
SUMMARY
The paper attempts to examine the relationships of the states
of mind with brain activity with regards to reports and empiri -
cal studies available in the subject literature. Questions were
asked about the processes that occur in the brain and the
cognition to produce basic states of mind, which were termed:
state of readiness attention (conscious attention), state of 
attention engagement (automated attention, unconscious at-
tention) and alpha state (no attention, relax). 
73 student athletes involved in swimming, fencing, track and
field, taekwondo, and judo, took part in the experiment with
five people representing each sport. They were 18 to 25 years
of age and showed similar sports skill level (national level)
and trained at the same club (5 to 7 years). Before and after
20 neurofeedback-EEG training sessions, all the subjects
performed EEG recordings. Eighteen athletes were included
in the experimental group, subjected for 7 months to relax-
ation training sessions. 
A twenty-week neurofeedback-EEG training course aimed at
the reinforcement of the amplitude of the SMR and beta 
1 bands while reducing the amplitude of the theta and beta
2 bands in athletes causes changes in brain activity at rest
and, consequently, in the states of mind. The amplitude of
the alpha band changed after relaxation training sessions. 
In the empirical studies described ones based on scientific
achievements and focused on the problem of human mind,
attempts were made to find correlations between subjective
states of mind and objective brain activity. 
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INTRODUCTION
From the standpoint of this study, the states of mind that occur in the human

brain are subjective mental sensations during concrete activities, the cognition
of which is reflected by brain activity and the whole nervous system. The inves-
tigations should be commenced with a comprehensive neuropsychological analy-
sis (Sarle, 2004; Damasio, 2010; Hamilton, 2007; Fields, 2012; Cavdar et al.,
2008; Leon-Domínguez et al., 2013; Leon-Carrion et al., 2012; Zhou et al., 2011)
of the mind as a brain function and adopt it as a theoretical basis for investiga-
tions of the subjective states of mind resulting from objective brain activity and
cognition. The concepts of naturalism (Sarle, 2004) and functionalism (Libet,
1992) adopt that in the future, science should reveal deep brain structures and,
with these structures, conscious, intentional and subjective mental states. Basi-
cally, the naturalistic solution to this problem is consistent with most of the ex-
perimental data. These data have often demonstrated that the brain and
cognition are a source of mind, whereas states of mind represent the „brain prod-
uct.„ Based on empirical data (Leon-Domínguez et al., 2013; Langsjo et al., 2012;
Hamilton 2007) which are close to the viewpoint presented in this study, the mind
is considered as a function that organizes the neural networks in all brain areas.
Leon-Dominguez and his colleagues (2013) found functional chronometric sub-
networks in the thalamocortical system that regulate and control states of wake-
fulness through synchronization of the spatiotemporal brain structure. Furthermore,
this thalamocortical subnetwork (Langsjo et al., 2012) supports state of readiness
attention through regulation and controlling excitation, cognitive processing and
behavioural manifestations. Therefore, a loop that is connected with thalamic
nuclei and cerebral cortex can be emphasized, modulated through network ac-
tivity and playing a key role in the conscious attention state. Several questions
were asked in this study, with the answers requiring attempts to explain which
neural processes are responsible for the basic states of mind which are termed
the state of readiness attention (conscious attention), the state of attention en-
gagement (automated attention, unconscious attention) and the alpha state (no
attention, relax): Can the problem of the human mind be reduced to the basic
assumptions that all that exists in the world is either physical or mental and that
cause-and-effect relations can be observed between each other, and, that the
wholeness of what is physical is in nature a closed-ended chain of causation? 

Firstly, mental properties are characterized by specific features, such as in-
tentionality and awareness. They remain in relation to basic items and physical
properties. These include: supervenience and emergence relations (Searle,
2004). The supervenience relation is especially important. While referring to this
relation, Searle wrote that mental phenomena such as intentionality should be
approached as neurophysiological processes in the human brain as part of na-
ture, such as photosynthesis or digestion. Therefore, the field of the mind is de-
termined by neural activity, but it differs from this activity. According to the views
of Leon-Carrion (2012), it should be adopted that the mind represents a process-
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ing of brain signals and the conversion of these signals into cognitive represen-
tations, a product of a number of various cortical structures and their dynamic
states that form a uniform experience (Leon-Carrion et al., 2012). 

