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CHANGES IN THE FREQUENCY OF EEG WAVES IN THE CEREBRAL CORTEX
OF SANGUINE STUDENTS
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The study is devoted to the change of the oscillation of alpha-, beta-, delta- and theta-waves in the forehead and occipital part of
the brain during the exam process in V-year students, depending on the temperament of the nervous system. Before starting the study,
temperament types of the students' nervous system, their individual and situational anxiety levels were studied. The amplitude of alpha-,
beta, delta- and theta-waves in the foreheads of students of different temperament types was determined and recorded using an
electroencephalograph device in all 3 groups: on normal days, before the exam and after the exam. It was determined that there is a noticeable
difference in the electrical activity of the brain of students in the V course at all stages.

Key words: EEG waves, amplitude, emotional stress, situational and individual excitement, sanguine type of
temperament.

T.B. PycramoBa, A.I'. Kazimon

3MIHN YACTOTHU XBHWJIb EET" Y KOPI I'OJIOBHOT'O MO3KY
Y CTYJAEHTIB CAHI'BIHIKIB

JlocnimkeHHS TIPUCBSYEHO 3MiHI KOJHMBaHb anbda-, Oera-, OenbTa- i TeTa-XBWIb y JIOOHO-TOTHIMYHIA YacTHHL
TOJIOBHOTO MO3KY IIiJ] Yac €K3aMeHAIIHOTO MPOLECy y CTYASHTIB V Kypcy B 3aJI€KHOCTI BiJl TEMIEPaMEHTY HEPBOBOI CUCTEMHU.
Tlepen mowyaTkoM mocCHiKeHHs OyJIM BUBUYEHI THITM TEMIIEPaMEHTy HEPBOBOI CHCTEMH CTYJICHTIB, piBEHb iX IHIMBIXyalbHOI Ta
CHUTYaTHBHOI TPUBOXKHOCTi. AMIUTITYHy anb(da-, OeTa-, AenbTa- i TeTa-XBIWIb Ha JI0O1 CTYICHTIB Pi3HUX THIIB TEMIIEPAMEHTY
BU3HAYAIN Ta PEECTPYBAJIH 3a JOMOMOIOI0 eleKkTpoeHuedanorpada y BCix 3 rpymax: y 3BUYaiHI JHI, Hepel iCOUTOM 1 Iicis
icnTy. Bu3HaueHo MOMITHY pi3HHMITIO B €JIEKTPUYHIM aKTUBHOCTI MO3KY CTYIEHTIB V Kypcy Ha BCiX eTamax.

Kuarwouosi caoBa: xwii EEID, ammimiTyma, eMouiiiHe HampyXeHHS, CHUTyaTMBHE Ta iHOMBiXyanbHEe 30ymIKECHHS,
CAHTBIHIYHHH THI TEMIIEPAMEHTY.

In modern times, higher education institutions play an important role in the training of professional
specialists and in the formation of a completely healthy person [2]. The education of students in higher
educational institutions is represented by several important characteristics, and it highly depends on the
majors chosen by students, their living conditions, age, gender, nutrition and unhealthy habits and so on [2,
6]. The task of teaching staff in higher education today, based on the targets set, is to select from their
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methodical achievements all progressive means and thus to change, modernize, and transform the
educational process, ensuring its research and exploratory character [8]. These factors affect the body of
students individually and with multiple components, resulting in the change of several psychophysiological
functions, especially the reactions of the central nervous system against environmental stressors [9].

One of the leading causes of psychophysiological stress in students is exam stress; it often leads to
neuropsychological disorders as the final result. In the literature of recent years, the examination process
is indicated as a factor able to cause psychotrauma [4, 7]. Exam stress is accompanied by the emergence of
numerous complex psychophysiological changes in the body and affects the vital functions of a person
(education, work, sports and so on). Nowadays, there are numerous situations similar to exam stress
creating mental tension in the life of a modern person (for example, attestation, testing, competitions,
expertise, competition for employment, defence of a thesis or diploma thesis, speeches in society and so
on) [7]. In all cases, a person tries to achieve the set goal and depending on the type of higher nervous
activity; the achievement may eventually result in psychological tension [6]. The exam session is full of
questions creating uncertainty for the students. Already before the exam, the “waiting syndrome” itself
creates psychophysiological stress in students [3].

