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THE EFFECT OF BILINGUALISM ON UNFAMILIAR LANGUAGE PERCEPTION

Background. A growing number of scientists are studying the mechanisms of various aspects of language acquisition
and perception while searching for new methods to master them. The impact of bilingualism on cognitive functions, such as
attention, memory, and concentration, is also important.

Methods. The present study, based on the electroencephalography (EEG) recording techniques, highlights the influence
of bilingualism on the perception of different languages, namely the native language (represented by Ukrainian), a second language
mastered at a certain level (represented by English), and a language that has not been previously learned at any level (represented by
Finnish). These languages belong to different language groups, which makes it impossible to fully or partially understand words or
phrases based on associations with similar linguistic structures in familiar languages. The purpose of this study was not just to prove
the differences in the perception of various languages but also to provide detailed account of changes in electrical activity in the brain,
to investigate which frequency bands and sub-bands are involved, and to identify the brain regions that may be responsible for these
functions. For this study, 20 bilingual students aged 18-22 participated voluntarily.

Results. The study results showed a statistically significant difference in the perception of the following language pairs:
Ukrainian and English, English and Finnish, and Ukrainian and Finnish. This difference is most pronounced in the g1 and B2
frequency sub-bands. The following brain areas are involved in processing languages from different language groups with
varying intensities: the occipital area of the right and left hemispheres, the temporal area of the left hemisphere, and the parietal
region of the right hemisphere.

Conclusions. The observed neural differences in the perception of known and unknown languages provide further
evidence that language comprehension relies on both auditory and cognitive processing mechanisms, engaging different brain
regions depending on familiarity with the language. The increased activation in the occipito-temporal and parietal regions during
language processing suggests that both linguistic and non-linguistic factors — such as phonological familiarity and semantic
expectations — play crucial roles in language perception. A detailed study of bilingualism and mechanisms of language
perception opens up prospects for developing improved methods of teaching foreign languages, which will accordingly expand

individuals' ability to use large amounts of information to enhance their knowledge and skills.

Keywords: bilingualism, electroencephalography (EEG), neurophysiology, neurolinguistics.

Background

Language is the ability to speak and express their
thoughts and associate random symbols with specific
meanings to convey ideas, feelings, desires, and emotions.
Language is considered a second signal system because it
does not simply transmit signals to the brain through
electrical impulses; rather, it is a set of nervous processes
that occur in the cerebral cortex in response to words and
concepts they denote. Individuals use language to share
information, feelings, and thoughts when communicating. This
communication is mostly based on sound signals generated
by the vocal apparatus and perceived by the auditory system.
Additionally, written symbols represent language, which is
then perceived by the visual sensory system.

Human language consists of phonemes. A phoneme is
the smallest segmental element of morphemes. Therefore,
phonemes are essential for recognizing and distinguishing
morphemes, the smallest semantic units of words. We
cannot determine the meaning of words using phonemes
alone, but they are the semantic units of morphemes.
Different languages have different numbers of phonemes;
for instance, Ukrainian has 38, English has 44, and Finnish
has 25. According to modern research, the ability to speak
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is an inborn property of the human brain (Yamoah,
Pavlinkova, & Fritzsch, 2023).

Bilingualism is the ability of a person to speak two
languages at the level of fluency or high competence.
A bilingual individual can use both languages in everyday
life, communication, work, and other situations. Bilingualism
can result from various factors, such as bilingual upbringing,
intercultural interaction, education in a bilingual environment,
or relocation to a country with a different language. Research
in neurobiology and psychology shows that speaking more
than one language significantly impacts human brains, ranging
from the mechanisms of memorizing and word mapping in the
brain to overall memory and attention capabilities.

Recent studies have pointed to the positive effect of
bilingualism on cognitive abilities. For instance, bilingual
children aged 7-12 have different selective attention
mechanisms compared to monolingual children, primarily
associated with potentially more successful learning
(Phelps, Attaheri, & Bozic, 2022). This interesting feature is
associated mainly with the different mechanisms of
attention coding in bilingual versus monolingual children,
as the necessity of mastering two languages forces the
brain to constantly inhibit the language that is not currently

© Reshetniak Yelyzaveta, Rula Elina, Chernykh Mariia, 2025



BIONOrIA. 1(100)/2025

~51 ~

in use. Therefore, when using one language, we mostly do
not use the words and grammatical structures of the other.

