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The phenomenon of bilingualism has
stimulated scientific interest in studying
how the experience of managing multiple
language systems affects cognitive pro-
cesses and brain structure.

In the context of globalization and
growing cross-cultural communication,
the phenomenon of bilingualism and
multilingualism is attracting increasing
attention from researchers in psychology,
neuropsychology and neurology.

A central focus in research on the cog-
nitive effects of bilingualism is the study
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of its influence on executive functions — a
set of higher-order cognitive processes
responsible for planning, attention con-
trol, ignoring distractions, and multitask-
ing.

The key components of executive
functions are inhibitory control, cognitive
flexibility, and working memory. The "bi-
lingual advantage" hypothesis suggests
that the constant need for bilinguals to
control and manage two simultaneously
activated language systems, by inhibiting
the irrelevant language, acts as continu-
ous training for executive functions [32].

Numerous studies confirm the exis-
tence of this advantage. For example,
the work of A.N. Veraksa and co-authors
(2020) demonstrated that bilingual chil-
dren exhibit higher performance in tasks
requiring attentional switching and the
suppression of impulsive responses com-
pared to their monolingual peers [18].

The constant practice of switching
between languages seems to develop a
general ability for cognitive flexibility, that
is the ability to switch between different
tasks or mental settings.

Studies using non-verbal tests, such
as the Stroop task or the task-switching
paradigm, often show that bilinguals per-
form better on them, with faster reaction
times and fewer errors [16]. All of the
above is related to the fact that the mech-
anism used to inhibit one language and
activate another is domain-general and
extends its influence to other cognitive
tasks requiring control.

However, simply being bilingual or
multilingual is not enough to protect
against cognitive decline. It is important
to note that only certain types of so-called
"active" bilingualism have the greatest im-
pact on brain health, namely those where
individuals are sufficiently exposed to
their languages, use them regularly, and
are actively engaged in situations that re-
quire switching between languages [14].

Bilinguals constantly face an addition-
al cognitive load: unlike monolinguals,
they have to control their languages.
Research shows that all languages of
bilinguals/multilinguals are constant-
ly activated, regardless of contextual
necessity or conscious intention. Lan-



guages need to be managed to switch
the choice to the one that matches the
given communicative context [15], there-
by avoiding unwanted interference from
a contextually irrelevant language. For
bilinguals, the necessity of switching
between languages in the real world is
dynamic, complex, and not always pre-
dictable. One might use language X or
switch between languages X and Y (be-
cause the interlocutor's context allows
and requires it) when someone exclu-
sively associated with language Y enters
the room or calls. However unexpected
this may be, an instantaneous switch to
(another) monolingual mode is required.
It is argued that this constant suppres-
sion of contextually irrelevant language
through substantial and continuous en-
gagement of executive control process-
es "trains" the relevant cognitive skills
and brain networks, making them more
efficient. Indeed, this "training" has been
shown to alter general processes and
the underlying neural architecture direct-
ly and fundamentally [10].

However, it is worth noting that the
hypothesis of the "bilingual advantage"
is not universally accepted and has been
subjected to active criticism in recent
years. A number of studies have failed
to replicate previously obtained results
or have shown that the advantage only
manifests under strictly defined condi-
tions and depends on a multitude of fac-
tors, such as the age of second language
acquisition, proficiency level, and socio-
linguistic context [17].

Reas E.'s research revealed the "dose
effect": each additional decade of active
second language use reduces the risk of
cognitive impairment by 20%, and profi-
ciency in 3+ languages quadruples the
likelihood of maintaining cognitive health
in old age [26]. The key is not formal
knowledge, but regular communicative
use of languages throughout life [14].

Unlike formal education or profes-
sional complexity, bilingual experience
creates a daily cognitive load compara-
ble to continuous training. Ellen Bialystok
emphasizes that it is precisely the con-
stant switching between languages that
trains the prefrontal areas, compensating
for changes in the hippocampus. This ex-
plains why bilingualism affects not mem-
ory itself, but the compensatory capabili-
ties of the frontal lobes [23].

Some authors argue that the observed
differences may be attributable not to bi-
lingualism itself, but to other confound-
ing variables, such as socioeconomic
status or cultural specificities. Thus, the
contemporary discussion is shifting from
the question "Does an advantage exist?"

to the question "Under what conditions
does it arise and through what mecha-
nisms is it mediated?".

Advances in neuroimaging have en-
abled a shift from observation to the study
of the neural underpinnings of bilingual-
ism's influence. Research indicates that
the experience of multilingualism leads
to significant structural and functional
changes in the brain, demonstrating its
high neuroplasticity [2; 3].

Most studies demonstrate changes in
the brains of bilinguals that topographi-
cally coincide with areas closely associat-
ed with language processing and control,
memory, and executive functions [13].
MRI studies show increased efficiency
of neural engagement during task perfor-
mance in bilinguals, even in the absence
of measurable behavioral differences
[14]. More recently, neuroimaging work
has demonstrated how greater bilingual-
ism is associated with individual neuro-
anatomical variations and more efficient
neural engagement during behavioral
tasks [28].

Bilinguals exhibit increased gray mat-
ter density in regions associated with lan-
guage control and executive functions,
specifically the inferior parietal lobule
and the dorsolateral prefrontal cortex [5;
6]. These brain areas play a crucial role
in attention, task switching, and interfer-
ence suppression.

