=0110 BF10=0130
Q r=-0.023 r=0.035 r=-0.070 r=-0.038 r=-0.030 r=0.112 r=0.009 r=-0.032 r=-0.033 r=-0.081
o BF,=0.094 BF4,=0.101 BF,=0.144 BF,=0.103 BF,=0.097 BF,=0.302 BF,=0.090 BF,=0.099 BF1,=0.99 BF,=0.169
E % E r=0.069 r=-0.034 r=-0.203 r=-0.037 r=-0.101 r=0.177 r=0.103 r=-0.067 r=-0.041 r=-0.048
E E E BF10=0141 BFm:OlOO BF10=5224 BF10=0102 BF10=0239 BF10=1939 BF10=0247 BF10=0138 BF10=0105 BFm:Olll
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£ =-0.009 =-0.054 r=0.008 r=-0.088 r=0.094 r=-0.128 r=0.135 r=0.054 r=0.024 r=0.037
E BF1,=0.090 BF1,=0.119 BF1,=0.090 BF1,=0.189 BF1,=0.210 BF1,=0.438 BF1,=0.531 BF1,=0.118 BF1,=0.094 BF1,=0.102
£ r=-0.057 r=-0.078 r=-0.115 r=-0.100 r=0.024 r=-0.031 r=0.158 r=0.026 r=-0.053 r=0.020
E BF10=0122 BF10=0160 BF10=0322 BF10=0234 BF10=0094 BF10=0098 BF10=1034 BF10=0095 BF10=0117 BF10=0093
Q r=-0.015 r=0.026 r=-0.093 r=-0.043 r=-0.024 r=0.121 r=0.039 r=-0.041 r=0.033 r=-0.076
o BF1,=0.091 BF1,=0.095 BF,=0.206 BF,=0.107 BF1,=0.094 BF1,=0.371 BF1,=0.103 BF,=0.105 BF1,=0.099 BF,=0.155
E r=-0.040 r=0.016 r=-0.116 r=0.043 r=-0.108 r=0.220 r=0.056 r=-0.083 r=0.011 r=-0.045
E BF1,=0.104 BF,=0.091 BF1,=0.328 BF,=0.107 BF1,=0.279 BF1,=10.95 BF1,=0.121 BF1,=0.172 BF1,=0.090 BF,=0.108
= £ r=0.025 r=-0.015 r=0.116 r=0.015 r=-0.110 r=-0.081 r=0.034 r=0.030 r=0.026 r=0.008
< N
g L BF=0.095 BF;;=0.091  BF;;=0.329  BF4=0.091  BF4=0.090 BF=0.167 BFy=0.099  BFy=0.097  BF1=0.095  BF;,=0.090
= —
E 2 r=0.015 r=-0.030 r=0.030 r=0.037 r=-0.110 r=0.052 r=0.067 r=-0.027 r=0.020 0 0007%_83
g E BF1,=0.091 BF1,=0.097 BF1,=0.097 BF1,=0.102 BF1,=0.289 BF1,=0.116 BF1,=0.137 BF1,=0.096 BF1,=0.093 .BF -0.089
10—VY.
Q r=-0.015 r=0.037 r=-0.066 r=-0.016 r=-0.034 r=0.135 r=0.021 r=-0.040 r=0.040 r=-0.077
o BF,=0.091 BF,=0.102 BF,=0.137 BF,=0.092 BF,=0.100 BF1,=0.530 BF,=0.093 BF,=0.104 BF,=0.104 BF,=0.158
E r=-0.038 r=0.014 r=-0.134 r=0.088 r=-0.030 r=0.121 r=-0.101 r=-0.093 r=-0.009 r=-0.022
=<
E BF,=0.103 BF,=0.091 BF,=0.507 BF,=0.188 BF,=0.097 BF1,=0.374 BF,=0.241 BF,=0.205 BF1,=0.090 BF1,=0.093
P 2 r=0.051 r=0.029 r=0.071 r=0.119 r=0.082 r=-0.111 r=-0.140 r=-0.026 r=0.026 r=-0.018
IE a BF1,=0.115 BF1,=0.097 BF,=0.145 BF,=0.352 BF1,=0.172 BF1,=0.294 BF1,=0.607 BF1,=0.095 BF,=0.092 BF,=0.092
E 2 r=0.035 r=0.041 r=-0.016 r=0.146 r=0.043 r=-0.036 r=-0.210 r=-0.064 r=0.019 r=-0.031
g E BF,=0.100 BF,=0.105 BF,=0.092 BF1,=0.710 BF,=0.107 BF4,=0.101 BF10=6.871 BF,=0.132 BF,=0.092 BF1,=0.098
Q r=-0.006 r=0.051 r=-0.064 r=0.005 r=-0.011 r=0.103 r=-0.034 r=-0.044 r=0.045 r=-0.081
(U] BF10=0089 BF10=0115 BF10=0133 BF10=0089 BF10=0090 BF10=0252 BFm:OlOO BF10=0108 BF10=0108 BF10=0169
E r=-0.024 r=0.018 r=-0.114 r=0.025 r=-0.090 r=0.203 r=0.030 r=-0.039 r<0.001 r=-0.029
E BF10=0094 BF10=0092 BF10=0315 BF10=0095 BF10=0195 BF10=5284 BF10=0097 BF10=0104 BF10=0089 BF10=0097
Sz r=0.075 r=0.023 r=0.139 r=0.011 r=0.046 r=-0.068 r=0.055 r=0.44 r=0.024 r=0.060
: = BF=0.153  BFy=0.094  BF=0580 BF;;=0.090  BF;;=0.109  BF4=0.140  BF=0.120  BF=0.108  BFy=0.094  BFy=0.126
E £ r=0.083 r=0.042 r=0.096 r=0.041 r=-0.023 r=0.047 r=0.068 r=0.042 r=0.021 r=0.074
E E BF10=0174 BFm:OlOG BF10=0217 BF10=0105 BF10=0094 BF10=0110 BF10=0140 BF10=0105 BF10=0093 BF10=0151
Q r=-0.010 r=0.047 r=-0.052 r=-0.015 r=-0.024 r=0.135 r=0.017 r=-0.030 r=0.044 r=-0.058
o BF1,=0.090 BF1,=0.110 BF1,=0.116 BF1,=0.091 BF,=0.094 BF,=0.523 BF,=0.092 BF,=0.097 BF,=0.108 BF1,=0.123
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4. DISKUSIA