Neuroimaging studies have clearly shown that the
regions of the brain responsible for the native language are
also involved in the acquisition of a foreign language.
Moreover, different brain activity during speech production
is observed in individuals with varying levels of second
language proficiency. Lower levels of language proficiency
may correspond to a more extensive representation of
activity in different brain regions (Martin-Fernandez, Gabarros,
& Fernandez-Coello, 2022). However, these neural
differences, which correspond with language proficiency,
disappear once a native speaker acquires a high level of a
second language proficiency. In the initial stages of second
language acquisition, additional brain activity is observed in
the left prefrontal cortex during speech production.

There are generally two main neural differences in the
processing of native and second language speech. First,
increased brain activity associated with the second
language is seen in in areas that also mediate the native
language, such as Broca's area. Second, there is specific
involvement of additional brain structures outside of left
language networks, such as those associated with
cognitive control — such as left prefrontal cortex and left
caudate nucleus (Abutalebi, 2008). In the first case,
bilingual speakers with low language fluency may
compensate for lower efficiency by engaging these areas
more strongly, and the greater activity observed in non-
native speech production may reflect the increased number
of neurons required to perform a complex task such as
speaking a non-native language. In the second case, the
specific involvement of control structures may emphasize
that, unlike the mother tongue, the non-native language is
not processed automatically but rather in a ‘controlled’
manner (DeAnda et al., 2016). However, this mechanism of
'interaction’ between the two languages is not yet fully
understood and requires further research.

Additionally, numerous studies have established a
correlation between bilingualism and the later development
of cognitive impairment associated with organic brain
diseases, such as dementia. At the same time, a
systematic review showed that bilingualism had an impact
on delaying dementia but not on reducing the risk of the
disease. The period the disease occurred later depends on
different conditions influenced by education, living
conditions, and other factors (Brini et al., 2020).
Furthermore, several studies have pointed to delaying the
progression of Alzheimer's, compensating for pathological
and age-related cognitive impairment (Taylor et al., 2022).
This is currently associated with the flexibility caused by
bilingualism, which allows for the engagement of
alternative cerebral networks and the strengthening of
existing networks as compensatory mechanisms (Marian,
& Shook, 2012). Research into both the nature and
prevention of Alzheimer's disease is an important topic in
modern science, thereby, it is actively studied, particularly
regarding the impact of bilingualism.

The impact of bilingualism on individuals with autism
spectrum disorders (ASD) has not yet been widely studied.
Still, a few articles point to the possible positive effect of
bilingualism in the context of flexibility in social tasks in
children with ASD, which is more significant when the
second language is introduced at an early age (Romero, &
Uddin, 2021). More recently, research on adults with ASD
and the impact of bilingualism on their social habits and
quality of life has begun to appear, showing a small but
statistically significant contribution of bilingualism to the
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self-assessed quality of social life among adults with ASD
(Digard et al., 2020).

While many articles provide overviews and analyses
of data collected from the studies of bilingualism based
on questionnaires and surveys, a significant number of
studies involve neuroimaging techniques, such as
electroencephalography (EEG), which allows to collect and
process the data on the electrical activity of different brain
areas during the performance of certain tasks or perception
of various stimuli (Gallo et al., 2025). EEG studies play a
crucial role in the study of speech mechanisms. Recent
studies indicate that brain oscillations in different frequency
bands are responsible for various types of brain activity.
For example, attention is associated with changes in a and
y activity, while working memory (Wen et al., 2022) and
long-term memory processes involve 6, 8, and y activity.
Speech perception and listening comprehension of
sentences are associated with several ranges of brain
oscillations, including both low-frequency components such
as & and 6 oscillations and high-frequency components
such as B and y oscillations. It is also known that brain
oscillations in EEG recordings made while listening to
one's native language (Broderick et al., 2018) are
predominantly reflected in the 8 (4—7 Hz) and a (7-13 Hz)
frequency bands (Beres, 2017).