Secondly, in emergence naturalism, Searle (2010) adopts that, at a specific
level of structural complexity of elementary physical properties (of the brain),
some new properties „emerge,„ which cannot be explained based on knowledge
about elementary properties. Although knowledge about elementary brain struc-
ture is now readily available, it remains unknown how it happens that the mind
appears in the brain and, consequently, any change in the area of mental prop-
erties is connected with the supervenience relation i.e., the relation of „dependent
changes” with respect to the level of elementary components. Therefore, the pat-
tern of activity that results from the effect of physical cells is as physical as the
activity which is mapped in the human brain and cognition. It is obvious that in
the case of emergence, even the deepest examination of the components of the
mind cannot contribute to an understanding of the structure and importance of
the wholeness. Thus, most of the methodologies of brain examinations assume
its division into parts. 

Thirdly, and finally, neural networks in the anterior and posterior regions of
the cerebral cortex facilitate synchronization and coherence of large populations
of remote cortical neurons on a precise temporal scale. Consciousness has been
demonstrated to be either modified or lost after losing the synchronization and
coherence of these networks (Leon-Carrion et al., 2012). However, it remains
unclear which of these electrophysiological phenomena play causal-functional
roles in the overall organization of the nervous system and which of them are
manifestations of the brain function that generates cognitive processes and
states of mind. 

The mind is a brain function

The system of the senses should be adopted as a starting point: they reflect
the properties of the stimuli present in the external environment as a result of
transduction with the activity of glial cells, thus modifying neural activity. Internal
cell activity represents the basis for the participation of neurons in the neural net-
work, and, consequently, in complex activities of the nervous system. The as-
sumption was also made that the function of senses, apart from the modification
of neural excitation, is to provoke sensory impressions. Sensory impressions
such as cognitive processes perform two roles: on the one hand, they reflect the
elementary properties of stimuli and, on the other hand, they produce neural rep-
resentations in specific brain regions. After the selection of stimuli in the attention
process and the appearance of the holistic meaning of the sensation, the brain
generates either a conducive or unfavourable state of mind in temporary con-
nection of information (experience). Therefore, it is worthwhile to look closer at
the whole process of these phenomena. The mind as a brain function that gen-
erates mental processes begins with perception mechanisms. Sensory analy-
sers, which form the system that transfers neural activity to the brain using

Mikicin M. State of mind as a subjective mental sensation 

19

116 Mikicin:Layout 1  2016-06-09  10:45  Strona 3



afferent pathways, represent the beginning of the process of information trans-
mission. In order to send consecutive messages, it is important for this process
to clear the synaptic space of the neurotransmitter which has already performed
its role. It has been demonstrated (Fields, 2009) that the clearing function in the
synaptic space is performed by astrocytes, which are one of the four types of
glial cells. By surrounding the synaptic gap, they „filter” the neurotransmitter,
which consequently becomes inactive, and then transfer it back to the pre-synap-
tic region. It can be expected that this dependency of the synapse on the astro-
cytes’ clearing function offers opportunities to take control over the synapse,
especially due to the fact that, if the neurotransmitter used cannot be effectively
removed, communication in the synapse might fail since the synaptic space will
be filled with „obsolete messages.„ It should be noted that, if a neurotransmitter
will be detected too fast, the message will be available for too short a period for
the post-synaptic cell to fully utilize the message. Furthermore, if the energetic
demand of the neuron cannot be satisfied with the nutrients supplied by astro-
cytes, the neuron will run out of „fuel.„ Therefore, astrocytes, although present
outside neurons and not communicating by means of electrical pulses, perform
a strategic role and are likely to generate mental processes. This would suggest
that glial cells perform functions of not only servicing neurons but are also likely
to modify the unconscious or even conscious mind. The most recent discoveries
(Fields, 2009) concern the circuits controlled by glial cells that regulate motor
coordination or „muscle memory.„ It has also been found that glial cells, through
modification of the shape and position, are likely to restructure the brain, affect
its structure and, consequently, its functions connected with unconscious mental
processes. These discoveries make it easy to imagine their role within conscious
processes. Sensory impressions are likely to be a product of relations between
neurons. Their formation is understood to mean structures comprising sensory
and motor components. However, under conditions of neuropsychophysological
experience, explorations might concern only those afferent pathways that start
in the receptors and end in the highest, cortical level of the analyzer (Wróbel,
2014). Using the method of sensory mean responses caused in the perception
field of the cerebral cortex, connected anatomically and physiologically with the
irritated receptor, a neurophysiological correlate of the conscious sensory im-
pression was obtained. Sensory impressions reflect properties of stimuli that rep-
resent elementary information and they produce neural representations in
specific brain regions. Integration and sensory processing of incoming informa-
tion (Damasio, 2010) are performed by the area of the cerebral cortex which is
located behind the central sulcus in the parietal, temporal and occipital lobes de-
pending on the type of information. 