Rysys tarp subjektyviy potyriy ir smegeny aktyvumo néra gerai zinomas. Vis
daugiau tyrimy bando i$siaiskinti ry§j tarp objektyviai matomy fiziologiniy
signaly ir subjektyviy potyriy ramybés biisenos sesijos metu. ARBK yra
naudingas jrankis leidziantis susieti biologinius signalus su subjektyviais
potyriais ir emocijomis. Skirtingy modalumy smegeny vaizdavimo tyrimuose
buvo parodytas rySys tarp smegeny aktyvumo ir ARBK domeny: Minciy
nutrikstamumo (Stoffers et al., 2015; Tomescu et al., 2022), minéiy teorija
(Marchetti et al., 2015), Pats (Tarailis et al., 2021; Tomescu et al., 2022),
Planavimo (Portnova et al., 2019; Zanesco et al., 2021a), Mieguistumo (Diaz
et al., 2013; Stoffers et al., 2015), Komforto (Stoffers et al., 2015; Tarailis et
al., 2021; Zanesco et al., 2021a), Somatinio Samoningumo (Pipinis et al.,
2017; Tarailis et al., 2021; Tomescu et al., 2022; Zanesco et al., 2021a),
Vizualiniy Min¢iy (Stoffers et al., 2015), Verbaliniy Minc¢iy (Tomescu et al.,
2022).

Siame darbe buvo fokusuojamasi §iems EEG analizés biidams: EEG
spektrinei analizei, globalios sinchronizacijos analizei ir topografiniai
analizei.

4.1 d-PKA

Dazniy pagrindiniy komponenciy analize buvo pasiiilyta kaip metodas galintis
i§skaidyti EEG dazniy spektrine strukttirg j reikSmingus atskirus duomenimis
gristus komponentus.

Atlikus d-PKA, $esi faktoriai buvo i$skirti: trys alfa dazniy diapazone
ir po viena delta, teta ir beta dazniy diapazonuose. Sie rezultatai sutampa su
rezultatais raportuotais literatiiroje, su tam tikrais topografijy skirtumais ir
duomeny variabilumo paaiskinimo dalimi (Barry et al., 2020; Barry and De
Blasio, 2018; Tenke and Kayser, 2005). d-PKA yra pranasesné uz tradicing
EEG spektring analizg, kadangi §is metodas vertina natiiraliai atsirandaZius
dazniy komponentus, kuriems jtakos neturi nustatyti EEG dazniy diapazonai
(Barry et al., 2019; Newson and Thiagarajan, 2019), ir $is metodas yra grjstas
duomenimis.

