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The increase of external information and the need for processing of large information arrays has been leading to the search for me-
chanisms of thinking in mental activity, as well as new methods of data protection and reproduction. Power spectrum and coherence of
electroencephalograms (EEG) during memorizing of foreign words has been analyzed in many ways: in the usual one with the help of
mnemotechnics. The research was conducted during the ovarian phase of the cycle of 11 female students aged 18-20. Registration of
EEQG activity was carried out according to the international system of H. Jasper,"10-20". The process of recollection of associative in-
formation led to the decrease in the power spectrum of the EEG in the alpha range in the frontal and temporal loci of the left hemisphere
and the prefrontal sections of both hemispheres, in the beta range it was probable only in T6 zone of beta, range, in the delta range it was
in the prefrontal, posterior lower-frontal and posttemporal loci of both hemispheres, in the central, parietal and occipital regions of the
left hemisphere, as well as in the anteriofrontal zone of the right hemisphere, in the theta-range — in the prefrontal and posterior lower-
frontal regions of both hemispheres and in the posttemporal and occipital loci of the left hemisphere. Synchronization in the delta range
is the reflection of the processes of figural information processing and manipulation. With the increase of attention concentration, the
synchronization was observed in the theta range in the anteriofrontal and F4-P4 zones. Interhemispheric functional and symmetrical
bonds in the alpha and beta ranges indicate the involvement of the corpus callosum in the process of memorizing foreign words, which
facilitates their faster, more correct and easier reproduction, especially with the use of associative images. The decrease of power spec-
trum in the delta and theta ranges showed that less effort was required to reproduce associative information than to mention unsupported
images of foreign words. The effective use of the association method is realized by reduction of the power spectrum of the waves in the
alpha range in the frontal and temporal loci of the left hemisphere and the prefrontal sections of both hemispheres, which indicates the
activation of mental activity in these zones in the processes of maintaining and reproducing associative information.

Keywords: cerebral bioelectric activity; a foreign language; associations; associative thinking.

Introduction

Memory is the basis for the cognition of the surrounding world, and
in the process of individual development of a person it is the basis for
the formation of personality. Human memory is a link between the past,
the present and the future (Schacter et al., 2007). The loss of the ability
to remember past events is, to a certain extent, the loss of self. In the
functioning of memory, the network interaction of the medial temporal
zone with cortical structures of the brain plays a significant role (Greicius
et al.,, 2003; Vincent et al., 2006). The network approach lies in the un-
derstanding of Alzheimer’s disease and other neurodegenerative dise-
ases (Seeley et al., 2009; Montembeault et al., 2019).

For better understanding of the network structure that supports me-
mory, in this article we are focusing not on the memory loss, but on the
increasing of its volume. The winners of the annual World Memory
Championships regularly show an amazing ability to memorize hund-
reds of words, numbers, and other pieces of abstract information in a
few minutes (Foer, 2011). Similar skills are not related to the anatomy
of the brain and cognitive peculiarities, they are acquired as a result of
mastering mnemonic strategies (Maguire et al., 2003; Dresler & Konrad,
2013; Dresler et al., 2017), which can be mastered even by people with
Alzheimer’s disease and other cognitive disorders (Hampstead et al.,
2019; Simon et al., 2019). Although the loci method, based on the
known recollections of imaginary routes during information encoding
(Khalid Khan, 2016), is one of the most prominent and widespread me-
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thodologies, there are other methods. In general, mnemotechnics is a set
of techniques that facilitate the memorization of numbers, symbols or
new words by creating artificial associations and relationships between
certain images. If the material is memorized in a relationship with some-
thing well known, it will be remembered and retained in memory for a
long time and can be easily retrieved from it with the help of verbal or
visual associations (Lopatin, 2014; Jeffrey, 2017). This method involves
both auditory and visual channels and related brain zones (Mastropieri,
1988; Thaut et al., 2014).