The brain is a neuropsychological determinant of a state of mind

Despite the number of experiments and findings concerning states of mind
(Alkire et al., 2008; Tononi and Laureys, 2008), it remains difficult to determine
the minimal number of the areas in the brain which are necessary and sufficient
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to support these states. Reticular formation in the brainstem and its numerous
cortical connections through the thalamus form a webbed system which probably
intervenes with the consciousness through a regulation of the states of mind
(Langsjo et al., 2012). Consequently, the state of mind is a broad continuity of
brain activity. It spans from zero to maximum neural excitation; a decline in neural
inhibition occurs simultaneously with the increase in the state of excitation (the
inhibition might also increase). The presence of such a continuum has been ob-
jectivized and demonstrated by means of electroencephalography (Gwin et al.,
2011), which gives a key insight into bioelectrical brain activity. Therefore, neural
activity i.e., the generation of high or low frequencies and voltages in individual
regions of the cerebral cortex might represent an objective (although not the
only) manifestation of the states of mind. A study by Cavdar et al. (2008) demon-
strated that, since connections in the central thalamic nuclei exist in the prefrontal
cortex, medial cortex and the hippocampus, the state of mind might be modified
by these three structures. They form a one-direction pathway, with projection of
the hippocampus to thalamic nuclei and then back to the hippocampus (Vertes,
2002; Vertes et al., 2007). The authors suggested that connections of the hip-
pocampus in the thalamus connect the cerebral cortex and sensory thalamus.
In this sense, thalamic circuits and the hippocampus are likely to be engaged in
the attention processes due to its effect on brain activity. Furthermore, Leon-
Domínguez et al. (2013) demonstrated that chronometric functional subnetworks
of the thalamocortical system regulate the flow of neural information necessary
for cognitive processes. These authors believe that the thalamocortical system,
defined as a neural network connected with consciousness (although this view
remains as yet unsupported), affects wakefulness and excitation. The researchers
also suggested that thalamic nuclei formed in the medial prefrontal thalamic cor-
tex of the network represent the main axis for the states of mind. This axis reg-
ulates different structures of the brain which allow for the appearance of the basic
cognitive processes, such as attention. Therefore, a network of neurons in the
thalamocortical system maintains humans in an optimal and continuous func-
tional state, which means that cognitive processes, necessary for the perceived
state of mind, are able to occur. Leon-Dominguez et al. (2013), considered syn-
chronously excited circuits (networks) in the thalamus and cerebral cortex to rep-
resent such a „neural correlate.„ A recent study (Langsjo et al., 2012) demonstrated
that during the occurrence of consciousness, there are active connections be-
tween the lower occipital cortex (Brodmann area 39/40) and the temporal cortex
of the cingulate cortex (Brodmann area 32) and other frontal regions. These re-
sults and the results obtained in other studies (Leon-Carrion et al., 2012) would
suggest that cortical networks are capable of perceiving various dimensions of
stimuli as a whole, and, concerning previous experiences and meanings, they
are necessary for human cognition. For this reason, the role of this network in
consciousness should be viewed as an internal part of conscious processes,
which ends with the adequate reaction of a person at a specific moment. Con-
trary to them, the functional states of the thalamocortical system will modulate
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the individual state of mind and, consequently, the functional ability to effectively
process information and generate subjective awareness (Tononi and Laureys,
2008). Therefore, in the present study, two questions arise: How can objective
brain activity stimulate subjective states of mind and how can the subjective
states of mind affect neural activity? The assumption was made that the state of
mind results from brain activity i.e., they represent two aspects of the same
process i.e., the mind, as a brain function, and the stimuli reaching the mind
through perception, determine the produced states of mind. Brain activity can
be attempted to be determined through the activity of groups of neurons. How-
ever, it is essential not only to analyse this activity (since it can be defined from
the standpoint of a multifaceted research space) but also the relations between
neurons. It is impossible to investigate this relation due to both insufficient
biotechnological advances and the state of knowledge concerning the activity of
glial cells (Fields, 2009), chiefly astrocytes. Therefore, the state of mind can be
examined only through the analysis of neural activity. With the neural aspect, the
state of mind can be considered as a correlate of brain activity since any analysis
of this activity is likely to provide the answer to a number of specific questions.
The experiments in this field have verified the hypothesis concerning brain ac-
tivity and cognition engaged in producing states of mind: the state of readiness
attention, the state of attention engagement and the alpha state.  