Remiantis ankstesniais tyrimais, buvo tikétasi, kad bus keletas
asociacijy su alfa ir teta komponentais. Didzioji EEG dalis buvo lemta alfa
aktyvyumo, trys komponentai, kuriy pikai buvo ties 9 (A1), 10.5 (A2)ir 11.5
(A3) Hz kartu paaiskino 41.82% duomeny variabilumo. Sie rezultatai sutampa
su kitais d-PKA tyrimy rezultatais, kur buvo isskirti nuo dviejy (Smith et al.,
2020) iki penkiy (Tenke and Kayser, 2005) alfa diapazono komponenty,
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paaiskinanciy nuo 1.4 % (A2 komponentas, kurio maksimumas buvo ties 9.5
Hz (Barry and De Blasio, 2018), iki 50% (alfa/teta komponentas, kurio
maksimumas buvo ties 9 Hz (Tenke et al., 2011). Nepaisant skirtumy ties
maksimaliais dazniais ir duomeny variabilumo paaiskinime, alfa komponenty
topografijos tarp tyrimy yra panasios. Siame tyrime A1, A2 ir A3 komponenty
erdviné koreliacija svyravo tarp 0.92 ir 0.98. Ankstesniame tyrime alfa
komponentai buvo susij¢ su tiriamojo suzadinimu (Barry et al., 2020), tad
Siame tyrime buvo tikimasi alfa komponenty rySio su ARBK Mieguistumo
domenu. Taciau, nors trys alfa komponentai paaiskino beveik pus¢ duomeny
variabilumo, taciau teigiamas rySys buvo tik tarp Al jveréiy ir subjektyviy
Komforto jveréiy (r = 0,198, BF10 = 7,115). Komforto domenas apibendrina
tris teiginius: ,,Jauciausi jaukiai®, ,,JauCiausi atsipalaidaves.”, ,,Jauciausi
laimingas®. Ankstesniuose tyrimuose $is domenas buvo siejama su plataus
daznio EEG mikrobiiseny C, E, G (Tarailis et al., 2021) ir mikrobiisenos D
(Zanesco et al., 2021a) laikinémis charakteristikomis. EEG mikrobiisenas
daugiausia lemia alfa aktyvumas (Milz et al., 2017). Taigi $is rezultatas, nors
ir netikétas, i§ dalies patvirtino ankstesnius pastebéjimus. Nepaisant to,
sLORETA analiz¢, kuria bandyta lokalizuoti A1 komponentés aktyvuma,
reikSmingumo lygio (r = 0,207, p < 0,05).

T1 komponenté, kurios maksimali vert¢ buvo ties 5.5 Hz, tur¢jo
frontalinj vidurio linijos aktyvuma, teigimai koreliavo su ARBK Mieguistumo
domeno jverciais (r = 0,200, BF10 = 7,676), kas reiskia, jog teta aktyvumas
buvo didesnis pas zmones, kurie jvertino savo mieguistumg sesijos metu
didesniais balais. Sis rezultatas sutampa su Diaz ir kt. raportuotu rezultatu
(Diaz et al., 2013). Taip pat, yra buvo pranesta, jog frontalinés srities teta
aktyvumas (4 — 8 Hz) koreliuoja su subjektyviais Karolinksos miego skalés
balais (Strijkstra et al., 2003), bei neigiamai koreliuoja su numatytojo rézimo
tinklo (NRT) aktyvumu (Scheeringa et al., 2008). NRT susijgs su asmeniskais
reikSmingos informacijos apdorojimu, savirefleksija, vidiniu mastymu
(Andrews-Hanna, 2012), tiek su nuo stimulo nepriklausomomis mintimis
(Mason et al., 2007), kurios pasireiSkia esant ramybés biisenoje. Ankstesni
tyrimai parodé jog, NRT aktyvumas teigimai koreliuoja su ARBK
Mieguistumo domenu (Stoffers et al., 2015). Kaip ir Stoffers ir kt. tyrime,
Siame tyrime buvo parodytas stiprus rySys tarp ARBK Minciy nutrikstamumo
ir Mieguistumo domeny (r = 0,251, BF10 = 113,972), kas rodo, kad didesnj
mieguistumg patyrusiems tiriamiesiems buvo sunkiau iSlaikyti mintis.
SLORETA rezultatai parodé, teigiama koreliacijg tarp T1 komponentés ir
Mieguistumo skalés limbinéje sistemoje ir priekinéje juostingje zievéje ir tai
atitinka rezultatus raportuotus literatiiroje. Scheeringa ir kt (Scheeringa et al.,
2008)) raportavo teta aktyvuma (2-9 Hz) medialinéje prefrontalinéje Zievéje
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ir priekinéje juostinéje zievéje. Smith ir kt. (Smith et al., 2020) raportavo teta
komponentés (maksimali verté ties 5 Hz) aktyvuma premotorinéje Zievéje, bei
galingje priekinéje juostinéje zievéje. Nishida ir kt. (Nishida et al., 2004)
parodé teat (5-7 Hz) aktyvuma priekinéje juostingje zievéje esant budrumo
biisenoje ir REM miego stadijose, bet ne 1éty bangy miego stadijoje. Teigiama
koreliacija tarp individualiy Mieguistumo domeny vertinimy ir limbinés
srities bei priekinés juostinés zievés aktyvumo atitinka literatiiroje
pateikiamus rezultatus.