According to the paradigm of the levels of information processing
(Craik & Lockhart, 1972), any information is subjected to a number of
analytical procedures of different degrees of complexity. Memory
strength depends on the depth of information processing: the deeper the
analysis is, the better the memorization and the easier subsequent repro-
duction are. According to the concept of Craik & Lockhart (1972), there
are three levels of analysis, and the establishment of associative relation-
ships with other significant units of information that are already stored
in memory is the deepest among them. Memorizing which is based on
such associative relationships provides the strongest trace in memory
(Eichenbaum, 2017). Creation of figurative associations, use of associa-
tive mental maps, and radiant schemes can simplify the study of many
disciplines. For example, the study of natural sciences is impossible
without the use of diagrams, tables, drawings, etc., and the remembering
of complex mechanisms of functioning of biological systems requires
the use of logic and associative thinking, which allows one to approach
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the study of biology in a comprehensive way and have a coherent and
versatile conception of a living organism, as well as establish cause and
effect relationships, pay attention to internal and external factors. With
the help of various techniques of mnemotechnics, you can effectively
study foreign vocabulary. Therefore, in order to improve the efficiency
and to facilitate the study of English (or any foreign) words, it is worth-
while to use the methods of mnemotechnics. Although numerous beha-
vioural studies have demonstrated the effectiveness of mnemonic strate-
gies, such as the method of loci (Nicholson, 2006; Worthen & Hunt,
2011), data on brain changes, which are the basis of mnemotechnics,
are rather rare (Maguire et al., 2003; Kamel & Malik, 2014; Fellner et
al., 2016; Dresler et al., 2017). EEG mapping plays an important role in
establishing mechanisms for the formation of "memory chains" in the
brain. If the words are capable of causing the corresponding visual ef-
fects, it is a guarantee of keeping them in the long-term memory. It is in
this way that the mnemonics enriches the vocabulary. The high power
of EEG signals in the alpha- and beta bands is responsible for the in-
crease in attention while studying (Tellamekala & Rafi, 2016). There-
fore, in order to find out the changes of the basic function of the brain
using mnemonic strategies, we investigated the interconnections of ce-
rebral cortex structures related to memory and the processing of visual
and auditory information during the perception and memorization of
English words.

The purpose of this work was to study the individual characteristics
of cerebral bioelectric activity in students during the usual and associa-
tive (mnemonic) ways of memorizing of professional foreign words.

Materials and methods

The research involved 11 female students aged 18-20. All the par-
ticipants volunteered to take part in the study, the conditions of which
they were previously familiarized with. The participants of the research
gave their consent to the voluntary participation in the experiment,
which was approved by the Ethics Commission of the faculty. To deter-
mine the physiological state of the subjects at the time of the study, the
phases of the menstrual cycle were taken into account. The studies were
conducted during the ovarian phase of the cycle. None of the partici-
pants suffered from any neurological or psychiatric illnesses, or com-
plained of physical exhaustion or sleepiness. During the study, the sub-
jects were in a dark, well-ventilated room, without any unwanted noise,
sitting in comfortable armchairs.

In the course of recording of electrical activity of the brain, a back-
ground recording of EEG in a resting state with closed and open eyes
was being recorded. The participants were asked to remember 30 un-
familiar English words in a way familiar to them. The students were re-
peatedly shown cards with these words and the translation of the words,
then the EEG was registered in the course of memorising the words.
After that, the participants were asked to memorize 30 other unfamiliar
English words in an associative way by imagining a clear image of each
word. If there were any difficulties with the formation of the association,
the participants were offered a ready image for memorization. Then the
EEG was recorded during memorization of the words. In the process of
mental activity, the registration and primary analysis of EEG activity
was carried out with the help of the hardware and software complex DX
NT32.V19 (manufacturer "DX-Complex", LTD, Kharkov, Ukraine).
EEG were recorded from 16 standard divisions of the left and right
hemispheres : symmetric prefrontal ones — Fpl and Fp2; frontal ones —
F3 and F4; central ones — C3 and C4; parietal ones — P3 and P4; occipit-
al ones — O1 and O2; temporal ones — F7, F8, T3, T4, T5, T6, according
to the international system of H. Jasper "10-20". The combined elec-
trodes AV, which were fixed on the ears, were the referent. A neutral
electrode was located in the area of the forehead. During the Fourier
implementation, the analysis period was 500 ms. The sampling fre-
quency of the transducer analog was 2 ms; the common-mode input
impedance was more than 100 MOm. High frequency filters were set at
50 Hz, low ones — at 0.5 Hz. The limits of the possible relative error dur-
ing the measurement of voltage and time intervals of electroencephalo-
graphic signals were = 5%. The removal of EEG artefacts was carried
out by the expert method in the viewing mode of the recording, accord-

ing to the software of the device. The analysis of changes caused in the
rhythmic activity of the brain (event related desynchronization / syn-
chronization — ERD/ERS) was one of the information-bearing methods
for studying the processes of mental activity. The induced desynchroni-
zation (ERD) was defined as related to the event of decrease compared
with the pre-stimulation level, the amplitude of the thythm of a certain
frequency, and the induced synchronization (ERS) was defined as related
to the event of amplitude increase (Pfurtscheller & Lopes da Silva, 1999).
Synchronous work of brain sections was determined by means of correla-
tion analysis. For each type of coherent connection in each frequency
range the average values were calculated. A coherent connection with a
value of not less than 0.6 (0.60-0.69) was considered as a connection of
medium level, with a value of 0.7 or more — as a high-level connection
(Rebrova, 2006).

Statistical data analysis was performed using the Statistica 6.0 pac-
kage (StatSoft Inc. USA, 2001). Using the tests on normality by Kol-
mogorov and Smirnov and by Lilliefors, it has been found that the data
processing has to be carried out using non-parametric methods. The ex-
perimental data from each group of studies were presented as median
and lower and upper quartiles (Me [25; 75]). To compare the dependent
samples, the Wilcoxon T-criterion was used. In comparison of the func-
tional states of the subjects, only significant differences in the parame-
ters of the EEG were analyzed (P < 0.05).