State of readiness attention (conscious attention) 

The subject literature offers two distinct functional, neuroanatomic correlates
for the state of mind: thalamocortical and cortical-subcortical systems (Dehaene
et al., 2006; Leon-Carrion et al., 2012). The thalamocortical system is connected
with modulation of the states of wakefulness of a particular person i.e., cognitive
and physiological states during processing information. The cortical-subcortical
system is connected with the content of conscious experience and expression.
However, both networks are interconnected, while their interaction depends on
the state of mind of a person (García-Panach et al., 2011; Langsjo et al., 2012;
Leon - Carrion et al., 2012; Zhou et al., 2011). A study by Leon-Dominguez et al.
(2013) found that thalamic nuclei share physiological and morphological prop-
erties. They help participate in certain functions, including the focusing of atten-
tion and the state of brain readiness (Zhou et al., 2011) and intervene in the
regulation of excitation through the control of thalamocortical activity. They also
supervise those changes of attention which are organized by the cortex and ad-
just the level of wakefulness over the frontal system of attention (Schiff, 2008).
Therefore, attention processes are closely related with consciousness since, in
the state of attention focus, they help differentiate between stimuli within a spe-
cific cognitive context. It should be emphasized that both conscious and uncon-
scious attention as a mechanism of reducing the reception of stimuli represent
a non-content determinant of mental processes and states of mind (from sub-
jective states with conscious attention towards objective neural activity with un-
conscious attention). Attention performs four basic functions: 1. The function of

Mikicin M. State of mind as a subjective mental sensation 

22

116 Mikicin:Layout 1  2016-06-09  10:45  Strona 6



stimuli selection (it reduces information noise): it filters the irrelevant sensory
stimulation; 2. The function of wakefulness, which means expectation of a spe-
cific signal and restrain from reaction to disturbing stimuli; 3. The function of
searching that consists in active verification as to whether there is a specific stim-
uli in the perception field, usually hidden among the distracting stimuli; 4. The
function of the supervision of simultaneous activities, which means controlling
those cognitive processes connected with performing various activities. Attention
is characterized by certain characteristics. One of them is the degree of attention
focus (concentration). Attention, examined empirically using tests of attention
tasks and EEG, is probably the most important factor (neuropsychological de-
terminant) in the achievement of success in human activity. It is manifested in
the limited-scope separation of the objects on which it is oriented. It causes that
higher oscillation frequency (coherent 40 Hz), i.e., functional state of the brain,
is involved in the temporary binding of experience (information), thus the forma-
tion of the holistic meaning and functional state of mind (Schroeder end Lakatos,
2009). The processes of attention, visual-motor coordination and the processing
of visual and auditory information are typically connected with brain activity in
parieto-occipital leads. Therefore, plastic changes during the attention task are
connected with planned rather than actual motor control (Desmurget et al.,
2009). A study by Wróbel (2014) demonstrated that the power of the beta band
is specifically increased during the performance of the tasks that necessitate vi-
sual attention in many structures of the visual system (including visual cortex).
According to the hypothesis proposed, the increased power in the beta band ac-
companies the visual tasks which engage the ventral pathway connected with
shape perception.

State of attention engagement (automated attention, unconscious 

attention) 