Tarp ARBK domeny ir delta ir beta komponenty sgsajy nebuvo
pastebéta, nors Portnova ir kt. (Portnova et al., 2019) raportavo neigiama
koreliacija tarp 2-3 Hz aktyvumo ir ARBK Planavimo domeno. Reikiaa
pazyméti, kad tiek iSskirtos D1 (maksimumas 0,5 Hz), tiek B1 (maksimumas
17 Hz) komponentés Siek tiek skyrési nuo literatiiroje raportuoty
komponenciy: D1 komponenté turéjo frontalinj kairés pusés aktyvuma, kurio
maksimumai buvo ties FP1, AF7 ir F7 elektrodais, tuo tarpu literatiiros
raportuojamos D1 kompionentés aktyvumai yra pastebimi centrinéje,
frontalingje ir deSinéje frontalingje srityse (Barry and De Blasio, 2018;
Karamacoska et al., 2019b, 2019a). B1 komponentés didZiausias aktyvumas
buvo pakausingje srityje, ties PO4, PO6 ir POS8 clektrodais, kas i§ dalies
atitinka rezultatus pranestus literatiiroje (Karamacoska et al., 2019b, 2019a),
ta¢iau nesutampa su Kitais, kuriuose buvo stebimas frontocentrinis
topografinis aktyvumas (Barry and De Blasio, 2018; Tenke and Kayser,
2005). Siy nesutapimy pobidis néra aiskus.

4.2 Globalios fazés sinchronizacija

Ivertinti globaly funkcinj rys$j, Siame tyrime buvo naudotas GFS metodas
(Koenig et al., 2001; Rusterholz et al., 2017). GFS metodas buvo sékmingai
taikytas atliekant tyrimus tiek su klinikiniais pacientais (Koenig et al., 2001,
Olamat and Akan, 2017; Smailovic et al., 2022), skirtinguose budrumo
lygiuose (Achermann et al., 2016; Nicolaou and Georgiou, 2014), tadiau iki
$iol nebuvo bandyta susieti GFS aktyvuma su subjektyviais potyriais. Siame
tyrime parodéme stipry ry$j tarp ARBK Komforto domeno ir GFS reikSmiy
alfa (r=0,208, BF10=11,646) ir beta dazniy diapazone (1r=0,199,
BF10=7,842). Kity reik$mingy sgsajy nenustatyta nebuvo.

GFS yra globalaus funkcinio ry$io matas, nereikalaujantis konkre¢ios
smegeny srities aktyvumo dominuojan¢iame procese (Koenig et al., 2001).
Didesnés GFS vertés nurodo globaly funkcinj ry$j tarp smegeny, kai mazos
vertés nurodo funkcinio rySio sumazéjimg ar nebuvimag.Miisy turimomis
ziniomis, Siame tyrime GFS analizé buvo atlikta su iki Siol didziausia sveiky
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dalyviy imtimi. Kaip ir ankstesniuose tyrimuose, didziausios vertés buvo alfa
dazniy diapazone (Achermann et al., 2016; Koenig et al., 2001; Smailovic et
al., 2022). Aktyvumas alfa dazniy diapazone siejamas su suzadinamumu
(Barry et al., 2020, 2007) ir laikomas smegeny zievés neveiklumo pozymiu
(Croce et al., 2020; Milz et al., 2016). Taciau taip pat buvo pasitilyta, kad tam
tikri alfa aktyvumo aspektai, kurie néra susije su susijaudinimu (Barry et al.,
2020). d-PKA parodéme teigiamag ry$j tarp Al komponentés, kurios
maksimali reik§mé buvo ties 9 Hz, ir ARBK Komforto domeno, taip ir GFS
analizéje parodéme teigiama rysj tarp GFS raikSmiy alfa diapazone ir to paties
ARBK domeno.