Results

The comparison of strategies for memorizing of foreign words with
the state of open eyes (Fig. 1) showed that for the usual way of memo-
rizing of foreign words in the delta-frequency range there was an in-
crease of power spectrum in a large number of divisions.

Delta frequencies range

Theta frequencies range

Alpha frequenciesrange ~ Betal-frequencies range

Fig. 1. Sections of probable changes in the SP of high-frequency com-
ponents of EEG of the students when foreign words were memorized in
the usual way (n=44) compared with the background state of the open
eyes (n=44), the significance level P < 0.05 according to the Wilcoxon
criterion (thin line), the significance level P < 0.01 according to the
Wilcoxon criterion (thick line). A triangle with a top down indicates a
decrease, and a triangle with a top up 1 —about an increase of the SP
frequencies of the alpha, betal- and beta2-ranges

A significant increase (P < 0.01) was recorded in the prefrontal,
posterior lower-frontal, parietal, posttemporal and occipital regions of
both hemispheres, and in the anteriofrontal locus of the right hemis-
phere. A less significant increase was observed in the frontal region F3
of the left hemisphere (P < 0.05). In addition, there was a significant
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decrease of power spectrum in the central locus C3 of the left hemisphere
(P <0.01). A bilateral increase of power spectrum in the range of theta
frequencies under the usual memorization was noticed in the prefrontal,
posterior lower-frontal, parietal, posttemporal and occipital regions (P <
0.01). The comparison of memorization of foreign words with the help
of usual method for the students, with the state of open eyes, showed a
decrease of power spectrum in the medial, anteriofrontal regions, in the
posttemporal (T5) and occipital (O1) loci of the cerebral cortex in the
range of alpha frequencies. The most significant decrease (P < 0.01) was
observed in the central zones, frontal F4, parietal P3 and anteriofrontal
T3 regions. The decrease of power spectrum in the beta-1 range was
noted in the frontal areas of both hemispheres and in the parietal zone of
the left hemisphere — P3 (P < 0.05).

Using the usual method of memorization did not cause any pro-
bable changes in power spectrum in the range of beta2-frequencies.

The use of the associative method in memorizing foreign words, in
comparison with the background state (open eyes) (Fig. 2), caused an
increase of power spectrum similar to the usual way in the range of
delta frequencies in the parietal, posttemporal, occipital regions of both
hemispheres, in the posterior lower-frontal area of the left hemisphere
F7 (P < 0.01), and caused a less significant increase in the posterior
lower-frontal locus of F8 in the right hemisphere (P < 0.05).

Delta frequencies range Theta frequency range

Alpha frequencies range Beta 1-frequencies range

Fig. 2. Sections of probable changes in the SP of high-frequency
components of EEG of the students when foreign words were memo-
rized in an associative way (n = 44) compared with the background
state of open eyes (n = 44), the significance level P < 0.05 according
to the Wilcoxon criterion (thin line), the significance level P <0.01
according to the Wilcoxon criterion (thick line); a triangle with a top
down indicates a decrease, and a triangle with a top up — an increase
of the SP frequencies of the alpha, beta;-, and beta,-ranges

The features caused by the creation of associations were reflected in
a significant decrease in power spectrum in the prefrontal sections of
both hemispheres (P < 0.01), as well as in its slight increase in the cen-
tral zone C3 of the left hemisphere (P < 0.05).

In the theta frequencies range with the use of the associative me-
thod, there was an increase in power spectrum in a smaller number of
brain regions than with the use of the usual way of memorizing. The
changes were recorded in the prefrontal and parietal zones of both he-
mispheres, in the posterior T6 and occipital O2 loci of the right hemis-
phere. The most significant increase was observed in the parietal zone
of the left hemisphere P3 (P <0.01).

In the range of alpha frequencies, using the associative method of
memorizing foreign words, there was a decrease in power spectrum in
more regions of the brain than with the help of the usual way of memo-
rizing. The similar changes were observed in the medial, anteriofrontal
regions of both hemispheres and the posttemporal and occipital regions
of the left hemisphere (the corresponding leads were T5 and O1).
In contrast to the usual memorization, with the associative one there was
a decrease in power spectrum in the posterior lower-frontal areas (F7
and F8) and the posttemporal locus of the right hemisphere, T6 lead.
All the areas were characterized by significant (P < 0.01) decreases in
power spectrum, except for F7 and F8 loci (P < 0.05).