The factors which are conducive or unfavourable to experiencing the state of
attention engagement (Vecina et al., 2012, Vecina end Chacón, 2013) during ac-
tive human cognitive activities have a neuropsychological background, con-
nected with the opportunities to stimulate particular brain activity. Attention
engagement can be also approached as an emotional dimension of the person’s
attitude towards their own actions. It represents a manifestation of identification
with activity and a feeling of „emotional attachment.„ Furthermore, it reflects the
degree of „participation” expressed with a positive valuation of this activity. The
essence of the state of attention engagement is the flow of the attention (auto-
mated attention, unconscious attention) necessary to be involved in the action
performed just for itself. Identification of those factors connected with an autotelic
personality (Mikicin, 2015) appears to be particularly important. For example,
people who are able to control mental energy might experience engagement in
action while those who are incessantly worried about how they are perceived by
others are doomed to feel a constant lack of satisfaction (Wefald, 2009) since
they are excessively focused on their deficits (Hamilton, 2007). Engagement is
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therefore a predictor of satisfaction and an index of perceived physical health
(Vecina et al., 2012; Vecina and Chacón, 2013). The data demonstrate a greater
engagement of the cortex when there is a greater engagement in physical exer-
cise, which is reflected by increased amplitude in all EEG bands as the locomo-
tion velocity increases. During a motor task, amplitude increases near the
somatosensory (parietal lobe) and motor (frontal lobe) cortex. This change is
connected with the engagement of attention (Leff, 2008). The modifications in
the regions of the premotor and visual cortex reinforce the presumptions that the
observed brain plasticity during movement determines a conscious control over
locomotion (Strupp, 2009). This is likely to be connected with actual motor con-
trol. The observed change in bioelectrical brain activity in the occipital leads is
generally connected with visual-motor coordination and processes of attention.
This is consistent with other findings (Lau et al., 2012; Gwin et al., 2011), which
have provided indirect evidence for the cortical contribution to human locomotion.
Positron emission tomography (PET) and functional magnetic resonance imag-
ing revealed that the motor cortex is active during preparation and expectation
of movement, especially in the frontal areas of the brain.  Other authors (Gra-
mann et al., 2010; Gwin et al., 2011; Gorassini et al., 2009; Bazanova et al..
2009) have suggested that a direct cortical pathway determines locomotion since
it is there where locomotion is planned and modulated. It has also been demon-
strated (Ray, 2010) that the motor cortex is active when sensory modulations of
rhythmic motor tasks occur and, even when the tasks performed are passive,
the cortex modulates the signal of the cord through mesencephalon to the motor
region. Most variables of maintaining motor performance might substantially af-
fect learning and neural plasticity. It was also observed that, during dynamic work
towards modifications in the motor cortex, the gamma EEG frequency integrates
a number of senses which are responsible for preparation of the relevant motor
order (Omlor et al., 2007). Consistently with previous studies on submaximal ex-
ercise, an increase in motor cortex activity was found and, in several registers
(also in the cingulate cortex and the dorsolateral prefrontal cortex and premotor
cortex). Posterior parietal and occipital cortices are connected with visual-motor
integration and motor coordination. 

Alpha state (no attention, relaxation)