ARBK Komforto domenas apibendrina tris teiginius: ,,Jauciausi
jaukiai®, ,Jauciausi atsipalaidaves.®, ,,Jauciausi laimingas®. Tad §is domenas
gali atspindéti tiek fizine, tiek psichine biisena, jskaitant bendrus budrumo ir
emocings biisenos aspektus. Teigiamas rySys tarp GFS alfa daznio diapazono
ir Komforto jver¢iy rodo mazesnj suzadinamumo/budrumo lygj ir didesnj
atsipalaidavima. Ankstesnis tyrimas parodé, GFS alfa (9 — 11 Hz) verciy
laipsninj mazéjimg po ilgalaikés miego deprivacijos. Subjektyviis pojiiciai
esant miego trikumui savaime néra malonis (Kaida and Niki, 2014), misy
rezultatai sutampa su rezultatais, raportuotais literatiroje. Achermann ir Kt.
(Achermann et al., 2016) teige, kad uz globalius funkcinius ry$ius atsakingas
yra gumburas. Autoriai taip pat atkreipé démesj j Schwab ir kt. (Schwab et al.,
2015) rezultatus, kur buvo parodytas gumburo aktyvumas generuojant EEG
mikrobiisenos, kaip indikatorius, jog gumburas dalyvauja skirtingy smegeny
zieves sriciy sinchronizacijoje. Tai atitinka EEG mikrobiiseny rezultatus,
rodancius sgsajas tarp keliy ramybés biisenos mikrobtiseny laikiniy parametry
ir ARBK Komforto domeno. Galiausiai Ricci ir kt. (Ricci et al., 2022) parodé
kad zemesnis komforto lygis virtualios realybés aplinkoje sicjamas su
zemesne alfa galia. Autoriai pasitilé, kad didesnio komforto pojiitis susijes su
top-down mechanizmais, kurie moduliuoja regimaji démesj, bei mazina
iSoriniy dirgikliy suvokima.

Teigiamas rySys tarp GFS beta diapazono ver¢iy ir Komforto domeno
gali atspindéti fizinj gerbavj. Ankstesniame tyrime Engel ir Fries (Engel and
Fries, 2010) pasitlé, jog beta dazniy diapazono aktyvumas gali biiti susijes su
esama motorine blisena. Dalyviams miisy tyrime buvo pateiktos instrukcijos
sesijos metu sédéti ramiai. Prielaida, kad beta GFS ir Komforto vertés nurodo
fizinius aspektus, taip pat atitinka Stoffers ir kt. pranestus rezultatus (Stoffers
et al., 2015). Autoriai raportavo teigiama koreliacija tarp aktyvumo
sensomotoriniame tinkle ir ARBK Komforto domeno. Pazymétina, kad yra
nemazai tyrimy, rodanciy neigiama rysj tarp beta dazniy diapazono aktyvumo
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ir terminio komforto (Chang et al., 2002; Son and Chun, 2018). Misy
atliktame tyrime nevertinome dalyviy S$iluminiy pojiiciy ir; vis délto
eksperimentai buvo atliekami laboratorijos sglygomis, kur buvo palaikoma
20° C temperatira, kuri laikoma malonia/komfortiska (Oi et al., 2017).
Panasiomis salygomis buvo parodytas teigiamas rysys tarp beta daznio galios
ir Silumos pojtcio (Pao et al., 2022), kas rodo, kad GFS beta diapazono vertés
taip pat gali biiti susije su Siluminio neutralumo/komforto pojuciu. Galiausiai
beta aktyvumas ankséiau buvo neigiamai susijes su nerimu (Palacios-Garcia
et al., 2021), stresu (Choi et al., 2015) ir protiniu nuovargiu (Shigihara et al.,
2013). Reikéty pazyméti, kad stresas ir protinis nuovargis laikomi
kraStutiniais variantais, kuriy nesitikima patirti ramybés biisenos sesijos metu.
Remdamiesi tuo, Diaz ir kiti (2013) parodé, kad Komfortas stipriai teigiamai
susijes su psichine sveikata (Diaz ir kt., 2013) ir neigiamai su Zalos vengimu
(Diaz ir kt., 2014). Taigi manome, kad teigiama koreliacija tarp beta GFS
ver¢iy ir Komforto baly, atspindi fizinio, bet ne psichinio komforto aspektus.
Remiantis ankstesniais tyrimais, tikéjomés pastebéti keleta kity
asociacijy. Pavyzdziui, teigiamas rySys tarp teta aktyvumo galios
charakteristiky ir Mieguistumo domeno buvo jrodytas miisy d-PKA ir Diaz ir
kt tyrimuose (Diaz et al., 2013; Tarailis et al., 2021), todél tikéjomés, kad
globalios fazés sinchronizacija Siame dazniy diapazone taip pat rodys sgsajas
su Mieguistumo domeno jverciais. Taip pat, tiké¢jomeés, kad alfa dazniy
diapazono GFS vertés bus teigiamai susijusi su Planavimo domenu, nes
anksCiau buvo jrodyta teigiama koreliacija su galios spektru 12-13 Hz
diapazone (Portnova et al., 2019). Taciau né viena i$ $iy sasajy GFS matui
nepasirodé. Ankstesni tyrimai taip pat parodé skirtinga poveikj GFS vertéms
ir spektriniai galiai (Smailovic et al., 2022, 2018). Tai gali bati susije su tuo,
jog GFS ir spektriné galia atspindi skirtingus smegeny aktyvumo aspektus:
spektriné galia nurodo EEG aktyvumo dydj tam tikruose dazniuose (Smit et
al., 2012), o GFS (ir kiti sinchronizacijos parametrai) atspindi funkciniy rysiy
buvimg smegenyse (Berger et al., 2014; Ng et al., 2013; Xiao et al., 2018).