Thus, such cases as violation of the regulation mechanisms in the nervous, vegetative-hormonal,
mental and nervous system and finally, changes in the dynamics of perception and memory processes,
weakening and breaching of the functions of adaptation to stressful conditions are manifested [7, 10] due
to mental tension; insomnia appeared while getting ready for the exam, post-exam achievement and other
reasons. In extreme and critical conditions, the importance of the problem of the self-regulation mechanism
of physiological functions is high, and it usually arises due to the mobilization of the internal capabilities
of the individual, ensuring the adaptation of the person to the conditions.

The purpose of the study was to reveal the age characteristics of the changes in the bioelectrical
activity of the brain due to the effect of emotional stress caused by the examination process in students.

Materials and methods. The study involved 11 healthy sanguine-type male students of 21 years
old. All participants studying at Ganja State University. Examinations of those students were carried out
taking into account the proposal of the Bioethical Committee of the European Convention (Strasbourg,
March 18, 1986). In addition, this research was considered and approved by the Ethics Committee of Ganja
State University on October 23, 2017.

The students involved in the examination were divided into three groups: the students involved in
the first group were examined 2 months before the examinations on normal days, the students included in
the second group — 30 minutes before the examination and the students included in the third group — 30
minutes after the examination. The differences between them are shown as numbers and percentages.
Before the experiment, the students’ temperaments were determined using Eysenck’s test [1, 2]. The study
was focused on the psychophysiological peculiarities of various types of anxiety. The level of situational
anxiety was determined using the test of Spielberg-Hanin and under three different conditions: on normal
days (ND), before the exam (BE) and after the exam (AE) and it was determined by the express version of
the test questionnaire. In neurophysiological examinations, EEG was recorded for 10—12 minutes at the
usual time, before and after the examination, in the left and right cerebral cortex. The indifferent electrode
is placed on the earlobe of the ipsilateral ear. Amplitude and frequency-spectral analysis of EEG waves
obtained with the help of “Neuron-spectr 16 A” (“Neyrosoft” LLC, Russia) hardware-software complex is
carried out. All numerical indicators obtained during the research were statistically analyzed taking into
account modern recommendations. All calculations were made in MS EXCEL-2016 spreadsheet and SPSS-
22 package program.

Results of the study and their discussion. While the frequency of delta waves in the left forehead
of the brain of 21-year-old sanguine students was 2.6+0.3 hs on a normal day, this index decreased to
2.1£0.2 hs before the exam, but increased straightly after the exam and was equal to 3.2+0.2 hs (P< 0.01)
(fig. 1).

Similar regularities were observed in the right forehead of the brain. Thus, the frequency of delta
waves on a normal daywas 2.8+0.2 hs, before the exam it slightly decreased to 2.4+0.2 hs and after the
exam this indicator straightly increased and was equal to 3.4+0.2 hs.

In 21-year-old students with sanguine type, the frequency of theta waves in the left forehead was
5.4£0.3 hs on a normal day and it was partially increased before the exam and was equal to 5.7+0.3 hs.
After the exam, this increased indicator decreased slightly and was equal to 5.24+0.3 hs. In the right
forehead, the frequency of theta waves on a normal day was 5.2+0.5 hs, and it increased to 5.9+ 0.3 hs
before the exam. This level decreased slightly after the exam and was 5.5+0.3 hs.
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Different results were obtained in the frequency of alpha waves in the left forehead of the brain in
21-year-old sanguine type students. Thus, the frequency of alpha waves was 11.2+0.4 hs on a normal day,
11.240.6 hs before the exam, and 11.8+0.5 hs after the exam. The frequency of alpha waves in the right
forehead lobe was 11.4+0.4 hs on a normal day and before the exam and 11.840.5 hs after the exam and it
means that practically the frequencies in the lobes didn’t differ much from each other.
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Fig. 1. The dynamics of EEG frequency changes (hs) in forehead (A — left, B — right) and occipital (C — left, D — right) parts of
the brain in 21-year-old V-year students with sanguine temperament type in relation to the emotional stress of the exam process.