Delta frequencies range

Theta frequencies range

Beta 2-frequencies range

Fig. 3. Sections of probable changes in the high-frequency EEG
components of the students when foreign words were memorized
in the associative way (n = 44) compared with memorizing foreign
words in the usual way (n = 44), the significance level P < 0.05 accor-
ding to the Wilcoxon criterion (thin line), the significance level P <0.01
according to the Wilcoxon criterion (thick line); a triangle with a top
down indicates a decrease, and a triangle with a top up — an increase
of the SP frequencies of the alpha-, beta;-, and beta,-ranges

The decrease of power spectrum in the betal-frequencies range du-
ring the use of the associative method was fixed in the central regions,
the frontal area of the right hemisphere (F4) and the parietal zone of the
left one (P3). In the latter locus the decrease was the most probable (P <
0.01). Both with the creation of associations, and with the use of the
usual way of memorizing foreign words, there was a decrease in power
spectrum in the frontal area of the right hemisphere (F4) and the parietal
zone of the left one (P3). In the range of beta2-frequencies, the creation
of associations caused a decrease in power spectrum in the frontal (F3)
and central (C3) regions of the left hemisphere (P < 0.05). The associa-
tive memorization of words in comparison with the usual way (Fig. 3)
led to the decrease of power spectrum in the range of delta frequencies.
Minor changes were observed in the prefrontal sections of both hemis-
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pheres, in the central (C3), parietal (P3) and occipital (O1) regions of the
left hemisphere, in the anteriofrontal (T4) and posttemporal (T6) loci of
the right hemisphere (P < 0.05). A significant decrease in power spectrum
was recorded in the posterior lower-frontal areas of both hemispheres and
the posttemporal (T5) zone of the left hemisphere (P <0.01).

In the theta frequencies range, the differences between associative
and conventional memorization methods revealed a significant decrease
in power spectrum in the prefrontal sections of both hemispheres, in the
posterior lower-frontal (F8) zone of the right and posttemporal (T5) re-
gions of the left hemisphere, as well as in less significant power spect-
rum reduction in the posterior lower-frontal (F7) and occipital (O1) loci
of the left hemisphere.

The use of the association method in comparison with the usual
way of memorizing foreign words led to a decrease in the power spect-
rum of waves in the range of alpha frequencies, mainly in the left he-
misphere. The reductions were observed in the prefrontal areas of both
hemispheres (Fpl and Fp2), frontal (F3) and temporal zones of the left
hemisphere (F7, T3, TS). The most significant decrease was recorded in
the posttemporal locus of the left hemisphere (T5) (P < 0.01). In the
range of beta,-frequencies, the differences in power spectrum changes
between the associative and conventional methods of memorizing words
were not observed. The decrease in power spectrum of betay-frequen-
cies range occurred in the posttemporal locus of the right hemisphere
(T6, P < 0.05) during the creation of associations. While memorizing
the words in the usual way in comparison with the background recor-
ding (open eyes), in the delta range (Fig. 4a), the inter-hemisphere di-
agonal bonds between the posterior lower-frontal area of the left hemis-
phere and the temporal regions of the right hemisphere, respectively
F7-T4 and F7-T6, were recorded. In addition, short inner-hemispheri-
cal bonds were formed in the posterior part of the right hemisphere,
among which a high degree of coherence was observed (P4-T6).

c

Fig. 4. Probable functional bonds of the cerebral cortex in the delta-
range of the students (n = 44): a — the usual memorization of foreign
words compared with the background recording (open eyes);

b — the associative memorization of foreign words in comparison
with the background recording (open eyes); ¢ — the associative memori-
zation of foreign words compared with the usual way; thin line — cohe-
rent bonds of average degree (K = 0.60-0.69, P <0.05), thick line —
coherent bonds of high degree (K = 0.70-0.95, P <0.001)

Using the associative method of memorizing (Fig. 4b), the inner-
hemispherical long bond F7-T5 was observed. In addition, inter-hemi-
spherical diagonal bonds, between the occipital area of the left hemis-
phere and the temporal zones of the right hemisphere (O1-T4 and O1—
T6), as well as the bond Fp2—F7, were formed. When comparing the
associative method with the usual one, in the delta-range the synchro-

nicity of waves was not detected (Fig. 4c). The memorizing of foreign
words in the usual way for the students, in comparison with the back-
ground recording (open eyes), in the theta range (Fig. Sa) caused the
appearance of a short inner-hemispherical bond P4-O2 in the posterior
part of the right hemisphere. Besides, there was an inter-hemispherical
bond between the symmetric posttemporal loci T5-T6.

c

Fig. 5. Probable functional bonds of the cerebral cortex in the theta
range of the students (n = 44): a — the usual memorization of foreign
words compared with the background recording (open eyes); b — the
associative memorization of foreign words compared with the back-

ground recording (open eyes); ¢ — the associative memorization of

foreign words compared with the usual way; thin line — coherent
bonds of average degree (K = 0.60-0.69, P <0.05), thick line —
coherent bonds of high degree (K =0.70-0.95, P <0.001)

Using the associative method (Fig. 5b), the inter-hemispherical dia-
gonal bond F7-C4 and the short inner-hemispherical O2-T6 bond in
the posterior part of the right hemisphere were recorded. During the as-
sociative memorization (Fig. 5¢), the inter-hemispherical diagonal bond
F7-C4 and the short inner-hemispherical bond O2-T6 in the posterior
region of the right hemisphere were recorded. The associative memori-
zation, unlike the usual one, was accompanied by creation of the inter-
hemispherical diagonal bond F7-P4 and inter-hemispherical long bond
T3-T4 between symmetric leads.