Experiencing the alpha state manifests itself in passive attention, release from
stress, internal quiet and reduced brain activity. Therefore, it characterizes the
internal levels of mental activity which are responsible for quiet and relaxation.
Previous studies have demonstrated the advantage of the alpha band (7 - 12
Hz), which is recorded mainly in the parieto-occipital region and is characterized
by a variable amplitude. It reflects the synchronization of activity in many dendritic
cells that occur in the state of wakefulness with relaxation and with  closed eyes
(Singer, 2002). They disappear during exercise or with eyes open and the effect
of light. There have been reports which have demonstrated that the state of re-
laxation improves emotional stability (Cherapkina, 2012). Del Percio has empha-
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sized that alpha rhythm is connected with the effectiveness of the cortical motor
systems. His examinations of the activation of the range of the alpha band with
eyes open demonstrated that the alpha band is characterized by a reduced ac-
tivation of the cortex (Del Percio et al., 2011). Reduced activation of the cortex
in the left temporal region was observed, which allows for the predominance of
visual and spatial processes in the right hemisphere. However, a study by Shel-
ley-Trembley (2006) has shown that the increase in alpha band range activity  ,
usually perceived as an increase in the level of skills, does not point directly to
cortical disactivation but to simultaneous neural reorganization, with the devel-
opment of a greater performance for specific cognitive tasks and mechanical
processes. J. C. Shaw (2012), who has carried out studies on athletes using
electroencephalography, found a reinforced EEG alpha band just before the ac-
tivity. This researcher has ascribed increased activity in this band to planned
processes, contrary to those that need attention, accompanied by decreases in
bioelectrical activity within the alpha band (Gwin, 2010, Mikicin et al., 2015). More
specifically, an optimized state of the human body exists when a decline in the
activity of the alpha band is recorded, which is correlated with increased mind
performance. Another researcher who has examined this problem, O. Strizkhova,
drew a conclusion that relaxation supports increased activity of the alpha range
in the left hemisphere (Strizhkova, 2012). In the study by Mikicin and Kowalczyk
(2015), everyday audiovisual and autogenic relaxation training cause the mean
amplitude of the alpha band to increase throughout the experiment. Further,
using a similar autogenic relaxation training on a daily basis (Marshal end
Bentler, 1976; Hashim, 2011), showed that the reduction of fatigue and tension
and improvement in the mood of healthy people causes an increase in the mean
amplitude of the alpha band in the parieto-occipital and temporal cortical regions.
Similar training was also used in order to obtain an internal quietude in  investi-
gations into  well-being improvement  in clinical patients (Teplan et al., 2006).
Hatwield (2001), who has examined alpha frequency in professional snipers,
found that alpha training improves the performance of their mind during activities
that require elevated amplitude of the alpha band for the improvement of the
„quiet mind” (Bradley, et al., 2010) or an improvement in physical balance (Hor-
lings et al., 2008). The effect of alpha training has been regularly analysed with
respect to rehabilitation (Kirtley et al., 2009). In particular, it is used in the reha-
bilitation of psychomotor disorders for muscular relaxation, after which the feed-
back signal supports motor activity. Also been explored has been whether alpha
training is effective in the area of motor performance improvement following sur-
gical interventions (Zijlstra et al., 2010). Due to the coexistence of other health
problems, such as musculoskeletal system disorders, cardiovascular problems,
deteriorated sensory function or deteriorated cognitive abilities (De Bruin et al.,
2009, Heiden and Lajoie, 2009), there exists  the necessity for evaluation of the
effectiveness of this training with respect to its use for balance and mobility im-
provement in  older people. However, various criteria used by other authors
based on programmes for practising balance (Horlings et al., 2008) and mobility
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(Eser et al., 2008) have supported its effectiveness. Experiencing  the alpha state
represents an irreplaceable means of recovery and a method to reduce the level
of muscular tension. People performing alpha training demonstrate a progression
in the level of relaxation and in activity after the completion of „alpha training”
(relaxation training). This suggests the positive effect of regular relaxation on be-
haviour (Mikicin and Kowalczyk 2015). However, learning about the specific
mechanisms and brain structures connected with the observed changes in am-
plitude within individual EEG bands (Ros et al., 2011) and their role in the im-
provement of behavioural and cognitive indices necessitates further research.

MATERIAL AND METHODS
73 student athletes involved in swimming, fencing, track and field, taekwondo,

judo: five people per sport, took part in the experiment. They were 18 to 25 years
of age and showed a similar sports skill level (national level) and trained at the
same club (5 to 7 years). The subjects from the experimental group (34 people)
were for five months (on average every 7 days) subjected to 20 neurofeedback-
EEG training sessions. For five months between EEG examinations, the subjects
from the control group (16 people) were involved in a physical activity similar to
the study group. Before and after 20 neurofeedback-EEG training sessions, all
the subjects performed the EEG recordings. Eighteen athletes were included in
the experimental group, subjected for 7 months to relaxation trainings. Every
day, after each athletic training session, a 45-min period of audio-visual relax-
ation was carried out, involving stimulation of the subject with light stimuli (lying
position, eyes closed, green light, light intensity adjusted individually to the visual
sensitivity of the subjects) and auditory stimuli (high-pitched tone; 7–13 Hz,
sound intensity adjusted individually to the auditory sensitivity of the subjects)
with the alpha frequency (7–13 Hz) and autogenic relaxation (Schultz’s autogenic
training). The control group (ten men and eight women) followed the same train-
ing/competition programme as the experimental group, but they were not in-
volved in relaxation techniques between EEG examinations. Two observations,
before and after the 7-month period of the study involved EEG records and the
work curve test performed by all study participants. Flex 30 electrode systems
based on a system of leads (10-20) with TruScan software and a non-invasive
method for the examination of brain activity in motion were used. Before each
examination, the caps and electrodes were washed and disinfected. The skin
on the head was degreased in order to reduce the impedance of electrodes to a
level below 5kOhm. The amplification was set at 100uV/10 mm and barrier filters
(time constant) were used: 0.5 Hz (low-pass) and 40 Hz (high-pass). The same
settings were used for each examination. Before the beginning of the study, all
those from the experimental and control groups used similar computer software,
and  to the same degree every day. The examination of all the athletes in one
group was aimed to determine ther general state of “readiness and attention en-
gagement for exercise” which, as demonstrated, can be compared across different
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sports. All the subjects gave written consent to participate in the experiments.
The procedure was approved by the Ministry of Science and Higher Education,
according to the standards used by the Research Bioethics Commission of the
Józef Piłsudski University of Physical Education in Warsaw, Poland and all the
procedures were approved by the Bioethical Committee and were consistent
with the standards of the Declaration of Helsinki.