4.3 EEG mikrobuisenos

Mikrobiiseny metodas leidzia jvertinti greitai besikei¢iancius neuroniniy
tinkly aktyvumus, kurie dalyvauja protinéje veikloje ir apdorojant iSoring
informacijga.

Pipinis ir kt (Pipinis et al., 2017) susiejo ARBK domeny jveréius su
keturiy klasikiniy mikrobiiseny laikiniais parametrais ir parodé neigiama
koreliacijg tarp Somatinio Sagmoningumo (kuris vertinamas trimis teiginiais
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,»AS suvokiau savo kiing“, ,,AS galvojau apie savo Sirdies plakima®, ,,AS
galvojau apie savo kvépavimg®) ir mikrobiisenos C indélio. Zanesco ir kt.
(Zanesco et al., 2021a)atliko metaanaliting koreliacijg tarp rezultaty gauty
savo imtyje ir raportuoty Pipinio ir kt. tyrime (Pipinis et al., 2017) ir parodé
neigiama ry§j tarp ARBK SS domeno ir mikrobiisenos C indélio. Taciau Custo
ir kt. (Custo et al., 2017) parodé, kad kai pasirenkama suklazterizuoti
duomenis j 4 mikrobiisenas, funkciskai skirtingos, taciau erdviskai panasios
mikrobuisenos C ir F yra suklasterizuojamos j vieng mikrobuiseng C. Misy
tyrime optimalus mikrobiiseny skai¢ius buvo nustatytas k=7, sutampantis su
rezultatais raportuotais Custo ir kt. tyrime (Custo et al., 2017). Svarbu tai, kad
erdviné koreliacija tarp mikrobiisenos C ir F buvo apie 0.7, kas patvirtina
Custo ir kt (2017) tyrimo rezultatus, kad funkciskai skirtingos, bet erdviskai
panasios mikrobtisenos C ir F gali bti sujungtos | vieng mikrobtiseng. Tai
patvirtina ir erdvinés koreliacijos analizé tarp mikrobiisenos C, kada klasteriy
skaicius lygus 4, ir mikrobiisenos F, kada klasteriy skaiCius lygus 7.

Manome, kad Siame darbe gauta neigiama koreliacija tarp
mikrobtisenos F indélio ir SS domeno atkartoja tg patj rysj pastebéta Pipinio
ir kt. bei Zanesco ir kt. (Pipinis et al., 2017; Zanesco et al., 2021a) tyrimuose.
Custo ir kt. (2017) parodé, jog mikrobiisenos F generavimo $altiniai yra
priekinéje juostingje zievéje, virSutiniame priekiniame vingyje, viduriniame
priekiniame vingyje ir saloje. Sie regionai persidengia su Dirgikliy Svarbumo
Ivertinimo Tinklu (SDSIT) ir mikroblisenos C generavimo S$altiniais,
raportuotais Britz ir kt. (Britz et al.,, 2010) .Britz ir kt (2010) susiejo
mikrobiiseng C su interocepcinés informacijos integracija ir emociniu
jautrumu. Keletas tyrimy, kur duomenys buvo pasirinkta suklasterizuoti j 4
mikrobiisenas, raportavo padidéjusj mikrobiisenos C aktyvumg per ramybés
biiseng lyginant su skirtingomis uzduotimis (Liu et al., 2020; Seitzman et al.,
2017; Zappasodi et al., 2019) ir susiejo §ig mikrobtiseng su NRT (Bréchet et
al., 2019; Custo et al., 2017). Tikétina, kad NRT ir Iémé neigiama koreliacija
tarp tarp mikrobtisenos C daznio ir ARBK Komforto domeno. Gebéjimas
atsipalaiduoti ir jaustis patogiai yra susijes su interocepciniais aspektais,
kuriais siekiama palaikyti fizing ir emocing pusiausvyrg (Forkmann et al.,
2019; Wei and Van Someren, 2020). Komforto domenas ankséiau buvo
susietas su gebéjimu pereiti tarp uzduociy (Simpraga et al., 2021), koreliavo
su charakterio bruozais - savarankiSkumu (siejamu su asmens gebéjimu
valdyti elgesj pagal situacinius poreikius) (Diaz et al., 2014) ir psichiniu bei
fiziniu gerbtviu (Diaz et al., 2013).