Interestingly, when translating words into a second
language from one's native language, increased brain
activity in the same frequency bands is observed, provided
that the words are translated successfully (Mai et al.,
2016). Such activity is much less common when listening
to unknown words in a foreign language. Our study was
performed using EEG, and further data processing was
done using the EEGLAB software add-on based on the
MATLAB engineering package. The novelty of the work lies
in the detailed description of the difference in brain
electrical activity across various bands and sub-bands
during the perception of other languages by bilingual
individuals. Furthermore, we aim to identify the brain areas
involved in the processing of auditory stimuli and showing a
statistically significant difference during the perception of
languages at various levels of listening comprehension.

Methods

EEG captures and records the brain's electrical activity
using electrodes placed on the scalp. The method records
the electrical potentials that occur in the brain due to neural
activity and is widely used to diagnose neurological
diseases and brain damage. It allows the detection of
abnormalities in electrical activity of the brain associated
with various neurological pathologies, such as epilepsy,
migraine, and neurodegenerative diseases.

EEG is also used to assess cognitive abilities, including
attention, memory, and concentration. Such studies
improve learning systems and can help diagnose various
disorders of these functions early.

Another application of EEG is to diagnose various sleep
disorders, such as insomnia, apnoea, and parasomnias,
which aids in the development of effective treatments.

EEG is recorded using electrodes, an encephalograph,
and a computer. The electrodes, previously placed on the
subject's head, record electrical stimuli generated by the brain.
In this study, 25 electrodes were used, placed according to the
'10-20 %' system approved by the International Association of
Electroencephalography and Clinical Neurophysiology (Fig. 1).
The location of each electrode is represented by a Latin letter
and a number corresponding to certain brain regions: C for
central sulcus, O for occipital, P for parietal, T for temporal,
F for frontal and Fp for prefrontal. Even numbers indicate the
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location on the right hemisphere, while odd numbers on the
left. Additionally, two electrodes were located in electrically
neutral areas; in this study, they were the earlobes, which do
not register potentials and, therefore, are called passive or
reference electrodes.

.-—""-’0
Inion 10%

Fig. 1. Scheme of electrode placement according to the 10-20 %
system (American Academy of Sleep Medicine, 2013)

Each electrode is connected to an encephalograph,
which enhances the signal and records it in the computer's
memory. This way, the electrical potentials generated
by the brain and recorded by the EEG can be
monitored and presented in real-time mode on the
computer screen (Fig. 2).

Fig. 2. An example of an EEG of a healthy person with
a pronounced resting state a rhythm

The study was conducted in a closed laboratory room
that partially screened out noise caused by electrical
devices and minimized unnecessary sound and visual
stimuli to ensure the accuracy of the results.

The subject group comprised 10 men and 10 women
aged between 18 and 22. Participants were informed about
the content of the stimulation program, and written
informed consent was obtained in accordance with the
World Medical Association (WMA) Declaration of Helsinki —
Ethical Principles of Medical Research Involving Humans
(Helsinki, Finland, June 1964), Declaration of Principles of
Tolerance (28th Session of the General Conference of
UNESCO, Paris, November 16, 1995), Conventions for the
Protection of Human Rights and Human Dignity in the Use
of Biology and Medicine: Convention on Human Rights and
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Biomedicine (Oviedo, April 4, 1997). Each participant provided
personal consent to the study and confirmed that they had no
health issues that would interfere with the examination or
affect the research outcomes. The participants confirmed their
consent with a signature in the laboratory journal.

All participants were classified as bilingual since they
were proficient in both Ukrainian and English. Although some
of them were partially acquainted with other languages, these
were not considered in the experiment because either those
languages represented the same language group (such as
Russian and Ukrainian or German and English), or the
participants' language proficiency levels were insufficient.
The level of English was previously determined by the oral
interview with each participant and was determined to be
within the Bl to C1 range of the Common European
Framework of Reference for Languages.

EEG recordings were performed using the Neurocom
hardware and software complex (‘KhAI Medica," Kharkiv,
Ukraine). According to the international system, '10-20 %'
electrodes were placed on the head.

The experimental design was as follows: the participants'
resting state with eyes closed was recorded for 1 minute,
followed by three series of sound stimuli in three different
languages: Ukrainian, English, and Finnish. Each of these
series lasted up to 20 seconds, and after each series,
a 20-second resting state was recorded.