In sanguine temperament students, the frequency of beta waves in the left forehead of the brain
was 15.2+0.4 hs on a normal day, 15.3+0.5 hs before the exam. After the exam, it increased to 16.4+0.7
hs. Similar regularities are noted in the frequency of beta waves in the right forehead. This level was equal
to 15.2+0.4 hs on a normal day, 15.1£0.5 hs before the exam and 15.8+0.9 hs after the exam.

The results of the research show that the frequency of delta waves in the left occipital part of the
brain of sanguine type students is 2.3+0.1 hs on a normal day, but this indicator slightly increased to 2.6+0.3
hs before the exam, but after the exam this number increased straightly and was equal to 3.4+0.6 hs
(p<0.01). Similar regularities are observed in the right occipital part of the brain. Thus, the frequency of
delta waves on a normal day is 2.6+0.3 hs, but slightly increased before the exam to 2.9+0.3 hs, and after
the exam this number reliably increased and was equal to 3.4+0.2 hs (p<0.01).

In sanguine students, the frequency of theta waves in the left occipital part of the brain was 5.9+0.3
hs on a normal day and decreased to 5.440.2 hs before the exam. After the exam, this indicator was at the
level of a normal day (5.9+0.3 hs). In the right occipital part, the frequency of theta waves was 5.6+0,3 hs
on a normal day and 5.7+0.2 hs before the exam. This level increased to 6.1+0.3 hs after the exam.

In 21-year-old sanguine students, the frequency of alpha waves in the left occipital part was equal
to 10.4+0.6 hs on a normal day and 11.3+0.5 hs before the exam. After the exam, this number decreased to
9.9+0.6 hs. Similar regularities are observed in the right forehead of the brain. The frequency of alpha
waves in the right occipital part was 10.6+0.6 hs on a normal day, 11.8+0.6 hs before the exam and 10.1+0.6
hs after the exam and practically it means that the frequencies in the lobes didn’t distinguish more from
each either.

In sanguine students, the frequency of beta waves in the left occipital part was equal to 15.4+0.7
hours on a regular day and 15.2+0.6 hours before the exam. It was equal to 16.3+0.8 hours after the exam.
Similar patterns are observed in the frequency of beta waves in the right occipital region. This level was
equal to 15.6+0.8 hs on a normal day, 15.3+0.7 hs before the exam and increased to 16.9+0.7 hs after the
exam.

The analysis of the obtained results shows that significant differences in the frequency of certain
EEG waves are noted in the forehead and occipital parts of the brain of 21-year-old V-year sanguine
temperament students during the examination process. No other straight differences are observed in other
waves. The level of emotional anxiety increases during the exam process at some of the students in this
course. Therefore, the frequency of EEG waves recorded in the lobes of the brain of sanguine students
increases in the frequency of EEG waves before and after the exam. In fact, the exam is a psycho-emotional
stress exerting various effects on the functional state of the whole body. The emergence of emotional
tension during the exam is the price of both the subjective and objective state of the student. Therefore,
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before the exam, the level of individual and excitement in V-year students varies within the range of high
scores.

The activity in the central and posterior regions of theta and delta bands at the students involved in
the study increasedduring intense mental activity, the anxiety of the students during negative and positive
emotions was relatively similar according to neurophysiological criteria: an analogous neurophysiological
pattern is maintained with an increase in the power of delta waves and a decrease in the power of weak-
wave components of the EEG during modeling of joy, surprise emotions (i.e. with a “Plus” sign)with the
formation of beta and theta activity in the central and posterior regions of the cerebral cortex (more
numerous), as well as the asynchronous type of EEG during emotions such as sadness, fear, anger.

In subjects with high stress, the baseline EEG and the EEG in examination stress was beta wave.
In subjects with severe stress, the baseline EEG was beta wave and the EEG in examination stress was theta
wave [11].

