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Abstract: Background: Among all professions, teaching is significantly affected by psycho-social risks
with approximately 33.33% of educators reporting work-related fatigue. Suggestopedia, an effective
pedagogical approach developed in Bulgaria, claims to induce positive psychological and cognitive
benefits in both teachers and students. In order to gather scientific evidence, given the above statement,
we designed a methodology to detect fatigue in Suggestopedia teachers based on neurocognitive
analysis and psychological assessment. Methods: An increase in the EEG theta and alpha band powers is
considered among the most reliable markers of fatigue. The proposed methodology introduces a robust
framework for fatigue analysis. Initially, the changes in EEG band powers using the resting state EEG
activity before and after teaching are measured. Subsequently, validated psychological questionnaires are
used to gain subjective feedback on fatigue. The study participants include a control group (traditional
teachers) and the test group (suggestopedia teachers) to assess whether suggestopedia practice mitigates
fatigue among teachers. Observations: In a pilot study, the EEG data was analyzed by evaluating
the interrelations between EEG bands and the alpha–beta ratio. The results of the proposed study
are expected to provide comprehensive analysis for the fatigue levels of teachers. In future research,
our goal is to position the described methodology as a robust approach for evaluating cognitive and
emotional states.

Keywords: electroencephalography (EEG); neurocognitive study; psychological assessment; fatigue;
resting state EEG; suggestopedia; interrelations across EEG bands; theta band; alpha band; delta
band; beta band

1. Introduction
1.1. Rationale

The European Trade Union Committee for Education (ETUCE) alerted in its 2023 report
to the European Commission that the teaching profession is among the most affected by
psycho-social risks [1]. Among the broader workforce, over 33.33% of the professionals
reported overall work-related fatigue, and 27% reported depression and anxiety, worsened
by their job. While this reduces the attractiveness of the profession and can potentially
lead to retention issues in educational systems across Europe, the other concerning aspect
of it is lower self-efficacy for teaching, lower job satisfaction and lower commitment.
Research into the professional lives of teachers reveals specific challenges—a decrease in
motivation, fatigue, and under-appreciation that adversely impacts their reward system
and the demanding task of maintaining students’ attention [2–5].

At the same time, teachers and students practicing the Bulgarian pedagogical method
of Suggestopedia experience positive affective states in class such as joy [6],
happiness [7] and well-being in terms of the development of personality, creativity, tal-
ents [8], communicative and leadership skills [9], grace, love for fellow human beings,

Brain Sci. 2024, 14, 1215. https://doi.org/10.3390/brainsci14121215 https://www.mdpi.com/journal/brainsci

https://doi.org/10.3390/brainsci14121215
https://doi.org/10.3390/brainsci14121215
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/brainsci
https://www.mdpi.com
https://orcid.org/0009-0002-2092-3593
https://orcid.org/0000-0001-5637-1925
https://orcid.org/0000-0002-9012-4714
https://doi.org/10.3390/brainsci14121215
https://www.mdpi.com/journal/brainsci
https://www.mdpi.com/article/10.3390/brainsci14121215?type=check_update&version=1


Brain Sci. 2024, 14, 1215 2 of 20

inspiration [9], refinement of character [10], and satisfaction in teaching because Suggesto-
pedia is a synthesis of pedagogy, psychology and art [8,11,12], where teachers develop a
multitude of skills in order to practice the method [7,13]. A positive effect on preventing
and alleviating mental or emotional disorders is also observed [14].

Suggestopedia is one of the few pedagogical methodologies recommended by UN-
ESCO as an exceptionally innovative and effective approach to teaching and learning [15,16].
It was developed and experimented with by a team of researchers and teachers under
the leadership of the Bulgarian doctor and psychotherapist Prof. George Lozanov. Sug-
gestopedia is an original pedagogical method for teaching and learning any educational
subject. This method is known for its effectiveness in language learning, both for adults
and children [8,17,18].

While the pedagogical framework of Suggestopedia offers a unique perspective on
enhancing teacher satisfaction and mental health, it is crucial to understand the broader
context of job stress that educators face, which significantly impacts their well-being
and performance.

1.2. Job Stress and Well-Being Among Teachers

Job stress among teachers refers to the negative emotional experiences that educators
face, often resulting in extreme mental and physical fatigue, heightened tension, frustra-
tion or distress. These feelings are typically triggered by factors such as long working
hours, excessive workloads, and student misconduct [19]. In a 2005 study conducted
on occupational stress, Johnson et al. reported that among twenty-six different studies
monitoring psychological well-being, job satisfaction and physical health, teaching turned
out to be among the top six most stressful professions [20]. A few other studies focused
on the emotional regulation and mental well-being of teachers and also corroborated the
occupational stress among teachers [21,22].

A recent review found that the widespread presence of chronic stress among teachers
varied between 8.3% and 87.1%, while moderate to severe burnout affected 25.1% to 74.0%
of teachers [23]. Factors influencing teachers’ stress and burnout include organizational
and work-related aspects such as teaching experience, job satisfaction, the number of
students in a class and the subjects taught, along with socio-demographic factors like
gender, age and marital status [24]. High levels of occupational stress in teachers have
been linked to numerous negative health effects, including fatigue, stress, burnout, anxiety
and depression [25]. These issues can harm teachers’ job performance and productivity,
indirectly affecting students. Chronic exposure to stress can result in burnout. The burnout
syndrome is classified as a multilevel response syndrome resulting from prolonged stress
and is characterized by physical and mental exhaustion, depersonalization, cynicism, a
sense of helplessness and low self-efficacy [26]. Emotional exhaustion is frequently regarded
as the core element of burnout and has been the focal point of numerous studies within the
educational field [27–29].