The obtained data were processed using the EEGLAB
software add-on based on the MATLAB engineering package.
The primary recordings were processed — filtering (2-30 Hz)
and ICA analysis — to remove the artifactual components
(oculomotor, neck muscle tension, etc.). Segments of
20 seconds were selected for analysis, which matched the
time of listening to audio stimuli and resting state.

Statistical data processing focused on the following
frequency bands: 6 (3.5 7.4) Hz, a1 (7.5 9.4) Hz, o2 (9.5 10.7) Hz,
a3 (10.8 13.5 Hz), B1 (13.6 19.9) Hz, B2 (20 30) Hz.
MATLAB provides a variety of functions and tools for group
statistical processing. One of the most important packages
for statistical analysis in MATLAB is the Statistics and
Machine Learning Toolbox, which has several important
functions used in this study.

Statistical analysis of the results was performed on
MatLab using the EEEGLAB software. Permutation tests
were conducted to determine statistically significant
differences among subject groups (p-value < 0,05).

Results

Comparisons were made between the perception of
Ukrainian and English, English and Finnish, and Ukrainian
and Finnish. The differences in brain activity were studied
across the following frequency ranges: 6 (3.5 7.4) Hz,
al (7.5 94) Hz, a2 (9.5 10.7) Hz, a3 (10.8 13.5 Hz),
B1(13.6 19.9) Hz, and B2 (20 30) Hz. A statistically
significant difference in the perception of different
languages was recorded mainly in the a and 8 frequency
bands, which will be described in this section. For
processing, fragments of the recording of direct listening to
the languages that lasted 20 seconds each were selected.

When analyzing the electrical activity of the brain in
the B2 frequency sub-band (20-30 Hz) while listening to
Ukrainian compared to English, a statistically significant
difference was found in the occipital area of the right
hemisphere of the brain (42.4 uyV?/Hz and 43.3 pV?/Hz,
respectively) (Fig. 3). When analyzing the electrical activity
of the brain in the a frequency range (9.5-10.7 Hz) while
listening to Finnish compared to English, a statistically
significant difference was found in the occipital part of the left
hemisphere of the brain (59 pV2/Hz and 57 uV2/Hz) (Fig. 4).
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Fig. 3. Topographic map of changes in the spectral power of B2 — EEG sub-band in the group of bilinguals during the perception
of English (eng) and Ukrainian (ukr) (n = 20) (A) and the results of statistical comparison of these changes (B).
Colour indicates significant changes at p < 0,05
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Fig. 4. Topographic map of changes in the spectral power of the a 2 sub-band of the EEG in the group of bilinguals when
perceiving English (eng) and Finnish (fin) (n = 20) (A) and the result of statistical comparison of these changes at p < 0,05 (B)

The analysis of brain electrical activity in the  sub-bands
(13.6 19.9Hz and 20 30 Hz) while listening to Ukrainian
compared to Finnish revealed statistically significant
differences in several brain regions (Figs.5 and 6): the
spectral power topography shows an increased activity in the
parietal, temporal and occipital areas of the right hemisphere
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in the B1 frequency sub-band; the spectral power topography
in the B2 sub-band shows a stronger activation of the brain
during the perception of Ukrainian speech. In addition, when
comparing the results of EEG processing in these two sub-
bands, a stronger difference in comprehension of Ukrainian
compared to Finnish becomes apparent.

B
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Fig. 5. Topographic map of changes in the spectral power of the 1 sub-band of the EEG in the group of bilinguals when
perceiving Finnish (fin) and Ukrainian (ukr) speech (n = 20) (A) and the result of statistical comparison of these changes (B)
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Fig. 6. Topographic map of changes in the spectral power of 2 — EEG sub-band in the group of bilinguals during the perception
of Ukrainian (ukr) and Finnish (fin) languages (n = 20) (A) and the result of statistical comparison of these changes (B)
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Discussion and conclusions

The B2 frequency sub-band is associated with internal
mental activity, attention concentration, and the cognitive
processing of the perceived material (Barry et al., 2007).
Considering the topographic maps of changes in spectral
power (Fig. 3, A), it can be concluded that the perception of
the native language causes greater internal mental activity
compared to a language that is understandable but not
native. The significant difference in activity in the right
zone indicates emotional arousal and the autonomic
accompaniment of this arousal (increased blood pressure,
changes in cardiac rhythm, and sweating). Previous
laboratory studies on the perception of Ukrainian and
Russian languages prior to the full-scale invasion proved a
more emotional and positive cognitive response to the
perception of the Ukrainian language among all subjects
(both Ukrainians and Russians). Post-examination surveys
confirm that of the three languages — English, Finnish, and
Ukrainian — listening to the native language was the most
enjoyable for participants.