Functional MRI studies suggest that bi-
linguals often exhibit more efficient neural
network activation during cognitive tasks,
implying that their brains may utilize few-
er resources compared to monolinguals
to achieve the same outcome [13].

The idea that bilingualism creates
"cognitive noise" has long given way to
the concept of structured neurocognitive
training. The essence of the phenomenon
lies not in the parallel storage of two lin-
guistic systems, but in the formation of a
dynamic system for suppressing interfer-
ence, where the prefrontal cortex acts as
an arbiter of competing signals [31]. MRI
studies demonstrate that even during si-
lent speech production, bilinguals main-
tain a background level of activation in
the dorsolateral prefrontal cortex (DLP-
FC) and anterior cingulate cortex (ACC)
— areas responsible for conflict resolu-
tion and the selection of relevant stimuli
[20; 21]. This explains the phenomenon
of neural economy: when performing
non-verbal executive control tasks, bilin-
guals show reduced activation of control
networks compared to monolinguals, in-
dicating a more efficient allocation of re-
sources [15].

Neurophysiological differences are
also evident in information processing
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strategies. While monolinguals engage
the right middle frontal gyrus to compen-
sate for age-related changes, bilinguals
activate the left inferior parietal lobule
(IPL) [30]. The left IPL is involved in pho-
nological and semantic processing and
plays a key role in second language ac-
quisition and vocabulary knowledge [24].
This alternative activation pattern allows
for the maintenance of cognitive perfor-
mance even in the presence of early de-
generative processes.

Enhanced neural efficiency is a result
of constant training of cognitive control
networks [25]. Furthermore, studies us-
ing diffusion tensor imaging (DTI) have
revealed higher white matter integrity
in the corpus callosum and other tracts
connecting different brain regions in bi-
linguals. The foregoing, thus, indicates
a more sophisticated and rapid transfer
of information between and within hemi-
spheres, which is a prerequisite for the
effective management of two language
systems [10; 11; 12].

Diffusion Tensor Imaging (DTI) in the
study by Reyhaneh Bakhtiari, Carol Bo-
lik, and Jacqueline Cammin [7] revealed
structural differences underlying function-
al advantages. Individuals with extensive
bilingual experience exhibit:

. Increased fractional anisotropy
in the inferior fronto-occipital fasciculus
and superior longitudinal fasciculus, indi-
cating enhanced myelination and axonal
tract organization.

° Increased functional connectiv-
ity between nodes of the Default Mode
Network (DMN) and the executive control
network, with the strength of the correla-
tion directly depending on the frequency
of foreign language use.

These changes create a neuroana-
tomical substrate for cognitive reserve.
The epidemiological study by Alladi
and colleagues (2013), which includ-
ed 648 patients with dementia in India,
showed that the clinical manifestation
of Alzheimer's disease began 4.5 years
later in bilinguals than in monolinguals,
regardless of education level and socio-
economic status [1]. Paradoxically, how-
ever, bilinguals with dementia showed
a greater degree of atrophy in medial
temporal structures compared to mono-
lingual patients with the same symptom
severity.

Neuroanatomical and neurofunctional
changes underlie the observed advan-
tages in bilinguals and serve as a clear
example of how life experience can
shape the structure and functioning of the
human brain throughout life.

One of the most significant and prac-
tically important areas of research is the



. YAKUT MEDICAL JOURNAL

role of bilingualism in the formation of
cognitive reserve. Cognitive reserve is
the brain's ability to withstand patholog-
ical changes (e.g., age-related or neu-
rodegenerative diseases) and maintain
normal cognitive functioning [8].

The concept is that life experiences,
including education, professional activ-
ities, and multilingualism, create a "re-
serve capacity" in the brain that allows
for compensation of emerging impair-
ments [22].

A series of large epidemiological stud-
ies has shown that older adults who are
bilingual or multilingual experience the
onset of dementia symptoms, particular-
ly Alzheimer's disease, on average 4-5
years later than monolinguals [19].

It is important to note that bilingual-
ism does not prevent the disease itself
— pathological changes in the brain (e.g.,
amyloid plaque accumulation) occur just
as they do in monolinguals. Neverthe-
less, thanks to the developed cognitive
reserve, the bilingual brain is capable of
compensating for these changes for lon-
ger, maintaining functionality at an ade-
quate level [9; 27].

The mechanism of this protective ef-
fect is linked to the same brain changes
discussed above: more developed exec-
utive functions and increased efficiency
of neural networks [28].

When some neural pathways are
damaged as a result of illness, the bilin-
gual brain is better able to find alterna-
tive routes to solve cognitive tasks, uti-
lizing more flexible and efficient networks
trained by years of language manage-
ment experience [1; 29].

This effect is seen even when a sec-
ond language is learned as an adult, sug-
gesting potential for language learning
as a preventative measure for cognitive
health in old age.

Analysis of contemporary scientif-
ic literature shows that the experience
of bilingualism and multilingualism has
a profound and multifaceted impact on
cognitive functions and the neural orga-
nization of the brain. The constant need
to manage multiple language systems
leads to significant changes, manifesting
both at the behavioral level in the form of
improvements in certain aspects of cog-
nitive control, and at the neurobiological
level in the form of structural and func-
tional reorganization of the brain.

Therefore, bilingualism can be con-
sidered a contributing factor to cognitive
plasticity and the development of a life-
long neurocognitive reserve.
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