On the other hand, studies also focus on factors that contribute to educators’ well-
being and strategies to help them manage stress. Positive factors like job satisfaction and
enthusiasm at work, along with the absence of mental or emotional stress, are essential
components of teachers’ occupational well-being [30]. This concept relates to their optimal
psychological functioning and experience in the workplace. A systematic review explores
the factors impacting teachers’ occupational well-being, emphasizing the importance of
organizational support and social-emotional competence in reducing stress [31]. Given
the significant levels of stress and burnout among teachers and their detrimental effects, it
is crucial to evaluate methods aimed at addressing these psychological challenges. Tack-
ling these issues is essential for enhancing both teachers’ well-being and the educational
system’s effectiveness.

A serious and ongoing deliberation among academic researchers focuses on teachers’
well-being, emphasizing the need to develop models that foster their emotional and social
skills, which is evident in a recent book chapter on European demography [32]. Recently,
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platforms have been encouraging the dissemination of studies addressing teachers’ well-
being, for instance, among secondary school teachers [33], pre-university teachers [34],
and educational institutions across countries [35] and the probable mitigating measures.
Interestingly, the Suggestopedia framework integrates these key elements, with the course
curriculum reflecting core principles of benevolence, a promise of success for all and a
strong focus on teacher training. This approach ensures that lessons are delivered in a highly
motivational manner, enhancing the impact of the study material [36]. The Suggestopedia
method and its relevance are described in the following section.

1.3. Suggestopedia Method and Fatigue

A recent 2019 study by Giuseppe Caruso [35] addressed the fatigue among teachers
and eventual burnout in English language teaching and proposed the introduction of an
emotion-focused pedagogical framework as a measure to mitigate it. The Suggestopedia
method for language learning is already designed with a holistic framework that nurtures
a balance between emotional well-being with the pursuit of delivering advanced conven-
tional proficiency quickly [36]. Suggestopedia teachers, unlike their conventional counter-
parts, report absence of fatigue and more satisfaction in teaching using this method [37].
This perspective adds to why it is important to become familiar with Suggestopedia teach-
ing methods in light of the challenges faced by the most valuable human resource in
teaching: teachers.

The Suggestopedia lesson design is based on specific principles and tools existing
permanently and simultaneously [38], aiming to achieve the optimal state for teaching
and learning. The method uses visualization and imagination for classroom engagement,
"concert reading" (reading with intonation and in rhythm with specifically selected classical
music) to enhance concentration, comprehension and retention [18,38]. The teacher ensures
the atmosphere is relaxed while the learning is imparted. The pedagogical approach of Prof.
Lozanov is based on tender suggestion techniques such as music, art and role-play [39],
which assist students in achieving a “positive mindset that learning is easy and fun” [6,40].
This approach maximizes practice on the subject by focusing on classroom interactions
between students and minimizing the teacher’s presentation [41]. The success of the
method is linked to delivering conversational proficiency three times more quickly than
other methods for both adult and children students [41,42].

One of the crucial elements in achieving both outstanding learning results and teacher
satisfaction in Suggestopedia is designing class activities to prevent fatigue from affecting
either teachers or students during lessons [18,38]. According to prof. Lozanov, “if there
is fatigue, there is no Suggestopedia” [38] and “relaxation is a prerequesite for quicker
and easier memorization of the teaching matter” [6]. In the classroom, gentle suggestion
techniques such as music, art and role-play [39] assist students in achieving a “positive
mindset that learning is easy and fun” [40].

The relaxation that Suggestopedia seeks to achieve is not merely through various
forms of passive behavior but primarily through thoughtfully designed class activities that
aim to activate or inhibit specific brain structures, physiological functions and biochemical
processes, as the effectiveness of learning depends on how knowledge is conveyed [14].

The instruction tools used in Suggestopedia and their effects on the well-being of
students were extensively experimented within the Institute of Suggestopedia in Bulgaria
between 1966 and 1991 with EGG, ECG and EMG technologies, psychological surveys,
physiological examinations, observations and participant feedback [13,18,43]. Existing sci-
entific research on Suggestopedia confirms that it does not register biomarkers of intensive
mental work, and an increase in beta waves or reduction in alpha waves is absent [44]. Class
activities calm the brain’s bioelectrical function and increase the capacity for memorization
and learning [13,18].

The information from the review of existing scientific literature on the Suggestopedia
method is summarized in Table 1. This table outlines the observed outcomes of the Sug-
gestopedia method in terms of accelerated learning, activation of hidden cognitive reserves,
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reduced fatigue, and positive health changes. Each outcome is paired with corresponding
psychological and physiological indicators. The methods used to investigate these out-
comes include a range of qualitative and quantitative approaches, such as psychological
and physiological surveys, EEG, ECG, and EMG recordings, as well as questionnaires and
medical examinations. It illustrates the research methodology and the observed effects
of the method on students. There is a shared observation in the Suggestopedia commu-
nity that the positive effects of the methodology also transfer to teachers, as they are part
of an interactive system [43], but future research needs to confirm this hypothesis with
scientific methods.