The occipital region of the left hemisphere corresponds
to Wernicke's area, which is involved in speech perception.
All the functions of this brain area are not yet understood;
however, some studies indicate that this area is more
highly developed in multilingual individuals compared to
monolinguals. The results of the analysis of the spectral
power of the a2 sub-band indicate greater intensity of
cognitive and imaginative thinking when listening to Finnish
compared to English.

We will first discuss the analysis of the B1 frequency
sub-band. The differences in the perception of Ukrainian
and Finnish are evidenced not only by the statistically
significant findings but also by the topography of the
spectral power. Increased activity in the right hemisphere's
parietal, temporal, and occipital areas indicates a strong
emotional and cognitive response to the perception of
Ukrainians. At the same time, the associative parietal
regions are mostly involved in the perception of the Finnish
language, which indicates increased activation of memory
and associations. It is as if the brain is trying to recall
something similar to unknown sound stimuli, as sentences
in Finnish were difficult to perceive not only in terms of
meaning but also due to the phonetic components, which is
very different from those of Eastern Slavic languages.
The B1 sub-band is associated with external attention and
concentration on what comes from the outside rather than
on one's own emotions. Therefore, we can say that these
results indicate a difference in the processes of
understanding and awareness of these languages.

The results of the B2 sub-band analysis also show a
clear difference in the perception of Finnish compared to
Ukrainian. As mentioned above, the B2 sub-band is
responsible for the internal state of the psyche and
consciousness. In this case, it has been observed that the
Ukrainian language causes strong emotional arousal and
subjective experiences. Activation in the left hemisphere
indicates verbal activity, i.e., participants understood the
sentences while listening and may have repeated them to
themselves. It is worth noting that the topographic maps of
Finnish language perception in the B1 and B2 sub-bands
are almost identical, while this difference is obvious in
Ukrainian. In this case, we can talk about emotional and
cognitive resonance in the perception of Ukrainian instead
of Finnish (Brismar, 2007).

The analysis of the results shows that previous
experience of language learning actively influences the
perception of this language and other types of languages,
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which is accompanied by the activation of high-frequency
bands of EEG activity in the brain (31 and B2). A higher
level of proficiency in a foreign language is associated with
a decrease in the statistical significance of the differences
between the perception of foreign and native languages.

These findings have several important implications. First,
they support the idea that bilingualism enhances cognitive
flexibility by requiring the brain to continuously regulate
language use and processing. The observed neural differences
in the perception of familiar and unfamiliar languages provide
further evidence that language comprehension relies on both
auditory and cognitive processing mechanisms, engaging
different brain regions depending on familiarity with the
language. Increased activation in the occipito-temporal and
parietal regions during language processing suggests that
both linguistic and non-linguistic factors — such as
phonological familiarity and semantic expectations — play a
crucial role in language perception.

From a practical perspective, this research might
contribute to improving foreign language learning
methodologies. By understanding how different frequency
bands correlate with cognitive effort and comprehension,
educators can design more effective training approaches
that optimize learning conditions. For instance, immersive
learning environments that engage multiple cognitive
processes may facilitate better retention and fluency in a
second language. Additionally, findings on the involvement
of emotional and cognitive engagement in native language
perception could inform new strategies for enhancing
motivation and retention in language acquisition.

In conclusion, this study highlights the complex interplay
between language experience, neural activity, and cognitive
engagement. It reinforces the significance of bilingualism not
only in terms of linguistic proficiency but also in relation to
broader cognitive functioning, emphasizing its role in learning,
adaptation, and even neurological resilience.
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BMAVB BINIHIBI3MY HA CNPUAHATTA HE3HAWOMOI MOBU

B cTyn. 3pocmarvya kinbkicmb Haykoeuyie npayroe Had 8U8YEHHSIM MexaHi3Mmie CrpuliHImmsi pi3HUX MO8 ma MoWwyKOM Hoeux memodie
IXHbO20 onaHyeaHHSsI. Baxnueum makox € numaHHsi ennusy 6iniHaeanbHOCMIi Ha KO2HIMUBHI OyHKUIT — yeazy, naM smb, KOHYUEeHmMpayiro Mmoujo.