When memorizing words in the usual way, compared with the
background recording (open eyes), in the alpha-range (Fig. 6a) only one
inner-hemispherical long bond in the left hemisphere between the fron-
tal F3 and posttemporal T5 zones was noted (Fig. 6a) (P <0.05).

During the associative memorization of foreign words a bond simi-
lar to the above-mentioned (F4-T6), but in the opposite hemisphere
(Fig. 6b), was observed. In addition, a short inter-hemispherical synchro-
nization between the O1-O2 points in the occipital part of cerebral cor-
tex was formed, which indicates the processing of images in the visual
areas of both hemispheres and the involvement of the right hemisphere
loci to the processes of memorizing. The associative memorization, un-
like the usual one (Fig. 6¢), caused the appearance of inter-hemispheri-
cal long (F7-F8) and short (C3—C4) bonds and an inter-hemispherical
diagonal bond (C3—-02). When memorizing words in the usual way, in
comparison with the background recording (open eyes), there was no
synchronicity of waves in the beta-1 range (Fig. 7a). In associative me-
morization (Fig. 7b), there appeared inner-hemispherical long (Fp2-T4)
and short (T4-T6) probable bonds (P < 0.05) in the frontal-temporal
zones of the right hemisphere. The associative memorization, unlike the
usual one (Fig. 7c), was accompanied by the emergence of a large num-
ber of bonds, most of which were inter-hemispherical diagonal. In me-
morizing words in the usual way, compared with the background re-
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cording (open eyes), in the beta2-range (Fig. 8a), probable inter-hemi-
spherical diagonal (F4-P3) and inner-hemispherical long (F8-T6) bonds
in the right hemisphere were recorded. In addition, there was an inter-
hemispherical short bond between the symmetric O1-O2 loci, which
indicates the simultaneous operation of the visual zones of both hemis-
pheres when memorizing.

C

Fig. 6. Probable functional bonds of the cerebral cortex in the alpha
range of the students (n = 44): a — the usual memorization of foreign
words compared with the background recording (open eyes); b — the

associative memorization of foreign words in comparison with the
background recording (open eyes); ¢ — the associative memorization

of foreign words in comparison with the usual way; thin line — coherent
bonds of average degree (K = 0.60-0.69, P <0.05), thick line —
coherent bonds of high degree (K = 0.70-0.95, P <0.001)

C

Fig. 7. Possible functional bonds of the cerebral cortex in the beta; range
of the students (n = 44): a — the usual memorization of foreign words
compared with the background recording (open eyes); b — the associa-
tive memorization of foreign words in comparison with the background
recording (open eyes); ¢ — the associative memorization of foreign
words in comparison with the usual way; thin line — coherent bonds
of average degree (K = 0.60-0.69, P < 0.05), thick line — coherent
bonds of high degree (K =0.70-0.95, P <0.001)

‘When memorizing and storing information in the associative way
(Fig. 8b), the inter-hemispheric long diagonal bond between the post-
erior lower-frontal area of the right hemisphere (point F8) and the pa-

rietal area of the left one (point P3) was recorded.

Fig. 8. Probable functional bonds of the cerebral cortex in the beta,
range of the students (n = 44): a — the usual memorization of foreign
words compared with the background recording (open eyes); b — the

associative memorization of foreign words in comparison with the
background recording (open eyes); ¢ — the associative memorization

of foreign words in comparison with the usual way; thin line —
coherent bonds of average degree (K = 0.60-0.69, P <0.05), thick
line — coherent bonds of high degree (K = 0.70-0.95, P <0.001)

In associative thinking, unlike the usual one (Fig. 8c), there was an
emergence of inter-hemispherical diagonal bonds (Fp1-F8; T4-T5) and
the inner-hemispherical short bond (C3-T5) in the posterior part of the
left hemisphere. In addition, the inner-hemispherical long bond in the
left hemisphere between Fp1 and O1 zones appeared.

Discussion

The process of information comprehension depends on its type
(verbal or figurative) and the context of activity, but the prefrontal cor-
tex is the key structure of the brain that always takes part in thinking.
The domination of the left frontal and prefrontal cortex in generation of
ideas and provision of purposeful information extraction from episodic
and semantic memory (Razumnikova & Finikov, 2011) is observed in
our study.