Table 1. Summary of observed outcomes in Suggestopedia studies.

Observed Outcomes Observed Indicators Type of Investigation

Accelerated learning

Conversational proficiency
three times more quickly than
other methods for both adult

and children students
[14,41,42].

Questionnaires, Observations.

Activating hidden reserves

Hypermnesia, provoked
hyper creativity: improved
memory, positive emotional
states such as joy [6,40], love
for fellow human beings and

grace [9], inspiration and
creativity, personal

development [8], and
leadership skills [10].

Psychological and
physiological surveys and

observations.

Lack of fatigue

Despite effective educational
outcomes, biomarkers of

intensive mental work are not
registered (increase in beta

waves or reduction in alpha
waves is absent) [44]. Class
activities calm the brain’s
bioelectrical function and
increase the capacity for

memorization and
learning [13,18].

Psychological, physiological
surveys and observations,

EEG, ECG, EMG,
questionnaires, and medical

examinations.

Positive change in the state
of health

No disturbances in the
emotional state, the nervous

system, or the sleep-wake
cycle [14]. Positive

psychoprophylactic and
psychotherapeutic effects.

Psychological and
physiological surveys and
observations, EEG, ECG,

EMG, questionnaires, and
medical examinations.

The proposed methodology extends the scientific research on neurocognition initi-
ated by the Institute of Suggestopedia utilizing a combination of EEG, ECG, EMG data,
psychological surveys, physiological examination and qualitative observations [43]. This
methodology is structured within the following framework:

1. Using resting state EEG activity, which is a novel element that overcomes the restric-
tions of movements of participants.

2. Combining EEG-based analysis with validated psychological questionnaires, as de-
scribed in Sections 1.4 and 2.3, which is in line with the holistic propositions made by
Balevsky in his 1973 study [43].

3. Another novelty in the proposed research is the shift of focus entirely onto the teachers.

We aim to find empirical evidence to substantiate fatigue levels and the stimulation of
the reward system in teachers. EEG is a reliable measure for detecting fatigue, which is
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relevant in the present context and has been validated in numerous empirical studies using
brain oscillations: delta (up to 4 Hz), theta (4−8 Hz), alpha (8−13 Hz), and beta (13−30 Hz)
frequencies. The following section highlights the adequacy of the EEG technique for
investigating fatigue.

1.4. EEG Neuroimaging for Fatigue

The neurocognitive approach in our study refers to using changes in the neuronal
activity to study mental fatigue. In most cases, mental-fatigue is studied in controlled
laboratory settings, and changes in EEG band powers, such as the increase in frontal theta
and alpha, are commonly relied upon. Prior studies on the detection and assessment
of fatigue and alertness levels have used the EEG technique and facial feature detection
systems [45–52]. In [46], a team of researchers from Manipal University, led by Sharma,
explored advanced methods for detecting drowsiness and fatigue, using image processing
for face and eye movement detection algorithms. The study proposes a three-phase model
that utilizes the Viola–Jones algorithm to identify facial features, detect yawning and
track faces. Yawn detection and eye tracking are achieved using template matching and
correlation coefficients. Features from these phases are combined to produce a binary result,
classifying fatigue states. The authors reported that when fatigue surpasses a specific
threshold, an alarm is activated, indicating a high level of accuracy. The authors of another
study [48] explored the advancement of classification algorithms used for detecting fatigue
through EEG in recent years, focusing on two types of algorithms: intra-subject and cross-
subject. They observed a gradual increase in research utilizing deep learning and transfer
learning and emphasized the fact that researchers must create effective experimental
paradigms and gather valid standard data to advance fatigue detection methods or systems
for broader application and greater accuracy. The authors in [49], evaluated four types of
EEG activities—delta (δ), theta (θ), alpha (α), and beta (β)—during a monotonous driving
session involving 52 participants (36 males and 16 females). The results indicated consistent
delta and theta activities over time, a slight reduction in alpha activity, and a notable
decrease in beta activity (p < 0.05). All four algorithms demonstrated an increase in the
ratio of slow-wave to fast-wave EEG activities as time progressed. These findings have
important implications for fatigue detection. The authors of [50] propose a drowsiness
detection system using physiological signals that decompose EEG signals into wavelet
sub-bands to reveal more detailed information beyond the raw signals. They extracted and
combined nonlinear features from EEG sub-bands, integrating information from EEG and
eyelid movements and utilizing efficient machine learning for classification. This approach
demonstrated high detection accuracy and very fast computation speed. The proposed
algorithm has the potential to be developed into monitoring and warning systems to help
prevent mental fatigue that reduces work efficiency in various settings such as driving,
aviation and education.

Our investigation takes a novel approach by testing fatigue levels based on a real
classroom teaching experience. Another innovation is the use of resting state EEG activity,
which addresses a major challenge in EEG-related studies—the mitigation of movement-
related artifacts. The changes in resting state EEG activity prior to teaching are compared
against resting state EEG activity after the teaching to detect persistent markers of fatigue.
We determine its persistence using changes in alertness levels. In the context of teaching,
the minimal effect of fatigue would be a decline in the quality of the performance.