At the same time, low-frequency effects (delta rhythmics) in the forehead and occipital zones of
the cerebral cortex during the experience of negative emotions before the exam in these groups were marked
less than alpha-activity (in the alpha-2 range). After the examination, asynchronous effects in the left beta
range in the forehead zone, as well as significantly lower theta activity in the central and posterior zones of
the cerebral cortex were noted. Similar differences were also noted in the work of S.G. Danko [4], where
left hemispheric activity in the alpha range (high frequency) interpreted as “curiosity, approach to the
stimulus” was described in younger boys and theta-activity of the right hemispheres, which is evaluated as
an “avoidance reaction” was described in others.

At the same time, comparative studies contributed to reveal for the first time the certain age differences
in the neurophysiological support of different types of psychological activity in boys of different ages. Also,
these differences are balanced in different age periods and they have new characteristics in other older ages.

Thus, the exam situation is a factor expressing the psychoemotional reactions of students.
Individual psychophysiological reactions develop in students, their direction is determined by the
importance of the emotional-stress state of the subject and its individual-typological characteristics under
the influence of exam stress.

% i

1. The frequency of delta, alpha, beta waves in the left forehead part of the brain in the comparison
of conditions on normal day and before the exam was straight with the frequency of delta, alpha, beta waves
in the left forehead part of the brain in the comparison of conditions on normal day and after the exam.

2. A difference is observed only in alpha waves in the comparison of the indicators of the normal
day and the day after the exam in the right forehead. There is no difference between the indicators in the
left occipital part.

3. In the right occipital part, the difference of theta waves was straight in the comparison between
the conditions before and after the exam.

B 7777777777777/

1. Aysenk GYu. Kolichestvo izmereniy lichnosti: taksonomicheskoy paradigmy. Inostrannaya psikhologiya. 1993; 1, 2, 9-24.
[in Russian]
2. Aleksandrov AG, Lukyanenok PI. Izmeneniye urovney trevozhnosti studentov v usloviyakh uchebnoy deyatelnosti. Nauchnoye
obrazovaniye. Meditsinskiye nauki. 2016; 6, 1-14. [in Russian]
3. Buduk-ool LK, Kharrasov AF, Lopsan AD. Otsenka strategii sovladeniya so stressom molodykh lyudey studencheskogo
vozrasta. Vestnik psikhofiziologii. 2020; 3, 150-152 [in Russian]
4. Danko SG, Bekhtereva NP, Shemyakina NV, Antonova LV. Elektroentsefalograficheskiye korrelyaty myslennogo
perezhivaniya emotsionalnykh lichnykh i stsenicheskikh situatsiy. Soobshcheniye I. Kharakteristiki lokalnoy sinkhronizatsii.
Fiziologiya cheloveka. Moskva. 2003; 29, 3, 5-15. [in Russian]
5. Kapitanets DA. Psikhologo-pedagogicheskaya korrektsiya situativnoy trevozhnosti vypusnikov shkoly kak innovatsionnaya
tekhnologiya. Kontsept. 2015; 1,1-6. [in Russian]
6. Rustamova TV. Vliyaniye ekzamenatsionnogo stressa na amplitudu voln EEG v temennoy oblasti golovnogo mozga u studentov
fakulteta biologii-khimii s razlichnymi individualno-tipologicheskimi osobennostyami. Journal of Life Sciences and Agriculture,
oM 12, Ne 5, 2020, C. 97-112. doi: 10.12731/2658-6649-2020-12-5-97-112. [in Russian]
7. Yumatov EA, Glazachev OS, Pertsov SS. Psikhofiziologicheskoye sostoyaniye studentov pri emotsionalnom napryazhenii.
Vestnik psikhofiziologii. 2019; 1, 19-29. [in Russian]
8. Hryshko YuM. The use of group forms of training at pathophysiology classes with foreign students. World of medicine and
biology. 2017. Ne 3(61), P. 195-197. doi 10.26724/2079-8334-2017-3-61-195-197.
9. Stilter C. Temperament and developmental psychopathology. Developmental psychopathology. 2016; 1-16. 11.
10. Sunil KJ. Examination stress and its effect on EEG. International Journal of Medical Science and Public Health January 2015
4(11):1 12. doi:10.5455/ijmsph.2015.23042015308
11. Ulyanov D.A. Medical students' health and physical culture improvement byindividualized practices. Theory and practice of
physical culture. 2016; 6.

Crartsa Hagivioa 21.10.2021 p.

160