M e T o A u . g po6oma, sukoHaHa 3 euKkopucmaHHsiM Memoduku peecmpauii EEl", suceimsroe numaHHs ennusy 6iniHaeiaMy Ha cripuliHImMms1 pi3HUX
Moe, a came piOHOI (MpedcmaesneHa yKpaiHCbKOI0), oraHo8aHOi Ha NeeHoMy pieHi dpyaoi Moeu (NpedcmaesieHa aH2silicbkoro) ma miel, wo paHiwe He 6yna
8UBYEHOI Ha XXOOHOMY pieHi (MpedcmassneHa ¢hiHCcbKo0). Lji Mosu Hanexxamb G0 Pi3HUX MOBHUX 2pyn, WO YHEeMOXJIUGsoe NogHe abo vacmkoee
PO3YyMIHHSI cjlie Yyu eucsioeie Ha OCHoei acouyiauili 3i cXOXUMU MOBHUMU cmpykmypamu y 3HalioMmux moeax. Memotro docnidxeHHs1 6yri0 He MinbKu
dosecmu pi3HUYIO y cnpuliHAMmI pi3HUX Mos, a U demasibHO ornucamu came 3MiHy e/leKmpUYHOi aKmueHOCmi 205108HO20 MO3Ky, docnidumu, siKi
yacmomHi diana3oHu i niddiana3oHu 4o Yb020 3asyyeHi, ki GinsiHKU MO3Ky MOXymb eidnoeidamu 3a yro ¢yHKyito.

Ho docnidxenHsi 6yno 3any4yeHo 20 6GiniHzeanbHux i noniniHeeanbHux cmydeHmie eikom 18-22 poku, ujo Ha 0o06posinbHUX 3acadax
nozodunucs 83mu y4yacme 8 06CmexeHHi.

Pe3ynbTaTtu. Pesynbmamu docnidxeHHs noka3anu HasieHicmb cmamucmuyYyHO 3Hayywol pi3HUyi y cnpuliHammi makux Mo MornapHo:
YKpaiHcbKoi ma aHanilicbKoi, aHanilicbKoi U ¢iHCcbKOI, ykpaiHcbkoi ma ¢piHcbkoi. HalieupasHiwe ys pizHUYysi npocmexyemscsi 8 6ema-1 ma 6ema-2
YyacmomHux niddianazoHax. [Jo o6pobku MO8 Pi3HUX MOBHUX 2pyn i3 Pi3HOK iHMeHcusHicmio 3any4yeHi maki OinsiIHKU 20/1086HO20 MO3KY:
oKyunimanbHa YyacmuHa rnpaeoi ma nieoi nieKynb, memnopanbHa YacmuHa J1ieoi nieKysi, napiemanbHa YacmuHa npaeoi nieKyiii.

BucHoBku. fJemanbHe docnidxeHHs 6iniHeeanbHocmi ma MexaHiamie cripuliHimmsi Moe eidKpueae nepcrekKmueu cmeopeHHs1 830CKO-
HaneHux memodie Hag4aHHSs1 iIHO3eMHUX M08, U0 8i0nogidHO po3wupums Moxxsueocmi sirodell y ecboMy ceimi siKicHo eukopucmosyeamu 6inbwi
Macueu iHhopmayii Ons NoKpawjeHHs1 ceoix 3HaHb Ma Ha8UYOK.

Kno4yoBi cnoBa: 6iniHzei3am, enekmpoeHyeganozpacpis (EET), Helipogpizionoezisi, HeliponiHzeicmuka.
ABTOpM 3a8BNSIOTb NPO BiACYTHICTb KOHAMIKTY iHTepeciB. CroHcopy He 6panu yyacTi B po3pobreHHi AoChiMKeHHs; y 360pi, aHanisi uu
iHTepripeTaLii AaHuX; y HanucaHHi pyKonucy; B pilLeHHi Npo nybrikavito pe3ynbTaris.
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