Additionally, the inter-relationships between frequency bands are considered, and
therefore, the measure of relative power across delta, theta, alpha, and beta bands are
studied to obtain a well-rounded analysis of alertness levels in the context of persistent
cognitive fatigue. The significance of an inter-relational approach during the examination
of cognitive engagements is emphasized in a 2013 study by Thalia Harmony in [53]. The
present study examines these alertness levels using the EEG beta band activity (13–30 Hz),
which is known to signify alertness levels [54] and is often used as a key marker for both
motor imagery and behaviors. As we examine the alertness levels, we also assume that
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the beta activity should not be evaluated independently but relative to the alpha activity.
This is because the alpha activity increases and beta activity decreases as alertness levels go
down and fatigue sets in.

Earlier EEG-based studies have been conducted for fatigue detection where the partic-
ipant was subjected to tasks of various complexities. The parietal alpha activity power (Pz)
and the amplitude of the P300 wave have been used as markers of fatigue, and theta power
at Fz was tested for different levels of workload [55]. In the context of the present study,
the detection of mental fatigue related to teaching is significant as it can lead to potential
burnout and negatively affect a teacher’s motivation [56]. On a physical level, fatigue is
often characterized by an overwhelming sensation of tiredness, while on a neurocognitive
level fatigue is marked by decreased alertness [57]. The repercussions of fatigue on perfor-
mance are also discussed by Kathner et al.’s 2014 study [55], wherein time and frequency
domain features were simultaneously employed for the determination of fatigue. Further-
more, if the engagement is not rewarding, then it can lead to a lack of motivation. Studies
have reported that fatigue hinders both performance capacity and motivation [58,59].

1.5. The Aim of the Study

The aim of the study is to evaluate the EEG activity and psychological feedback data
for the detection of a teacher’s fatigue. We assume that changes in resting state EEG activity
before and after the session act as reliable bio-markers for analyzing teacher fatigue. We
specifically studied the relationships between EEG band powers and the alpha–beta ratio
to establish reliable conclusions regarding teacher fatigue. Our underlying assumption is
that multiple perspectives will lead to a dependable assessment of fatigue. Therefore, a
comprehensive analysis of various EEG bands along with the alpha–beta ratio is essential.
The proposed methodology aims to evaluate teachers’ brain activity by monitoring the
changes in the resting-state EEG recorded before and after teaching.

The results presented in this paper are based on a pilot study conducted with a
participant engaged in Suggestopedia teaching methodology. An increase in theta band
power is considered the most reliable bio-marker of fatigue. At the end of this study, a
reduction in theta band power was observed. Furthermore, an increase in the alpha band
power was observed. This is in alignment with the framework of the Suggestopedia class
that is designed to induce a relaxed state of mind. Our ongoing study seeks to further
explore and validate our methodology of using changes in the resting state EEG activity
before and after teaching.

This research employs a systematic approach to explore the interplay between teaching
methods and cognitive states, specifically focusing on fatigue and motivation in Suggesto-
pedia teachers. Central to this methodology is the examination of teachers’ brain activity
through resting-state EEG recordings taken before and after the teaching sessions. By
analyzing changes in EEG activity as potential biomarkers for mental fatigue, we aim to
uncover insights into how teaching impacts cognitive states.

The dual EEG assessments, alongside psychological evaluations, allow for a compre-
hensive analysis of fatigue and motivation. Specifically, we investigate the interrelations
between EEG band powers and the alpha–beta ratio to draw informed conclusions about
teachers’ fatigue. This multifaceted approach ensures that our findings are robust and
reliable, ultimately enhancing our understanding of the effects of Suggestopedia teaching
on educators’ cognitive well-being. These aspects are presented in Figure 1 and enumerated
in the following steps. In order to assess the specific effects of Suggestopedia classes on
EEG metrics, a control condition is introduced. The control group consists of the same
number of teachers practicing a traditional pedagogical approach. Control groups play a
crucial role in maintaining the internal validity of research.
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Figure 1. Flowchart of EEG and psychological data analysis for evaluating fatigue in
Suggestopedia teachers.

STEP 1: Inclusion and exclusion criteria for the test group (Suggestopedia) and the
control group (traditional teaching) are established to ensure initial equivalence:

(a) Teachers in both groups must practice the respective standardized teach-
ing methods, confirmed either by a diploma or workplace assurance (for
Suggestopedia, adherence to the classical method is required);

(b) Participants must have comparable years of teaching experience; and
(c) Participants must teach similar subjects.

STEP 2: The research team conducts conversations with each teacher (hereafter referred
as participant) from the control and experimental group ensuring that they meet
the eligibility criteria, listed in Step 1, before taking their EEG recording. The
research participant is then informed about the study’s ethical guidelines, objec-
tives, procedures, and potential risks before providing consent. The participant
fills out a consent form, and a timeline for data collection is established.

STEP 3: The participant fills out psychological assessment tests.

STEP 3.1: PANAS at the course start, weekly, and at the course end. The
PANAS is a valuable tool for psychologists who want to monitor
shifts in clients’ positive and negative emotions on a weekly basis.
Its sensitivity to short-term changes in affect makes it suitable for
tracking not only the immediate impact of therapy sessions or in-
terventions but also the results of different activities like teaching.

STEP 3.2: Multidimensional Fatigue Inventory (MFI) administered on a
weekly basis. This questionnaire is a 20-item self-report instru-
ment designed to measure fatigue. It covers the following dimen-
sions: general fatigue, physical fatigue, mental fatigue, reduced
motivation and reduced activity. This provides frequent feedback
on a teacher’s fatigue levels during the course of teaching. In ad-



Brain Sci. 2024, 14, 1215 8 of 20

dition to the MFI, all participants are required to rate their fatigue
using a Visual Analog Scale (VAS), where 0 represents “very alert”
and 10 signifies “extremely fatigued ”.