Bilateral activation of the prefrontal cortex is associated with the
visual-spatial strategy (Elfgren & Risberg, 1998). Probably, when recal-
ling the formed associations, the students performed spatial manipula-
tions of unreal images. There is evidence that the direct reproduction of
visual images from memory mainly depends on the back sections of the
left hemisphere, and imaginary rotation and designing of the images
mainly involves the structure of the posterior sections of the right he-
misphere (Volf et al., 2009). Therefore, we can assume that the mention
of associative images is reflected in the changes of power spectrum in
the alpha-, delta- and theta-ranges. And the imaginary manipulation of
images, according to our results, is reflected in the changes in the alpha-
and betay-ranges. According to Luriya (2004), the parietal-occipital regi-
ons of the left hemisphere are responsible for the visual representation
of the subject by its name. Occipital areas include the primary and se-
condary fields of the visual analyzer, parietal regions include secondary
and tertiary associative fields. It is not by chance that we are witnessing
the activation of these zones when mentioning associative information.
The fact of the involvement of the temporal cortex areas in the imple-
mentation of working memory mechanisms, which was established by
the well-known neurosurgeon Luriya (2004), is well known. The changes
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we observed in the power of fluctuations of the theta range of the EEG of
the left temporal region (zone TS) may indicate an important role of the
left temporal region in the processes of logical thinking, as pointed out in
their research by Dzhebrailova et al. (2017). It is possible that the creation
of associations involves this type of thinking, because associative images
can be both absurd, characteristic of just one person, and quite logical.
Consequently, we can assume that the use of mnemotechnics techniques
led to the activation of associative logical connections and the rapid and
correct reproduction of words, in contrast to the chaotic recollection of
foreign words when not supported by figurative associations.

In their paper, Tarasova et al. (2005) show the connection between
desynchronization of the theta-rhythm bi-potentials with the fulfillment
of the tasks of a visual-spatial nature, which is connected with the inhi-
bitory processes in information processing involving the cortico-hip-
pocampal bonds. This is consistent with our results. Probably, the stu-
dents in their imagination performed spatial manipulations with created
associative images. According to the literature data, the theta-thythm’s
power increases in response to cognitive load and reflects such non-
specific factors as overall level of attention, the level of complexity, and
task-solving performance (Klimesch, 1999). The researchers associate
the delta-fluctuations with the motivational component of brain activity
and "internal" attention directed at solving the problem (Razumnikova
& Finikov, 2011). In addition, Fernindez et al. (1993) suggested that an
increase in delta activity may be due to an increase in the internal con-
centration of subjects during the fulfillment of tasks, the complexity of
the task and emotional factors demonstrated by the students during the
usual memorization of foreign words. However, in comparison with the
associative method of memorizing words with the usual method for the
students, there was a decrease in power spectrum in both the delta and
theta ranges, which can be explained by the reduced effort involved in
reproducing associative information compared to recollecting foreign
words without such support.

It is common knowledge that the largest amplitude of the alpha
rhythm is achieved in a relaxed state, especially with closed eyes in a
darkened room. In response to the opening of the eyes, there is a "disap-
pearance" of o-rhythm on the encephalogram (a phenomenon of desyn-
chronization) (Bushov & Svetlik, 2008). The assumption that the alpha
rhythm amplitude decreases only as a result of light stimulation beco-
mes doubtful when the opening of eyes in a completely dark room is
also accompanied by a decrease in the amplitude of alpha-oscillations
and not only in the visual cortex (Moosmann et al., 2003). Therefore, the
alpha-amplitude reduction in the dark room happens not due to primary
sensory stimulation, but more likely reflects the descending controlling
effect of the cortex. It is also known that alpha activity is associated with
sight, imagination and attention, and it is likely that the alpha-thythm is
blocked when working with imaginary visual images, which is consis-
tent with our results (Yegorova, 1973; Robinson, 1983). It is suggested
in Klimesch’s research that reduction of alpha-amplitude, depending on
the type of a task, is observed in the occipital and frontal sections of the
brain, especially when processing semantic information (Klimesch et al.,
1997; Klimesch, 1999). According to our data, alpha-activity in memo-
rizing foreign words in both the usual and associative ways decreases,
which is the reflection of the process of mental activity. It should be
noted that the frontal areas of the cortex play an important role in the
programming and decision-making processes, as many researchers have
indicated, considering them as the brain substrate of different decision-
making forms (Luriya, 2004; Bekhtereva & Nagomova, 2007). In vari-
ous studies, creative task performance was characterized by the cortex
activation of the left hemisphere (the reduction of the a-rhythm power
in the frontal-temporal zones: Fpl, F3, F7). According to the model of
the functional blocks (Luriya, 2004), the frontal zones of the cortex are
responsible for making decisions, understanding the semantic content of
a picture when it is viewed, and, quite possibly, when it is imagined.

In our study, there was a local desynchronization of the a-rhythm in
the posterior-temporal leads (T5 zone), which are closely related to the
processes of imagination and prefiguration. Morenko (2012) indicates
that the observed decrease in the power of o activity in the posterior
frontal and temporal areas of the left hemisphere may indicate the use of
cognitive and mnestic mechanisms for information processing, which is

consistent with our results. It is believed that mental activity is accompa-
nied by the development of fatigue. In the works of Cheng & Hsu (2011);
Lal & Bekiaris (2007) it is stated that the development of this process is
evidenced by an increase in power spectrum of alpha-rhythm in the pa-
rietal and occipital regions of the cerebral cortex. According to our data, no
increase in the spectral power spectrum of the alpha-frequencies range
was observed in the participants of the experiment. So we can conclude
that the proposed task did not cause fatigue in the students because of the
ease of performance and constant change of the studied words.