RESULTS 

Changes in brain activity to a state of attention readiness 
During brain bioelectrical activity after neurofeedback-EEG training (Mikicin

et al. 2015) in the procedure of amplification of the SMR and beta 1 bands and
a weakening of the theta and beta 2, the EEG power spectra changed in the
beta 2 band. The results of the examinations suggest that although effectively
increasing the power of beta 2 bands in trained athletes, the Neurofeedback-
EEG method in the classical laboratory sitting position from C3 and C4 leads is
not optimal for athletic training because the muscle tension syndromes which
are not connected with the specific nature of the particular sport are consolidated.
Differences in the EEG bands were supported by the statistical analyses that
compare the power spectra recorded in 25 study participants in the cortical leads
T3, T4, T5, T6, O1, O2 before and after 20 neurofeedback-EEG training sessions
in paradigms of a weakening of the beta 2 band in the visual task (see Fig. 1). 

Neurofeedback-EEG training modifies bioelectrical brain activity maps (Mi-
kicin et al. 2015). These changes were significant depending on the place and
situation of recording using the experimental electrode (lying with one’s eyes
open and during the attention position, see Fig. 1). The power of the beta 1 band
which was modulated over the training (Mikicin et al. 2015) was increased. The
beta 2 band was reduced for eyes open in the occipital regions. The areas for
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which the analysis revealed significant differences in the results of the examina-
tion within the experimental group before and after twenty neurofeedback-EEG
training sessions in a sitting position are shown in the heads of the marked chan-
nels. Changes in the mean beta 1 and beta 2 amplitude are important, with the
level of significance being p <0.05 and p <0.01.

Changes in brain activity to the state of attention engagement 
An analysis of studies demonstrated (Mikicin 2015) that neurofeedback-EEG

training in motion is conducive to experiencing autotelic engagement during an ath-
letic competition. After 20 neurofeedback-EEG training sessions in motion using the
procedure of weakening the beta 2 band, an increase in the dimensions of the au-
totelic attention engagement was observed. It turned out that the level of the beta 2
band was significantly reduced (p<0.01) during submaximal exercise. The results
obtained in the control group recorded after four months without neurofeedback-
EEG trainings were not significantly changed, demonstrating that changes in the
amplitude observed in the study group result from this training (Figure 2).

During submaximal exercise (running and crawl movement at 2m/s), the beta
2 was reduced in the motor cortex and premotor cortex, whereas in the visual
cortex, attention-related brain activity caused  all the bands analysed to have
the highest amplitude. The activity observed in the O1 and O2 leads is commonly
linked to the processing of visual information, visual-motor coordination and at-
tention processes. Significant differences (p<.001) can be found between visual
(occipital) and motor (parietal) or auditory (temporal) cortex activity or that of the
premotor (frontal) cortex. Near the left and right motor cortex, the significant re-
duction in the beta 2 band (Mikicin and Kowalczyk 2015a) was also accompanied
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Figure 2. Changes in the mean frequency amplitude in selected EEG bandwidths before and after
twenty neurofeedback-EEG training sessions measured in a standing position with eyes open with
attention (U), exercise (W), submaximal exercise (W2) means power reduction. N=14
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by a reduction in the amplitude of the beta 1 bands (p<0.01), which occurred for
all leads during attention engagement. 

Changes in brain activity to the alpha state 
A significant increase was observed in the amplitude of the alpha band which

was stimulated during relaxation training after each day’s athletic training ses-
sions. A 45-minute audio-visual and autogenic relaxation training after each athletic
training session caused an increase in the amplitude of the alpha band over the
whole experiment with eyes closed while the amplitude was reduced during the
test (Mikicin and Kowalczyk 2015b). Changes in bioelectrical activity within the
EEG alpha band after relaxation training, observed mainly in the parieto-occipital
region, are characterized by a variable amplitude (Mikicin and Kowalczyk 2015b).

Better synchronization of dendritic units is obtained for closed eyes. This is
not observed during the exercise or after the eyes are open and a person is ex-
posed to the effect of light. The everyday training of audiovisual and autogenic
relaxation  over the course of the whole experiment meant that the mean ampli-
tude of the alpha band recorded from all the leads was considerably increased
(p< 0.01) in the control lying position with eyes closed (before - 7.75 μV, SD +/-
1.58, after -9.31  μV, SD +/-1.57). 