STEP 4: The participant undergoes EEG recordings done pre-class. A comparison be-
tween the resting state EEG activity before and after class teaching is used to
draw inferences on the fatigue and motivation levels of the teacher. At this
stage, the resting state EEG activity of the teacher is recorded prior to the class,
which serves as a baseline.

STEP 5: The participant conducts their usual teaching activities. A Suggestopedia class
consists of specific activities that the teacher is trained to perform. These activi-
ties are designed to induce a state of relaxed awareness in students, maximizing
the effectiveness of the class while minimizing fatigue. Key techniques include:

(1) Reinforcing positive suggestions and avoiding negative conditioning.
(2) Presenting a large amount of study material to stimulate curiosity.
(3) Vocabulary harmonized in unison with psychological and artistic means.
(4) Reading and listening with intonation and in rhythm with classical music.
(5) Role-play.
(6) Involvement of curated music and arts in the environment and role-

play activities.
(7) Purposefully timed changes between activities and breaks.

The learning activities used in the traditional classrooms differ significantly
to those included in the Suggestopedia classes. Contrary to Suggestopedia,
traditional teaching is mainly teacher-centered and focuses on lecturing, demon-
strations, note-taking, homework, question and answer sessions and testing,
repetition-based activities, copying exercises, and memorization of certain parts
of the study material, such as vocabulary.

STEP 6: The participant then has EEG recordings performed post-class. The resting
state EEG activity of the teacher is recorded after the class. This serves as a
comparison with the pre-class EEG.
Steps 3, 4, and 5 are executed twice a week for the duration of the course. To
balance between avoiding participant exhaustion and gathering sufficient data,
we decided to collect data twice a week. The course consists of different stages,
each varying in intensity for the teacher. This design ensures that data samples
are collected for each stage.

STEP 7: Analysis of psychological assessment results using descriptive and compara-
tive statistics.

STEP 8: EEG data analysis for each of the groups. Interrelations between EEG bands
(delta, theta, alpha, beta) and the alpha–beta ratio are analyzed to draw conclu-
sions related to fatigue.

STEP 9: Comparative analysis between the control and test groups.
STEP 10: The final inferences regarding fatigue within groups and between groups are

drawn using the neurocognitive and psychological data from steps 6 and 7.
STEP 11: Findings/conclusions.

2. Materials and Methods
2.1. Participation

Participation in this study is open to traditional teachers (control group) and teachers
practicing classical Suggestopedia (test-group) of any gender. The participants are invited
through in-person seminars and visits where the study objectives are explained. If these
interactions evoke interest among teachers, they may choose to participate voluntarily and
are free to withdraw from the study at any stage.



Brain Sci. 2024, 14, 1215 9 of 20

2.2. Ethics

The study adhered to ethical guidelines, ensuring information about the study’s objec-
tives, procedures, risks and benefits before providing consent. Confidentiality was assured
and participants’ identities were anonymized in the reporting of results. This research
received approval with protocol No. 1/2023 from the ECSR-IRBAS (Ethics Committee for
Scientific Research, Institute of Robotics, Bulgarian Academy of Science).

2.3. Questionnaires

The Positive and Negative Affect Schedule (PANAS) test [60], used to measure positive
and negative emotional states, is administered to participants at the beginning of the study
to establish a baseline. Subsequently, the PANAS test is provided at weekly intervals until
the study’s conclusion. Furthermore, the Multidimensional Fatigue Inventory (MFI) [61]) is
administered at the end of each week. In addition to the MFI, all participants are required to rate
their fatigue using a Visual Analog Scale (VAS), where 0 represents “very alert” and 10 signifies
“extremely fatigued”. Information on the time-frame for the study is provided in Table 2.

Table 2. Time-frame for psychological and fatigue assessments during the study.

Time-Point Test Administered Details

Beginning of the study PANAS-test (Positive and
Negative Affect Schedule) Baseline questionnaire

After class Visual Analog Scale (VAS) Administered at the end of each
class which is tested.

Weekly intervals Multidimensional Fatigue
Inventory (MFI) and PANAS-test

Administered at the end of
each week

End of study Final PANAS test and Fatigue
questionnaires (MFI,VAS)

End-of-study emotional and
fatigue assessment

2.4. EEG Device

The Mitsar-smartBCI device with 19 EEG channels and gel-based electrodes mounted
in an elastic fabric cap following the 10–20 system of the American Electroencephalographic
Society [62] was selected for the EEG recording. The corresponding electrode positions are
Fp1, Fp2, F7, F8, Fz, F3, F4, C3, Cz, C4, T3,T4, T5, T6, P3, Pz, P4, O1 and O2. A universal
reference electrode ‘ref’ placed after Fz along the central mid-line is built into the device
as the common-reference electrode. Additionally, the electrodes A1 and A2 were placed
in the mastoid positions, but these were not used as references in our EEG recording
montages. The ground electrode was placed at AFz. EEG data were sampled at 256 Hz,
as a singular option. Data collection was controlled by the WinEEG software package,
version 2.134.107(04.2019), designed for Mitsar-EEG systems. Data processing, storage and
online display were conducted on a laptop (Intel Core i5 2.5 GHz, 16 GB RAM, Microsoft
Windows 11 Professional 64-bit). These details are tabulated in Table 3.