The role of beta-activity in cognitive and emotional processes is well-
known (Koryukalov, 2016). Beta-thythm is associated with activation of
the brain during various influences on reticular formation. In the studies of
Klimesch (1997, 1999) it is shown that power increase in the lower beta;-
range in the occipital and parietal cortical areas is associated with an in-
crease in the effort that should be made by the subjects to maintain atten-
tion concentration during task fulfillment. In our experiment, there was no
increase in power spectrum in the beta;-range, therefore, we can assume
that memorizing of new foreign words by the proposed methods did not
require excessive concentration of attention. The increase in the power of
betay-frequencies in the EEG of the frontal areas is associated with their
participation in the regulation of the active functional level and attention
(Dan’ko, 2005), in the analysis of visual information and the processes of
"non-verbal categorization" (Gusel'nikov, 1976), the reaction to new
incentives (Krotin, 1971). In our case, the power of waves in the beta,
ranged was reduced, hence, the memorization of the words was not asso-
ciated with a high concentration of attention. With the use of the associa-
tive method in the process of memorizing foreign words, the images cor-
responding to each word are familiar to the imagination and do not require
the search for new ways to create them. Thus, the study of biological
terminology in English using the associative method is a more effective
and simple way that does not cause fatigue and does not require excessive
concentration of attention. An increase in the EEG synchronization in the
delta-range of the occipital areas may indicate the retrieval of visual in-
formation from memory (Van Strien et al., 2005). The interaction in these
areas of the right hemisphere, in the slow-wave range, may be explained
by the reflection of the inner concentration of attention during the proces-
sing and manipulation of figurative information (Kozhedub et al., 2007).
Also, the overall growth of synchronization at the delta frequency of EEG
can be explained by inhibition of active attention to external stimuli, the-
reby the conditions for integration of individual elements in the imaginary
creation of original and standard images are created. At the same time,
concentration of attention is necessary in the mental process, in particular,
when visualizing the manipulation of images (Goldman-Rakic et al.,
1987). To accomplish such tasks, an action plan is implemented that in-
cludes the activation of certain cortical networks, their temporary organi-
zation in the source of synchronization and inhibition of motion programs
(Decety & Ingvar, 1990). Coherent bonds in the parietal, occipital and
temporal regions of both hemispheres are the reflection of the activation of
these zones when creating a three-dimensional visual information model,
as a result of its perception, processing and transformation. It should be
noted that in the literature the amplification of coherent relationships be-
tween potentials of theta-band of the EEG of the parietal-temporal-occipi-
tal regions of the cortex is traditionally associated with memory mechan-
isms, with the activation of the hippocampal structures (Raghavachari
etal., 2006; Dzhebrailova & Korobejnikova, 2013). The study conducted
by Korobejnikova & Dzhebrailova (2013) has shown that the distinctive
feature of the physiological support of activity, which ends with the exact
reproduction of the visual (in our case, figurative) information, is the en-
hancement of inter-hemispherical coherence in the range of the theta-
rthythm of the EEG. The emergence of long coherent connections in the
theta-band let us suggest that when using the associative method of me-
morizing foreign words, the search for interconnections between imagi-
nary images and their corresponding words occurs, and concentration of
attention in the anteriofrontal and F7-P4 zones is increased. Simonov
(1995) indicates that the theta-thythm is an electrophysiological correlate
that reflects the control of the extraction of memory engrams. The theta-
rhythm synchronization is also associated with the attention processes,
which in our case are displayed in specific zones. The literature data show
that with the development of the verbal-logical way of thinking, the brain
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transits into a special mode of functioning with a small number of func-
tional bonds in the 0-oscillations region, indicating the preservation of the
pre-formed neural network (Tretiak et al., 2017). The coherent C3-C4
bond that we observed in the alpha-range is likely to indicate the creation
of tactile, sensory images in the process of associative memorization.
Zones C3-C4 are projection zones of the area of fingers, so we can as-
sume that the creation of associations led not only to the visualization of
images, but also to the implementation of imaginary motor manipulations
with these images.