DISCUSSION

Changes in brain activity to the state of attention readiness following
neurofeedback-EEG training

The biggest changes in the EEG amplitude in all the bands trained were ob-
served in the signals from parieto-occipital and temporal electrodes. Activity in
these leads is commonly associated with processing visual and auditory infor-
mation, visual-motor coordination and attention. Therefore, the results obtained
in the study are consistent with the training paradigm used in our experiment, which
required attention concentration in visual and auditory modalities. It also seems
possible that, apart from the perception processes, the study participants might
have automatically processed the expected changes in the images of moving balls
into movement programmes which should cause the expected movements of the
balls. Increased SMR amplitude in parieto-occipital and temporal regions following
Neurofeedback-EEG training has been found to be correlated with improved visual
and auditory attention (Vernon et al. 2003). Similarly, the increase in the power of
the SMR and beta 1 bands was accompanied by the increase in visual attention
in the experiment that evaluated the perceptional variability of reaction time fol-
lowing the neurofeedback EEG training (Egner and Gruzelier 2004). 

Since the amplitudes of activity in selected EEG bands changed towards
those effects expected from the training, it can be presumed that the neuronal
processes have been well established. Learning about the specific mechanisms
and brain structures connected with the observed changes in the amplitude in
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individual EEG bands (Hinds et al. 2011, Kowalczyk 2009, Ros et al. 2001) and
their role in an improvement in behavioural indices, which is the aim of the train-
ing, necessitates, however, further research. 

Changes in the amplitude in the beta 2 band to the state of attention 
engagement following the EEG neurofeedback training in motion

The amplitude in the beta 2 band, which was inhibited during 20 neurofeed-
back-EEG training sessions in motion in the situation of elevated visual attention
and the exercise of the first and second degree was, as expected, significantly
reduced in all the involved brain regions. This is likely to be attributable to atten-
tion engagement (Mikicin 2015) and is also linked to work performance. Reduc-
tion in the amplitude in the beta 2 band turned out to be also efficient in improving
the results of attention tasks, which is consistent with previous reports (Mikicin
and Kowalczyk 2015a). 

A change in the activity was also observed in the O1 and O2 leads, commonly
linked to the processing of visual information, visual-motor coordination and at-
tention processes. The results obtained in the above mentioned study are consis-
tent with the training paradigm used in our experiment, which required con  centration
of attention in visual modality. 

Changes in the amplitude in the alpha band to the alpha state following the
relaxation training (Pąchalska et al. 2014). In our study, the improvement in re-
laxation abilities is reflected by changes observed in the alpha band. The results
show that regular audio-visual relaxation training sessions connected with auto-
genic training stimulate the modifications in the cortex which are considered as
typical of relaxation or other states of consciousness (Mikicin and Kowalczyk
2015a). Therefore, it seems that audio-visual relaxation with autogenic training can
be effective in inducing changes in EEG. However, it cannot be excluded that cer-
tain improvements in relaxation effects might be attributable to other causes. 

This study was aimed at deepening the knowledge of brain function during
prolonged relaxation training sessions. The study demonstrated that, from the
standpoint of  effectiveness, the method of audiovisual relaxation and autogenic
training is a very effective method of psychosomatic recovery in sport. Daily train-
ing in audiovisual and autogenic relaxation after each athletic training session
caused that the mean alpha band amplitude over the whole experiment was in-
creased for closed eyes , whereas it was reduced during the performance of the
attention task, which means that faster desynchronization occurs during activity. 

CONCLUSIONS
In conclusion, the practical aspect of the present analysis can be justified

through the application of gradual simplification, starting from the effect of neural
groups and anatomically indistinguishable brain regions through to the global
dynamics of brain bioelectric phenomena and cognition, which seems to be cor-
related with states of mind. Considering the brain as the biological location of
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the mind, the thesis was adopted for empirical examination. Brain activity and
cognition should be reviewed comprehensively since it can be a manifestation
of the experiencing of expected or unexpected states of mind. The visual EEG-
neurofeedback training and audiovisual alpha relaxation training constitute  ho-
listic assistance within the athletic training. It produces changes manifested in
functionally different, eyes-open and eyes-closed states of the brain. 
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