Reikia pazyméti, kad ARBK Komforto domenas taip pat teigiamai
koreliavo su mikrobuiseny E ir G trukme. Taciau dél to, kad nebuvo iskeltos
jokios prielaidos dél kity mikrobliseny, iSskyrus C ir F, Sie rySiai turéty buti
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laikomi tik tiriamaisiais. Nepaisant to, bandéme aptarti pastebétas koreliacijas,
remiantis turimomis funkcinémis Ziniomis apie Sias mikrob{isenas.

Mikrobiisena E yra saglyginai nauja ir yra pranesta tik keliuose nesenose
tyrimuose. Brechet ir kt. (Bréchet et al.,, 2019) nustat¢ pagrindinius
generavimo Saltinius deSiniojoje vidurinéje priekinéje zieveje, kuri yra NRT
dalis, kuri dalyvauja min¢iy teorijoje ir protinése simuliacijose (Chen et al.,
2020), o Custo ir kt. (Custo et al., 2017) nustaté Saltinius priekinéje juostinéje
zievéje, galingje juostingje zievéje ir priespleistyje, Sie regionai persidengia su
NRT. Todé¢l prieSingas rysys tarp Komforto domeno ir mikrobtiseny C ir E
greiCiausiai atspindi skirtingus NRT veikimo aspektus (Andrews-Hanna,
2012).

Mikrobtisena G iki Siol buvo raportuota tik Sesiose tyrimuose (Custo et
al., 2017; Damborska et al., 2019a; Luo et al., 2020; Takarae et al., 2022;
Tarailis et al., 2021; Zanesco et al., 2021b), tad funkciniai $§ios mikroblisenos
aspektai néra gerai zinomi. Custo ir kt (2017) lokalizavo Saltinius deSinioje
apatinéje skiltyje, virSutiniame smilkininiame vingyje ir smegenélése, dél to,
mikrobiisena G buvo susieta su sensomotoriniu smegeny tinklu. Stoffers ir kt.
(Stoffers et al., 2015) raportavo teigima koreliacija tarp ARBK Komforto
domeno ir funkcinio rySio sensomotoriniame smegeny tinkle. Tad misy
tyrime pastebétas teigimas rySys tarp mikrobiisenos G trukmés ir Komforto
jver¢iy galimai atspindi geros fizinés savijautos aspekts, atsirandantj dél
tinkamo sensomotorinio tinklo aktyvumo.

Galiausiai ARBK Pats domenas teigiamai koreliavo su mikrobiisenos
B dazniu, ir neigiamai koreliavo su su mikrobiisenos D trukme. Ankstesniuose
tyrimuose mikrobiisena B buvo susieta su verbalizacija (Antonova et al.,
2022; Milz et al., 2016) ir vizualinés informacijos apdorojimu (Antonova et
al., 2022; D’Croz-Baron et al., 2021; Seitzman et al., 2017) ir susieta su
aktyvumo vizualiniame smegeny tinkle (Britz et al., 2010; Custo et al., 2017),
Brechet ir kt. (Bréchet et al., 2019) susiejo mikrobiiseng B su autobiografine
atmintimi, scenos vizualizacija ir saves vizualizacija scenoje. Vellante ir kt.
(Vellante et al., 2020) parodé neigiamg koreliacijg tarp Sios mikrobiisenos ir
disocijacijos ir nerimo buseny bipolinio sutrikimo pacientuose,
interpretuodami rezultatus kaip atspindinius autobiografinés atminties
sutrikimus ir padidéjusj susitelkima j save. ARBK Pats domenas vertina Siuos
teiginius: ,,AS galvojau apie savo veiksmus®, ,,AS galvojau apie save®, ,,AS
galvojau apie savo elgesj“. Pastarieji du teiginiai ypa¢ jdomis Brechet ir kt.
(2019) ir Vellente ir kt. (2020) tyrimy rezultaty kontekste, kadangi abu
tiesiogiai susije su autobiografine atmintimi ir saves vizualizavimu
konkrecioje scenoje.
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Tad matomas rySys tarp mikrobiisenos B ir Pats domeno atspindi saves
vizualizavimo aspektus. Nors Pats domenas yra orientuotas j vidinius
iSgyvenimus, mikrobiisena D siejama su ] iSore orientuotos informacijos
apdorojimu (Schiller et al., 2019). Keletas tyrimy parodé padidéjusj Sios
mikrobiisenos aktyvuma atliekant jvairias uzduotis ir susiejo $ig mikrobiiseng
su démesio, pazintinés veiklos ir darbinés atminties funkcijomis. (Bréchet et
al., 2019; D’Croz-Baron et al., 2021; Seitzman et al., 2017; Zappasodi et al.,
2019) ir fronto-parietaliniu tinklu (Britz et al., 2010; Custo et al., 2017). Miisy
rastas rySys tarp Pats domeno ir mikrobuseny B ir D galimai atspindi
atsiskyrimg nuo iSorinés aplinkos esant ramybés biisenoje uzmerktomis
akimis.