Table 3. EEG recording setup overview.

Component Details

Device Used Mitsar-smartBCI device

Electrodes and Cap Gel-based electrodes mounted in an elastic fabric cap
following the 10–20 system

Number of EEG Channels 19 EEG channels

Electrode Placement Fp1, Fp2, F7, F8, Fz, F3, F4, C3, Cz, C4, T3, T4, T5, T6, P3, Pz,
P4, O1, O2

Reference Electrode Universal reference electrode placed after Fz along the
central mid-line

Additional Reference Electrodes A1 and A2 (placed at mastoid positions, but not used in
recording montages)
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Table 3. Cont.

Ground Electrode AFz

Sampling Rate 256 Hz (singular option)

Software for Data Collection Win-EEG software package

Data Processing System Laptop (Intel Core i5 2.5 GHz, 16 GB RAM, Windows 11
Professional 64-bit)

2.5. Study Design

As per the study aims and proposal, a combined psychological and EEG-based (neu-
rocognitive) analysis of fatigue will be conducted. Initially, the Positive and Negative Affect
Schedule (PANAS) will be administered, and a resting state EEG will be recorded before
the beginning of course classes to establish baseline data.

Throughout the course, the PANAS, along with a fatigue monitoring test, will be
administered weekly. Additionally, the resting state EEG will be recorded twice weekly,
both before and after class, with each session lasting 3 min. These recordings will be
carried out for the entire duration of the course, which is expected to last 4–5 weeks. The
EEG recording and the psychological tests will be mainly recorded in the corresponding
classrooms where participants actually conduct classes. This is a deliberate decision to
ensure that an ambient teaching environment is captured without the restrictions posed by
a controlled laboratory environment. Subsequently, the data processing and documentation
will be mainly conducted at the Institute of Robotics, Bulgarian Academy of Sciences.

As a test of the neurocognitive aspect of methodology, a pilot study was conducted
with one participant over a period of 2–3 weeks in an actual Suggestopedia teaching setting.
A total of five sets of recordings were acquired, with each set consisting of one recording
taken before and one after the class. Four of the recordings were used for further analysis,
while one set was discarded due to an inability to stabilize the EEG data baseline, despite
multiple precautions. This decision was made to ensure the integrity of the data.

A stage-2 study, with additional participants from the control group and test group,
is planned for future research. The control group will provide a baseline for comparison
with the test group—the Suggestopedia teachers. Both groups will be treated identically;
see Figure 1. In this way, the approach will ensure that any differences observed between
the two groups at the study’s conclusion can be confidently attributed to the methodology
used by the educators—the Suggestopedia method and the traditional method of teaching.

2.6. Procedure

The participant will sit in a comfortable chair with armrests, with the Mitsar EEG
system mounted on their scalp. They are instructed not to engage in active thought
processes, avoid physical movements and focus on a black screen with a white cross at the
center to control gaze movements. Resting state EEG data will be recorded for a duration of
3 min before the class. Subsequently, another set of EEG data will be recorded for 3 min after
the class. EEG data will be further processed for the analysis of fatigue levels associated
with Suggestopedia teaching.

2.7. Neurocognitive Approach
2.7.1. EEG Data Processing

The data analysis will be performed using the EEGlab toolbox integrated within the
Matlab environment. The data pre-processing has the following steps:

• The channel locations and event markers to mark the beginning and end of the resting-
state trial will be integrated into the channel data.

• Data epochs of 15 s each will be extracted from the pre-teaching class and post-
teaching EEG recordings. The raw EEG data will be a two-dimensional array (channel*
time-samples).
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• Next, the basic finite impulse response (FIR) filter option will be used from the EEGlab
menu to bandpass the data between 2 and 30 Hz. The FIR filters do not distort the
signal phase or cause infinite oscillations, which make them suitable for filtering the
sensitive EEG epoch. This will be performed to remove low-frequency artifacts as well
as preserve the signals between (2–30) Hz for further analysis.

• The noisy channels will be interpolated to minimize data loss. The interpolation
will be performed within the EEGlab environment by selecting the channels to be
interpolated. A spherical interpolation method will be used for channel interpolation.

The decision to analyze and select the following five electrode positions: the frontal
(Fz), central (Cz), posterior (Pz), and occipital (O1 and O2), is based on the following
considerations [52]:

• Frontal electrode position (Fz): This position was selected due to the relevance to the
interactive nature of Suggestopedia teaching, which involves continuous decision-
making and association of frontal theta activity with fatigue.

• Motor area and the Cz electrode position: This is included because the Suggestope-
dia teaching involves calculated physical movements during rearrangements of the
classroom, concert sessions and role-playing.

• Parietal electrode position, Pz: The ability to identify and interpret sensory information
to understand and respond to stimuli involves the parietal region, which works in
synergy with the frontal areas of the brain to process incoming sensory stimuli. An
examination of the changes in this position before and after teaching is crucial for
studying fatigue.

• Occipital Area (O1 and O2): We include the occipital positions to monitor the changes
in visual attention before and after the class, with the inquiry of fatigue. O1 and O2
are used instead of Oz due to device limitations.