The work (Hebb, 1968) states that sensory visualization leads to the
activation of higher cortical levels (sensory and abstract ones), which play
an important role in the perception of the same images and events. At the
same time, during the visualization of images, activation of "abstract" le-
vels, even without the involvement of sensory modalities, occurs. Tretiak
et al. (2017) in their study indicate that a higher manifestation of logical
thinking increases the functional relationship of a-waves in the central re-
gions of the cerebral cortex. An increase in the potentials” coherence of the
EEG o-band of the posterior lower-frontal cortex regions, observed with
the use of mnemotechnics, can be considered as the manifestation of the
a-system participation in the formation of the frontal-parietal network of
selective endogenous attention, which selectively supports the active state
of internal representations during the implementation of the working me-
mory, in our case, the words encoded with the help of associations (Dzhe-
brailova et al., 2015). Numerous studies (Ingvar & Philipsson, 1977; Rol-
and et al,, 1987; Roland & Friberg, 1985; Decety & Ingvar, 1990) show
an activation of the anterior cortex during figurative thinking, which is
consistent with our data. It should also be emphasized that the high level of
coherence in the alpha-EEG region of the central regions of the cerebral
cortex is attributed to the fact that these zones are projective for the ascen-
ding paths of a non-specific thalamic system that exhibits synchronizing
effects on the brain cortex. Coherence in the alpha band of the EEG of the
central and frontal cortex regions is also considered as an indicator of the
influence of activating systems of the brain stem and subcortex (Rusinov
etal.,, 1987). These facts let us suggest that a higher coherence in the system
of inter-hemispherical and symmetrical inner-hemispherical bonds of the
central, parietal and frontal areas may be due to more represented activa-
ting effects on the cortex by a non-specific thalamic system. In its turn,
high coherence facilitates information interaction between the parietal and
motor central, as well as parietal and frontal areas, contributing to faster de-
cision-making and the choice of motion program (Dzhebrailova et al., 2011).

Let us note that during abstract memorizing of new words, alpha fre-
quency synchronization is noted between the two hemispheres, indicating
the involvement of both hemispheres in the process of storing the informa-
tion obtained due to the creation of associations. The change in the spect-
ral-coherent characteristics of the beta-rhythm is regarded as the correlate
of various cognitive processes, attention and perception in particular. The
enhancement of the local interaction of EEG beta biopotentials in the ante-
rior-central regions of the brain is associated with the support of voluntary
nonspecific attention and is considered as a component of working memo-
ry in adults (Dzhebrailova & Korobejnikova, 2013). The increase in the
synchronization of electrical activity in the beta-thythm range is matched
with information processing in the recognition of images (Palva et al.,
2011). In addition, the literature contains information on increasing the
coherence in the EEG betay-range in intellectual activity (Razumnikova,
2005; Kozhedub et al., 2006). According to the data obtained, the syn-
chronization in the beta-range, covering both hemispheres of the brain, is
more represented in the left hemisphere, which is considered to be respon-
sible for the processes of logical thinking. The most significant bonds are
in the posterior regions of the left hemisphere, which indicates the use of
analytical imaginative strategies in associative memorization. In the stu-
dies of Dzhebrailova & Korobejnikova (2013), it was shown that during
the reproduction of information, in the subjects, in comparison with the
memorization stage and the initial state, the inter-hemispherical and pre-
ferably the left-sided intracavity coherence of the beta, potentials in-
creased, which is consistent with our results. The growth of the number of
inner-hemispherical bonds in the beta, range with the imaginary creation
of visual images is associated with a high level of passive attention, and
the growth of inter-hemispherical coherence is associated with mobiliza-
tion readiness for information processing by both hemispheres (Kozhedub

etal., 2007). Consequently, we can conclude that the process of associa-
tive memorization is based on the creation of logical connections for the
preservation of images. It is common knowledge that the corpus callosum
plays a key role in ensuring attention concentration, as well as redistribu-
tion of attention when performing complex tasks (Hoptman & Davidson,
1994). Short inter-hemispherical functional bonds between the symmetric
leads indicate the transmission of information through the corpus callo-
sum. According to the results of our research, most of the probable func-
tional bonds passed through the corpus callosum, which probably contri-
buted to the rapid analysis of images and words, easy memorization and
the recollection of associative information.

Conclusion

The process of associative information memorizing is realized by
reducing the power spectrum of the alpha range waves band in the fron-
tal and temporal loci of the left hemisphere and the prefrontal sections of
both hemispheres, which indicates the participation of these zones in the
processes of preservation and reproduction of information which is me-
morized with the help of mnemotechnics. The probable decrease in the
power spectrum of the beta, range waves was noted only in the post-
temporal locus of the right hemisphere. The changes in the delta range
when mentioning the associative information were reflected in the re-
duction of power spectrum in a large number of zones of both hemis-
pheres. In the theta range, the use of mnemotechnics has been reflected
in the reduction of power spectrum in the prefrontal and posterior low-
er-frontal areas of both hemispheres, as well as in the posttemporal and
occipital loci of the left hemisphere.

The processing of figurative information was reflected in the inte-
raction of the occipital sections of the right hemisphere in the delta
range. The reproduction of associative images and the corresponding
attention concentration in the theta range were observed in the en-
hancement of the interhemispherical coherence of the anteriofrontal and
F4-P4 zones. The presence of probable inter-hemispherical functional
bonds, as well as the bonds between the symmetrical leads in the alpha
and beta ranges, indicates the involvement of the corpus callosum in the
processes of associative images reproduction, which contributed to the
rapid, correct and easy recollection of foreign words that were memo-
rized with the help of mnemonic techniques, in contrast to the chaotic
recollection of foreign words when not supported by figurative associa-
tions.
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