4.4 Bendrin¢ diskusija

EEG signalas savyje turi informacija apie galia, fazg, globalius erdvinius ir
laikinius paternus. Visa §i informacija yra reikSminga siekiant suprasti rysj
tarp smegeny aktyvumo ir subjektyviy potyriy. Topografiné analizé atspindi
momentinj neuroniniy tinkly aktyvuma, kuris yra nepriklausomas nuo dazniy
diapazony (Férat et al., 2022). Dazniy analizé suteikia informacijos apie tai,
kuris daznis ar dazniy diapazonas yra optimaliausias tam tikros kognityvinés
ar sensorinés informacijos apdorojimui. Fazés vertinimas suteikia
informacijos apie tai kaip skirtingos smegeny sritys komunikuoja skirtinguose
dazniuose.

Kai buvo parodyta Siame darbe, skirtingai to paties signalo aspektai yra
susije tiek su skirtingais, tiek su tais paciais ramybés biisenos domenais.
Pavyzdziui, EEG signalo galia, naudojant dazniy pagrindiniy komponenciy
analize parodé, kad aktyvumas teta dazniy diapazone (5.5 Hz) yra susije¢s su
mieguistumo domeno individualiais vertinimais, o globalios fazés
sinchronizacija — ne. Kita vertus, globalios fazés sinchronizacija beta dazniy
diapazone koreliuoja su Komforto vertinimais, bet ne Sio diapazono galios
vertinimo parametrai. Galiausiai, tiek galia, tieck fazés sinchronizacija alfa
dazniy diapazone koreliuoja su Komforto domeno vertinimais, kas rodo, kad
abu Sie signalo aspektai gali biiti jautriis Siam subjektyviam vertinimui.
Galiausiai EEG mikrobiisenos C, E ir G buvo susijusios su Komforto domenu.
Tai rodo, kad skirtingi subjektyviis komforto vertinimai yra jautrs
skirtingiems EEG parametrams.

Reikia pazyméti, kad gautos koreliacijos nebuvo stiprios, taciau atitiko
fiziologiniy ir psichologiniy kintamyjy sasajy stiprumo intervalg. Taip pat yra
zinoma, kad koreliacijos stipriai varijuoja tarp tyrimy su mazmis imtimis (n <
250) (Schonbrodt and Perugini, 2013). Imtis naudota $iame darbe yra iki Siol
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didZiausia, kurioje buvo naudotas Amsterdamo ramybés biisenos
klausimynas. Vis délto svarbu, kad ateityje atliekant individualiy skirtumy
tyrimus apimty didesnes imtis, kad jose buty galima aptikti nedideles ar
vidutinio dydzio koreliacijas tarp ARSQ vertinimy ir EEG parametry.
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ISVADOS

Individualiis frontalinés T1 komponentés jverciai, kurios pikas buvo
ties 5.5 Hz, teigiamai koreliavo su subjektyviais Mieguistumo
vertinimais.

Individualiis alfa komponentés jver¢iai, kurios pikas buvo ties 9 Hz,
teigiamai koreliavo su subjektyviais Komforto vertinimais.

Globalios fazés sinchronizacijos vertés alfa (8 — 13 Hz) ir beta (14 -
30 Hz) teigiami koreliavo su subjektyviais Komforto vertinimais.
Mikrobiisenos F indélis neigiamai koreliavo su subjektyviais
Somatinio suvokimo jvertinimais.

Mikrobtisenos B daznis ir mikroblisenos D trukmé koreliavo su
subjektyviais domeno Pats vertinimais.

Mikrobtisenos C daznis neigiamai koreliavo su Komforto domenu;
Mikrobiiseny E ir G trukmés teigiamai koreliavo su subjektyviais
Komforto vertinimais.
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