2.7.2. Computing the Measures of Power

In the proposed study, we focus on calculating the absolute and relative powers
of the EEG signals. The powers will be computed using the Darbeliai-EEGlab toolbox
within the MATLAB environment. This toolbox provides an interface for performing these
calculations wherein the users provide input parameters such as data-epochs, sampling
rate, channel locations, and frequency bands of interest. The toolbox automates the power
calculation and subsequent steps for calculating the absolute and relative power values.
The darbeliai toolbox within EEGlab is used to ensure that the EEG data are processed and
analyzed consistently, as it is among the well-established practices in EEG research.

2.7.3. Statistical Analysis

In terms of the psychological data, including the PANAS (Positive and Negative Af-
fect Schedule) and the Multidimensional Fatigue Inventory (MFI), descriptive statistical
analyses will be performed for the control and test groups, traditional teachers and sug-
gestopedia teachers, respectively. The data will be summarized using means, standard
deviations and percentages, providing insights into the overall trends and distributions of
emotional states and fatigue levels across the study participants. Comparative statistical
analysis will be conducted between the test and control groups.

Similarly, the EEG signal band power (delta, theta, alpha, and beta bands) will also
undergo descriptive statistical analysis. This will involve calculating the mean, standard
deviation, and variance of the band power across different time points (pre- and post-
teaching sessions). These statistical measures will help to characterize any changes in
neural activity, allowing for comparisons between the recorded sessions.

3. Expected Results

We expect that the proposed methodology will provide valuable insights for deter-
mining the fatigue levels of teachers following the traditional pedagogy (control group)
and Suggestopedia framework (test group). The combination of psychological assessments
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and neurocognitive measures in the framework described in Section 2.5 ensures a robust
methodology. The variations in EEG data recorded before and after the teaching are ex-
pected to cause fluctuations in band powers in addition to the changes in self-reported
psychological tests. The expected evaluation is described in the following sections:

3.1. Psychological Evaluation of Fatigue

Due to the inherent positive reinforcement methods used in Suggestopedia, the
teacher’s emotional states, measured by PANAS, are expected to show a pattern of stability.
Fatigue levels measured by MFI are expected to fluctuate based on different stages of the
course. There may be differences between the more intensive phases of teaching compared
to the less intensive phases. The psychological evaluation, administered weekly, over the
entire duration of our proposed study makes for a comprehensive assessment of fatigue.

3.2. Neurocognitive Evaluation of Fatigue

It is anticipated that teachers’ EEG recordings will show differences in the band power
before and after the class. A shift is expected in the theta and alpha bands, as studies
have identified these bands as reliable biomarkers of fatigue. The changes in delta band
power will be evaluated across participants to determine the relationship between delta
band power and fatigue. Changes in beta band power are also expected, as this band is
associated with alertness. The alpha–beta ratio will be monitored to verify teacher fatigue.

A pilot neurocognitive study was conducted on a single participant over a 3-week
period, with EEG data recorded before and after a 3 h Suggestopedia class. Although the
sample size was limited, important patterns emerged from averaging four days of EEG
recordings. Notably:

• The average delta power exhibited a variable pattern across electrode positions, sug-
gesting the need for further investigation to clarify its correlation with fatigue, as
shown in Figure 2.

• The average theta power across all the selected electrode positions (Fz, Cz, Pz, O1 and
O2) was lower after class compared to before, as shown in Figure 3. The topograph-
ical distribution of theta activity (bottom row Figure 3) indicated a decrease from
before teaching to after teaching. This was observed across the 19 electrode positions.
Through empirical observation, at the frontal and central positions, the theta power
reduced more for the left-hemispheric (FP1, F3, F7, C3) compared to the right. The
hemispheric dominance will be studied with a larger number of participants.

• The average alpha band power was higher after class, as shown in Figure 4. The
topographical distribution of alpha activity indicated an increase from before teaching
to after teaching. This was observed across the 19 electrode positions. The hemispheric
dominance will be studied with a larger number of participants.

• The average relative power for the beta band was higher for the mid-line and occipital
positions, as shown in Figure 5 (top row). For a wider representation, the topographical
map for each of the 19 electrode positions is shown in the bottom row of Figure 5. The
significance of this observation will be confirmed with a higher number of participants.

• The average alpha–beta ratio was observed to be higher at central mid-line positions
(Fz, Cz, Pz) and slightly lower at occipital sites (O1, O2) after a class, as shown in
Figure 6.

These findings, while inconclusive because of the small sample size, provide a foun-
dation for conducting a larger study due to the presence of observable patterns. These
patterns highlight the value of evaluating the interrelations between multiple EEG bands.
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Figure 2. The column plot (top row) shows EEG band power variation before (orange) and after (blue)
a Suggestopedia class in the delta (2-4)Hz band. Each column depicts the average power for data
recorded over the days. The mid-line (Fz, Cz, Pz) and occipital electrode (O1 and O2) positions are
selected for the study as per the description given in Section 2.7.1. The x-axis specifies the electrode
position and the y-axis represents relative power. The topographical maps (bottom row) show the
average relative power in delta band, before and after the class for all 19 channels.

Figure 3. Cont.
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Figure 3. The column plot (top row) shows EEG band power variation before (orange) and after
(blue) a Suggestopedia class for theta (4-8) Hz band. Each column depicts the average power for
data recorded over all of the days. The mid-line (Fz, Cz, Pz) and occipital electrode (O1 and O2)
positions are selected for the study as per the description given in Section 2.7.1. The x-axis specifies
the electrode position, and the y-axis represents relative power. The topographical maps (bottom
row) show the average relative power in theta band before and after the class for all 19 channels.

Figure 4. The column plot (top row) shows EEG band power variation before (orange) and after
(blue) a Suggestopedia class for alpha (8-13) Hz band. Each column plot depicts the average power
for data recorded over all of the days. The mid-line (Fz, Cz, Pz) and occipital electrode (O1 and O2)
positions are selected for the study as per the description given in Section 2.7.1. The x-axis specifies
the electrode position, and the y-axis represents relative power. The topographical maps (bottom
row) show the average relative power in the alpha band, before and after the class for all 19 channels.
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Figure 5. The column plot (top row) shows EEG band power variation before (orange) and after (blue) a
Suggestopedia class for beta (13-30) Hz band. Each column depicts the average power for data recorded
over all of the days. The mid-line (Fz, Cz, Pz) and occipital electrode (O1 and O2) positions are selected for
the study as per the description given in Section 2.7.1. The x-axis specifies the electrode position, and the
y-axis represents relative power. The topographical maps (bottom row) show the average relative power in
the beta band before and after the class for all 19 channels.

Figure 6. The ratio between the alpha (8–13 Hz) and beta (13–30 Hz) frequency bands, known as
the alpha–beta ratio, before (orange) and after (blue) the teaching session is illustrated. The x-axis
represents electrode positions, and the y-axis represents the averaged alpha–beta ratio obtained over
the entire session for all of the participants.
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4. Discussion

In this paper, a protocol to examine the fatigue and motivation of participants, using
neurocognitive and psychological indicators, is presented. The motivation behind this
investigation is derived from the numerous reports of negative cognitive effects of occupa-
tional stress, such as fatigue, lowered motivation, and anxiety. The Suggestopedia method,
on the other hand, is designed in a way that it bypasses fatigue and induces relaxation. This
contrast led to the study design, which includes both EEG techniques and psychological
feedback to examine fatigue in teachers.

4.1. Neurocognitive Approach

The neurocognitive evaluation of fatigue, by recording the resting state EEG activity
of the participants in their own environment, prior to and after teaching is one of the novel
approaches in our method that overcomes the limitation of a controlled and simulated lab-
oratory environment. Neurocognitive analysis will be carried out using the interrelations
between EEG bands. Specifically, heightened theta activity at the frontal, central and poste-
rior sites is referred to as a robust biomarker of fatigue [52]. Interrelations between EEG
bands emerge when other EEG bands are simultaneously observed for fatigue detection,
assuming that they will converge toward a common inference. In this direction, the alpha
activity will be evaluated, an increase in which the fatigue studies almost unanimously
associate with fatigue. Research indicates that increased alpha activity can be a marker of a
relaxed, alert mind, as mentioned in a 2007 study by Knyazev [63]. It is essential to consider
the context and specific goals of Suggestopedia, which promotes a structured teaching and
learning environment designed to prevent fatigue and promote alertness.

As a continuation of the inter-relational analysis, an examination of beta power will
also be carried out. At occipital positions, beta activity signifies active visual engagement,
and at parietal positions, it signifies active processing of sensory information. However, if
the brain loses the capacity to perform and slows down, in an attempt to maintain alertness
levels, an increase in the beta activity is the brain’s way of compromising without affecting
the performance, which is especially relevant to the frontal sites. The delta waves have
traditionally been associated with the non-rapid eye movement (nREM) sleep stage that
propagates across the cortex. However, there are also data that support an increase in delta
power in states relevant to motivation [63], and arithmetic tasks [64]. Another study [65]
by Harmony et al. monitored EEG activity during a mathematical task and observed an
increase in delta power in the pre-frontal cortex and an increase in both delta and beta
powers in the left-parietal cortex.

Thus, the proposed study to examine interrelations between EEG bands in the context
of a teacher’s classroom engagements is a significant approach. The comparative analysis
between traditional and Suggestopedia teaching is included in order to assess the specific
effects of Suggestopedia classes on EEG metrics of fatigue.

4.2. Psychological Approach

The psychological approach, employing validated questionnaires [60,61], provides
subjective insight into participants’ cognitive states regarding fatigue and motivation. This
complements the neurocognitive approach achieved through EEG analysis. A general
questionnaire assessing the teacher’s positive and negative emotions is administered at
both the beginning and end of the study. In addition, a more specific questionnaire assessing
fatigue levels is administered following EEG recording sessions at the end of each week
throughout the study. The interrelations between EEG bands, the alpha–beta ratio, and
psychological tests facilitate a comprehensive analysis of the data, aiming to corroborate
participants’ feedback with interpretations of brain activity.

4.3. Future Work and Limitations

As the next step of the proposed methodology, the study will be conducted over a
larger set of participants. Thus, we will verify the methodology by empirical evidence and
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statistical analysis. In future research, our goal is to expand the described methodology as
a robust approach for evaluating broader cognitive and emotional states.

At the same time, we expected the following limitations stemming from this
holistic approach:

• The weekly psychological assessment tests for subjective feedback can also introduce
underlying individual biases in self-reporting. This may introduce variability, making
it challenging to correlate with the EEG data.

• There is a temporal mismatch between the EEG data recording and post-session
questionnaires. Their influence can only be known at the end of the study.

Given the challenges posed by using both EEG analysis outcomes and psychological
questionnaires for detecting fatigue levels, this remains a subject for future studies.
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